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Abstract

It has been shown that P3b is not a signature of perceptual awareness per se but is instead more closely as-
sociated with postperceptual processing (Cohen et al., 2020). Here, we seek to investigate whether human
participants’ attentional states are different in the report and the no-report conditions. This difference in atten-
tional states, if exists, may lead to degraded consciousness of the stimuli in the no-report condition, and it
therefore remains unknown whether the disappearance of P3b is because of a lack of reportability or de-
graded consciousness. Results of our experiment 1 showed that participants did experience degraded con-
tents of consciousness in the no-report condition. However, results of experiment 2 showed that the degraded
contents of consciousness did not influence the amplitude of P3b. These findings strengthen the claim that
P3b is not a signature of perceptual awareness but is associated with postperceptual processing.
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Significance Statement

P3b, one of the most studied event-related potentials, has been claimed to reflect several cognitive activ-
ities, including consciousness. Although recent experiments with the new no-report paradigms suggest oth-
erwise that P3b may not reflect human conscious activities, these results are not yet conclusive. In this
study, we conducted a series of modified no-report paradigm experiments, and found that P3b was not
modulated by the degrees of conscious perception of stimuli. These results support the claims that P3b
may not be a neural marker of consciousness.

Introduction
The debate about the exact location of the neural corre-

lates of consciousness (NCCs) in our brain has lasted for
decades. Some studies reported sensory NCCs in the an-
terior brain regions (Lumer and Rees, 1999; Dehaene and
Naccache, 2001; Lau and Rosenthal, 2011; Cohen et al.,
2012; Panagiotaropoulos et al., 2012; Noy et al., 2015;
Huth et al., 2016; Dehaene et al., 2017; Siclari et al., 2017;
Brown et al., 2019), while others hold that NCCs in the
posterior brain regions only (Penfield and Jasper, 1954;
Damasio and Van Hoesen, 1983; George et al., 1996;
Markowitsch and Kessler, 2000; Mataró et al., 2001;
Farah, 2004; Brown et al., 2010; Craig, 2010; von Arx et
al., 2010; Barton, 2011; Quiroga, 2012; Seth et al., 2012;
Kozuch, 2014; Koch et al., 2016). Many NCCs were found
by using contrastive analysis (Baars, 1994) that suffered
from a thorny methodological problem: most paradigms
of NCCs require participants to report whether they con-
sciously perceive the stimuli. Thus, it is difficult to tease
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apart the NCC and the neural correlates of reports, and
the so-called “NCCs” might reflect other cognitive proc-
esses than consciousness per se (Overgaard, 2004;
Block, 2007; de Graaf et al., 2012; Neisser, 2012).
To address this issue, a variety of no-report paradigms

have been developed in recent studies (Frässle et al.,
2014; Shafto and Pitts, 2015; Koch et al., 2016; Pitts et
al., 2018; Hesse and Tsao, 2020). Participants in no-re-
port tasks are typically not asked to report during the
stimuli-presentation phase and hence do not need to
make any judgment about their conscious perceptual
experiences. With these paradigms, neural activities
related to postperceptual judgments are arguably
minimized when comparing the conscious and uncon-
scious conditions.
Using such a no-report paradigm, a recent study showed

that P3b disappeared in the no-report condition but can still
be observed in the report condition (Cohen et al., 2020).
Based on this result, Cohen et al. (2020) claimed that “the
P3b is not a signature of perceptual awareness per se and is
instead more closely associated with postperceptual proc-
essing.” However, there is strong evidence that the shifting of
spatial attention can alter observers’ perceived visual appear-
ances, such as contrast, spatial, color, and temporal dimen-
sion, etc. (Carrasco and Barbot, 2019). We therefore suspect
that participants’ attentional statesmay not be equal in the re-
port and the no-report conditions, which may lead to more
degraded consciousness of the stimulus in the no-report
condition than in the report condition. Hence, it is unclear
whether the disappearance of P3bwas correlatedwith the re-
portability or the degraded consciousness.
We hypothesized in experiment 1a that, compared with

