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A B S T R A C T

The current study investigated if feedback-related negativity (FRN) and mid-frontal theta oscillations would
respond differently during the outcome evaluations of conformity decisions, which were consistent with self vs.
others’ opinions. Participants first performed a perceptual judgment task, then saw the majority opinion prior to
submitting their final decision, and subsequently learned whether their final decision was correct. With in-
congruent initial self and others’ opinions, the incorrect feedback to a non-conform (no-change) final decision
elicited larger FRN while the incorrect feedback to a conform (change) decision elicited larger theta power,
compared to their respective correct decisions. In addition, beta power was larger in the correct than incorrect
conform decision. FRN and theta power, but not beta power, were associated with subsequent conformity be-
havior. The FRN and theta signals therefore demonstrated differential sensitivity to the source of information
that drove a conformity decision.

1. Introduction

Feedback-related negativity (FRN; Gehring & Willoughby, 2002)
and mid-frontal theta oscillations (Cohen, Elger, & Ranganath, 2007)
are feedback-related brain signals commonly elicited by negative ex-
ternal feedback or incorrect outcomes of a decision. Previous studies
(e.g., Cohen, Ridderinkhof, Haupt, Elger, & Fell, 2008) found that FRN
and theta oscillations share similar physical and functional character-
istics, suggesting that they may represent different aspects of the same
neural origin, and may even serve similar functional roles in the feed-
back mechanism. However, more recently in the social neuroscience
literature, several lines of studies (e.g., Cristofori et al., 2013;
Fukushima & Hiraki, 2009; Li et al., 2010; van Noordt, White, Wu,
Mayes, & Crowley, 2015) suggest that FRN and theta oscillations may
be functionally different: the FRN amplitude is modulated by the per-
sonal relevance of a decision, while theta is sensitive to the social ele-
ment or when other individuals are involved in the feedback or decision
process. However, no research has directly compared FRN and theta
oscillations as the feedback signals for consequences of situations or
decisions that involve conflicting self and others’ opinions. In this study,
we investigated if FRN and theta are differentially sensitive to the

outcome of conformity decisions that were consistent with self or
others’ opinions. In a conformity decision paradigm, participants first
made an initial judgement. After learning the majority opinion, parti-
cipants were given a chance to make a change/no change final decision
according to their own initial judgment or others’ opinion. Outcomes of
their final decision were presented while the feedback-related brain
signals were recorded. The feedback-related brain signals were com-
pared to investigate their sensitivities to the source of opinion that
drove a conformity decision.

1.1. FRN and theta oscillations as feedback-related signals

FRN is an event-related brain potential (ERP) component with a
frontocentral distribution. It typically peaks at around 200–300 ms after
feedback onset (Gehring & Willoughby, 2002). Previous studies found
larger FRN following negative or incorrect outcome compared to po-
sitive or correct outcome in a wide variety of tasks such as gambling
tasks (e.g., Nieuwenhuis, Holroyd, Mol, & Coles, 2004) and time-esti-
mation tasks (e.g., Miltner, Braun, & Coles, 1997). Oscillations in the
theta frequency band (around 4–8 Hz) at around 300–450 ms after
feedback onset are also commonly elicited by incorrect outcomes in
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these tasks (Cohen et al., 2007; Kononowicz & van Rijn, 2015). Both
FRN and theta oscillations are thought to function as error feedback
signals for the optimization of future behavior (Holroyd & Coles, 2002;
Luft, 2014; Nieuwenhuis, Slagter, Alting Von Geusau, Heslenfeld, &
Holroyd, 2005; Swick & Turken, 2002).

1.2. FRN and theta oscillations: are they functionally the same or different?

Many studies demonstrated similarities between FRN and theta os-
cillations. For example, FRN and theta frequency band signals are
highly correlated (Cohen et al., 2007). They have similar scalp dis-
tribution, and both are shown to be generated from the anterior cin-
gulate cortex (ACC; Cohen et al., 2008; Gehring & Willoughby, 2002).
Functionally, previous studies showed that both signals were modu-
lated linearly by the probability of reward (Mas-Herrero & Marco-
Pallarés, 2014), degree of novelty, and conflict levels (Cavanagh,
Zambrano‐Vazquez, & Allen, 2012). Based on these various physical
and functional similarities, FRN is proposed to be the time-domain
counterpart of theta oscillations (Cohen, 2011).

However, one must be careful when inferring functional similarities
from physical similarities. ERPs and event-related oscillatory brain
signals may capture different aspects of the EEG signal and represent
different cognitive processes. ERPs emphasize phase-synchronized
brain responses, while oscillatory responses retain the frequency
structure of the signals (Le Van Quyen & Bragin, 2007; Sauseng, Hoppe,
Klimesch, Gerloff, & Hummel, 2007; Tse, Gordon, Fabiani, & Gratton,
2010). Therefore, it is difficult to evaluate if FRN and theta are the same
feedback signal based on their physical characteristics. Indeed, recent
studies (e.g., Li et al., 2010; van Noordt et al., 2015) that focused on
either FRN or theta oscillations further characterized their functional
properties, and suggested that FRN and theta may reflect feedback in
tasks that involve the processing of self- and others-related information,
respectively.

1.3. FRN and theta may indicate self vs. others

There is initial evidence to suggest that the FRN is sensitive to
feedback of a decision having a self component. Larger FRN to negative
than positive outcome was observed when a gambling game was played
by the participants themselves compared to when it was played by
others (Fukushima & Hiraki, 2009). FRN was elicited when participants
watched others lose in gambling (van Schie, Mars, Coles, & Bekkering,
2004); however, watching a friend receive an incorrect feedback in a
gambling task elicited larger FRN than observing a stranger receive the
same feedback (Ma et al., 2011). Larger FRN differences between ne-
gative and positive outcomes were also found when participants took
more responsibility for a negative outcome (Li et al., 2010), indicating
that, a stronger sense of self-involvement or responsibility results in a
larger FRN response to negative than positive outcomes.

