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Patterns of electrical brain activation in response  
to socially-disputed perceptual judgments
Julie Zanescoa, Eda Tipurab,c, Fabrice Clémenta and Alan J. Pegnad   

In recent years, neuroscience has begun to investigate 
brain responses to social stimuli. To date, however, 
the effects of social feedback on attentional and 
perceptual processes remain unclear. In this study, 
participants were asked to judge the hues of distinct, 
or ambiguously coloured stimuli, and to indicate their 
confidence ratings. Alleged social feedback was then 
provided, either endorsing or disputing the participants’ 
responses. Participants were then presented the stimulus 
a second time and given the option to reconsider their 
decision. Behavioural findings showed that confidence 
levels decreased both with task difficulty and with 
conflicting social feedback. Event-related potential data 
showed greater P2 and N2 amplitudes for ambiguous 
squares compared to distinct squares upon initial 
stimulus presentations, compatible with heightened 
attention. Moreover, a decreased P300 was found 
for ambiguous stimuli, consistent with an increase in 
metacognitive activity. After social feedback, an early-late 
positive potential between 270 and 370 ms continued 
to distinguish ambiguous from distinct stimuli. More 

importantly, after 400 ms, the late positive potential 
distinguished endorsed from disputed stimuli. These 
results reveal that social feedback, while decreasing 
effects linked to uncertainty, gives rise to later processes 
associated with enhanced motivational significance of 
the stimulus following divergence from social approval. 
NeuroReport XXX: 000–000 Copyright © 2019 Wolters 
Kluwer Health, Inc. All rights reserved.
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Introduction
In everyday life, decisions are often made even though 
detailed information may be lacking. These decisions are 
continuously being updated by additional evidence fed 
back by the environment. One component contributing 
to decision processes that has been underestimated by 
cognitive neuroscience is the social information provided 
by individuals in our surrounding. Indeed, an individ-
ual’s certainty is not only determined by the degree of 
ambiguity of the sensory information originating from 
the stimulus [1,2], but is also influenced by social cues 
[3], which in turn affect perceptual brain processes [4]. 
This latter point was suggested by Zanesco et al. [4] who 
showed that social feedback modified the early event-re-
lated potential (ERP) components in response to ambig-
uous stimuli already at around 100 ms. Such observations 
raise the question of whether later cognitive processes, 
indicating more controlled aspects of self-reflection, are 
influenced by social feedback. Indeed, conflicting and 
ambiguous information give rise to a subjective feeling of 
uncertainty [5], which in turn lead to additional allocation 
of attentional resources [6] and conscious control [7].

To address this question, an ERP investigation was car-
ried out using a novel procedure (see Ref. 4 for details), 
in which distinct or ambiguous colour stimuli were 

presented to participants, who were asked to judge their 
colour and then rate the degree of certainty in their judg-
ment. They were then provided with alleged social feed-
back that either endorsed or disputed the participants’ 
response. The same stimuli were then shown again, and 
participants were given the option to maintain or revise 
their decision/certainty. ERPs were examined for ambig-
uous and distinct stimuli (initial presentations), and more 
importantly for endorsed and disputed ambiguous stim-
uli (post-feedback presentations). We reasoned that, 
compared to the initial stimulus presentation, ERPs for 
stimuli following social feedback would reveal the effects 
of social information on cognitive processing.

Materials and methods
Participants
Twenty paid participants (10 females; mean age = 25 ± 
4) were recruited for this study (three participants were 
excluded due >30% errors). All were right-handed, had 
normal or corrected-to-normal vision and had no self-re-
ported psychiatric or neurological disorder.

Stimuli and experimental procedure
A fixation cross was presented (400–600 ms) followed by 
the probe stimulus (800 ms) that was a square stimulus 

mailto:a.pegna@uq.edu.au?subject=
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(5.73°) that was either of a distinct blue or green colour 
(16 stimuli), or of an ambiguous green/blue hue (16 stim-
uli controlled for isoluminance, ranging from 28.17 to 
30.72 cd/m2). After the stimulus, a response prompt (self-
paced) appeared asking the participant to decide whether 
the stimulus was green or blue. Participants were then 
asked to rate their level of certainty on a scale from 1 to 5.

They were then presented with a face (1000 ms) which 
they were told reflected the judgement of the majority of 
previous participants, and which expressed either disgust 
(disagreement) or joy (endorsement) [8]. The stimulus 
sequence was then repeated in the same order, and partici-
pants were required to maintain or to revise their decision.

