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One of the ongoing debates about visual consciousness is
whether it can be considered as an all-or-none or a graded phe-
nomenon. This may depend on the experimental paradigm and
the task used to investigate this question. The present event-
related potential study (N = 32) focuses on the attentional blink
paradigm for which so far only little and mixed evidence is avail-
able. Detection of T2 face targets during the attentional blink
was assessed via an objective accuracy measure (reporting the
faces’ gender), subjective visibility on a perceptual awareness
scale (PAS) as well as event-related potentials time-locked to T2
onset (components P1, N1, N2, and P3). The behavioral results
indicate a graded rather than an all-or-none pattern of visual
awareness. Corresponding graded differences in the N1, N2,
and P3 components were observed for the comparison of visi-
bility levels. These findings suggest that conscious perception
during the attentional blink can occur in a graded fashion.

consciousness | awareness | attentional blink | event-related potentials | neu-
ral correlates of consciousness | perceptual awareness scale

Correspondence:
anna.eiserbeck@hu-berlin.de, rasha.abdel.rahman@hu-berlin.de

Introduction

A popular analogy in regard to consciousness is that of light.
The metaphor of an on/off switch has been used, for exam-
ple, in relation to anatomical structures considered to be im-
portant for the presence of consciousness (e.g., Blumenfeld,
2014). But does the implied idea of a dichotomous concept
of conscious perception, where there is either light or dark-
ness, really correspond to the underlying structure of the phe-
nomenon? Or would it perhaps be more accurate to compare
it to, say, a light dimmer that allows for continuously varying
degrees of brightness? In a simplified manner, this analogy
represents a question that has increasingly been debated in
consciousness research—and in particular the field of visual
consciousness—in recent years: What is the nature of con-
scious perception? Can it be understood as an all-or-nothing
phenomenon where something is either fully perceived or not
perceived at all, or do gradations in visual consciousness ex-
ist?

After this debate has received a surge of attention through
articles by Sergent and Dehaene (2004) as well as Ramsoy
and Overgaard (2004), there now exists considerable evi-
dence in both directions. Since this has already been de-
scribed in detail elsewhere (e.g. Fazekas & Overgaard, 2018;
Förster et al., 2020; Jonkisz et al., 2017; Kiefer & Kammer,
2017; Windey et al., 2014), we will refrain from an extensive
review of the evidence in general. As suggested previously

(Pretorius, 2014), the question may not be whether graded
states of consciousness exist at all, but under which circum-
stances they can be observed. Among other factors, this may
depend on the degradation technique used to investigate vi-
sual consciousness (Experiment 1 in Pretorius, 2014). This
article focuses on the attentional blink paradigm—an often-
used method in the study of consciousness—for which, as
yet, scarce evidence regarding this matter is available.

The attentional blink describes the phenomenon that in a
rapid serial visual presentation (RSVP) task, the detection of
the second (T2) of two target stimuli presented in a stream
of distractor stimuli is often impaired if it follows the first
target stimulus (T1) within a period of 200 to 500 ms as com-
pared to a longer (or shorter) interval between both targets
(Raymond et al., 1992). As yet, the mechanisms behind this
phenomenon are not fully resolved but in general terms ex-
plained by a disruption of attentional processes and/or of en-
coding in working memory due to the ongoing processing of
T1 (for a recent review, see Zivony & Lamy, 2020). Often
in investigations of the attentional blink only the contrast be-
tween trials in which T2 was “seen” versus “not seen” (or
“detected” versus “not detected”) was considered, which im-
plicitly contains the assumption of an all-or-none pattern of
conscious perception. Even the term attentional blink itself
seems to imply a dichotomous separation of either seeing, or
not seeing when blinking. However, some studies have also
specifically addressed the question of the form of conscious-
ness during the attentional blink and in doing so have come
to differing conclusions.