the report condition, participants would experience de-
graded consciousness of the stimuli in the no-report con-
dition because of a lack of attention. This hypothesis is
supported by the results of experiment 1a: participants
reported that they perceived lower-contrast stimuli in the
no-report condition. Next, experiment 1b was conducted
to control for the order/learning effect, and the results
successfully ruled out this potential confounding factor.
To directly examine whether degraded consciousness

of the stimuli modulates P3b, we manipulated the per-
ceived contrasts of the experimental stimuli (i.e., con-
scious contents) and measured P3b in experiment 2. We
reasoned that if P3b really reflects perceived stimulus
contrast, differences in P3b should be observable while
participants perceive higher-contrast stimuli versus
lower-contrast stimuli. Otherwise, we should observe a
similar P3b pattern while participants perceive different
contrast levels of the stimuli. Our results showed a similar
P3b pattern across conditions of different perceived con-
trasts, and therefore are in line with Cohen et al. (2020)
supporting the claim that P3b may be more closely asso-
ciated with postperceptual processing.

Materials and Methods
Experiment 1a, behavioral experiment
The experimental design was closely modeled on the

no-report paradigm of Cohen et al. (2020) to investigate

whether the perceived contrast was lower in the no-report
condition.

Participants
Forty-eight young adults took part in this experiment

(12 males). All of them were recruited within the National
Taiwan University community with ages from 18 to
30 years (mean age= 21.3 years), had normal or corrected
to normal vision, reported no neurologic and psychiatric
disorders and received pecuniary remuneration after fin-
ishing the tasks. Three participants were excluded from
the analyses because of outlier performances (out of 2
SEs from the average performances). This work was ap-
proved by the ethics committee of behavioral and social
science at National Taiwan University and was conducted
according to its guidelines. Before the experiment, the
written informed consent was given by all participants.

Experimental design
A mixed model design for three-factors (between-be-

tween-within design) was adopted. The first factor (be-
tween) was the pop-out times of green ring (Times): 4, 6,
and 8. The second factor (between) was the contrast lev-
els of the Gabor gratings at the beginning in the incidental
memory task (Levels): 0.3 and 0.9. The contrast level was
defined by the visibility of the stimulus relative to the white
background, ranging from 0.0 (transparent) to 1.0 (oper-
ant). Table 1 shows the corresponding relation between
the Weber Contrast and the contrast defined in this study.
The third factor (within) was the report/no-report condition

Table 1: Corresponding relation between Weber contrast
and contrast in this study

Contrast level Weber contrast
0 0
0.1 0.09
0.2 0.23
0.3 0.41
0.4 0.57
0.5 0.71
0.6 0.95
0.7 1.15
0.8 1.35
0.9 1.52
1 1.87

Table 2: Table of the experimental design

Conditions
Times Levels No-report Report
4 0.3 N=8

0.9 N=8
6 0.3 N=8

0.9 N=8
8 0.3 N=8

0.9 N=8

A mixed model design for three-factors. Times: pop-out times of green ring;
Levels: the contrast levels of the Gabor gratings at the beginning in the inci-
dental memory task; N: numbers of the participants. A total of 48 participants
were divided into six groups, which is the combination of the three levels in
Times and the two levels in Levels. All participants completed both no-report
condition and report condition.
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(R/NR). A total of 48 participants were randomly assigned
to one of the six groups (Times� Level = 6; Table 2).
The procedure of the experiment is shown in Figure 1.

