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a b s t r a c t

When people have different opinions, they often adjust their own attitude to match that of others,
known as social conformity. How social conflicts trigger subsequent conformity remains unclear. One
possibility is that a conflict with the group opinion is perceived as a violation of social information,
analogous to using wrong grammar, and activates conflict monitoring and adjustment mechanisms.
Using event related potential (ERP) recording combined with a face attractiveness judgment task, we
investigated the neural encoding of social conflicts. We found that social conflicts elicit an N400-like
negative deflection, being more negative for conflict with group opinions than no-conflict condition.
The social conflict related signals also have a bi-directional profile similar to reward prediction error
signals: it was more negative for under-estimation (i.e. one's own ratings were smaller than group
ratings) than over-estimation, and the larger the differences between ratings, the larger the N400
amplitude. The N400 effects were significantly diminished in the non-social condition. We conclude that
social conflicts are encoded in a bidirectional fashion in the N400-like component, similar to the pattern
of reward-based prediction error signals. Our findings also suggest that the N400, a well-established ERP
component encoding semantic violation, might be involved in social conflict processing and social
learning.

& 2014 Published by Elsevier Ltd.

1. Introduction

People do not always make decisions independently. In many
cases, they look to others to guide their thoughts, actions and
preferences (Asch, 1951; Campbell-Meiklejohn et al., 2010;
Festinger, 1954). The act of changing one's behavior to match the
responses of others was known as social conformity (Cialdini and
Goldstein, 2004). Conformity has been extensively studied by
psychologists and sociologists, but its underlying psychological
and neural mechanisms are still not clear. One possibility is that
people use reward-based reinforcement learning mechanisms to
update their judgment.(Cialdini and Goldstein, 2004). Using func-
tional magnetic resonance imaging (fMRI), Klucharev et al. found
that conflict with group opinion induced a response in the rostral
cingulate zone and the ventral striatum, which are both believed
to be involved in the processing of prediction error in reinforce-
ment learning (Klucharev et al., 2009). This suggests that detecting
social deviance engages the same neurocognitive mechanisms
known to be involved in non-social reinforcement learning.

Event-related potential (ERP) research has shown that the N400,
a negative-going deflection that peaks around 400 ms post-
stimulus onset, is predominantly involved in the processing of
information related to semantics and violations of meaning (Kutas
and Hillyard, 1980). The N400 is elicited by semantically deviant
stimuli (e.g. “I have classes with my door/classmates”, would elicit a
more negative N400 to the word “door” than to the word “class-
mates”) (Rugg, 1985), and varies with the degree of expected
semantic consistency (Duncan-Johnson and Donchin, 1977). Com-
pared with the perception of meaningful actions (e.g., young
woman trying shoes in shop), the perception of incongruent actions
lacking an understandable goal (e.g., businesswoman balancing on
one foot in desert) would also elicit an N400 (Proverbio and Riva,
2009). Although the “classical N400” is often associated with
semantic or lexical violations as in Kutas and Hillyard's original
study, more recent research has demonstrated that it is also
sensitive to violations of our knowledge about the world. In one
study, researchers found that the N400 was larger for unattractive-
positive compared with unattractive-negative face-word pairs
(Rasmussen, 2007). In another study, participants listened to
sentences with conceptual messages that either did or did not
match with stereotypical beliefs about the speaker, based on voice-
based inferences about the speaker's age, sex or social economic
status. Results showed an increased N400 when a mismatch
between the integration of ‘semantic’ and ‘social’ information in
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the message and the stereotypical beliefs about the speaker
occurred (van den Brink et al., 2012). Other studies also demon-
strated that the N400 can function as an index of social group
stereotype (Wang et al., 2011) and racial stereotype accessibility
(Hehman et al., 2013). Other studies have found an increased N400
amplitude in response to an ascribed personality trait that is
inconsistent with the prior behavior exhibited by a person, suggest-
ing that N400 is sensitive to the violation expectations based on the
social impression of a person (Baetens et al., 2011). Another study
also demonstrated a significant N400 effect in response to incon-
gruous actions which consisted of an object that was functionally
unusual for the action goal or an object that was incorrectly used
with regard to the instrumental properties required for the target
action (Balconi and Caldiroli, 2011). Finally, a study has shown that
morally objectionable statements that clash with a person's value
system also elicit an N400 (Van Berkum et al., 2009).

Taken together, ERP studies using non-semantic tasks also found
an N400-like effect, suggesting that an N400 or N400-like compo-
nent may reflect some other (non-semantic) conflicts, such as social
knowledge conflict or emotional conflict (Chen et al., 2010; White
et al., 2009). The N400 may play a key role in processing and
integrating social information. However, studies to date have not
yet linked such social conflict related N400 with reward prediction
error. Prediction error in reinforcement learning is defined as the
difference between expected and obtained outcomes. A better than
expected outcome elicits a positive prediction error and increases
activity in dopaminergic reward systems, whereas a worse than
expected outcome evokes a negative prediction error and depresses
activity (Schultz et al., 1997). A social psychological interpretation of
these findings may be that the N400 encodes the violation of
expectancy that comes from the assumptions people have about the
world – for example, the assumption that people have classes with
classmates not doors. Given its important role in expectancy or
assumption violations, the N400 is a candidate ERP component that
may also encode social conflict.