By contrast, we speculate that increase in theta oscillations may
represent incorrect outcomes when the decision involves others’ opi-
nions or social information outside of the self. Our speculation comes
from two lines of research. First, in non-social contexts, larger theta
oscillation power is well known for incorrect than correct decision
outcome (Cohen et al., 2007; Luft, 2014; Marco-Pallares et al., 2008).
Second, in the social neuroscience literature, theta is involved in eval-
uating and/or monitoring social interactions. For example, theta re-
flects awareness of social rejection. In a cyberball game task where a
ball was passed virtually on a computer screen among the participant
and two confederates, increased theta oscillations were found when the
participant was socially excluded from the game compared to being
included (Cristofori et al., 2013; van Noordt et al., 2015). In another
study, participants were asked to communicate their expectations about
being liked and disliked by unknown peers, followed by feedback in-
dicating social acceptance and rejection. Increased theta power was
found when participants were unexpectedly rejected than expectedly

rejected (van der Molen, Dekkers, Westenberg, van der Veen, & van der
Molen, 2017), again indexing monitoring of (a heightened degree of)
social rejection. Combining these two lines of research on theta oscil-
lations, one on its role in representing the correctness of outcomes, and
the other on its role in monitoring social information, we hypothesized
that theta might serve as a feedback signal when the decision is based
on information more from others than self; while FRN would serve as a
feedback signal when the decision relies on information more from self
than others.

1.4. The current study

Although there is initial evidence to suggest FRN and theta oscil-
lations, as feedback signals of an outcome, may be differentially sen-
sitive to whether self (e.g., Li et al., 2010; Ma et al., 2011) or others’
information/opinion (e.g., Cristofori et al., 2013; van der Molen et al.,
2017; van Noordt et al., 2015) is involved, direct evidence is lacking.
The current study aimed to fill this gap, by adopting a conformity
paradigm to create situations where participants need to make a deci-
sion between conflicting opinions of self vs. others. Conformity is a
multistage process which involves first establishing self opinion, eval-
uating others’ opinion, and then making the final change or no change
decision. We operationalized the definition of a conformity decision as
changing one’s decision to match with that of the others’ at the final
decision stage (Cialdini & Trost, 1998), and targeted on the feedback
brain signals elicited by the correct or incorrect outcomes of the final
decision.

Previous studies (e.g., Chen, Wu, Tong, Guan, & Zhou, 2012; Yu &
Sun, 2013) adopted a similar paradigm to investigate social incon-
sistency, which is different from our definition of a conformity decision.
In these studies, participants first made a decision, then others’ deci-
sions were presented to the participants. Their results showed larger
FRN to others’ opinion that is inconsistent with one’s own opinion
(Chen et al., 2012), or to the incorrect outcome of others’ opinion (Yu &
Sun, 2013). These studies demonstrated that FRN plays a role in eval-
uating inconsistent opinion from the others only (i.e., social incon-
sistency), while we focus on the functional roles of feedback brain
signals in evaluating the outcomes of an active change or no change
decision given conflicting opinions between self and others’ (i.e., a
conformity decision).

The current study simulated a common social situation in which
there was direct conflict between self and others’ judgment. This con-
flict required participants to make a decision to either conform or not
conform with others’ judgment. In detail, participants first made a
preliminary decision in a perceptual judgment task using their own
judgment. Next, they learned an opinion from some hypothetical
others. In half of the trials, an incongruent others’ opinion was pre-
sented to establish a conflict. Then, participants decided whether to
revise their decision in accordance with the conflicting opinion (con-
form), which meant they chose to rely on others’ opinion, or stay with
their initial decision (non-conform), which meant they chose to rely on
their self judgment. The final decision was followed by an outcome
screen showing the correct answer while feedback-related brain signals
were recorded. With this task design, we recorded participants’ initial
opinion in addition to their final decision, and thus we could identify if
a conform or non-conform decision was made. A conform decision
would be consistent with others’ opinion, while a non-conform decision
would be consistent with self opinion. By comparing feedback signals
elicited by the outcomes of the final decision, the sensitivity of the
feedback signals to self and other related processing can be examined.
We expected larger FRN to be elicited during the outcome evaluation of
incorrect compared to correct non-conform decisions (consistent with
self opinion), while larger theta oscillations would be elicited for in-
correct than correct conform decisions (consistent with others’ opi-
nion).

We also examined the beta oscillations (13–25 Hz) at around
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400–650 ms after the outcome onset of the conformity decisions. Beta
oscillations (Cohen et al., 2007; HajiHosseini, Rodríguez-Fornells, &
Marco-Pallarés, 2012) have been found to be sensitive to correct deci-
sion outcomes in non-social contexts and may also play a role in the
outcome evaluation of a conformity decision. However, due to the lack
of beta oscillations study in a social context, specific prediction on how
beta power would be modulated by the self and others component of a
conformity decision could not be made. We speculated that beta may
also reflect correct outcomes in conform, non-conform, or both conform
and non-conform decisions.

2. Methods

2.1. Participants

Twenty college students (12 females; age 18–25 years, mean age
20.3 years) participated in this study after giving informed consent. The
procedures of this study were approved by the ethics committee of the
university. All participants were right handed, had normal or corrected-
to-normal vision, and had no history of neurological or psychiatric
disease according to self-report.

2.2. Stimuli and procedures

Participants performed a perceptual judgment task while EEG was
recorded. Before the study began, participants were told that other than
the basic HK$150 remuneration, additional monetary reward of HK
$100 would be offered if most of their final decisions were correct. In
reality, all participants received the same amount of HK$250 at the end
of the study.

Each trial began with the preliminary decision phase. A green dot
appeared at the center of the screen, followed by 25–60 white dots
organized in a random pattern (Fig. 1), which is beyond the counting
ability of participants (Stallen, Smidts, & Sanfey, 2013). Then, a target
number with question marks above and below, and letters “S” and “L”
(smaller and larger than the target number) on its left and right, were
shown on the screen. Unbeknownst to the participants, the target
number was exactly how many white dots there were on the previous
screen. Participant judged whether the number of white dots shown
was smaller or larger than the target number and responded by pressing
the corresponding keys on the response box with their left or right
thumb, respectively. Their preliminary decision was indicated by a blue
triangle surrounding the corresponding letter.

The next phase is the group opinion phase. An opinion from the
others, indicated by a yellow circle, was provided after participants
made their preliminary decision. Before the start of the experiment,
participants were told this opinion was the initial response from the
majority of participants who had already took part in this experiment.
In reality, the group opinion was generated by the computer. In half of
the trials, the group opinion was the same as the response of the par-
ticipant (congruent group opinion), but in the other half, the group
opinion was different from that of the participant (incongruent group
opinion).

