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Abstract

Background: Previous research showed that individuals have a natural tendency to conform to others. This study
investigated the temporal characteristics of neural processing involved in social conformity by recording
participants’ brain potentials in performing a line judgment task. After making his initial choice, a participant was
presented with the choices of four same-sex group members, which could be congruent or highly or moderately
incongruent with the participant’s own choice. The participant was then immediately given a second opportunity
to respond to the same stimulus.

Results: Participants were more likely to conform to the group members by changing their initial choices when
these choices were in conflict with the group’s choices, and this behavioral adjustment occurred more often as the
level of incongruence increased. Electrophysiologically, group choices that were incongruent with the participant’s
choice elicited more negative-going medial frontal negativity (MFN), a component associated with processing
expectancy violation, than those that were congruent with the tT.haviora-2995.5ora-2997a

Conclusions: These findings suggest that incongruence with group choices or opinions can elicit brain responses that
are similar to those elicited by violation of non-social expectancy in outcome evaluation and performance monitoring,
and these brain signals are utilized in the following behavioral adjustment. The present research complements recent
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erroneous responses of others could alter participants’ initial
judgment in a mental rotation task and the brain activity in
regions implicated in mental rotation. Zaki et al. [7] demon-
strated that exposure to social norms, i.e., group opinions,
affected individual’
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was significant, F
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(Figure 5A). The higher the conformity index was, the
more likely the participants would conform to others under
social influence. After the median split, the high confor-
mists (N=10) had a mean index of 0.83 (SD=0.12) while
the low conformists (N = 9) had a mean index of 0.21
(SD= 0.18). ANOVA over the mean amplitudes in the
MFN time window, with the participant type as a be-
tween-participant factor and behavioral tendency
(change vs. no change) and electrode as two within-
participant factors, revealed a significant main effect
of behavioral tendency, F(1, 17) = 12.81, p< 0.01, with the
MFN responses more negative-going for the “change”
(2.34 ± 1.19 μV) than for the “no change” (3.55 ± 1.36 μV)
trials. Importantly, this main effect was qualified by a sig-
nificant interaction between behavioral tendency and par-
ticipant type, F(1,17) = 4.93, p< 0.04. Simple-effect tests
showed that for the high conformist group, the MFN
responses were more negative-going for the “change” trials
(1.83 ± 1.64 μV) than for the “no change” trials
(3.78 ± 1.59 μV), F(1,9) = 14.19, p< 0.01. However, this
contrast did not reach statistical significance for the low
conformist group, F(1, 8) = 1.22, p> 0.30.
In the second type of analysis, we computed the correl-

ation, over individual participants, between the size of the
MFN difference between the “change” and “no change”
trials and the index of conformity (Figure 5B). This correl-
ation was significant, r=−0.47, p< .05, indicating that the
more likely a participant conformed to group members,
the more negative the MFN difference was.

Discussion
This study demonstrates that individuals are more likely to
conform to group members by changing their initial
choices when these choices are in conflict with the major-
ity of group members’ choices, and this behavioral adjust-
ment occurs more often as the level of incongruence
between the individual’s and the group’s choices increases.
Electrophysiologically, we found that group choices that
were incongruent with the participant’s choice elicited
Figure 5 (A) mean MFN responses in the “change” and “no change” t
between the individual index of conformity and the MFN difference b
and moderately incongruent conditions.
more negative-going medial frontal negativity (MFN) or
feedback-related negativity (FRN), a component associated
with the processing of expectancy violation, than those
that were congruent with the participant’s choice. As the
level of incongruence between the participant’s choice and
the group choices increased, so too did the size of the
effects on the MFN or FRN. Moreover, the MFN
responses were more negative-going for incongruent trials
in which participants subsequently performed behavioral
adjustment (“change” trials) than for trials in which they
stick to their initial choices (“no change” trials). Further-
more, over individual participants, participants who were
more likely to conform to others (i.e., changing their initial
choices) when facing incongruent group opinions exhib-
ited stronger MFN differences between “change” and “no
change” trials than individuals who behave more inde-
pendently (i.e., sticking to their initial choices).
Previous studies have demonstrated that unexpected