EEG acquisition
A 128-channel recording was carried out with a sam-
pling rate of 1024  Hz using a Biosemi Active-Two sys-
tem (Amsterdam, Netherlands) with AG/AgCl electrodes 

(electrode positions are shown in Figs.  1 and 2). Eye 
movements were monitored using four additional elec-
trodes. Impedance was kept below 20 kΩ and data were 
referenced offline against the average reference.

EEG processing
Using Brain Vision Analyzer V.2 (Brain Products, Gilching, 
Germany), electro-encephalography data were downsam-
pled to 512 Hz and filtered between 0.1 and 30 Hz. Bad 
electrodes were interpolated using a spherical spline (6.6% 
of the electrodes were interpolated). Eye movements and 
blinks were corrected [9], and trials containing artefacts 
were removed (22%). ERPs were computed for distinct 
and ambiguous stimuli in the initial presentation between 
−200 and 800 ms using the 200 ms prestimulus period for 
baseline correction. For the post-feedback stimulus pres-
entations, ERPs were computed for ambiguous endorsed, 
ambiguous disputed and distinct endorsed conditions. In 
order to maintain credibility, our design did not include 

Fig. 1

ERPs for ambiguous and distinct probes presented before social feedback. Pooled ERP traces are shown across electrodes used for the compu-
tation of the posterior P2 (right) and anterior N2 (top), as well as P3 (left), along with collapsed topographical voltage map illustrating the posterior 
P2/anterior N2 and the P3 for the two conditions of ambiguity. Central inset shows scalp viewed from above (frontal leads on top, right leads on 
the right), with electrodes used for P2 and N2 computation circled in black, and electrodes used for P3 computation indicated in grey.



Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Electrical response to social judgments Zanesco et al.  3

any social dispute for distinct probes. Following visual 
inspection, the P2, N2 and P3 amplitudes were retained 
for statistical investigation of the initial presentation. For 
the post-feedback presentation, no P3 was observed, by 
contrast, a late positive potential (LPP) was found to dis-
tinguish the experimental conditions. Consequently, the 
P2, N2 and LPP were analysed for the post-feedback 
stimulus presentation. When necessary, adjusted P values 
were used to control for sphericity.

Initial stimulus presentations
Visual inspection showed differences on the P2, N2 and 
P3 components. The time windows for analysis were 
subsequently determined on the basis of the peaks and 
means observed in the grand averages across all conditions 
using a collapsed localiser. The P2 peaks (210–260  ms) 
were determined using a semi-automatic peak detection 
method and were measured over two groups of electrodes 
on the left and right scalp (Fig. 1). Mean amplitudes were 
measured for the N2 (220–270 ms) over the left, midline 
and right frontal electrodes (Fig. 1). P3 mean amplitudes 
(350–450 ms) were measured over occipito-parietal elec-
trodes on the right, midline and left scalp (Fig. 1).

Post-feedback stimulus presentations
The same electrodes and time windows were used to 
compute the P2 and N2 components for the post-feed-
back stimulus presentations. Mean amplitudes for the 
LPP component were computed over a group of three 
occipito-temporal electrodes (Fig. 2) in two separate time 
windows (270–370 ms and 400–500 ms).

Results
Behavioural results
Initial presentations
Certainty ratings for distinct stimuli were at 98.55% and 
at 69.87% for ambiguous stimuli.

Post-feedback presentations
For distinct (endorsed) stimuli, certainty ratings were at 
99.22% while for ambiguous stimuli these were at 75.81% 
for endorsed and 67.07% for disputed stimuli.

An analysis of variance (ANOVA) for repeated meas-
ures was carried out on the confidence ratings of the 
endorsed stimuli using position (initial/second presenta-
tion) and condition (ambiguous/distinct) as factors. The 
main effects of position (F(1, 16) = 21.26, P < 10−3) and 

Fig. 2

ERPs for stimuli presented after social feedback. Traces obtained from the pooled electrodes indicated in the inset are illustrated for distinct 
endorsed, ambiguous endorsed and ambiguous disputed stimuli. The two periods of investigation (270–370 ms and 400–500 ms) are separated 
by a black line between 370 and 400 ms.
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condition (F(1, 16) = 75.3, P < 10−5) were significant, as 
well as the interaction between position and condition 
(F(1, 16) = 13.3, P < 10−2). Post-hoc comparisons using 
Tukey tests revealed that the interaction was driven by 
a significant increase in confidence ratings between the 
initial and post-feedback presentations of ambiguous 
endorsed stimuli (P < 10−3), effect that was not observed 
for distinct stimuli.