After the group opinion phase was the final decision phase, in which
participants were given a chance to change their decision. Their final
decision was indicated by a blue square. The colors and shapes in-
dicating the judgment from the participant or others at different phases
were counterbalanced across participants. The combinations of group
opinion (congruent / incongruent) and final decision (change / no
change) produced four types of trials: congruent-change, congruent-no
change, incongruent-change, and incongruent-no change trials (Fig. 1).
The incongruent-change trials represented a conform response; it in-
volved changing one’s own initial response to match with the group
opinion. The incongruent-no change trials were regarded as a non-
conform response, as it involved maintaining the preliminary decision
despite the mismatch with group opinion. If the preliminary decision

and group opinion were congruent, there was no need to change the
initial judgment in the final answer. The final decision would be the
same as the group opinion, producing a passive-conform situation. A
change decision in the congruent trials, which is regarded as an anti-
conformity response, may indicate an anti-social tendency (Skitka,
Washburn, & Carsel, 2015) or being different from the others (Hornsey,
Majkut, Terry, & McKimmie, 2003). Anti-conformity was rare in this
study and the number of trials was too low for statistical analysis below.
Previous studies commonly observe only a few trials in the anti-con-
formity condition (e.g., Trautmann-Lengsfeld & Herrmann, 2013). Ex-
perimentally biasing the participants to increase the change responses
to produce more anti-conformity response may alter the way partici-
pant naturally process the self and others’ opinions (Campbell-
Meiklejohn, Bach, Roepstorff, Dolan, & Frith, 2010).

Participants had three seconds to indicate their preliminary or final
decision; otherwise a screen with the words “no response” would be
shown. The remaining stages of the current trial would be skipped. As
there was a fixation screen with jittered duration of 600–800 ms be-
tween the presentation of group opinion and the final decision, the
reaction times of the final decisions were not meaningful for further
interpretations (see Supplementary Fig. 1 for details.)

After the final decision, the correct answer was shown above the
target number in the outcome phase. The correct answer was controlled
to produce about 50 % accuracy each in the trials with change and no
change final decision. Based on the final outcomes, the conform, non-
conform, and passive-conform trials were further divided into a total of
six conditions according to the correct and incorrect outcomes. As the
current study aimed at differentiating the feedback brain signals eli-
cited by the outcomes after the final decisions, but not revealing the
brain signals associated with the evaluation of self and others’ opinions
leading to the final decision, our analysis focused on the brain signals
recorded at the outcome phase. Although the anti-conformity condi-
tions may not be included in the analysis, the self vs. others’ opinion
effect can still be dissociated with the final decision effect by comparing
conform vs. non-conform conditions (both have incongruent opinions,
but different final decision; see Supplementary Fig. 2) and non-conform
vs. passive-conform conditions (different in congruency of opinions, but
same final decision).

A total of 450 trials were presented in five blocks for each partici-
pant. Half of the trials (225 trials) were congruent trials while the other
half were incongruent trials. As participants’ decision to conform or not
was based on their own judgement and could not be manipulated ex-
perimentally, the number of trials in the conform, non-conform, and
passive-conform conditions varied from 44 to 105 trials, with at least 26
trials in each of the condition per participant (see Table 1). However,
the numbers of incorrect and correct trials for each of the three con-
ditions were experimentally controlled to ensure similar signal-to-noise
ratio in comparing the feedback brain signals between the incorrect and
correct outcomes within each condition. Previous studies found rela-
tively stable and reliable feedback-related brain signals with as few as
10 trials (e.g., Kim, Liss, Rao, Singer, & Compton, 2012; Marco-Pallares,
Cucurell, Munte, Strien, & Rodriguez-Fornells, 2011; Meyer, Bekkering,
Janssen, de Bruijn, & Hunnius, 2014). At the end of the experiment,
Participants were debriefed that others’ opinion and the outcomes were
randomly determined by computer program. Stimulus presentation and
EEG/ERP analyses were carried out using the Psychophysics Toolbox
(version 3; Brainard, 1997) and the EEGLAB Toolbox (version 13;
Delorme & Makeig, 2004) of the software MATLAB (version 2012a;
MathWorks, Natick, MA), respectively.

2.3. EEG recording and pre-processing

EEG was recorded with Ag/AgCl electrodes at 64 scalp locations
based on the 10–20 system, and two pairs of bipolar electrodes for re-
cording the horizontal and vertical eye movements. The online re-
ference and ground electrodes were placed at the left mastoid and AFz,

Y. Wang, et al. Biological Psychology 153 (2020) 107880

3



respectively. Electrode impedance was kept below 5 k Ohms. The EEG
sampled at 500 Hz using a Neuroscan Synamps 2 amplifier
(Compumedics USA, EL Paso, TX, USA). The digitized EEG data was re-
referenced to the average of both mastoid electrodes and bandpass

filtered at 0.1–40 Hz. The filtered data was segmented into epochs of
1000 ms, including a pre-stimulus baseline of 200 ms, time-locked to
the onset of the outcome screen. Ocular artifacts were corrected by
using a classical regression method (Gratton, Coles, & Donchin, 1983).

Fig. 1. Event sequence in a single trial of the
perceptual judgment task. The blue triangle
represents the preliminary decision made by
the participant; the yellow circle represents the
group opinion of the others; and the blue
square represents the final decision of the
participant. Decomposition of the relationships
between preliminary decision, group opinion,
and final decision, for each of the conform,
non-conform, anti-conform, and passive-con-
form conditions are shown. For example, when
the preliminary decision and group opinion are
incongruent, participants may change their
final decision to conform with the group opi-
nion; the change in final decision may lead to a
correct or incorrect outcome (For interpreta-
tion of the references to colour in this figure
legend, the reader is referred to the web ver-
sion of this article).

Table 1
The number of trials for each condition.

Conform Incorrect Conform Correct Non-Conform Incorrect Non-Conform Correct Passive-Conform Incorrect Passive-Conform Correct

Mean 44.30 43.65 68.55 68.00 104.50 102.80
SD 19.51 19.59 19.75 20.13 6.67 6.85
Min 26 27 35 35 82 81
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Only epochs with amplitude change smaller than 150μV were retained
for further analyses. ERP waveforms were generated by averaging
epochs for each condition, channel, and participant.

FRN was measured from the FCz electrode where it is typically
maximal (e.g., Pfabigan, Sailer, & Lamm, 2015; Ullsperger & von
Cramon, 2006). Due to the possible overlapping of FRN with P300, FRN
was measured by calculating the peak-to-peak amplitude difference
between the negative peak in the 180–280 ms time window and the
positive peak (Frank, Woroch, & Curran, 2005; Yeung & Sanfey, 2004)
preceding the negative peak in the 180–280 ms time window.