In the present study, to investigate the encoding of social conflict
in the human brain, we used high temporal resolution event related
potential (ERP) recording combined with a face attractiveness judg-
ment paradigm used recently by Klucharev et al. (2009). We hypo-
thesized that social conflicts in which an individual's judgment
deviated from the group norm may produce an error signal from
the error monitoring system in the brain and elicit an N400. In order
to investigate whether the N400 responses are specific to social
violation, we also conducted a non-social experiment, in which the
group opinions were randomly assigned by a computer. In this case,
the conflict between one's own opinion and computer's opinion is
not socially meaningful. In social contexts such as judgments of
attractiveness, the conflicts could be in two directions, either better
or worse than the group average judgment. When the group rating is
more positive than the initial rating, it may elicit a positive prediction
error, whereas when it is more negative than the initial rating this
may evoke a negative prediction error. Thus, we also hypothesized
that if the social conflict related signals have a bi-directional profile,
similar to reward prediction error signals, the N400 would respond
differently to under-estimation (initial rating is negative than group
rating) and over-estimation (initial rating is positive than group
rating) outcomes. This deviation may serve as a prediction error
signal that guides the changes of subsequent behavior in line
with the majority (Montague and Lohrenz, 2007). Recent ERP studies
have shed light on the neural processing of facial attractiveness,
with attractiveness impacting relatively later recognition stages, as
indexed by increased amplitudes of the so-call late positive potential
(LPP) which peaks 400–600 ms after target onset. (Johnston and
Oliver‐Rodriguez, 1997; Oliver-Rodriguez et al., 1999). We therefore
additionally hypothesized that presentation of attractive faces would
elicit a larger LPP than unattractive ones.

2. Materials and methods

2.1. Experiment 1 (social)

2.1.1. Participants
Nineteen healthy, right-handed participants (7 males; mean age7SE, 21.1570.28

years) participated in the experiment in return for monetary payment. All participants
were right-handed, had normal or corrected-to-normal vision, and were screened for
neurological or psychiatric disorders. The study was approved by the Academic
Committee of the School of Psychology at South China Normal University. All part-
icipants gave written, informed consent and were informed of their right to discontinue
participation at any time.

2.1.2. Experimental paradigm
A set of 280 digital photos of young Chinese females, downloaded from free

internet sources, were used as stimuli. All photos were made with a highly similar
photographic style and appearance. Participants were informed that they were
participating in a research project to study human perception of attractiveness.
At the beginning of each trial, participants were first presented with a photograph
of a female face for 2 s and then instructed to rate the face on an 8-point scale (21 high,
5.51 wide in visual angle, white against a black background) by clicking the
corresponding number with a mouse within 4 s. The scale ranged from 1 indicating
very unattractive to 8 indicating very attractive. The selected number was highlighted
(initial rating, by a blue frame) for 0.5 s. At the end of each trial, the participants were
informed (by a green rectangle frame) of the rating of the same face given by an
“average 200 other people of the same gender as the participant” (group rating) for 2 s.

Actually, group ratings were programmed using the following criteria: in 25% of
trials, group ratings agreed with the subject's ratings, whereas in the remaining
75% of trials, group ratings were equally likely to be above or below the
participant's rating by 71, 72 or73 points, using an adaptive algorithm that
kept the overall ratio of “more negative” or “more positive” group ratings
approximately equal during the experiment. If the group rating was greater than
8 or was less than 1, the direction of the update was reversed. For example, in a
predetermined þ3 conflict trial, if the participant's initial rating was 7, which
would produce a group rating of 10, the direction of conflict was reversed so the
group rating would be 4 (i.e. 7�3) instead. All photographs were randomized
across participants and conditions. In order to identify the subsequent conformity
effect, thirty minutes after the ERP session, there was an unexpected (unan-
nounced) subsequent behavioral session. Participants were instructed to rate again,
at their own pace, the attractiveness of the same faces presented in a new
randomized order but without the group ratings (subsequent rating, Fig. 1).

In order to test the effectiveness of the conflict operation, after the first sessions
participants were required to indicate their subjective feelings (satisfaction and
surprise) toward the seven types of outcomes (i.e. group ratings were different
from their own initial rating by 0, 71, 72, or 73 points) on a 10-point Likert
scale. We hypothesized that participants would feel less satisfaction and more
surprise toward larger conflicts between the group rating and their initial rating.
After completion of the experiment, all the participants received a base payment of
40 yuan (about 7 US dollars).