Behavioral Evidence in Favor of and Against Dichoto-
mous Consciousness During Attentional Blink. In a
seminal study investigating the form of consciousness during
the attentional blink, Sergent and Dehaene (2004) assessed
the detection of T2 number words using a continuous visibil-
ity scale with 21 contiguous positions. The response distribu-
tion obtained during the attentional blink was focused on the
ends of the scale and represented a mixture of the distribu-
tion of “seen” states (as obtained when T2 was presented in a
single task condition) and “unseen” states (as obtained when
T2 was absent in a single task condition), thus representing
an all-on-none pattern of conscious perception. Using the
same study design, this finding has also been replicated and
extended by the investigation of underlying neural correlates
(Sergent et al., 2005), as outlined below. Further evidence
for dichotomous conscious perception during the attentional
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blink comes from a study by Asplund et al. (2014) com-
paring the precision of T2 identification between lags. The
experiments are based on the assumption that graded aware-
ness should be reflected in an increasingly precise perception
of T2 with longer T1–T2 lags. In two experiments—the first
one investigating T2 color identification, the second one in-
vestigating T2 face identification—participants selected T2
stimulus identity on a continuous response wheel. Differ-
ences between lags were found in the report probability of
T2, i.e., whether the response is in proximity to the correct
color value / face identity or not, but not in the precision with
which the color / face stimulus was identified, i.e., how close
exactly the given response is to the correct one. The authors
concluded that in the attentional blink, conscious perception
occurs in an all-or-none manner without differences in preci-
sion.

Using different experimental designs and measures (a sub-
jective visibility rating versus an objective accuracy measure)
Sergent and Dehaene (2004), and Asplund et al. (2014),
thus, reached the same conclusion in favor of a dichotomous
pattern of conscious perception during the attentional blink.
However, in both cases the observed all-or-none pattern may
be the result of specific experimental parameters. Regard-
ing the study by Sergent and Dehaene (2004), a “two-stage”
process underlying the evaluation of T2 word visibility may
have biased the responses towards a dichotomous pattern: In
order to be able to judge the word’s visibility, it is essen-
tial to first identify the array of characters as a word (in con-
trast to the random arrangement of letters used as distrac-
tors). If there were cases of partial or degraded perception
of the stimulus, participants might not have been able to do
so and in these cases reported “not seen” even though they
had a partial/vague visual impression of the stimulus (Elliott
et al., 2016; also see Stein & Peelen, 2020, for evidence and
discussion on the importance of distinguishing between stim-
ulus detection and discrimination). The opposite direction is
also conceivable: Seeing only parts of the word may have
been sufficient for being able to identify the word and thus
report a high visibility (Nieuwenhuis & de Kleijn, 2011).
Furthermore, with a fine-grained scale such as the 21-point
scale employed by Sergent and Dehaene (2004) it may be
difficult to differentiate between the many intermediate lev-
els, which may result in a stronger focus on the ends of the
scale, especially since only the endpoints were labelled (see
Overgaard et al., 2006). Further evidence (Pretorius et al.,
2016) showed that, even though the 21-point scale is gen-
erally suitable to capture graded states of consciousness, in
doing so it may be less sensitive compared to scales with less
response options (a four-, seven-, or three-point scale), as in-
dicated by a lower proportion of responses in an intermediate
range as compared to the other scales when a direct com-
parison between scales was enabled through transformation.
Regarding an objective accuracy measure of T2 detection as
used in Asplund et al. (2014), it needs to be noted that, even
if the precision with which a stimulus is identified exhibits an
all-or-none pattern, this does not preclude the possibility that
graded differences with respect to other dimensions—such as

the perceived intensity and/or temporal stability of the per-
cept—may be found (see Fazekas & Overgaard, 2018). In
line with this idea, evidence indicates that T2 accuracy and
visibility (i.e., subjective experience of T2) are distinguish-
able (Pincham et al., 2016). Therefore, the precision with
which a certain task regarding the stimulus can be solved
does not necessarily equal the overall perceived visibility or
quality.

Evidence for an influence of the experimental design on
the obtained pattern of results as well as initial evidence
for graded consciousness during the attention blink was pre-
sented by Nieuwenhuis and de Kleijn (2011) who varied the
type of target stimulus and the measure with which con-
scious perception was assessed. In a first experiment with
a design similar to that of Sergent and Dehaene (2004), in
which words were used as T2 stimuli in combination with
a 7-point visibility scale (instead of a 21-point version as
in Sergent & Dehaene, 2004), a dichotomous pattern (more
precisely described as “discontinuous transition”) was repli-
cated. However, when individual number characters had to
be identified with the same rating scale, participants used the
scale in a continuous fashion, indicating graded changes in
conscious perception.1 In a study using the four-point per-
ceptual awareness scale (PAS; Ramsøy & Overgaard, 2004),
Pretorius (2014) investigated visual consciousness for words
versus shapes in an attentional blink task and a visual mask-
ing condition. Graded states of visual consciousness were
observed under all conditions. Yet, noticeably, the particu-
lar combination of the attentional blink paradigm and word
stimuli (as opposed to shape stimuli and/or the masking tech-
nique) yielded the lowest amount of graded awareness reports
(i.e., intermediate ratings on the scale). These studies corrob-
orate the idea that the dichotomous pattern observed in Ser-
gent and Dehaene (2004) may be due to specific experimental
parameters and that a graded pattern of visibility reports can
be obtained with variations of the stimulus material and visi-
bility scale.