2.4. Time-frequency power spectra

Time-frequency power spectra were computed by Fourier trans-
forms on a moving window of 250 ms (i.e., 125 data points) for every
10 ms with Hanning taper in each artifact-free EEG epochs by using the
Fieldtrip software (Oostenveld, Fries, Maris, & Schoffelen, 2011). The
time-frequency spectra of each epoch were normalized by the powers at
the baseline period, averaged for each condition, channel, and parti-
cipant. Based on frequency bands and time windows of previous studies
on feedback-related theta and beta powers (Cavanagh, Frank, Klein, &
Allen, 2010; Cohen et al., 2007; Luft, 2014; Massar, Rossi, Schutter, &
Kenemans, 2012; van de Vijver, Ridderinkhof, & Cohen, 2011), aver-
aged theta and beta power was calculated from 4 to 9 Hz in the
300–450 ms time window and 16–26 Hz in the 400–650 ms time
window at the FCz electrode, respectively.

2.5. Analyses on outcome evaluations and subsequent conformity decisions

The first part of the analyses focused on investigating whether the
outcome evaluations of conformity decisions were reflected by different
feedback-related brain signals. The behavioral responses were ex-
amined for conformity effect by comparing the percentage of trials with
a change in the final decision between incongruent and congruent trials
using paired-samples t-test. The congruent-change trials (i.e., anti-
conform condition) served as the baseline for a change in the final
decision. The differences in brain signals elicited by the incorrect and
correct outcome were compared across the conformity decisions.

To further investigate whether the brain signals elicited by the
outcome of a conformity decision were related to subsequent con-
formity behavior, the trials of each outcome of a conformity decision
(e.g., non-conform correct) were sorted into two subtypes according to
the conform and non-conform decision in the next incongruent trial.
The average number of trials for each of the 12 subtypes ranged from 20
to 60 trials. There were at least 11 trials for each subtypes of a parti-
cipant (see Table 2) which is within the limit of minimum number of
trials (e.g., Kim et al., 2012; Marco-Pallares et al., 2011; Meyer et al.,
2014). This procedure is similar to the subsequent memory analysis
approach commonly used to investigate how brain signals in the
memory encoding phase relate to performance in a later memory task
(Wagner et al., 1998). If a brain signal serves as an internal feedback
signal to guide future decision, the brain signal sensitive to the outcome
of a particular conformity decision identified above was expected to
demonstrate differences in trials subsequently followed by different

conformity behavior.
The association between the outcome of the current trial and con-

form decision in the next incongruent trial was first investigated by
comparing the percentage of conform decision (behavioral responses)
in the next incongruent trial between incorrect and correct outcomes
for each conformity decision. Repeated measures ANOVA with the
factors conformity decision, outcome valence, and next incongruent
trial decision and follow-up t-test analyses were carried out for each
brain signal. Repeated measures analysis of variance (ANOVA) with
Greenhouse-Geisser correction factor, epsilon (ε), when appropriate,
and paired samples t-tests were carried out in the analyses.

To deal with the multiple comparisons issue of the whole study, an
omnibus repeated measures ANOVA on the standardized feedback-re-
lated brain signals with the factors brain signal (FRN amplitude, theta
and beta powers), conformity decision (conform, non-conform, passive-
conform), and outcome valence (incorrect and correct) was carried out.
A statistically significant three-way interaction in this omnibus analysis
would provide support for the differential roles of the feedback-related
brain signals in the outcome evaluation of conformity decisions.
Subsequent analyses for each of the brain signals were the follow-up
analyses of this omnibus test result. Based on these results, we made
predictions on the results of the second part of the analyses, which
examined the association between each brain signal and subsequent
conformity decision. Only the feedback-related brain signal that was
sensitive to the outcome of a particular type of conformity decision as
shown in the first part of the analyses was expected to affect the sub-
sequent decision of the same type (in the second part of the analyses).
For example, if FRN was sensitive to the outcome of non-conform de-
cision, FRN was expected to predict the subsequent non-conform de-
cision, but not other types of decisions. Similarly, other feedback brain
signals that were not sensitive to the outcome of non-conform decisions
were not expected to predict the subsequent non-conform decision.

3. Results

3.1. Behavioral conformity effect

When the preliminary decision was different from the group opi-
nion, participants conformed or changed their decision to match with
the group opinion (conform) in 88.0 out of 225 incongruent trials on
average (i.e., 39.1 % conform vs. 60.9 % non-conform trials). However,
when the preliminary decision was the same as the group opinion,
participants only changed their decisions (anti-conform) in 16.9 out of
225 congruent trials (i.e., 7.5 % anti-conform vs. 92.5 % passive-con-
form trials). The difference in making a change to the final decision
between incongruent and congruent trials was statistically significant (t
(19) = -6.74, p<0.001, Cohen’s d (d) = 1.51). This result indicated
the tendency to resolve discrepancy in opinions between self and others
by changing participants’ decision to conform with others’ opinion.

3.2. Omnibus test

An overall repeated measures ANOVA on the standardized feed-
back-related brain signals with the factors brain signal (FRN amplitude,

Table 2
The number of trials for each condition given the conform decisions of the next incongruent trial.

Next Incongruent Trial Conform Incorrect Conform Correct Non-Conform Incorrect Non-Conform Correct Passive-Conform Incorrect Passive-Conform Correct

Conform Mean 20.05 21.80 25.53 20.65 39.15 40.60
SD 15.84 13.72 4.95 3.69 12.34 10.36
Min 11 12 19 14 29 38

Non-Conform Mean 23.10 21.00 42.18 46.65 62.20 61.55
SD 3.87 4.44 18.78 15.31 12.00 10.79
Min 19 12 13 17 33 36
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theta and beta powers), conformity decision (conform, non-conform,
passive-conform), and outcome valence (incorrect and correct) showed
a statistically significant three-way interaction (F(4,76) = 4.04, p =
.005, ŋ2p = .18). This omnibus F-test result provided support for the
differential roles of the feedback-related brain signals in outcome eva-
luation of conformity decisions.