Each participant completed all four phases of the experi-
mental procedure in a soundproof room with controlled il-
lumination. All of them completed the experiment in a

fixed order: (1) the no-report condition with 64 trials; (2) an
incidental memory task on the critical stimuli; (3) the re-
port condition with 64 trials; (4) an incidental memory task
on the critical stimuli.
The no-report condition consisted of 32 critical trials

and 32 blank trials with randomized sequence. Each

Figure 1. Design of the experiment. A, Each participant completed this experiment in the same sequence. B, In the no-report con-
dition, the green ring was the target. Participants had to report how many times they saw the green ring. In the report condition, par-
ticipants answered questions with regard to the Gabor grating they saw trial by trial. C, Each trial started with 300ms of fixation
followed by 33ms of the stimulus, and then 1300ms of ITI. ITI, Intertrial interval.
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critical trial began with a red dot at the center of the
screen for 300ms, followed by a Gabor grating with
45° incline or 135° incline for 33ms, and then a white
background for 1300ms as the intertrial interval (ITI). The
Gabor gratings were 300� 300 pixels (px) in size with a
Gaussian mask: spatial frequency=0.035 (10.5 cycles
across 300 px; opacity = 0.6; 0 as transparent and 1 as
opaque). In blank trials, the 33-ms Gabor grating was re-
placed with a blank screen. A green ring appeared in
some of the trials and served as the target in the no-report
condition. The green (RGB: 196, 255, 199) ring was a
circle dugout with a smaller circle from the center (longer
diameter = 750 px; shorter diameter = 400 px). The onset
of the green ring within a trial was selected randomly from 0
to 1266ms, and the duration was always 300ms. The pop-
out times of green ring (the number of trials containing a
green ring) depended on which group the participants were
assigned (4, 6, 8 times, respectively). Participants in this
condition were instructed to fixate at the red dot at the cen-
ter of the screen and count how many times they see a
green ring. After the participants passively viewed these 64
trials (;106.6 s in total), they were unexpectedly asked to re-
port the pop-out times of the green ring.
In the incidental memory task, participants was pre-

sented with the same stimuli as in the no-report condition
except that the contrasts of the Gabor gratings were dif-
ferent. The contrast of Gabor gratings in both the report
and the no-report conditions were always 0.6. However,
in the incidental memory task, the Gabor gratings had an
initial contrast of either 0.3 or 0.9. Participants were in-
structed to adjust the contrast of the Gabor gratings to
match what they just saw in the previous phase (i.e., in the
no-report or the report condition).
In the report condition, the stimuli and procedure were

identical to those in the no-report condition (Fig. 1C) ex-
cept the participants were instructed to respond to the
Gabor gratings rather than the green rings. Participants
were asked to provide a 3-AFC button-press response
which indicated whether they saw a “Gabor grating

inclined to 45 degrees,” a “Gabor grating inclined to 135
degrees,” or “nothing” in each trial. The green rings were
still randomly presented in some trials, and the pop-out
times depended on which group the participants were as-
signed. However, participants were not asked to report
anything about the green rings.
All the experimental stimuli were controlled using

Psychopy version 3.0, a psychology software in Python.
All of the stimuli were displayed on a white background
and located at the center of the screen. Participants per-
ceived the stimuli with their chin resting on a chin rest to
keep visual angles the same. Distance between the par-
ticipant’s eyes and the monitor was 78.5 cm, making the
critical stimuli 6.27°, and the green ring 15.88°. Also, par-
ticipants were asked to maintain fixation on a red dot with
a visual angle of 0.31° in the center of the screen through-
out the whole procedure.

Statistical analysis
Statistical analyses were performed in R 4.0.4, using

packages tidyverse, ggpubr, rstatix, and all the respective
dependencies. The significance level was set at p=0.05,
and generalized h2 was used as a measure of effect size.
The null hypothesis was that there were no main effects in
Times, Levels, R/NR factors.

Experiment 1b, behavioral experiment
In this experiment, the same report condition was re-

peated twice to investigate whether there is a sequence
effect that might influence participants’ performances in
the two incidental memory tasks.

Participants
Forty-eight young adults took part in this experiment

(12 males). They were recruited within the National
Taiwan University community and voluntarily participated
in this experiment with ages from 18 to 30 years (mean
age=21.4 years). Four participants were excluded from
the analyses because of outlier performances (the

Figure 2. Results from both conditions in experiment 1a. The percentage correct (i.e., performance) is plotted on the y-axis. A, The
proportion that the participants correctly counted the pop-out times of the green ring. B, Performance on the Gabor grating task in
the report condition. The error bar indicates the SE (0.097%). SE, Standard error.
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difference of reported contrast levels between the first
and the second report conditions were out of 2 SEs from
the group mean).