Evidence From Event-Related Potential Studies. In
the present study we employ event-related brain potentials
(ERPs) to investigate how the perceived visibility of T2 stim-
uli during the attentional blink is reflected in components as-
sociated with perception and consciousness (for reviews, see
Förster et al., 2020; Koivisto & Revonsuo, 2010). Although
the question of the neural correlates of consciousness has not
yet been resolved, in ERP research the focus has narrowed
down especially on two components: The visual awareness
negativity (VAN) represents a relative negativity for seen as
compared to unseen stimuli at posterior sites spanning the

1Further, the measure—post-decisional wagering (PDW) instead of visi-
bility ratings—was found to influence the pattern of results, leading to a uni-
modal pattern in the case of words as stimuli and to a graded pattern in the
case of single numbers. However, it needs to be considered that the measure
of PDW does not directly refer to the perceived visibility or quality of the
percept but instead depends on a metacognitive evaluation of the precision
of a judgement. The pattern of results might thereby be influenced by addi-
tional factors such as risk aversion (for a comparison of different awareness
scales, see Wierzchoń et al., 2014).
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time range of the N1 and N2 components, with a peak latency
around 200 to 250 ms after stimulus onset. The late positivity
(LP) is a relative positivity in the time range of the P3b, peak-
ing approximately 400 ms after stimulus onset. Although
differences in the LP/P3b time range have frequently been
observed when comparing detected and undetected stimuli
across various paradigms, increasing evidence indicates that
this component may not be a marker of conscious perception
itself, but rather of the subjective report of stimulus detec-
tion, thus reflecting post-perceptual processing (for a review,
see Koch et al., 2016). For example, it has been found that
consciously perceived but task-irrelevant/non-reported stim-
uli do not elicit a P3b (Cohen et al., 2020; Pitts et al., 2014).
Instead, reviews across different paradigms consider the VAN
as the earliest and most consistent correlate of conscious per-
ception (in terms of phenomenal consciousness, i.e., the sub-
jective experience of seeing; Förster et al., 2020; Koivisto &
Revonsuo, 2010).

As yet, the only attentional blink study which investigated
ERP differences between different levels of visibility is the
one by Sergent et al. (2005).2 Using the same experimen-
tal design as Sergent and Dehaene (2004), the dichotomous
distribution of visibility ratings was replicated, and this was
accompanied by a dichotomous activation pattern of the P3b
(as well as the N3 und P3a). Interestingly, a gradual pattern
was found during the N2 time range as the earliest compo-
nent for which differences between visibility levels were ob-
served. However, based on the bimodal distribution of visi-
bility ratings as well as theoretical considerations (the global
neuronal workspace model; Dehaene et al., 2003), the au-
thors concluded that access to consciousness during the atten-
tional blink occurs in an all-or-none fashion and may depend
on the optional triggering of later components displaying a
bimodal pattern of activity. The graded activity observed in
the N2 was taken to reflect a pre-conscious processing stage,
i.e., in this view, pre-conscious processing may be graded, but
the access to consciousness occurs in an all-or-none fashion.
This interpretation is challenged by new evidence from con-
sciousness studies on the whole as given above suggesting
that activity during the N2/VAN time range may be a better
indicator of conscious perception than the P3b. In any case,
the observation that the dichotomous rating pattern obtained
with the particular study design does not necessarily gener-
alize to all attentional blink studies raises the need to further
investigate this matter using different study designs.