3.3. FRN

ERP waveforms illustrated larger FRN difference for incorrect than
correct outcome in the non-conform condition (t(19) = -3.47, p= .003,
d = 0.78; Figs. 2A and 3 ). However, the difference in FRN amplitude

between incorrect and correct outcomes was not statistically significant
in the conform (t(19) = 0.25, p = .805, d = 0.06) or passive-conform
conditions (t(19) = -0.32, p = .749, d = 0.07). A frontocentral dis-
tribution of the FRN difference between incorrect and correct outcomes
is shown in Fig. 2B. A repeated measures ANOVA of the FRN amplitudes
with the factors conformity decision (conform, non-conform, and pas-
sive-conform) and outcome valence (incorrect and correct) revealed a
significant main effect of conformity decision (F(2,38) = 5.90, p =
.006, ŋ2p = .24), but not outcome valence (F(1,19) = 1.23, p = .282, ŋ2p
=.06). The interaction effect of conformity decision and outcome va-
lence was statistically significant (F(2, 38) = 4.72, p = .015, ŋ2p = .20;
Fig. 2C).

Fig. 2. ERP FRN results: (A) Grand-average ERP waveforms at FCz electrode, (B) Scalp distributions of FRN (incorrect minus correct at 180 - 280 ms), and (C) Mean
peak-to-peak FRN amplitudes. Error bars indicate the SEM computed across participants. *p< .05.
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FRN is more sensitive to the incorrect than correct outcome when
the final decision is biased towards self opinion in the face of incon-
gruent preliminary decision and others’ opinion (i.e., non-conform
condition). However, such sensitivity to the outcome was absent when
the final decision is biased towards others’ opinion in the face of in-
congruent preliminary decision and others’ opinion (i.e., conform
condition), or when the final decision happened to be consistent with
both the preliminary decision and others’ opinion (i.e., passive-conform
condition). In short, FRN is more sensitive to the incorrect outcome of a
decision biased towards self opinion when self and others’ opinions are
in conflict.

3.4. Theta and beta powers

Time-frequency spectra revealed increased theta power for incorrect
as compared with correct outcomes in both conform (t(19) = 3.07, p =
.006, d = 0.69; Fig. 4A) and passive-conform conditions (t(19) = 2.50,
p = .022, d = 0.56), but not in the non-conform condition (t(19) =
0.37, p= .717, d = 0.08). Frontocentral distribution of the theta power
differences between incorrect and correct outcomes for the conform
and passive-conform decisions are shown in Fig. 4B. A repeated mea-
sures ANOVA of the theta power with the factors conformity decision
and outcome valence showed a non-significant main effect of con-
formity decision (F(2,38) = 3.08, p = .057, ŋ2p = .14). However, the
main effect of outcome valence (F(1,19) = 8.58, p = .009, ŋ2p = .31),
and the interaction of conformity decision and outcome valence (F
(2,38) = 3.46, p = .042, ŋ2p = .15) were significant (Fig. 4C).

Increase in beta power was found for correct compared to incorrect
outcomes in conform (t(19) = 5.07, p< .001, d = 1.13; Fig. 4A) and
passive-conform conditions (t(19) = 3.33, p = .004, d = 0.74).
Frontocentral distribution of the beta power differences between in-
correct and correct outcomes for the conform and passive-conform
decisions are shown in Fig. 4B. No difference in beta power was found
in the non-conform condition (t(19) = 0.84, p = .410, d = 0.19). A
similar result pattern was found with a running t-test analysis from 250
ms to 650 ms (Supplementary Results) which demonstrated the in-
dependence of the beta power result pattern and the selection of time
window. A repeated measures ANOVA of beta power with the factors
conformity decision and outcome valence showed non-significant main
effect of conformity decision (F(2,38) = 3.10, p = .083, ε = .63, ŋ2p =
.14). However, the main effect of outcome valence (F(1,19) = 18.31,
p< .001, ŋ2p = .50) and the interaction effect of conformity decision
and outcome valence (F(2,38) = 3.66, p = .035, ŋ2p = .16) were sig-
nificant (Fig. 4C).

These results showed that theta (beta) power is more sensitive to the

incorrect (correct) than correct (incorrect) outcome when the final
decision is biased towards others’ opinion when the preliminary deci-
sion and others’ opinion are incongruent (i.e., conform condition), or
when the final decision happened to be consistent with both the pre-
liminary decision and others’ opinion (i.e., passive-conform condition).
However, such sensitivity to the outcome was absent when the final
decision is biased towards the self opinion when the preliminary deci-
sion and others’ opinion are incongruent (i.e., non-conform condition).

Although the conform and passive-conform conditions showed si-
milar pattern of theta and beta power responses to the outcome of the
decisions, the second part of the analyses below showed that theta and
beta powers had a different impact on the subsequent conformity de-
cision in the conform and passive-conform conditions.

3.5. Feedback-related brain signals and subsequent conformity decision

To further examine the association between the feedback signals,
FRN, theta, and beta powers, and subsequent behavior, the percentages
of conform decision on the next incongruent trial were compared be-
tween incorrect and correct outcomes for each conformity decision
(Fig. 5A). Compared to conform decisions with an incorrect outcome,
conform decisions with a correct outcome were more likely to be fol-
lowed by another conform decision (t(19) = 2.04, p = .028, d = 0.46).
However, the tendency to conform in the next trial was lower following
a correct non-conform decision than an incorrect one (t(19) = -2.39, p
= .014, d = 0.53). The difference between correct and incorrect out-
comes was non-significant in the passive-conform condition (t(19) =
0.88, p = .195, d = 0.20). Repeated measures ANOVA showed statis-
tically significant interaction of conformity decision and outcome va-
lence (F(2,38) = 6.24, p = .005, ŋ2p = .25).

The prediction effects of FRN, theta, and beta powers on the con-
formity behavior of next incongruent trial were further examined
(Fig. 5B). FRN elicited by the correct outcome of a non-conform deci-
sion and followed with a non-conform decision in the next incongruent
trial was smaller than that followed by a conform decision (t(19) =
-3.41, p = .003, d = 0.73). However, the FRN elicited by the incorrect
outcome of a non-conform decision failed to show any difference be-
tween the trials followed with conform and non-conform decisions in
the next incongruent trial (t(19) = −1.62, p = .122, d = 0.36). Re-
peated measures ANOVA on the FRN (Fig. 5B, top row) with the factors
conformity decision (conform, non-conform, and passive-conform),
outcome valence (incorrect and correct), and next trial decision (con-
form and non-conform decision in the next incongruent trial) showed a
statistically significant three-way interaction effect (F(2,18) = 3.89, p
= .039, ŋ2p = .30). Follow-up ANOVA of the three-way interaction ef-
fect carried out for each conformity decision showed statistically sig-
nificant interaction effect of outcome valence and next trial decision in
the non-conform decision only (F(1,19) = 7.51, p = .013, ŋ2p = .28),
but not in both conform decisions (F(1,19) = 1.39 and< 1, p = .25
and .68, ŋ2p = .07 and .009). The smaller FRN in correct non-conform
decision indicated a smaller error signal for self opinion; thus non-
conform decision is more likely to be repeated in the near future. This
result suggested that FRN may serve as a feedback signal for a non-
conform decision, when such non-conform decision was correct, to
guide future non-conform decision.