2.1.3. ERP recording and analysis
Standard ERP recording and analysis procedures were applied. EEGs were

recorded from 64 scalp sites using Ag/AgCl electrodes embedded in an elastic cap
(NeuroScan Inc., USA) according to the international 10–20 system. All electrode
recordings were referenced to an electrode placed on the left mastoid (the reference
electrode). Eye blinks were recorded from electrodes located above and below the left
eye. The horizontal electro-oculogram (EOG) was recorded from electrodes placed
1.5 cm lateral to the left and right external canthi. All electrode impedances were
maintained below 5 kΩ. The EEG and EOG were amplified using a 0–70 Hz bandpass
and continuously sampled at 500 Hz/channel for off-line analysis.

Ocular artifacts were corrected with an eye-movement correction algorithm
(Gratton et al., 1983). The EEG data were re-referenced offline to linked-mastoid
electrodes by subtracting 50% of the signal in the right mastoid electrode from the
signal in each channel (Keil et al., 2014). The EEG data were filtered using a 0.5–20 Hz
band-pass (24 dB octave roll off) and were baseline corrected by subtracting from
each sample the average activity of that channel during the baseline period. We used
200 ms prior to group score presentation as baseline. Although the use of a baseline
epoch from within the 500 ms in which the participant's original rating is high-
lighted, we believe that the baseline EEG activity would be the same across different
experimental conditions. Visual inspection indicates that the baseline waveforms are
similar across conditions. Since artifacts generated by the subject (e.g., muscle
activity and skin potentials) and artifacts induced by the recording equipment
(e.g., amplifier saturation and line noise) may contaminate EEG recordings, all trials
in which EEG voltages exceeded a threshold of 770 μV during the recording epoch
were excluded from analysis. Epochs of 800 ms (with 200 ms pre-stimulus baseline)
EEG from each electrode were time-locked to the onset of feedback and were sorted
by experimental conditions. The N400 was measured as the mean amplitude in a
time window of 350 to 450 ms post-onset of the group rating. We focused on the
N400 responses on the central frontal midline electrode (Cz) since the N400 effect

Y. Huang et al. / Neuropsychologia 65 (2014) 211–220212

Administrator
Highlight

Administrator
Highlight



was the largest on this electrode. The LPP was measured as the mean amplitude in a
time window of 500–800 ms post-onset of face presentation. Previous research has
shown that the LPP was most positive at the central area of the brain (Werheid et al.,
2007) and so we also focused on the LPP responses at the Cz electrode.

3. Results

3.1. Behavioral results

Because of the adaptive algorithm, the actual trials of each
conflict condition were varied across participants. From �3 to þ3
conflict conditions, the average numbers of trials for each condi-
tion were (mean7SD): 34.11711.66, 31.6876.19, 34.4272.27,
7070, 35.5872.27, 38.3276.19, 35.89711.66 respectively. There
was no significant difference in number of trials across the
different conflict conditions, p¼0.06 (i.e. excluding 0 where there
was no conflict).We first analyzed behavioral data using the
methods in Klucharev et al. (2009). In the initial rating session,
the criterion of participants' ratings may fluctuate during the
session. In the re-rating session, participants may change their
criterion of rating (overall increase or decrease). In order to control
for the overall changes in ratings across sessions, we computed the
mean-corrected scores for the ratings of attractiveness in two
sessions, then we used the difference of mean-corrected scores
between two sessions as the update score (Sharot et al., 2009;
Sharot et al., 2012). Specifically, the mean-corrected score (xi�μ) is
the distance of a participant's rating of a particular face from the
average rating for that participant and rating session. We created a
difference score per face, i.e. subsequent rating mean-corrected
score minus initial rating mean-corrected score. The change of
mean-corrected scores for each condition is shown in Fig. 2A and
shows that participants changed their ratings of attractiveness,
consistent with group ratings. One-way ANOVA analysis (seven-
levels of conflict, 73, 72, 71, 0) revealed a significant main
effect of the changes in different conditions, F(6, 18)¼48.46,

po0.001. Further analysis showed with the exception of the
no-conflict (0) and þ1 conditions (p¼0.53), all the other pairwise
comparisons of conflict conditions were significant, pso0.05. Thus
participants did not change their ratings significantly if group
ratings matched their initial ratings (no-conflict trials), or very
closely matched them (þ1). Compared with the baseline no-
conflict condition, participants decreased their attractiveness rat-
ings when group ratings had been more negative than their own
initial rating, whereas more positive group ratings were associated
with a more positive re-evaluation of faces.

3.2. Controlling for “regression to the mean”

Since the feedback algorithm was constrained, therefore a trial
could be assigned to the peers-lower condition only when the
initial rating of participants was greater than or equal to 4 (allowing
the supposed group rating to be at least 3 points lower), and a trial
could be assigned to the peers-higher condition only when the
initial rating was less than or equal to 5 (allowing the supposed
group rating to be at least 3 points higher). As a consequence, faces
initially rated by participants as more attractive were assigned to
the peers-lower condition disproportionately often, whereas for
less attractive faces the opposite was the case. Thus, the conformity
effect shown above might partly be explained by “regression to the
mean” (Huang et al., 2014). This refers to the phenomenon whereby
if a variable is extreme on its first measurement, it will tend to be
closer to the average on its second measurement. Paradoxically, if a
variable is extreme on its second measurement, it will tend to have
been closer to the average on its first one (Chernick and Friis, 2003;
Fleminger, 1994).