Visual stimulation and experimental design
All stimuli and procedures were identical to those in ex-

periment 1a except that there was no no-report condition
in this experiment. Participants were asked to complete
two phases of report condition and two phases of inci-
dental memory task in a fixed order: (1) the first report
condition with 64 trials; (2) an incidental memory task on
the critical stimuli; (3) the second report condition with 64
trials; (4) an incidental memory task on the critical stimuli.

Experiment 2
EEG experiment
In the behavioral experiment, the results supported our

hypothesis that participants in the no-report condition
perceived lower contrasts of the stimuli than in the report
condition. We further conducted an EEG experiment to in-
vestigate whether the difference between these two con-
ditions affected the amplitude of the P3b component.

Participants
Twenty-two young adults took part in this experiment (12

males) with ages from 20 to 33years (mean age=26.0years).
They were recruited within the National Taiwan University
community and voluntarily participated in this experiment. All
of them reported being free of neurologic and psychiatric dis-
orders and received pecuniary remuneration after finishing
the tasks. The participants were also informed to avoid caf-
feine-containing drinks and any kind of medicine a few days
before the experiment. Two participants were excluded from
the analyses (one because of the hardware-facility problem
and the other one because of high artifacts).

Apparatus
The data were recorded with a 32 Channel EEG Quick-

Cap connected to a NuAmps monopolar digital amplifier
(a 40-channel-EEG-ERP-amplifier, Neuroscan) and a
computer running SCAN 4.5 software. Electrode positions
on the Quick-Cap follow the International 10–20 system.
Electrode impedances were kept below 10 kV and band-
pass filtered from 0.1 to 150Hz. Eye movements were
monitored by left and right horizontal EOG channels, and
the blinks were recorded by two vertical EOG electrodes
(one above and the other below the left eye).

Visual stimulation and experimental design
All stimuli and procedures were identical to those in ex-

periment 1a except for the following. Each participant
completed all six phases of the experimental procedure in
a fixed order: (1) six no-report blocks with 64 trials in each
block; (2) an incidental memory task on the critical stimuli
in the previous no-report blocks; (3) six report blocks with
64 trials in each block; (4) an incidental memory task on
the critical stimuli in the previous report blocks; (5) six re-
port blocks with 64 trials in each block with reduced con-
trasts of critical stimuli comparing to those in the first and
the third phases (reduced from 0.6 to 0.3); (6) an incidental
memory task on the critical stimuli in the last six report
blocks.
For the six blocks in the no-report and the report condi-

tions, two contained four pop-out times of green ring,
another two contained six times, and the other two

Figure 3. A, Perceived contrasts in the incidental memory tasks within all conditions. Three levels in Times: 4, 6, 8; two levels in
Levels: 0.3, 0.9; two levels in R/NR: No-report, Report. y-axis: contrast of the Gabor grating; x-axis: conditions. B, Comparison be-
tween the performances in the no-report (SD=0.16) and report conditions (SD=0.17) of each participant. y-axis: contrast of the
Gabor grating; x-axis: conditions. SD, Standard deviation.

Table 3: Three-way ANOVA in experiment 1a

Source df1 df2 F-ratio p-value h2

Times 2 38 0.292 0.749 0.008
Levels 1 38 1.177 0.285 0.016
R/NR 1 38 45.35 5.64e-08** 0.361
Times � Levels 2 38 0.596 0.556 0.016
Times � R/NR 2 38 0.316 0.731 0.008
Levels � R/NR 1 38 0.082 0.776 0.001
Times � Levels � R/NR 2 38 0.634 0.536 0.016

**p,0.01.

Table 4: 23 2 mixed ANOVA

Sources df1 df2 F-ratio p-value h2

Levels 1 17 2.427 0.138 0.068
R/NR 1 17 4.631 0.046* 0.118
Levels � R/NR 1 17 0.615 0.444 0.017