Theta power elicited by the correct outcome of a conform decision
and followed by a conform decision on the next incongruent trial was
smaller than that followed by a non-conform decision (t(19) = -2.34, p
= .031, d = 0.52). However, theta power elicited by the incorrect
outcome of a conform decision failed to show any difference between
the trials followed with conform and non-conform decisions in the next
incongruent trial (t(19) = 1.18, p = .254, d = 0.26). Repeated mea-
sures ANOVA on theta power (Fig. 5B, middle row) with the factors
conformity decision, outcome valence, and next incongruent trial de-
cision showed a statistically significant three-way interaction effect (F
(2,18) = 6.18, p= .009, ŋ2p = .41). Follow-up ANOVA of the three-way

Fig. 3. Difference waveforms (incorrect minus correct) showing the FRN at FCz
electrode.
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interaction effect carried out for each conformity decision showed
statistically significant interaction effect of outcome valence and next
trial decision in the conform decision only (F(1,19) = 8.30, p = .010,
ŋ2p = .31), but not in the non-conform or passive-conform decision (F
(1,19) = 1.82 and<1, p = .19 and .52, ŋ2p = .09 and .022). The
smaller theta power in correct conform decision indicated a smaller
error signal for others’ opinion; thus conform decision is more likely to
be repeated in the near future. This result suggested that theta power
may serve as a feedback signal for a conform decision, when such
conform decision is correct, to guide future conform decision.

Beta power elicited by both correct (t(19) = 0.41, p = .689, d =

0.10) and incorrect outcomes (t(19) = -0.26, p = .795, d = 0.06) of a
conform decision failed to show any difference between the trials fol-
lowed with conform and non-conform decisions in the next incongruent
trial (Fig. 5B, bottom row). It indicates that the larger correct signal of
beta power had no impact on the subsequent conformity decision. No
evidence supporting the involvement of beta power driving future
conformity decision could be found. Other than the results mentioned
above, comparisons between conform and non-conform decision in the
next incongruent trials were not statistically significant for other com-
binations of outcomes and conformity decisions (t(19) = .38 to -1.46, p
= 0.71 to .161, d = 0.08 to 0.32).

Fig. 4. Time-frequency analyses results: (A) Time-frequency spectra at FCz electrode, (B) Scalp distributions of theta (4 - 9 Hz; 300 to 450 ms) and beta (16 - 26 Hz;
400 to 650 ms) frequency band powers, and (C) Mean theta and beta powers. Error bars indicate the SEM computed across participants. *p< .05.
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4. Discussion

Social information can be conceptualized as information that guides
the interaction of a person with others. Social information comes from
two sources: self and others. The aim of this study is to examine the
relative sensitivity of FRN, theta and beta oscillations to the self and
others’ components in social information. Previous studies on FRN and
theta oscillation as feedback signals to social decision outcomes suggest
differences in their relative sensitivities to the self and others’ compo-
nents of a social decision, respectively.

The conformity paradigm adopted in this study allowed a retro-
spective outcome evaluation of the decision driven by both self and
others’ opinions. In other words, it does not focus on the evaluation of
the decision making process online for each decision/opinion step.
Although participants had to commit to one of the opinions in the final
decision, such commitment is only partial. As the self/others’ opinion
has a 50 % chance to be correct in the whole experiment, it is difficult
to conclude that either opinion must be better than the other. When the

two opinions are in conflict, the final decision only indicates that one of
the opinions is slightly more favorable than the other. The feedback
brain signals may not be not pure measures related to self or others’
opinion, but a relative bias towards one of the opinions. However, this
small bias towards one of the opinions contributed to the contrasting
signal patterns between conform and non-conform decisions. We con-
ceptualize the result pattern to reflect a unique weighing pattern be-
tween self and others’ opinions.

Our results showed that FRN amplitude differed between the eva-
luation of incorrect and correct decision outcomes, specifically for non-
conform decisions. FRN is more sensitive to the outcome of a decision
biased towards self opinion when self and others’ opinions are in con-
flict. By contrast, theta and beta oscillation power differed between the
evaluation of incorrect and correct decision outcomes, specifically for
conform and passive-conform decisions, but not for non-conform de-
cisions. The results also showed that both theta and beta power are
more sensitive to the outcomes when the final decision is biased to-
wards the others’ opinion when the preliminary decision and others’

Fig. 5. (A) Percentage of conform decision in the next in-
congruent trial. (B) FRN amplitude, and theta and beta powers
elicited by the incorrect and correct outcomes of each con-
formity decision sorted by the conform and non-conform de-
cisions in the next incongruent trial. As the follow-up analyses
of the main results (i.e., conform and non-conform conditions)
in Figs. 2 and 4, the statistical results of the conditions and
brain signals showing significant differences in the main re-
sults are highlighted here. Statistical results of other compar-
isons between conform and non-conform decisions in the next
incongruent trial are not statistically significant. Error bars
indicate the SEM computed across participants. *p< .05.
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opinion are incongruent, or when the final decision happened to be
consistent with both the preliminary decision and others’ opinion.

We also found that when self and others’ judgments were in conflict,
if one made a non-conform decision that led to a positive outcome,
smaller FRN amplitude was associated with producing a non-conform
decision in the next incongruent trial. In a similar vein, when one made
a conform decision that led to a positive outcome in an incongruent
trial, lower theta power was associated with performing a conform
decision in the next incongruent trial. Our results provide direct evi-
dence for the functional dissociation of FRN and theta oscillations.
Besides, the finding that FRN and theta are sensitive to decision out-
comes under a social context extends their well-known role in differ-
entiating incorrect from correct decision outcomes in non-social con-
texts.

Conform decisions differ from non-conform ones in that they rely on
a source of information that is outside of the self. If information source
is the main factor contributing to the contrasting signal patterns be-
tween conform and non-conform decisions in the present findings, then
what we observe is consistent with the view that decisions are distin-
guishable at a neural level in terms of their unique patterns of weighing
of information from different sources (Park, Goïame, O’Connor, &
Dreher, 2017).

