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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 participant’s choice, and the size of this effect
increased as the level of incongruence increased. Moreover, at both levels of incongruence, the MFN responses
were more negative-going for incongruent trials in which participants subsequently performed behavioral
adjustment than for trials in which they stuck to their initial choices. Furthermore, over individual participants,
participants who were more likely to conform to others (i.e., changing their initial choices) exhibited stronger MFN
effect than individuals who were more independent.

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
brain imaging studies by showing the temporal characteristics of neural processing involved in social conformity and
by suggesting common mechanisms for reinforcement learning in social and non-social situations.
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Background
Individuals tend to change their initial choices or opi-
nions to match with the majority of the group they are
in, a phenomenon that has been termed as social con-
formity [1]. Since Asch’s pioneering experiment using a
line judgment task [2], different motivations underlying
social conformity have been explored in a number of
studies (see [3] for a review). Individuals have the desire
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to form an accurate interpretation of reality and when
information concerning reality is insufficient, they may
rely on others to provide such information or interpret-
ation and behave accordingly (informational conformity).
Individuals also have the desire to obtain approval from
group members and may change their behavior to avoid
social rejection, even though they privately continue to
hold their original attitudes (normative conformity; see
[4]). These two processes are closely interrelated and dif-
ficult to disentangle theoretically and empirically [5].
Recent studies focus on the brain structures involved in

social conformity, showing that social norms (group opi-
nions) may alter the brain activity involved in perceiving the
task-relevant information. Berns et al. [6] found that
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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’s neural representations of subjective
value assigned to stimuli by increasing the activity in brain
regions involved in reward processing, such as nucleus
accumbens and orbitofrontal cortex (see also [8]). On the
other hand, when individuals stick to their own choices in
face of group members’ conflicting opinions, the brain
regions involved in emotion processing, such as amygdala
and caudate are activated [6]; when individuals find out that
their own choices are different from the majority of the
group, the brain regions associated with negative affective
states, i.e., anterior insula and anterior cingulate, are acti-
vated [9], and these activations may promote the subse-
quent behavioral adjustment. A study by Klucharev et al.
[10] found that conflict with group opinions triggered activa-
tion in the rostral cingulate zone and deactivation in the ven-





Figure 3 (A) ERP responses at the midline Fz, FCz, Cz, CPz, and Pz, time-locked to the onset of the presentation of group choices and
categorized by level of incongruence. The shaded 250–350 ms window was for the calculation of the mean amplitudes of the MFN responses; (B) ERP
responses at the midline Fz, FCz, Cz, CPz and Pz, time-locked to the onset of the presentation of incongruent group choices and categorized by subsequent
behavioral tendency (change vs. no change), clasping over the highly and moderately incongruent conditions. The shaded 250–350 ms window was for the
calculation of the mean amplitudes of the MFN responses.
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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-
diction error in the midbrain dopamine system, which
sends signals to the anterior cingulate cortex (ACC) and
guides action selection mediated by the ACC through the
reinforcement of action associated with positive reward
and the punishment of action associated with negative
outcomes. Social conformity can be considered a type of
goal-directed action in which the goals of behavior include
maximizing the rewards following accurate performance
and social acceptance, and minimizing the punishment fol-
lowing erroneous response and social rejection [3]. In the
present study, the more negative going MFN responses for
the “change” trials, as opposed to the “no change” trials,
demonstrated stronger neural signals sent to ACC, which
guided subsequent behavioral adjustment (i.e., actions con-
sistent with group opinions or social norm). Indeed, a re-
cent fMRI study also showed that the amplitude of
conflict-related signal in brain regions implicated in
reinforcement learning, i.e., rostral cingulate zone and the
ventral striatum, can predict subsequent behavioral con-
formity [10].
The account that social conformity is instantiated via

reinforcement learning mechanisms is further strength-
ened by the finding that individuals who were more likely
to conform to the others exhibited a stronger MFN differ-
ence between “change” and “no change” trials when com-
pared with individual who were less likely to change their
mind. Previous studies have shown that the MFN
responses are sensitive to individual differences along dif-
ferent dimensions, including personality or morality. For
example, Yeung et al. [34] reported a correlation between
the MFN amplitude and the participants’ rating on how
much they felt to be involved in the gambling task, with
larger MFN amplitudes corresponding to higher involve-
ment ratings. Boksem and De Cremer [16] found that the
MFN amplitude was more pronounced in perceiving un-
fair, as opposed to fair, offers and this effect was larger for
participants with higher concerns for fairness than for par-
ticipants with lower concerns. Violation of social norms is
a kind of prediction error that can be utilized as
reinforcement learning signal for subsequent behavioral
adjustment. The more significant the prediction error is
valued by an individual, the more likely he would subse-
quently change mind to conform to others (see also [10]).
Note that, in the above discussion, we have largely categor-