outcomes in decision making elicit more negative-going
FRN/MFN responses than expected outcomes, suggesting
that the FRN/MFN is sensitive to prediction error in
reinforcement learning [15,20,23,24]. Although a version
of the reinforcement learning theory [25] distinguished
“positive prediction error” (i.e., “the result is better than
expected”) and “negative prediction error” (i.e., “the result
is worse than expected”) and suggested that the two types
of prediction errors are conveyed by differential impacts of
the midbrain dopamine signals upon the activity in the an-
terior cingulated cortex (ACC), recent studies demon-
strated that the MFN is possibly modulated by expectancy,
with unexpected outcome eliciting more negative-going
MFN responses, regardless of whether the violated expect-
ancy is positive or negative [26]. Oliveira et al. [26] found
that the FRN could be elicited by positive feedback when
the participant was expecting negative feedback, and vice
versa. The authors proposed an expectancy-deviation hy-
pothesis according to which the outcome monitoring sys-
tem compares the participant’s expected feedback to the
actual feedback and the FRN is elicited when a mismatch
rials for the high vs. low conformist group; (B) Correlation
etween “change” and “no change” trials, clasping over the highly



between the two is detected. Wu and Zhou [15] manipu-
lated orthogonally the reward valence, reward magnitude,
and expectancy towards magnitude in a monetary gam-
bling task. They found that the FRN effect on the feedback
was sensitive not only to reward valence, but also to ex-
pectancy towards reward magnitude, with violation of ex-
pectancy eliciting more negative-going FRN responses.
Thus it appears that the prediction error can be defined
not only in terms of the valence of outcome but also in
terms of whether the outcome fits pre-established, non-
valence expectancy [15,26,27]. Further studies are needed
to specifically address the differentiation between valence-
based vs. expectancy-based account of the MFN/FRN
effect.
Violations of social expectancy or social norms can also

elicit enhanced MFN responses. It has been consistently
found that unfair offers in economic exchanges evoke
more negative-going MFN (or FRN) responses than fair
offers [16-19]. Wu et al. went further to demonstrate that,
compared with fair offers, both disadvantageous (negative)
unfair offers and advantageous (positive) unfair offers eli-
cited more negative-going MFN responses (Wu, Hu, van
Dijk, Leliveld, Zhou: Brain activity in fairness consider-
ation during asset distribution: Does the initial ownership
play a role?, submitted).The MFN effect may reflect the
detection of social expectancy violation as egalitarian dis-
tribution of assets is an expected social norm [28,29]. Dur-
ing evolution, the human brain may have developed
specific mechanisms to detect ongoing deviations from so-
cial norms [30]. It is possible that these mechanisms share
the same neural correlates as those engaged in predicting
errors during non-social reinforcement learning [10,31].
The MFN can therefore reflect not only the encoding of
prediction errors for monetary reward or performance
feedback but also violations of expectancy toward social
norms. In the present study, individuals could compare
their initial choices with opinions of other group members
and the difference with others could be encoded as a pre-
diction error. A recent ERP study on social conformity also
suggested that social deviance activates the brain’s error-
monitoring system [32].
In this study, we also found that MFN responses in pro-

cessing group choices incongruent with the participants’
own choices can be predictive of whether they would sub-
sequently change their mind when they were given a sec-
ond opportunity to make line judgment (c.f., [22]). At both
levels of incongruence, trials in which the participants
changed their mind showed more negative-going MFN
responses than trials in which they stick to their initial
judgment. The reinforcement-learning theory of MFN
[25,33] suggests that the MFN reflects the coding of pre-







a later, possibly the P300, time window. But given that
the pattern of effects in the later time window was essen-
tially the same as the one for the MFN, we did not report
the analysis of the effects in this window.
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