To solve this problem, we selected a subset of faces that were
matched with participants' initial ratings across peers-higher and
peers-lower conditions (Zaki et al., 2011). For each participant, we
excluded faces in which initial ratings were smaller than 8% in
the peers-higher condition and larger than 92% in the peers-lower
condition. After exclusion, the difference between participants' initial

Fig. 1. Experimental task design. During the ERP session, at the beginning of each trial, participants rated the attractiveness of female faces. Then participants were presented
with the group rating that could be similar (no-conflict with group ratings), below or above the participants' rating (conflict with group ratings). Thirty minutes after the ERP
session participants rated again the same faces during the behavioral session in order to identify the subsequent conformity effect. The non-social experiment had the same
trial structure, but a different cover story involving ratings randomly generated by a computer.
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ratings in the peers-higher and peers-lower conditions was not
significant, t(18)¼1.07, p¼0.30. Although all faces were shown to
participants in the follow-up phase of the study, only this matched
subset was included in our subsequent analysis. A paired-sample t test
showed that participants rated faces as more attractive in the peers-
higher than in the peers-lower conditions, t(18)¼�3.15, p¼0.006,
even though they had initially rated faces from the two conditions
equivalently(p¼0.30). No changes in attractiveness ratings were obs-
erved for faces in the peers-agree condition (Fig. 2B).

In order to verify the conformity effect after controlling for
“regression to the mean”, we did a regression analysis. We used
the initial rating and group rating as independent variables and the
re-rating as dependent variable. If the conformity effect does exist,
both the initial rating and group rating should be the predictors of
re-rating scores. Otherwise, only the initial rating is significantly
related to re-rating. In the social experiment, we found that the initial
rating was the strongest predictor of re-rating, B¼0.70, po0.001. The
group rating was also significantly related to re-rating, B¼0.05,
po0.001. These results suggested that the re-ratings made by the
participant followed their initial ratings to a large extent, but that
group opinions also effectively modulated their judgments, indicating
behavioral evidence for a social conformity effect.

3.3. Testing the “ambiguity effect”

Previous studies have demonstrated social influences are most
potent in ambiguous situations (Cialdini and Goldstein, 2004). There-
fore, conformity effects (the average absolute change between two
sessions across all conflict conditions) should be stronger for highly
ambiguous faces (faces whose initial ratings vary a lot across
participants). To determine the ambiguity level of each face, we
analyzed the variability (standard deviation – SD) of ratings during
the ERP session for each face across all participants: SD varied within
the range 0.76–2.04. Faces with the lowest (SDr1.15, n¼35) and

with the highest SD (SDZ1.61, n¼35) were selected for further
analysis as non-ambiguous and ambiguous respectively. Because
the number of trials in each conflict condition is under powered
to conduct this analysis using all 7 conflict levels we re-categorized
them into only three: peers-lower/peers-agree/peers-higher. A
repeated measure ANOVA using ambiguity (non-ambiguous faces/
highly ambiguous faces) and conflict conditions (peers-lower/peers-
agree/peers-higher) as independent factors and the size of the
conformity effect (the absolute change of mean-corrected scores
due to a conflict of group ratings) as dependent factor, revealed a
significant main effect of conflict conditions, F(2,18)¼3.92, p¼0.03.
The interaction between ambiguity and conflict conditions was also
significant, F(2,18)¼4.46, p¼0.02. A planned comparison showed that
the average size of the conformity effect in peers-lower and peers-
higher conditions was marginal greater for highly ambiguous faces
than for non-ambiguous ones, t(18)¼2.04, p¼0.056.

3.4. ERP results

For the N400 amplitude, (Fig. 3A), a paired-sample t test
revealed a larger negative N400 in response to the conflict condi-
tion (3.81 μV70.93) than to the no-conflict one (7.58 μV71.10),
t(18)¼�6.30, po0.001. For the 6 conflict conditions (Fig. 4A), a
repeated measure ANOVA using magnitude and direction as
independent factors, revealed a significant main effect of direc-
tion [F(1, 18)¼35.6, po0.001] but not magnitude [F(2, 18)¼2.30,
p¼0.12]. The interaction between direction and magnitude was
also significant, F(2, 18)¼7.64, p¼0.002. In order to exclude the
possibility that the effect of conflict is caused by the difference in
attractiveness of faces between conditions, we compared conflict
and no-conflict conditions at the face presentation stage. There was
no significant difference between these two conditions, p¼0.89.