*p, 0.05.
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Figure 5. A, Perceived contrasts in the incidental memory tasks within all conditions. Three levels in Times: 4, 6, 8; two levels in
Levels: 0.3, 0.9; two levels in R1/R2: first Report Condition, second Report Condition. y-axis: contrast of the Gabor grating; x-axis:
conditions. B, Comparison between the performances in the first report (SD=0.26) and the second report (SD=0.21) conditions of
each participant. y-axis: contrast of the Gabor grating; x-axis: conditions. SD, Standard deviation.

Figure 6. Results from all conditions in experiment 2. In all plots, percentage correct (i.e., performance) is plotted on the y-axis. A,
Performance on the green ring counting task in the no-report condition. The error bar indicates the SE (0.54%). B, Performance on
the 45° incline/135° incline/blank task in the report condition. The error bar indicates the SE (0.19%). C, Performance on the 45° in-
cline/135° incline/blank task in the lower-contrast report condition. The error bar indicates the SE (0.23%). SE, Standard error.

Figure 4. Results from both conditions in experiment 1b. In all plots, percentage correct (i.e., performance) is plotted on the y-axis. A,
Performance on the 45° incline/135° incline/blank task in the first report condition. The error bar indicates the SE (0.27%). B, Performance
on the 45° incline/135° incline/blank task in the second report condition. The error bar indicates the SE (0.28%). SE, Standard error.
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contained eight times, making the pop-out times of green
ring around ten percent of the trials on average. The se-
quence of the blocks was randomized. Participants with
odd subject numbers were assigned to the 0.3 Levels
group, and those with even subject numbers were as-
signed to the 0.9 Levels group. Also, the orders of critical
trials and blank trials were randomized in the incidental
memory tasks. Trial structures were identical to those in
Experiment 1a except that each trial started with a red dot
with a duration randomly jittered from 200 to 400ms, and
the ITI was lengthed to 1633ms.

Statistical analyses
The EEG data were recorded at a sampling rate of

1000Hz and processed with the Brainstorm software
package (Tadel et al., 2011). Recordings were low-pass
filtered at 25Hz with a 24 dB/Oct roll-off, and referenced
to the average of the left and right mastoids. The

independent component analysis (ICA) was adopted for
rejecting the artifacts, and the ICA components were
sorted based on their correlation with the EOGs and ECG
channels. ICA components with their topographies re-
flected artifacts such as blinks, eye movements, muscle
activities, and heartbeats were removed. Artifacts not
cleaned by the filter and ICA cleaning were marked as
bed segments for rejecting the “Detect other artifacts”
function in the Brainstorm and further removed manually.
On average, 7.2% of trials were excluded because of arti-
facts among recruited participants, leaving on average
around 178 trials for analysis per condition.
ERPs were time-locked to the onset of critical stimulus

or blank in each trial. The baselines were corrected from
�200 to 0ms. Time windows and electrodes for statistical
analyses were based on former studies using similar tar-
gets (Gabor gratings) or tasks. The spatial-temporal re-
gions (ROIs) of interest for the P3b is between 300 and

Figure 8. In both plots, reported contrast of the stimuli is plotted on the y-axis. A, Average perceived contrast after the report condi-
tion. The error bar indicates the SE (0.21%). B, Average perceived contrast after the lower-contrast report condition. The error bar
indicates the SE (0.16%). SE, Standard error.

Figure 7. Boxplot with paired data; *p, 0.05. Two levels in Levels: 0.3, 0.9; two levels in Condition: no-report condition, report con-
dition. y-axis: contrast of the Gabor grating; x-axis: conditions.
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400ms (Marzecová et al., 2017; Barceló and Cooper,
2018; Brydges and Barceló, 2018). Since P3b is a compo-
nent usually observed in the posterior brain area (Schröder
et al., 2016; Porcaro et al., 2019), we quantified the P3b
component in each condition by computing the mean volt-
age from 300 to 400ms in a pool of three electrodes cen-
tered around Pz (Pz, P3, P4) for the following hypothesis-
driven statistical analyses (Sardari et al.,2019).
The behavioral analyses were performed in R 4.0.4,

using packages tidyverse, ggpubr, rstatix, and all the re-
spective dependencies. The significance level was set at
p=0.05, and generalized h2 was used as a measure of ef-
fect size. The null hypothesis was specified as that there
is no difference between results of the first incidental

memory task and the second incidental memory task, and
no main effect in the Levels factor.