Current Study. In summary, there exists behavioral evi-
dence for both all-or-none and graded visual consciousness

2In a further EEG study (Pincham et al. 2016), subjective visibility of
T2 letter targets was measured on a 6-point scale in addition to assessing
T2 accuracy. The results showed that T2 accuracy and subjective visibil-
ity are distinguishable (especially in early lags) and that P3 activity is more
strongly associated with visibility differences. However, to analyze ERPs
corresponding to visibility differences, the visibility responses were sum-
marized in two bins (the two lowest ratings as "low visibility" and the four
highest as "high visibility") in order to obtain comparable trial numbers for
the ERP analysis. Thus, no gradual differences were tested in the ERPs.
Furthermore, no modulation in earlier components (N2/VAN) was reported.

during the attentional blink. ERP evidence regarding this
matter comes from only one study (Sergent et al., 2005) and
may not generalize to attentional blink studies with different
designs. This indicates the necessity to investigate this mat-
ter again under different experimental conditions, which is
the aim of this study.

The current study investigates the form of conscious per-
ception of T2 face stimuli in the attentional blink with be-
havioral measures and ERPs obtained from the EEG. Behav-
ioral measures consisted of an objective accuracy measure
(reporting the faces’ gender) as well as subjective visibility
judgments. A variant of the PAS scale was used which has
been developed to be sensitive for graded differences in con-
scious visual perception (Ramsøy & Overgaard, 2004). If
conscious perception during the attentional blink occurs in
a graded manner, this should be reflected in the presence of
intermediate responses on the visibility scale (rather than rat-
ings being clustered at end points). Linking subjective ratings
with accuracy reports as well as reaction times allowed to
examine systematic differences between levels of perceived
visibility. Thereby, higher visibility ratings should go along
with a higher accuracy and faster reaction times in the ob-
jective task (Andersen et al., 2016). In the ERPs, we com-
pared activity for the four visibility levels in components on
which consciousness research has mainly focused (Koivisto
& Revonsuo, 2010; Sergent et al., 2005): P1; N1, and N2 (as
part of the VAN); and P3b (/LP).

Methods

Participants. A re-analysis of datasets from an attentional
blink study investigating influences on the visual conscious-
ness of faces was conducted (Eiserbeck et al., in prep.): The
sample comprised 32 native German speakers (21 female)
with a mean age of 26.1 (SD = 6.65) years and with nor-
mal or corrected-to-normal vision. Participants had provided
written informed consent prior to participation. The study
was conducted according to the principles expressed in the
Declaration of Helsinki and was approved by the local Ethics
Committee. Participants received either course credit or mon-
etary compensation of C8 per hour.

Materials. Three types of images were used in the RSVP
stream:

• T1 target stimuli consisted of 36 images displaying ei-
ther the face of a dog or a similarly looking blueberry
muffin, all converted to greyscale and cropped to the
same oval shape.

• T2 target stimuli consisted of 24 portraits of faces (12
female) with Caucasian appearance, displaying neutral
emotional expressions, taken from the Chicago Face
Database (CFD; Ma et al., 2015). The pictures were
converted to greyscale and cropped so that no hair and
ears were visible. Histograms (i.e., the distributions
of brightness values) of the images were equated us-
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ing the SHINE toolbox (Willenbockel et al., 2010) in
MATLAB (Version R2016a).

• As distractor images 12 abstract stimuli—visually sim-
ilar to T2 targets—were used (see Müsch et al., 2012,
for the importance of target-distractor-similarity). For
this purpose, 12 additional faces from the CFD were
processed in the same way as described above and their
facial features were rotated and displaced in different
positions.

Stimuli were presented on a 19-inch LCD monitor with
a 75-Hz refresh rate. They were displayed on a grey back-
ground with a size subtending 5.8° vertical visual angle and
4.3° horizontal visual angle (viewing distance: 70 cm).

Procedure. For each trial of the attentional blink task, first
a fixation cross was presented for 500 ms. Then, 13 pictures
were shown in rapid succession, with a presentation time of
107 ms each and without a time interval between pictures
(for a graphical illustration of the trial structure, see Fig-
ure 1A). Regular trials contained 11 distractor images, which
were presented in randomized order, and two targets: a dog
or muffin (T1) and a face (T2). T2 (if present) was always
presented as the 10th stimulus whereas T1 position varied:
It was either presented as the third stimulus (entailing a lag
of seven items between T1 and T2; long lag) or as the sev-
enth stimulus (entailing a lag of three items; short lag). The
task comprised 696 trials in total. As T1, in 50 % of cases a
dog was shown and in 50 % a muffin. Within each lag, T2
was absent in 60 trials (17 %) and instead another distractor
was presented. Trial types (short or long lag, T2 present or
absent) were presented in randomized order.