To further test whether the N400 reflects the direction of social
conflicts at each magnitude level, several paired-sample t-tests

Fig. 2. Behavioral conformity effect. (A) Not controlling for “regression to the mean” effect in the social experiment. (B) Controlling for “regression to the mean” effect in the
social experiment. (C) Not controlling for “regression to the mean” effect in the non-social experiment. (D) Controlling for “regression to the mean” effect in the non-social
experiment. 0: no-conflict; þ3/þ2/þ1: group ratings were 3/2/1 points more positive than initial ratings; �3/�2/�1: group ratings were 3/2/1 points more negative than
initial ratings.
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were conducted. For þ3 condition (group ratings were 3 points more
positive than initial ratings) vs. �3 condition (group ratings were
3 points more negative than initial ratings), we found more negative
N400s responding to the þ3 condition (1.01 μV71.02) than to the -3
condition (6.21 μV70.97), t(18)¼�5.46, po0.001. Similarly, we
found more negative N400s responding to the þ2 condition
(1.88 μV71.06) than to the �2 condition (5.07 μV71.18), t(18)¼
�3.70, p¼0.002, and more negative N400s responding to the þ1
condition (3.93 μV71.04) than to the �1 condition (5.22 μV71.08),
t(18)¼�2.73, p¼0.014. We further compared the different wave-
forms (“þ” minus “�”) at three conflict magnitudes. A one-way
ANOVA revealed a significant main effect of magnitude, F(2,18)¼7.64,
p¼0.002, indicating a larger N400 response to larger conflict. Further

post-hoc analysis showed that there were significant differences
between conflict magnitudes 3 and 2, t(18)¼�2.20, p¼0.041 and
between 3 and 1, t(18)¼�4.28, po0.001, but not between 2 and 1,
t(18)¼�1.65, p¼0.12.

Since the peers-higher condition was more likely to be associated
with high group ratings and peers-lower condition with low group
ratings, it was possible that the valence of the group ratings may
account for the bi-directional encoding effect. In order to examine the
effect of valence, only trials with moderate group ratings (ratings of
4 or 5) were selected. In these trials, the number of peers-higher trials
(19.9571.76) and of peers-lower trials (19.6371.00) did not differ,
p¼0.83. Thus, the valence was the same but conflict was different in
these trials. A paired-sample t test showed a more negative N400

Fig. 3. The ERP grand-average waveforms and topographical maps. Grand-average and different waveforms at channels Fz, Cz and Pz for no-conflict and conflict conditions
of the social (A) and non-social experiments (B).
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response to the positive deviation condition (group ratings were more
positive than initial ratings) than to the negative one (group ratings
were more negative than initial ratings), t(18)¼5.83, po0.001. This
result suggested that the bi-directional encoding effect cannot simply
be explained by the difference in valence. Overall therefore our
analysis shows there is a bi-directional encoding effect on social
conflicts with the effect being greater for larger differences between
initial and group ratings.

To determine whether the subsequent changes during con-
flict trials were associated with the neural response to social conflict
feedback, we compared the mean N400 response to three conflict
conditions: no subsequent change, subsequent change in the same
direction as the group rating (conformity), and subsequent change
in the opposite direction to the group rating (anti-conformity).
A one-way ANOVA analysis showed that there was no significant
effect of subsequent change, F(2, 18)¼1.01, p¼0.37.

Next, we examined whether individual differences in confor-
mity behavior were associated with differences in N400 response

to conflict. Firstly, to quantify the conformity effect at a behavioral
level, after matching the initial rating between peers-higher and
peers-lower conditions using the above method, we calculated the
correlation between the magnitude of conflict (i.e., the difference
value between subjects' own and group ratings, from �3 to þ3)
and participants' subsequent update of their ratings between two
sessions. We found a significant correlation among all participants
(mean values: r¼0.23, pso0.05, SE¼0.02, min value: r¼0.13, max
value: r¼0.36), suggesting that they all showed strong conformity
to the group rating. Next, to quantify the response at a neural level,
a similar correlation was calculated for the N400, but this showed
that behavioral change correlations were not significantly asso-
ciated with the correlation of neural changes, p¼0.12.

Finally, we analyzed the ERP response to the attractiveness of
faces at the face presentation stage (Fig. 5A). According to the
subjective rating of each participant, attractiveness was divided
into 3 levels (attractive\moderate\unattractive). In the time win-
dow 500–800 ms, a one-way ANOVA of mean amplitude from Cz

Fig. 4. The ERP grand-average waveforms of 6 conflict conditions. Grand-average waveforms at channel Fz, Cz and Pz for 6 conflict conditions and the no-conflict condition
in the social (A) and non-social experiments (B), showing a bi-directional encoding effect in both experiments.
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revealed a significant main effect of attractiveness, F(2,18)¼8.26,
p¼0.001.Post-hoc analysis showed a larger LPP for attractive faces
compared with unattractive ones, t(1,18)¼3.23, p¼0.005.

3.5. Experiment 2 (non-social)

3.5.1. Participants
Eighteen healthy, right-handed participants (5 males; mean

age7SE, 21.1170.41 years) participated in return for monetary
payment. All the participants were right-handed, had normal or
corrected-to-normal vision, and were screened for neurological or
psychiatric disorders. The study was approved by the Academic
Committee of the School of Psychology at South China Normal
University. All participants gave written, informed consent and were
informed of their right to discontinue participation at any time.