It is surprising to see beta power being sensitive to the evaluation of
correct outcomes following conform decisions, but not to correct out-
comes following non-conform decisions. Beta oscillations are typically
associated with attention-related top-down control processes or main-
tenance of a cognitive state (Engel & Fries, 2010; Kamiński, Brzezicka,
Gola, & Wróbel, 2012; Knyazev, 2007). Although increase in beta os-
cillations has been found in correct compared to incorrect decision
outcomes in non-social contexts (Cohen et al., 2007; Luft, 2014; Marco-
Pallares et al., 2008), no study has examined beta oscillations as a
feedback signal in a social context. The increase in beta power we ob-
served may indicate additional attention resources are mobilized to
resolve or monitor social conflict in the conform condition. The increase
in beta power may also reflect the reinstatement of the opinions
(Spitzer & Haegens, 2017) during the outcome evaluation of conform
decisions. Specifically, beta power may indicate the process to reinstate
the opinions rather than the content of the opinions, as beta power was
not associated with future responses.

Recent evidence suggests that it is a general organization principle
of the brain to dissociate self- and others-related information.
Neuroimaging studies consistently found distinct brain regions are en-
gaged when a cognitive process differentially operates on self vs. others’
information (e.g., face recognition, Uddin, Kaplan, Molnar-Szakacs,
Zaidel, & Iacoboni, 2005; memory, Cabeza et al., 2004; and perspective
taking, David et al., 2006). An fMRI study (Behrens, Hunt, Woolrich, &
Matthew, 2008) also showed that different regions of the ACC were
associated with self- and social-related decisions. Meta-analyses on
neuroimaging studies revealed a self-specific functional network be-
tween the ACC and anterior insula, and an others-specific functional
network between the posterior cingulate cortex and bilateral angular
gyrus / temporoparietal junction (Murray, Schaer, & Debbané, 2012;
Murray, Debbane, Fox, Bzdok, & Eickhoff, 2015). Based on the orga-
nization principle that self- and others-related information are dissoci-
able, it is possible that the neural signatures for outcome evaluation are
also different, when the decisions that lead to such outcomes are dif-
ferentially based on self vs. others' judgments.

FRN could be more sensitive to the outcome of a decision with a
self-component while the reference frame of “self” may be dynamically
changing according to the relationship between the participant and the
person making the decision. For example, Ma et al. (2011) showed that
FRN is more sensitive to the outcome of a decision made by self than the
others and a decision having a stronger self-component. In Experiment
1 of Ma et al. (2011), FRN difference was only elicited by the outcomes
of decisions made by the participants, but not by friends or others. In
Experiment 2, participants only observed the outcomes of decisions

made by friends or others. FRN difference was only elicited by the
outcomes of decisions made by friends this time. These results show
that FRN is responsive to an increasing degree of “self” that is involved
in a decision. This dynamic frame of self or relative self component may
also be able to explain the results of some studies which showed an
increase in FRN difference (incorrect > correct) in certain conditions.
For example, in Wang, et al. (2014), participants showed an increase in
FRN difference (incorrect> correct) in observing the outcome of a
decision made by a stranger who was rated positively (like) by the
participant. However, no such increase in FRN difference was observed
when the decision was made by a stranger who was rated negatively
(dislike). The “liking” of the stranger could be interpreted as more
personally involved (treating the stranger as friend) than dislike (a
complete stranger).

The pattern in our results could not be explained by the differences
in number of trials between the conform, non-conform, and passive-
conform decisions. First, the number of trials between the incorrect and
correct outcomes were equal for each decision; brain responses to both
outcomes were subjected to the same signal-to-noise ratios and prob-
abilities or frequencies of decisions issue. Second, a similar pattern of
feedback responses was observed in the conform and passive-conform
decisions, while they have the least and largest amount of trials, re-
spectively. The absence of FRN in both conform and passive-conform
decisions cannot be explained by poor signal-to-noise ratios or fre-
quencies of the decisions.

Our results can also be understood from a prediction error or an
unexpected outcome perspective which suggests a possible underlying
cognitive mechanism in eliciting the feedback brain signals. Theta and
beta powers are thought to indicate prediction errors elicited by an
unexpected outcome in non-social contexts. For example, in a gambling
task where the probability of winning is manipulated, larger theta and
beta power are associated with unpredicted loss (Cavanagh et al., 2010;
Hajhosseini & Holroyd, 2013) and win (HajiHosseini et al., 2012) re-
spectively. Now, in our task, under an ambiguous social situation with
no clear answer, the majority judgment from others is likely regarded as
correct, leading to a tendency to make conform decisions. Theta may
serve as an error signal indicating a violation of the others-are-correct
expectation, while beta may index consistency with this prediction.
Further support for theta and beta as error signals comes from simu-
lation studies, where it has been shown that the feedforward and
feedback connections involved in the prediction process may produce
the observed oscillatory responses (Gratton, 2018). As for the FRN,
under a situation where the tendency to conform is strong, if one tries to
make a non-conform decision, the expectation of one’s own judgment
being correct needs to be exceptionally strong. The FRN may serve as an
error signal to reflect a violation of this self-is-correct expectation
(Nieuwenhuis et al., 2005; Swick & Turken, 2002).

The FRN results may also reflect the motivational or affective
component in decision making, which is a well-established theory in the
FRN literature (Ma et al., 2011; Masaki, Takeuchi, Gehring, Takasawa,
& Yamazaki, 2006; Wang, Qu, Luo, Qu, & Li, 2014). Being different
from others or disagreeing with a group opinion elicits aversive emo-
tion as reflected by increased amygdala activity (Berns et al., 2005). A
larger FRN difference between negative and positive outcomes in the
non-conform than conform condition probably suggests increased mo-
tivational and emotional salience when a negative outcome follows
one’s own decision as opposed to someone else’s. Consistent with pre-
vious studies (Fukushima & Hiraki, 2009; Li et al., 2010; Ma et al.,
2011) showing larger FRN differences in feedback with personal re-
levance, a stronger sense of self-involvement in the present non-con-
form condition may contribute to the larger FRN difference between
negative and positive outcomes, compared to the conform condition.
The motivational/affective and prediction error accounts are not mu-
tually exclusive. The FRN and theta may reflect negative emotion eli-
cited by prediction errors from difference sources.