Participants were instructed to look for the dog or muf-
fin and the face. They were informed that both targets are
equally important, but that not every sequence contains a
face. After each trial, participants indicated via response keys
(a) whether they saw the image of a dog or a muffin as T1
(options: dog / muffin / I don’t know), (b) whether they saw a
male or a female face as T2 (options: male / female / I don’t
know), and (c) how clear their subjective impression of T2
was on a four-point perception awareness scale (PAS; Ram-
søy & Overgaard, 2004; options: not seen / slight impression
/ strong impression / seen completely). There were no time
constraints for answering.

The attentional blink task described here was part of an ex-
periment which comprised additional parts: pre-ratings of fa-
cial trustworthiness and facial expression, a learning phase in
which emotional knowledge about the T2 faces was obtained
before the attentional blink task, and post-ratings of facial
trustworthiness and facial expression. For the purpose of the
present study, only the procedure of the attentional blink task
is described, since the other tasks are not directly relevant for
the research question at hand.

EEG Recording and Processing. The EEG was recorded
with Ag/AgCl electrodes at 62 scalp sites according to the

extended 10–20 system at a sampling rate of 500 Hz and
with all electrodes referenced to the left mastoid. An exter-
nal electrode below the left eye was used to measure elec-
trooculograms. During recording, low- and high-cut-off fil-
ters (0.016 Hz and 1000 Hz) were applied and all electrode
impedances were being kept below 10 kΩ. After the exper-
iment, a calibration procedure was used to obtain prototyp-
ical eye movements for later artifact correction. Processing
and analyses of the data were based on the EEG-processing
pipeline by Frömer, Maier, and Abdel Rahman (2018). An
offline pre-processing was conducted using MATLAB (Ver-
sion R2016a) and the EEGLAB toolbox (Version 13.5.4b;
Delorme & Makeig, 2004). The continuous EEG was re-
referenced to a common average reference and eye movement
artifacts were removed using a spatio-temporal dipole mod-
eling procedure with the BESA software (Ille et al., 2002).
The corrected data were low-pass filtered with an upper pass-
band edge at 40 Hz. Subsequently, they were segmented into
epochs of -200 to 1,000 ms relative to T2 onset, and baseline-
corrected using the 200 ms pre-stimulus interval. Segments
containing artifacts (absolute amplitudes over ±150 µV or
amplitudes changing by more than 50 µV between samples)
were excluded from further analysis.

Data Analyses and Results

All analyses were conducted in R (Version 3.5.1; R Core
Team, 2014) using the lme4 package (Version 1.1-23; Bates,
et al., 2015) and the lmerTest package (Version 3.0-1;
Kuznetsova et al., 2017) to calculate p-values via Satterth-
waite approximation in case of linear mixed models (while in
case of generalized linear mixed models, p-values were based
on the Wald z-test implemented in lme4). In all analyses we
aimed to include the maximal random effects structure which
still enables model convergence and does not lead to over-
fitting. If necessary, random effects were excluded based on
least explained variance (using the rePCA function; see Bates
et al., 2018).

Behavioral Data.

Attentional Blink Effect. Analyses investigating the effect of
lag (short / long) on objective performance and subjective
visibility were conducted to verify a functioning attentional
blink paradigm with the typical pattern of attenuated detec-
tion in short as compared to long lag trials. To this end, two
separate models were utilized. In a generalized linear mixed
model, the dependent variable accuracy (with the binary out-
come of 1 or 0, relating to “correct gender categorization”
and “missed/incorrect gender categorization”) was predicted
by the single fixed effect lag (short / long; effect-coded as
-0.5, 0.5), taking into account random intercepts for partic-
ipants and items, as well as by-participant and by-item ran-
dom slopes for lag. The analysis yielded a main effect of lag
(b = 0.98, z = 5.99, p < .001), as reflected in a higher mean
accuracy in long (84%) as compared to short lag trials (70%;
see Figure 1B for graphical display and Table A1 for model
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Fig. 1. Design of the attentional blink task and behavioral results. (A) Structure of long and short lag trials. After each trial, participants answered three questions regarding
T1 identity, T2 gender, and T2 visibility. (B) Results for objective criterion (gender classification task) and subjective criterion (visibility ratings) per lag in T2 present and T2
absent trials. Error bars depict 95% confidence intervals; circles in the bar plot represent means for individual participants. For illustration of corresponding by-item means,
see Figure A2. (C) Accuracy and reaction time in objective task as a function of visibility rating. Please note that the very low mean accuracy rate for not seen is due to the
fact that participants were explicitly instructed not to guess and instead to choose the response option “I don’t know” if they were unsure about the face’s gender. Error bars
depict 95% confidence intervals; circles in bar plots represent means of individual participants. For illustration of corresponding by-item means, see Figure A2. Significance
codes: *** p < .001, ** p < .01. Visibility levels: 1 = not seen, 2 = slight impression, 3 = strong impression, 4 = seen completely.
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output).
A second linear mixed model was used to investigate the