3.5.2. Experimental paradigm
The experimental paradigm was identical to the social experi-

ment (Experiment 1) except that participants were told that the

group ratings were randomly assigned by a computer. All EEG
recording and analysis were identical to those used in Experiment 1.

3.6. Results

3.6.1. Behavioral results
From �3 to þ3 conflict conditions, the average numbers of trials

for each condition were (mean7SD): 33.9477.94, 32.4475.01,
35.3971.14, 7070, 34.6171.5, 37.5675.01, 36.0677.94 respec-
tively. There was no significant difference in number of trials across
different conflict conditions, p¼0.18 (i.e. excluding 0 where there
was no conflict).

For changes of mean-corrected scores, one-way ANOVA analysis
(seven-level of conflict, 73, 72, 71, 0) revealed a significant main
effect of the changes in different conditions, F(1, 18)¼20.31,
po0.001, see Fig. 2C. Further analysis showed that other than �3
vs. �2 conflict, �1 vs. no-conflict, �1 vs. þ1 conflict and no-
conflict vs. þ1 conflict (ps40.5), all the other pairwise compar-
isons between conflict conditions were significant, pso0.05. In
general, participants changed their ratings of attractiveness, con-
sistent with computer ratings, suggesting the presence of a

Fig. 5. Effect of attractiveness. Grand-average waveforms at channel Fz, Cz and Pz for attractive, moderate and unattractive conditions of social experiment (A) and non-
social experiment (B) showing an effect of attraction on the LPP.
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conformity effect even in this non-social context. However, unlike
the social conformity condition there was no significant influence of
ambiguity on non-social conformity p¼0.09.

3.6.2. Controlling for “regression to the mean”
Similar to the social experiment, we excluded the faces whose

initial ratings were smaller than 8% in the computer-higher condition
and larger than 92% in the computer-lower one. After this exclusion,
the difference between participants' initial ratings in the computer-
higher and computer-lower conditions was not significant (p¼0.31).
When we selected these faces for analysis paired-sample t tests
revealed that the update differences between computer-lower and
computer-higher conditions were also not significant, t(17)¼�0.64,
p¼0.53. Using a regression analysis, we found that only the initial
rating could predict the re-rating, B¼0.73, po0.001. The coefficient
of the computer's rating was not significant, B¼0.008, p¼0.36. These
results suggested that after controlling for “regression to the mean”,
the judgments of individuals were actually not influenced by the
“opinions of a computer” (Fig. 2D).

3.6.3. ERP results
For the N400 amplitude (Fig. 3B), there was no significant main

effect between conflict and non-conflict conditions, t(1, 17)¼�0.77,
p¼0.45. There was no difference between conflict and no-conflict
conditions during the face presentation stage, p¼0.92. For the 6 con-
flict conditions (Fig. 4B), there was no significant main effect for
magnitude, F(2, 17)¼0.64, p¼0.84, but there was one for direction,
F(1, 17)¼18.28, p¼0.001, and also an interaction between direction
and magnitude, F(2, 17)¼4.57, p¼0.017.We found more negative
N400s in response to the þ3 condition (0.95 μV70.62) than to the
�3 one (3.75 μV70.90), t(17)¼�4.04, p¼0.001, and more negative
N400s responding to the þ2 condition (1.12 μV70.83) than to the �2
one (3.64 μV70.90), t(17)¼�3.42, p¼0.003. There was no significant
difference between þ1 and �1 conditions, t(17)¼�1.32, p¼0.21. For
the different waveforms at three conflict magnitudes, there were
significant differences between conflict magnitude 3 and 1, t(17)¼
�2.85, p¼0.01 and between magnitude 2 and 1, t(17)¼�2.38,
p¼0.03, but not between magnitude 3 and 2, t(18)¼�0.39, p¼0.7.

The N400 responses associated with no subsequent change in
rating or conformity/anti-conformity with computer ratings were
not significantly different, F(2, 17)o1. For conformity behavior
after matching the initial ratings for each participant, the mean
slope was 0.1870.02, ranging from 0.02 to 0.39, and14 out of 18
participants demonstrated significant correlations, pso0.05.The
correlation between slopes of behavioral changes and that of the
N400 changes was not significant, p¼0.23.

At the face presentation stage, we also found a significant main
effect of attractiveness, F(2,17)¼5.02, p¼0.001.Post-hoc analysis
showed a larger LPP for attractive faces compared with unattrac-
tive ones, F(1,17)¼2.84, p¼0.01 (Fig. 5B).

3.6.4. Comparison between experiments
To compare the behavioral changes after controlling for “regres-

sion to the mean” effect in the two experiments, an independent-
sample t-tests over the different updates between the “peers/
computer-lower” condition and “peers/computer-higher” one
revealed a marginal significant effect of feedback type (social vs.
nonsocial), t(35)¼1.81, p¼0.078. We found larger slopes of changes
in Experiment 1 (0.2370.02) than in Experiment 2 (0.1870.02),
t(35)¼2.00, p¼0.053, suggesting that participants were more
sensitive to the social influence in Experiment 1 than the computer
one in Experiment 2.