A potential concern is whether the outcome evaluation reflected by
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the brain signals is only based on the final decision, which is the
commitment to the self or others’ opinion. If this is the case, FRN and
theta may reflect the outcome evaluation when there is a discrepancy
and no discrepancy between the final self decision and others’ opinions,
respectively. However, this argument assumes that the preliminary self-
decision is not reflected by the feedback brain signals. Empirical find-
ings suggest that FRN and theta may not be only based on the com-
mitment to the final decision; the initial commitment does have an
influence on the outcome evaluation reflected by FRN and theta.

First, previous studies not only demonstrated FRN effects when self
and others’ opinions are the same (e.g., Kimura & Katayama, 2013) but
also when they are different (e.g., Yu & Sun, 2013) showing that FRN
may not be only sensitive to the discrepancy of self and others. Second,
if the preliminary self-decision was not reflected by and participants
were completely committed to either self or others’ opinion in the final
self-decision, both the non-conform and anti-conform conditions should
show similar FRN effects, while the theta responses in the conform and
passive-conform conditions should be consistent. However, evidence
suggesting an FRN effect (incorrect minus correct) in the anti-conform
condition was not found. Although theta effects (incorrect minus cor-
rect) were found in both conform and passive-conform conditions, only
the theta effect of the conform condition, but not the passive-conform
condition, could predict the conformity decision in the next incon-
gruent trial.

In addition, if the preliminary self-decision was not reflected by the
feedback signals when others’ opinion was presented, the percentage of
change/no change final decision should be independent of the con-
gruency of the preliminary self-decision and others’ opinion. However,
behavioral results showed differences in the percentage of change/no
change final decision when others’ opinion was congruent or incon-
gruent with the preliminary self-decision. These findings suggest that
FRN and theta may not be only sensitive to the discrepancy between
others’ opinion and the final self-decision. Further study is needed to
examine this possibility critically.

Evaluating decision outcomes is crucial for optimizing future be-
havior. If a decision results in an unfavorable outcome it is best to avoid
making the same decision again. Previous behavioral studies showed
that correct conform and non-conform decisions led to repetitions of
such decisions (Endler, 1966; Sistrunk, 1960), suggesting reinforcement
learning for both conforming and non-conforming behaviors. The FRN
(e.g., Arbel, Goforth, & Donchin, 2013) and theta power (e.g.,
Cavanagh et al., 2010) have been shown to predict future task perfor-
mance in a non-social context. We also see their predictive ability in the
present data. Increased FRN amplitude in the non-conform trials with
correct outcomes may indicate lower degree of subjective correctness in
the non-conform decision, leading to a conform decision in the next
incongruent trial. Similarly, increase in theta power in the correct
conform trials may indicate lower subjective correctness of the conform
decision, thus leading to a non-conform decision in the next incon-
gruent trial. The FRN and theta can be conceptualized as error signals to
guide future decisions (Siegert et al., 2014).

The next incongruent trial might not be the immediate next trial (N
+ 1 trial) and could take place from the N + 1 to N + 8 trials
(Supplementary Fig. 3). However, as the congruent/incongruent group
opinion was controlled at 50 % for a given trial, 50 % of the incon-
gruent trials were the immediate next trial (N + 1) while 87.5 % of the
next incongruent trials were the N + 1 to N + 3 trials. According to
Table 2, some conditions did not have sufficient number of trials for the
analysis if only the N + 1 incongruent trial were included. However,
given the current result driven by the N + 1 incongruent trial produced
a statistically significant results for FRN and theta, the dilution effect by
the N + 2 to N + 8 trials should be minimum; the results with only the
N + 1 incongruent trial included would be very similar to the current
results.

The FRN and theta results cannot be explained simply by the no
change and change decisions in the non-conform and conform

conditions. In the passive-conform condition, self and others’ judgments
were identical, and thus there was no need to change one’s mind to
conform. Despite the lack of change, outcomes following passive con-
formity would still be evaluated (Sescousse, Li, & Dreher, 2015). We
showed that there was no FRN difference between correct and incorrect
outcomes in the passive-conform condition; only theta and beta power
differences were found. Since FRN is thought to represent self-relevance
and responsibility (Li et al., 2010), the absence of FRN differences
suggests that participants may take less personal responsibility for
outcomes in the passive-conform condition. Brain signals may indicate
diffusion of responsibility to others in an ambiguous task when self
judgment cannot reliably predict the decision outcome. We observed
theta differences in both the conform and passive-conform conditions,
but only the theta power in the conform condition was predictive of
future decisions, suggesting that it is not the apparent result of being
the same as others, but the attribution of outcomes to self or others that
guides future behavior.

Our findings suggest that the outcomes of conform and non-conform
decisions are represented in parallel by two brain signals. The ad-
vantage of having different brain signals to encode the two options of a
decision (conform or not) is that evidence supporting the two choices
can be cumulated across time in parallel and evaluated independently
to produce a final decision (Bogacz, Brown, Moehlis, Holmes, & Cohen,
2006). For complex decisions like the conformity decision, in which the
choice of conforming or not is based on the evaluation of self versus
others’ judgments, having separate “channels” to represent self and
others information is advantageous as the source of the decision can be
retained for future reference (Ruff & Fehr, 2014).

It is highly possible that self and others’ opinions are evaluated
continuously during the entire conformity decision making process. For
example, the initial decision may be re-evaluated when the group
opinion was presented. The re-evaluation of previous decision or opi-
nions may later lead to the change in final decision. Brain responses at
the preliminary decision, group opinion, and final decision stages were
also examined. However, reliable differences in brain signals between
the three decisions were only found at the outcome stage.

The current study focused on dissociating the functional roles of
FRN and theta oscillations with a mid-frontal scalp distribution, which
is commonly shown in previous studies (Cohen et al., 2007, 2008).
Some studies suggested that theta oscillations is part of an error-related
processing system in the medial prefrontal cortex (mPFC) working in
conjunction with an action-monitoring system in the lateral prefrontal
cortex (LPFC) (e.g., Cavanagh et al., 2010; Hanslmayr et al., 2008) as
demonstrated by theta phase synchronization between FCz and F5/6
electrodes (Cavanagh, Cohen, & Allen, 2009). The synchronization
between the middle and lateral frontal theta oscillations in conformity
decision could be an interesting topic for future studies.

In summary, the current study reveals the differential functional
roles of the FRN, theta, and beta oscillations in evaluating decision
outcomes when there is a direct conflict between self and others’ opi-
nions. FRN amplitude and theta power are sensitive to incorrect non-
conform and conform decisions respectively, while beta power was
sensitive to correct conform decisions. The FRN and theta power also
serve as error feedback signals to guide subsequent behavioral adjust-
ment.
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