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This study provides an experimental confirmation of the
proportionality hypothesis predicted by the theoretical
model of emotion [1,2] based on EEG recordings. The
computational emotional model [1,2] proposed that
emotion is an error-feedback signal provided to an
organism to estimate the accuracy of the internal brain
prediction of external world. It is based on the evolu-
tionary principle of survival in which the survivability of
an organism increases with the accuracy of the predic-
tion of the external events. For an autonomous organ-
ism, any inaccuracy of the internal brain model (and/or
inaccuracy of the perceptual input or execution output)
needs to be self-discovered and self-corrected to func-
tion independently. This process of self-discovered
errors is facilitated by self-directed error-signals - by
comparing the predicted reality with the actual reality.
The greater the disparity, the greater the potential inter-
nal error could be. Thus, the hypothesis posed by this
emotional model is that emotional intensity is propor-
tional to the perceived disparity between the expected
reality and the actual reality. The size of emotional
intensity signal signifies to the organism the severity of
the error conditions that need to be self-corrected later
in order to increase its survivability. Emotional feedback
is a process in which such self-correction of faults
within the system can be accomplished unassisted (for
any autonomous organism).
The proportionality relationship between emotional

intensity and perceived disparity in sharing in a social
interaction has been confirmed by using the ultimatum
game paradigm (UG) [3] based on self-reported psycho-
logical measures. To further validate the emotional
model by recording neural signals from the brain, the

present study used 14-channel wireless EEG recordings
to detect the differences in neural responses with
respect to the perceived disparities. The UG paradigm
[4] is used to elicit an emotional response to a quantifi-
able disparity between the expected and the actual out-
comes in sharing (splitting an amount of money) in
social interaction. The intensity of anger the self-
reported response is directly proportional to the
amount of disparity (unfairness) in the monetary offer-
ratio between the proposer and the responder in the
UG game, as previously reported [3]. Such proportion-
ality relationship also changes dependent on whether
the offer is favorable (hyper-fair) or unfavorable
(unfair) to the responder [3]. The computational
model quantifies how emotional sensitivity is changed
accordingly, which is represented by the change in the
slope of the emotion-disparity function. That is,
subjects are more sensitive to anger when the offer is
unfavorable (unfair) to them than favorable (hyper-fair)
offer. This is consistent with the prediction of the
theoretical model that greater emphasis is placed on
error-conditions that are unfavorable to self (enhan-
cing selective attention to correct errors that are self-
disadvantage) than error-conditions that are favorable
(advantageous) to self.
The results confirmed similar finding of proportional-

ity relationship between the amplitude of the evoked
EEG signals and the disparity in offer-ratio. This pro-
vided independent confirmation of the emotional model
using electrophysiological measurements to detect the
neural response to the disparity signal in social sharing.
This provides further evidence supporting the propor-
tionality hypothesis using electrophysiological measures
of neural responses, in addition to the previous psycho-
logical study using self-report rating as a measure.
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