For N400 responses, an independent-samples t test over the
N400 effects (conflict minus no-conflict) revealed a significant
main effect of social type, t(35)¼�4.44, po0.001, with a larger

N400 effect in the social context (�3.78 μV70.60) than in the
non-social one (�0.36 μV70.47), suggesting that the N400 is
more sensitive to social conflicts. For the slope of N400 responses,
there was no significant effect between the two experiments,
t(35)¼0.65.

4. Discussion

Overall we only found a behavioral conformity effect following
exposure to group opinions only in the social condition involving
peers and not for computer-based ones. The conflicts with the
group opinions guided the subsequent conforming adjustment of
participants’ own ratings. In the non-social experiment, after
controlling for the “regression to the mean”, individuals did not
follow the “computer's opinions” which were randomly assigned
by a computer and were not related to the actual attractiveness of
the faces. At the neural level, we also found that when the “group
opinion” was socially relevant to the participants, the N400
differed significantly between the conflict and no-conflict condi-
tions but this did not occur when the “group opinion” was
assigned randomly by a computer. We also found a bi-directional
encoding effect on both social and non-social conflicts, but the
N400 effect was significantly larger in the social experiment than
that in the non-social one.

The N400 has repeatedly been shown to reflect the conflict
between semantic information and semantic expectancy (Gunter
et al., 1994; Kutas and Hillyard, 1980; McPherson and Holcomb,
1999). However, some studies found that non-semantic paradigms
also elicit a negative wave which peaks around 400 ms. For
example, in a stroop color-word task, the incongruent color word
elicited a more negative N400 than the congruent one (Liotti et al.,
2000). In a riddle-guessing task, researchers found that “Aha”
answers (the correct answer to a puzzle that subjects did not guess
out) elicited a more negative N400-like deflection (N380) than the
“No-Aha” answer (the correct answer to a puzzle that subjects have
already guessed out) (Mai et al., 2004). Another study investigated
the neural substrates of the conflicts in counter-conformity choices
when purchasing books online and found a strong negative deflec-
tion (N500) when participants made such choices (Chen et al.,
2010). Together with our current study, these findings suggest that
the N400 is sensitive to non-semantic conflicts.

The N400 found in the present study was the same as the N400
or N400-like conflict-related ERP component observed in previous
studies. We speculate that the N400 changes we have observed
might also reflect non-semantic conflicts. Further, in our study,
violations of social expectancy also elicited an N400 response and
the larger the differences between ratings, the larger the N400
amplitude, which is in line with evidence that the N400 amplitude
grows as a function of the violation (Kutas and Hillyard, 1984).
Language studies have found that there is no N400 effect in
response to simple grammatical violations such as “All turtles
have four leg” (vs. legs), suggesting that the N400 amplitude is
more closely related to semantic violation which can be seen an
error signal of our knowledge about the world (Kutas and Hillyard,
1983). During evolution, the human brain may have also devel-
oped specific mechanisms to detect conflict with group opinions
and it is possible that they share the same neural substrates as
those involved with predicting errors in non-social domains.
However, our current findings cannot fully resolve the question
of whether the N400 is an output of a system that performs the
monitoring of errors or just a conflict. Further studies using
different paradigms are needed to further investigate this issue.

Another ERP component, termed feedback-related negativity
(FRN), has also been found to be more sensitive to negative feedback,
such as incorrect responses or monetary losses (Falkenstein et al.,

Y. Huang et al. / Neuropsychologia 65 (2014) 211–220218



1991; Gehring and Willoughby, 2002; Miltner et al., 1997). Reinforce-
ment learning (RL) theory of the FRN proposes that it is sensitive to
reward expectation error. The FRN is larger when events are worse
than expected than when outcomes are expected. The FRN, which
peaks at around 250 ms after feedback onset, is maximal at frontal–
central scalp electrode sites and is most likely generated in the
anterior cingulate cortex (ACC) (Gehring and Willoughby, 2002).
The fact that we did not observe the classic FRN in our results may be
since our paradigm differs from previous studies in several ways.
Most previous studies examined the FRN in a single person context,
whereas our study was in a more complex social context. The conflict
here is the difference between one's own opinions and those of
others, rather than the difference between actual feedback and initial
prediction. The negative waveform we found occurred around
400 ms, which is much later than the typical FRN time window
(around 250 ms). An explanation for this may be that it is difficult to
elicit the relatively early processing stage FRN component in such a
complex social context.

In both social and non-social experiments, our finding of
enhanced late positive potential (LPP) amplitude in response to
attractive compared with unattractive faces confirms previous ERP
research on affective processing. The LPP is sensitive to facial
attractiveness and might reflect facilitated processing as a result of
increased attention for emotional stimuli (Marzi and Viggiano,
2010; Oliver-Rodriguez et al., 1999; Werheid et al., 2007). This
finding is in line with ERP studies employing other types of
emotional stimuli. The LPP was found to be larger for emotional
pictures (Olofsson et al., 2008; Schupp et al., 2000), emotional
words (Kissler et al., 2009) and facial expression (Schutter et al.,
2004) compared with neutral stimuli. Furthermore, when indivi-
duals viewed faces of their beloved compared with these of friends
or other unknown attractive individuals a larger LPP was evoked
(Langeslag et al., 2007). Thus, the LPP might be related to affective
evaluation processes, to the detection of the motivational rele-
vance of the stimulus (Cunningham et al., 2005), to the dynamic
allocation of attention and (Hajcak et al., 2009) or to memory
encoding (Dolcos and Cabeza, 2002).