Results
Experiment 1a
In the no-report condition, 86.36% of the participants

correctly reported the pop-out times of green rings (Fig.
2A). The results of the incidental memory tasks showed that
the mean value of perceived contrast of the Gabor gratings
for the participants was 0.326. In the report condition, partici-
pants correctly reported 96.02% (SD=0.097%) of trials (Fig.
2B). In the subsequent incidental memory task, the mean
value of perceived contrast of the Gabor gratings was 0.566.

Figure 9. ERP results for no-report (top row; A), report (middle row; B), and lower-contrast report (bottom row; C) conditions. For all
conditions, topographical voltage distributions over a series of time windows and waveforms from a representative (Pz) electrode
are plotted. Gray curves reflect the ERP of the critical stimuli, red curves reflect the ERP of blanks. Gray areas represent the ROIs of
P3b. In both report and lower-contrast report conditions, clear P3b amplitudes could be observed during the 300- to 400-ms time
window while critical stimuli were presented. However, the P3b amplitude vanished in the no-report condition regardless of whether
the participants saw the stimuli or not. *p, 0.05. Amplitude scales for the topography maps are as follows: A, 60.3mV (P1);
60.4mV (N1); 60.7mV (P2); 60.4mV (P3b); B, 60.15mV (P1); 60.4mV (N1); 61.0mV (P2); 6 0.6mV (P3b); C, 60.2mV (P1); 60.4mV
(N1); 61.0mV (P2); 60.6mV (P3b).
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Figure 10. A–C, Results from the mass univariate analyses for all conditions. A, No-report condition. B, Report condition. C, Lower-

Research Article: Confirmation 9 of 14

March/April 2022, 9(2) ENEURO.0387-21.2022 eNeuro.org



A significant main effect of R/NR (F(1,38) = 45.35,
p, 0.001, h2 = 0.361) was observed (Table 3). There was
no significant difference among the factors Levels and Times,
and no interaction effect of any pair of factors. As for the inci-
dental memory tasks, participants reported significant lower
perceived contrast of the Gabor gratings after the no-report
condition than that after the report condition. This result sup-
ported to our hypothesis that the participants experienced
degraded contents of consciousness during the no-report
condition. Figure 3A shows the boxplot of the performances
under these three factors. Figure 3B shows the result by aver-
aging all factors.

Experiment 1b
In the first report condition, participants correctly re-

ported what they saw on 90.6% (SD=0.27%) of the trials
(Fig. 4A). In the incidental memory task, the mean per-
ceived contrast of the Gabor gratings was 0.534. In the
second report condition, participants correctly reported
what they saw on 92.5% (SD=0.28%) of the trials (Fig.
4B). In the second incidental memory task, the mean per-
ceived contrast of the Gabor gratings for was 0.584.
There was no difference in perceived contrast (F(1,38) =

2.689, p=0.109, h2 = 0.016, ANOVA) between the first
and the second incidental memory task, suggesting that
the results of experiment 1a were not caused by the
order/learning effect. Figure 5A shows the box plot of the
results and Figure 5B shows the result by averaging all
factors.