effect of lag (short / long; effect-coded as -0.5, 0.5), on vis-
ibility rating (implemented as numeric values from 1 to 4)
in T2-present trials, taking into account random intercepts
for participants and items, as well as by-participant random
slopes for lag.3 The analyses yielded a main effect of lag (b =
0.32, t(31.00) = 4.67, p < .001), as reflected in a higher mean
visibility rating in long (2.56 points) as compared to short lag
trials (2.24 points; see Table A1 for model output).

Distribution of Visibility Ratings. The distribution of visibil-
ity ratings for both short and long lag conditions can be exam-
ined in Figure 1B (for both T2 present as well as T2 absent
trials); the corresponding percentage rates are displayed in
Table 1. As apparent, the T2 present short lag (as well as the
long lag) condition is characterized by a high ratio of inter-
mediate scale responses while the distribution in T2 absent
trials is focused on the low end of the scale.

Accuracy per Visibility Level. Additional generalized linear
mixed model analyses were conducted to investigate the con-
nection of the objective and the subjective criterion in short
lag trials. To this end, accuracy was predicted by the fixed ef-
fect visibility (coded as a factor with four levels), taking into
account random intercepts of participants and items. Sliding
difference contrast coding was applied, which enables test-
ing adjacent factor levels against each other. The analyses
revealed significant differences in accuracy for the compari-
son of all adjacent factor levels (with higher accuracy for the
higher visibility rating; all ps ≤ .001); for statistical output
see Table A2. A graphical display of accuracy rates per vis-
ibility rating level can be found in Figure 1C; corresponding
means and 95% confidence intervals (CIs) are displayed in
Table 2.

Reaction Time per Visibility Level. Further linear mixed
model analyses were conducted to investigate the connec-
tion of visibility rating and reaction times for gender clas-
sification in short lag trials. To this end, reaction time was
predicted by the fixed effect visibility, taking into account
random intercepts of participants and items. As in the pre-
vious model, sliding difference contrast coding was applied.
To better meet the assumption of normality for linear mixed
model analyses, reaction time data was trimmed, excluding
trials with reactions times faster than 200ms and slower than
2.5 standard deviations above the mean of individual partic-
ipants, and log-transformation was applied. Data trimming
led to an exclusion of 1010 of 8540 short lag T2-present tri-
als (11.83%; mean excluded trials per participant = 32, SD =
39). The analyses revealed significant differences in reaction

3Please note that, as yet, there seems to be uncertainty as to which scale
type the PAS can be considered as (interval or ordinal scale, see Sandberg
Overgaard, 2015, p. 192) and, thus, whether the requirements for linear
mixed models—measurement of the dependent variable on an interval or
ratio scale—are fulfilled. However, even if this should not be the case, it has
been shown that LMMs are usually robust in case of ordinal scale level (see,
e.g., Norman, 2010).