ized the conformity effect we observed as “normative con-
formity” and attributed the desire to be consistent with
others in choice selection as a kind of social reinforcement.
However, it is also possible that participants had simply used
others’ choices in line judgment as a source of information
in order to make more accurate judgment (i.e., informational
conformity). As most studies on social conformity, the ex-
perimental design we used could not allow us to definitely
differentiate the two types of conformity. A possible way to
improve the design is to include a control condition in
which the group opinions come from computer programs
(see [35]). However, if the computer programs generate
choices based on stored knowledge, participants might
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anthropomorphize the computer programs (i.e., treating
the computers as humanized agents), and the conformity
effect obtained in this situation can still be taken as being
out of normative conformity; if the computer programs
generate choices randomly, participants might treat these
choices differently. Indeed, providing participants with
"buy" or "not buy" choices of stocks randomly produced by
four chimpanzees [36] or providing participants with at-
tractiveness judgment of human faces randomly produced
by computers [11] did affect participants’ choice behavior,
but these effects were much weaker than the impacts of
group choices produced by human peers.
Moreover, group opinions produced by human peers

and group choices generated by computer programs
elicit differential neural signals in brain regions impli-
cated in reinforcement learning but not in brain regions
involved in sensory-perceptual processing [11]. Taken to-
gether, one might conclude that the conformity effect
observed in this and some other studies is essentially out
of normative conformity. That is, participants’ subse-
quent behavioral adjustment “is mediated by the
reinforcement learning mechanism in which both reward
for being aligned with group and aversion to being non-
aligned may have acted as reinforcers” [11].
Another issue that needs discussion concerns whether

the MFN effect observed might be explained in terms of
attention devoted to the congruence of group opinions.
In particular, the participants might have paid less atten-
tion at the start of some trials, making them ignore the
group opinions. Consequently they showed smaller
neural responses to incongruent group opinions and a
weaker tendency to subsequently adjust their choices.
However, this line of argument seems implausible as the
P300, which is generally believed to reflect the distribu-
tion of attentional resources [37], was actually more
positive for the “no change” trials than for the “change”
trials (Figure 3B).

Conclusions
By manipulating the level of (in)congruence between the
participants’ initial choices and group members’ choices
in a line judgment task, the present study demonstrated
that 1) incongruent group choices would elicit more
negative going MFN responses than congruent ones
when the participants were presented with the choices;
2) incongruent group choices in trials in which the parti-
cipants changed their mind when given the second op-
portunity to make line judgment elicited more negative-
going MFN responses than incongruent group choices in
trials in which the participant stuck to their original
opinion; 3) over individual participants, participants who
were more likely to conform to others exhibited stronger
MFN differences between “change” and “no change”
trials than those who were not. These findings suggest
that incongruence with group choices or opinions (which
acts as a kind of social norm) can elicit brain responses
that are similar to those elicited by violation of non-so-
cial expectancy in outcome evaluation and performance
monitoring, and these brain signals can be utilized in the
following behavioral adjustment. The present study com-
plements recent brain imaging studies by showing that
the brain rapidly computes the social norm based on
group members’ opinions and compares one’s own ac-
tion with the norm. The study also suggests common
mechanisms for reinforcement learning in social and
non-social situations.

Methods
Participants
Twenty-four undergraduate and graduate students
(13 females; mean age 22.5 years, SD = 1.93) partici-
pated in the experiment. Four students, who were
strangers to the participants, were recruited as con-
federates. To exclude possible influence of sex on so-
cial conformity, each EEG participant was grouped
with 4 same-sex confederates [38].
All the participants were right-handed and had normal

or corrected-to-normal vision. They had no history of
neurological or psychiatric disorders. Informed consent
was obtained from each participant before the test. The
experiment was performed in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of the Department of Psychology, Peking
University. Each participant was paid 60 Chinese yuan
(about USD$ 9.5) as basic payment and was informed
that additional monetary reward would be paid accord-
ing to their performance in the task.

Design and procedures
The experiment used a one-factor within-participant de-
sign with three levels of group choice. For the highly in-
congruent condition, three or four group members made
choices different from the participant’ initial choice; for
the moderately incongruent condition, two group mem-
bers made choices different from the participant’s while
the other two members made the same choices; for the
congruent condition, one or no group member made
choices different from the participant’s.
When a participant came to the laboratory, he and the

four confederates were told that they would sit in separate
rooms to complete a task together through the computer
network. By assigning the participant and the confederates
pre-determined cards, they were ostensively led to separate
cubicles to play different roles in the task. The participant
was then told that he as well as the other four group mem-
bers would finish a line judgment task together. He was
also informed of the procedures of the experiment
(Figure 1). That is, at the beginning of each trial, the





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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