Experiment 2
Behavioral results
In the no-report condition, participants correctly re-

ported seeing a green ring on 91.2% (SD=0.54%) of trials
(Fig. 6A). In the report condition, participants correctly re-
ported seeing 45° incline Gabor gratings, 135° incline
Gabor gratings, or blanks on 96.1% (SD=0.19%) of trials
(Fig. 6B). In the lower-contrast report condition, participants
correctly reported seeing 45° incline Gabor grating, 135° in-
cline Gabor grating, or blanks on 96.3% (SD=0.23%) of trials
(Fig. 6C).
For the incidental memory tasks after the first and third

phases, a 2� 2 mixed design ANOVA was conducted
(Table 4). Main effect of R/NR was observed (F(1,17) =
4.63, p=0.046, h2 = 0.118, ANOVA). There was no signifi-
cant difference between levels under the Levels factor
(F(1,17) = 2.427, p=0.138, h2 = 0.068, ANOVA), interaction
effect of R/NR and Levels was not observed (F(1,17) =
0.615, p=0.444, h2 = 0.017, ANOVA) either. Boxplot of
the performances in these two factors was shown in
Figure 7.
Since the stimuli in the lower-contrast report condition

were different from the former two conditions, the results
in the sixth phase were not included in the 2� 2 ANOVA
test. Instead, we directly compared the average perceived

contrast in the sixth phase to that in the fourth phase. The
perceived contrast in the sixth phase (average=0.39,
SD=0.21) was significantly different from that in the
fourth phase (average= 0.6, SD=0.16), suggesting that
the participants could accurately report contrast of the
stimuli they saw in the report conditions (Fig. 8).

EEG results
Hypothesis-driven analyses of the P3b. In the first

phase and the third phase, we manipulated the reportabil-
ity of the stimuli. In the third phase and the fifth phase, we
manipulated the perceived contrasts of the stimuli. ERP
results within the phases were summarized in Figure 9 by
plotting voltage distribution maps (stimuli minus blanks)
from a series of time windows over all electrode locations.
The early visual ERP P1 was clearly present in both report
conditions, while N1 was uniquely present in the no-report
condition. The P2 component over the frontoparietal
scalp was apparent in all of the three conditions.
In the first comparison, significant main effects of stim-

ulus presence (F(1,19) = 8.53, p=0.009, h2 = 0.073,
ANOVA) and reporting task (F(1,19) = 7.361, p=0.014, h2 =
0.152, ANOVA) were observed. The interaction between
stimulus presence and reporting task was also significant
(F(1,19) = 13.36, p=0.002, h2 = 0.024, ANOVA). In the sec-
ond comparison, only the main effect of stimulus pres-
ence (F(1,19) = 21,39, p=0.0002, h2 = 0.114, ANOVA) was
observed. There was no main effect of perceived con-
trasts (F(1,19) = 2.16, p=0.16, h2 = 0.012, ANOVA), and
the interaction between stimulus presence and perceived
contrasts was not observed (F(1,19) = 0.058, p=0.81, h2 =
0.00,006, ANOVA), either.

Data-driven analyses
In the no-report condition, amplitude differences were

scattered and not as evident as the other two conditions. The
differences concentrated at posterior P1, posterior P2, and
anterior positivity around 900ms. In both the report and the
lower-contrast report conditions, amplitude differences were
evident in the early (posterior P1; anterior P2) and late (poste-
rior N400; posterior positivity, 800–100 ms) time windows.
Unique to the report conditions, the P3b was evident from
300 to 400ms, and the N400 was also evident from 400 to
600ms (Fig. 10).

Exploratory analyses and source analyses
After replicating the results of P3b in Cohen et al. (2020),

we further conducted exploratory analyses (Fig. 11) and
source analyses (Fig. 12) to investigate the nature of the P3b.
Patterns of the source estimation were shown in Figure 12.
Between 300 and 400ms, there were clear decreases in
source activity in the parietal lobe in the no-report condition
relative to the other two conditions. Similar patterns in the
parietal lobe could be observed between 800 and 1000ms,
and opposite patterns could be seen between 400 and
600ms. For the frontal lobe, clear decreases in source activ-
ity in the no-report condition relative to the other two

continued
contrast report condition. Each individual electrode is plotted as a row on the y-axis, while time (in seconds) is plotted on the x-axis.
Only significant t values (5% FDR) are plotted in this figure. FDR, False discovery rate.
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Figure 11. ERP differences during late time windows revealed by exploratory analyses for all conditions. The topographical differen-
tial voltage distributions over a series of time windows starting at 300ms and ending at 1000ms are shown for all the conditions. A,
No-report condition. B, Report condition. C, Lower-contrast report condition.
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conditions could also be observed between 300 and
400ms. Although source analyses from ERP data are impre-
cise and our experiment was not designed for optimized iso-
lating sources, these findings could still be important as
references for further investigations.