Table 1. Distribution of visibility ratings (relative frequency) per condition

T2 present T2 absent

Visibility rating Short lag Long lag Short lag Long lag

Not seen (1) 25.62 % 11.99 % 83.81 % 81.05 %
Slight impression (2) 37.86 % 39.51 % 13.73 % 15.94 %
Strong Impression (3) 24.89 % 30.70 % 2.29 % 2.83 %
Seen completely (4) 11.63 % 17.80 % 0.17 % 0.18 %

Table 2. Accuracy and reaction times in objective task per visibility level in T2
present short lag trials

Accuracy Reaction time

Visibility rating Mean (%) 95% CI Mean (ms) 95% CI

Not seen (1) 2.40 1.10; 3.70 697 668; 726
Slight impression (2) 87.69 86.27; 89.11 643 623; 662
Strong Impression (3) 98.06 97.15; 98.97 545 529; 560
Seen completely (4) 99.80 99.08; 100.53 486 470; 501
Note. CI = confidence interval.

times for the comparison of all adjacent factor levels (with
reaction being faster the higher the rated visibility; all ps ≤
.006); for statistical output see Table A2. A graphical display
of (trimmed, untransformed) reaction times per visibility rat-
ing level can be found in Figure 1C; corresponding means
and 95% CIs are displayed in Table 2.

ERPs. Time windows and electrode sites taken into account
for each component were based on previous research, as well
as visual inspection of the activity for T2 present versus T2
absent trials to determine the exact time range for analyses
(i.e., the factor visibility itself was thereby not taken into ac-
count). Analyses comprised the following time ranges and
electrodes: P1 from 90–130 ms at electrodes Oz, O1, O2,
POz, PO3, PO4, PO7, PO8 (see Maier & Abdel Rahman,
2018), N1/N170 from 150–220 ms at electrodes TP9, TP10,
P7, P8, PO9, PO10, O1, O2 (see Hinojosa et al., 2015; Itier &
Taylor, 2004), N2 from 220–300 ms at electrodes TP9, TP10,
P7, P8, PO9, PO10, O1, O2 (see Del Cul et al., 2007; Sergent
et al., 2005), and P3b from 400–800 ms at electrodes Pz, CPz,
CP1, CP2, Cz, CP3, CP4 (see Cohen et al., 2020; Sergent et
al., 2005).

Single-trial ERPs were averaged across the respective time
window and electrodes. They were analyzed with linear
mixes models (LMMs) including random intercepts for sub-
jects and items, with mean amplitude of the respective com-
ponent serving as dependent variable. In order to account for
activity caused by the RSVP stream (rather than the T2 stim-
ulus), for each component, the mean amplitude value across
participants during T2 absent short lag trials was subtracted
as a constant from the dependent variable. This made it pos-
sible to obtain more plausibly interpretable estimates for the
intercept, but otherwise does not change the results in any
way. The models included the single fixed factor visibility
(4 levels: not seen / slight impression / strong impression /
seen completely). Sliding difference contrast coding was ap-
plied in order to test adjacent factor levels against each other.
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Fig. 2. Mean activity during P1, N1, N2 and P3 time range following T2 target onset for each visibility level. (A) Topographies show graded differences in the N1, N2, and P3
time range, but not in the P1 time range. Topographies were obtained by subtracting activity during the T2-absent condition (in which a distractor image instead of T2 was
shown) in order to remove activity caused by the RSVP stream from relevant activity following T2 onset. Please note that the topographies therefore reflect relative differences
to this baseline (distractor only) condition. Due to this subtraction procedure, a reverse pattern of the N1, N2, and P3 component is obtained for not seen responses indicating
that activity was reduced as compared to a condition where an irrelevant distractor was displayed. Furthermore, since P1 activity was similar for T2 target and distractor
stimuli (i.e., a positive deflection for the respective ROI electrodes in both conditions), the subtraction resulted in a mean ROI activity around 0. (B) Mean amplitude across
respective time range and ROI electrodes for each component, displaying differences in activity between visibility levels (visibility levels: 1 = not seen, 2 = slight impression,
3 = strong impression, 4 = seen completely ). Amplitudes were obtained by subtracting activity during the T2-absent condition. Error bars depict 95% confidence intervals;
circles represent means of individual participants. For illustration of corresponding by-item means, see Figure A2 in the appendix.
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Table 3. LMM statistics for ERP analyses of T2 present short lag trials.