A separate two (position: initial/second presentation) × 
two (type of feedback: endorsed/disputed) ANOVA was 
performed on the confidence ratings for ambiguous stim-
uli alone, examining confidence rating before and after 
endorsement and dispute. This analysis revealed signif-
icant main effects of position (F(1, 16) = 5.75, P < 10−1) 
and type of feedback (F(1, 16) = 12.3, P < 10−2), with 
endorsement leading to higher confidence ratings than 
dispute. A significant interaction was also found between 
position and type of feedback (F(1, 16) = 12.3, P < 10−2), 
which was due to the fact that confidence ratings rose 
significantly after endorsement compared to the initial 
rating (Tukey post-hoc; P < 10−1), but decreased after dis-
pute (P < 10−3).

Results of the self-report questionnaire revealed that 
64.7% of the participants always believed in the social 
cue, 17.65% stated that they believed in it occasionally 
and 17.65% (three subjects) reported that they did not. 
Participants reporting disbelief in feedback authentic-
ity nevertheless showed confidence ratings of 71% for 
ambiguous probes following social endorsement, com-
pared to 68.4% before social feedback. Their mean con-
fidence level following disagreement was 69.3%. The 
differences in the sceptical group, reveal that they were 
influenced by the valence of the cue in spite of their 
apparent disbelief.

Electrophysiological results
Initial stimulus presentation
Posterior P2 amplitude  The ANOVA showed a sig-
nificant main effect of ambiguity (F(1,16) = 8.08, P < 
0.10−1). The P2 peak was significantly greater for the ini-
tial ambiguous probes (3.8 ± 2.78 µV), compared to the 
distinct ones (3.2 ± 2.73 µV) (Fig. 1, right).

Anterior N2 amplitude  The ANOVA revealed a main 
effect of ambiguity (F(1, 16) = 9.52, P < 0.10−2). The N2 
mean amplitudes were significantly more negative for the 
presentation of initial ambiguous probes (−1.52 ± 2.36 µV) 
compared to the presentation of initial distinct probes 
(−0.83 ± 2.65 µV) prior social feedback (Fig. 1, top).

P3 amplitude  The ANOVA showed a main effect of 
ambiguity (F(1, 16) = 12.21, P < 0.10−2). The P3 mean 
amplitude was significantly larger for the presentation of 
initial distinct probes (3.7 ± 2.5  µV) than for the pres-
entation of initial ambiguous probes (2.7 ± 2.2 µV) before 
social feedback (Fig. 1, left).

Second (post-feedback) stimulus presentation
Posterior P2 amplitude  The ANOVA performed on 
P2 mean amplitudes after feedback probes revealed 
no significant differences between the three conditions 
(F(1.41, 22.6) = 0.5, adj. P > 0.05) (distinct endorsed = 
4.05 ± 2.04  µV, ambiguous endorsed = 4.00 ± 1.9  µV, 
ambiguous disputed = 4.21 ± 2.04 µV).

Anterior N2 amplitude  The same repeated measures 
ANOVA for post-feedback probes did not reveal any 
significant effect of social feedback (F(1.74, 28) = 0.5, P 
> 0.05). There were no significant differences between 
the presentation of post-endorsed distinct probes (−2.4 
± 1.9  µV), post-endorsed ambiguous probes (−2.1 ± 
1.44  µV) and post-disputed ambiguous probes (−2.2 ± 
1.22  µV). Only a main effect of laterality was observed 
(F(2, 32) = 7.64, P < 10−2).

Late positive potential  The ANOVA carried for the 
270–370  ms window revealed main effects of condition 
(F(1.89, 29.5) = 9.4, P < 10−3) and laterality (F(1.81, 28.9) 
= 7.8, P < 10−2). Post-hoc comparisons using Tukey tests 
showed that the early posterior positivity mean amplitude 
was significantly larger for distinct endorsed probes (2.3 ± 
1.9 µV), compared to both ambiguous conditions (ambigu-
ous endorsed = 1.4 ± 1.7 µV, P < 10−4; ambiguous disputed 
= 1.8 ± 1.6 µV, P < 10−4). The mean amplitudes were sig-
nificantly larger over the right and left hemisphere leads 
(right: 2.4 ± 1.7 µV; left: 2.03 ± 1.9 µV) compared to the 
midline ones (1.08 ± 1.7 µV).