Finally, we found a bi-directional encoding effect of conflicts,
with a larger N400 to the “þ” conflict (group ratings were more
positive than initial ratings) than the “�” conflict (group ratings
were more negative than initial ratings). One possibility is that
when the participants' judgments were lower than the group
rating, they might regard this situation as “failing to reach the
average”. Another possibility is that participants felt ashamed and
guilty about rating a girl as less attractive than the average, so they
might think it was more unacceptable than the situation when
their initial rating was above the group rating. Regardless of the
underlying mechanisms, our findings suggest that the N400
encodes the direction of prediction error in a social context. Unlike
previous simply comparing conflict condition with non-conflict
condition, our parametric design in the current study allows us to
systematically manipulate the degree and the direction of con-
flicts. Our study thus extend previous research by showing that
social conflicts are encoded in a bi-directional fashion in the N400.
These findings, if replicated, can contribute to our understanding
of the functional significance of N400. Future studies are needed to
further explore whether such bi-directional encoding pattern also
exists in other prediction violation social contexts.

Finally, our behavior results after controlling for the “regression to
the mean” effect revealed that human subjects do not conform to
computer generated ratings. Importantly this finding suggests that
the results in previous studies reporting conformity to computers
(Klucharev et al., 2009; Nass and Moon, 2000) might in some cases
be confounded by the “regression to the mean” effect. Indeed, when
we followed the same analysis method used in the Klucharev et al.
study (Klucharev et al., 2009), we did find a ‘conformity to

computers’ effect. Our study therefore highlights the need to control
for a “regression to the mean” effect in studies using similar
paradigms (Huang et al., 2014).

Our ERP results also showed that the conflict effect was
stronger in the social than in the non-social experiment. Previous
studies using information generated by a computer or chimpanzee
also found a social influence effect (Burke et al., 2010; Klucharev
et al., 2009) and an fMRI study found that the activations triggered
by social and non-social feedback were slightly different in the
cingulate cortex (Behrens et al., 2008). One possibility is that in
the social context participants has a stronger expectancy of the
feedback than in the non-social one; therefore, violation of that
expectancy would elicit a larger conflict. Another possibility is that
being aligned with the g group opinions provides a greater reward,
and violation of group opinions produces a greater punishment
compared with consequences in non-social contexts. Thus, the
motivational significance of social feedback is greater and may
produce stronger N400-like effects. From the data of our study, it
is therefore reasonable to argue that social conflict which defies
previous general knowledge is different from the non-social
violation.

A few caveats about the present study should be mentioned.
First, our study did not have sufficient power to investigate the effect
of gender on conformity and the N400. Also, all the faces used in the
experiment were female although both male and female participants
were used. Previous studies have shown a higher rate of conformity
among women than men (Eagly and Chrvala, 1986; Eagly et al., 1981).
It has also been shown that females tend to exhibit larger N400
responses than males in response to relevant stimuli (Steffensen
et al., 2008). Future studies with a larger sample size are needed to
examine a potential gender difference in conformity and the N400.
Secondly, the current experimental paradigm does not allow us to
investigate the relationship between our N400-like effect and the
classic N400 effect. Direct comparisons of the social conflict asso-
ciated N400 with the classic semantic conflict induced N400 may
provide information about the similarity and difference between
these N400 components. Finally, it would be interesting to investi-
gate whether the N400 is sensitive to other kind of conflicts in social
contexts, such as conflicts with one's stereotypes or even self-serving
tendencies. Several studies have shown evidence for the involvement
of N400 in other types of conflict, such as conflict with stereotypes
(Hehman et al., 2013; van den Brink et al., 2012; Wang et al., 2011),
impression of a person (Baetens et al., 2011), moral value system
(Van Berkum et al., 2009) and so on. It remains an open question as
to whether the N400 is elicited by all types of social conflicts or any
conflicts with general knowledge. Our study highlights the need to
further investigate the functional significance of the N400 in the
social domain.

In conclusion, our study demonstrates that social conflict elicits
an N400-like ERP component, which reflects the degree of devia-
tion with social information and its direction. The N400 is more
negative for worse-than-average than better-than-average feedback
and for conflict as opposed to no-conflict feedback. Our findings
extend the functional significance of N400 to encoding social
prediction error that may elicit social conformity. Social conflicts
are encoded in a bi-directional fashion in the N400-like component,
similar to the pattern of reward-based prediction error signals,
suggesting that social conflicts may serve as a teaching signal that
guides subsequent behavioral changes.
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