Discussion
P3b, a subcomponent of P3, has been associated with

a variety of perceptual and cognitive processes, including

novelty detection in oddball paradigms (Squires et al.,
1975; Duncan-Johnson and Donchin, 1977; Knight and
Scabini, 1998; Barceló et al., 2002; Debener et al., 2005;
Fischer et al., 2008), workload processing in dual-task
paradigms (Matthews et al., 2006; Johannes et al., 2001;
Kok, 2001), uncertainty resolution in signal detection
tasks (Sutton et al., 1965; Squires et al., 1973), recallabil-
ity in incidental memory tasks (Donchin et al., 1986;
Fabiani et al., 1986; Azizian and Polich, 2007), reaction
time and completion time in speeded tasks (Polich et al.,

Figure 12. Source estimations of the differences between stimulus and blank for all conditions across four late time windows. A,
No-report condition. B, Report condition. C, Lower-contrast report condition. The ERPs of the blank were served as the baseline,
only differences bigger than 2� 10�10 voltage are plotted on the lateral surface of the Montreal Neurologic Institute brain. Areas
plotted by orange color reflect amplitudes of the stimulus bigger than amplitudes of the blank. For those areas colored by purple,
the amplitudes of the stimulus were smaller than blank.
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1983; Johnson et al., 1985; Emmerson et al., 1989; Pelosi
et al., 1992a), expertise acquisition in learning tasks
(Carrión and Bly, 2008; Seppänen et al., 2012; Morgan
et al., 2016), etc. Some investigators also suggest P3b
as a neural correlate of consciousness (Lamy et al.,
2009; Dehaene and Changeux, 2011). However, this
possibility has been challenged recently (Pitts et al.,
2014; Shafto and Pitts, 2015; Cohen et al., 2020;
Schröder et al., 2021).
In this study, we found that participants’ perceived con-

trasts of an identical stimulus were lower in the no-report
condition than in the report condition. Furthermore, these
different perceived contrast levels did not induce different
P3b amplitudes. Hence, our finding still supports the
claim that P3b is not a signature of perceptual awareness
but is associated with postperceptual processing.
For the early components, P1/N1 showed very different

patterns between the no-report condition and the two re-
port conditions. However, both P1 and N1 components
did not differ between the report condition and the lower-
contrast report condition. This difference could be caused
by participants paying more attention to the stimulus in
the report condition. These results were consistent to the
pattern of P3b in the corresponding three conditions. In
addition, there is a large section of overlap time period be-
tween P2 and P3a. P3a usually has a maximum amplitude
over frontal/central electrode sites, and appeared to be
correlated with the habituation and target discrimination
(Soltani and Knight, 2000; Polich, 2007). In this study, the
P2 (or P3a) component was present only when the partici-
pants could see the stimuli, which is consistent with the
previous findings that P3a is associated with target
discrimination.
There are a few limitations in the current study. For ex-

ample, there is a possibility that the participants actually
experienced the same contents of consciousness in both
the no-report and the report conditions: the different per-
formances we observed were merely because of faster
declination of memory when less attended. However,
this possibility appears to be inconsistent with the ro-
bust phenomenon that attention can alter subjective
visual perception and arguably a mediating factor of
consciousness (Hsieh et al., 2005; Ling and Carrasco,
2006; Carrasco et al., 2008). Also, it remains unknown
whether the mechanisms are same or different when
lower perceived contrasts were induced by less dis-
tributed attention versus weaker stimulus strength.
Future experiments are required to investigate these
possibilities.
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