The ANOVA for the later LPP window (400–500  ms), 
showed a main effect of condition (F(1.32, 21.05) = 4.6, 
P < 10−1), with post-hoc Tukey tests showing that mean 
amplitudes were significantly greater for ambiguous dis-
puted probes (2.38 ± 1.5 µV) than the two endorsed con-
ditions, while these latter two did not differ significantly 
(distinct endorsed: 1.71 ± 1.5  µV; P < 10−1; ambiguous 
endorsed: 1.65 ± 1.5 µV; P < 10−1) (Fig. 2).

Discussion
The behavioural results in this study showed that partic-
ipants believed in the authenticity of the social feedback 
and modified their responses accordingly.

The ERPs obtained for the initial presentation of the ambig-
uous stimuli showed an enhanced posterior P2/anterior N2 
amplitude starting at around 200 ms. These increases in 
P2/N2 amplitudes are in line with other findings in the 
literature that have demonstrated similar responses under 
conditions of uncertainty [10,11]. The P3 component was 
greater for distinct stimuli. The P3 has been interpreted 
as  reflecting different functions. One suggestion is that 
it represents attentional engagement [12]. Indeed, it has 
been noted that under more demanding task conditions, 
the P3 amplitude is decreased, contrary to less demanding 
situations [13,14]. In our investigation, the increased diffi-
culty for ambiguous stimuli may have necessitated greater 
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attentional engagement leading to a decreased P3 compo-
nent. Alternatively, a more recent interpretation has been 
advanced, suggesting that the P3 may be a marker of neu-
ral activity which could be linked to metacognition. The 
term metacognition denotes the explicit representations 
an agent has of their cognitive processes and can be more 
broadly defined as cognition about cognition [15]. This 
self-reflective ability is thought to increase in the face of 
uncertainty. Recent investigations have examined the rela-
tion between the P3 and the participants’ certainty with 
regards to the stimulus [16]. Using target detection tasks, it 
has been observed that as sensory evidence builds up with 
increasing evidence, participants’ accuracy increases, and 
the P3 builds up more rapidly, peaking earlier and with 
a greater amplitude [17–19]. This has led to the sugges-
tion that the P3 may act as a ‘decision variable’ reflecting 
the accumulation of sensory information that culminates 
with the participant’ decision [17]. This finding could 
also account for our observations, in which more distinct 
colours would have led to a rapid build-up of sensory evi-
dence allowing an unequivocal response, which was lack-
ing for ambiguous colours.

Although P2/N2 and P3 differences were found before 
feedback, the ERPs observed after social feedback dif-
fered quite clearly. Indeed, the enhanced P2/N2 responses 
for ambiguous stimuli were no longer observed, and no 
P3 topography was found. This appears to suggest that 
when viewing the stimulus a second time, the subsequent 
attentional engagement (or build-up of sensory informa-
tion) did not occur. Instead, an LPP after approximately 
350 ms differentiated disputed and endorsed stimuli.

Different interpretations could be advanced for this LPP. 
Firstly, it could be speculated that social feedback modu-
lated the emotional value of the stimulus. Indeed, emo-
tionally-valenced stimuli have been found to activate a 
similar late component. Ito et al. [20] reported a late cen-
tro-parietal positivity for emotional stimuli that was more 
marked for negative images, when these were set in a 
context of neutral images. The finding was replicated by 
Huang and Luo [21] for negative images in a valence judg-
ment task. Others have reported a similar component for 
both positively and negatively-valenced stimuli [22–25]. 
In this context, the LPP may be an indication of an emo-
tional appraisal of the stimuli due to their ‘incorrect’ clas-
sification by the participant. Alternately, their emotional 
value may have led to changes in attentional engagement.

Within the current context, it might therefore be argued 
that social disagreement enhances stimulus reprocessing 
due to what we would term a social epistemic discrep-
ancy, created by the divergence between the partici-
pants’ judgment and the dominating social opinion. This 
appears to modify the emotional value of the stimulus 
and to bring about later processes causing the ambiguous 
stimulus to gain a different emotional value.
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