P 1 N 1 N 2 P 3

Predictors b CI df t p b CI df t p b CI df t p b CI df t p

(Intercept) -0.36
-1.03;
0.30 32.61 -1.07 .285 -1.05

-1.58;
-0.52 33.20 -3.88 <.001 -0.80

-1.45;
-0.14 32.84 -1.11 .017 0.96

0.08;
1.84 31.30 2.13 .033

Visibility2-1 -0.21
-0.50;
0.08 7932.16 -1.40 .162 -0.62

-0.87;
-0.38 7929.25 -4.93 <.001 -1.11

-1.38;
-0.85 7932.19 -8.34 <.001 0.92

0.66;
1.17 7918.23 7.06 <.001

Visibility3-2 -0.25
-0.55;
0.05 7725.90 -1.65 .099 -0.69

-0.94;
-0.43 7772.50 -5.31 <.001 -1.10

-1.36;
-0.83 7812.87 -8.01 <.001 0.87

0.61;
1.13 7354.57 6.56 <.001

Visibility4-3 -0.22
-0.64;
0.19 7897.61 -1.05 .295 -0.45

-0.80;
-0.10 7894.83 -2.50 .012 -0.84

-1.21;
-0.48 7919.36 -4.48 <.001 0.86

0.51;
1.22 7833.54 4.72 <.001

Random Effects
σ2 23.32 16.68 18.52 17.47
τ00 3.49 Participant 2.18 Participant 3.37 Participant 6.38 Participant

0.05 Item 0.05 Item 0.06 Item 0.01 Item
ICC 0.13 0.12 0.16 0.27
N 32 Participant 32 Participant 32 Participant 32 Participant

24 Item 24 Item 24 Item 24 Item

Observations 7937 7937 7937 7937
Marginal R2 /
Conditional R2 0.002 / 0.134 0.018 / 0.134 0.044 / 0.194 0.029 / 0.289

Note. CI = 95% confidence interval; visibility levels: 1 = not seen, 2 = slight impression, 3 = strong impression, 4 = seen
completely.

ERP analyses focused on short lag trials, which represent the
condition of reduced attention relevant to the hypotheses.

Table 3 contains estimates (regression coefficients b) of the
fixed effects, confidence intervals, t-values and p-values for
the analysis of short lag trials. Graphical illustration and to-
pographic displays can be found in Figure 2.

P1. Comparison of adjacent visibility levels yielded no sig-
nificant differences during the P1 time range (all ps ≥.099).

N1. The analyses yielded significant differences for all suc-
cessive comparisons of adjacent visibility levels (all ps ≤
.012).

N2. The analyses yielded significant differences for all suc-
cessive comparisons of adjacent visibility levels (all ps <
.001).

P3. The analyses yielded significant differences for all suc-
cessive comparisons of adjacent visibility levels (all ps <
.001).

Discussion

The present study examined the form of visual conscious-
ness during the attentional blink with subjective visibility rat-
ings on the PAS scale, an additional objective criterion, and
the measurement of ERPs (P1, N1, N2, and P3) time-locked
to T2 onset. We observed a high proportion of intermediate
scale responses in subjective visibility ratings, an increase in
accuracy as well as a decrease in reaction time in the objec-
tive gender classification task with increasing visibility rat-
ings, and graded ERP modulations associated with differ-
ences in visibility in the N1, N2, and P3 components. Only
the earliest tested visual component, the P1, did not show a
graded pattern. These findings suggest the presence of graded
states of visual consciousness in the attentional blink.

The visibility ratings showed a graded pattern, as previ-
ously reported in attentional blink studies by Nieuwenhuis

and de Kleijn (2011; when individual letters were used as T2
targets) and Pretorius (2014, Experiment 1), but in contrast
to the behavioral pattern reported by Sergent and Dehaene
(2004), and Sergent et al. (2005). This difference may be
related to the types of stimuli employed. The use of words in
the attentional blink may cause a bias towards a dichotomous
response pattern because partial awareness of the stimulus
(e.g., perceiving only parts of the word) may result in not be-
ing able to recognize it as an existing word in the first place
and, thus, falsely lead to a “not seen” rating. Faces, on the
other hand, may still be recognized as such even in the case
of degraded or incomplete perception, e.g., even when more
specific information about identity may not be fully available.
Furthermore, differences may be due to a higher sensitivity
of the four-point PAS scale used here as compared to the 21-
point scale used by Sergent et al. (2005), in regard to being
able to capture graded states of consciousness (Pretorius et
al., 2016).

The combination of the subjective visibility rating with an
objective task enabled us to examine systematic differences
between visibility levels related to objective performance. As
would be expected given graded conscious perception, the
accuracy in the objective task increased with increasing lev-
els of subjective visibility. The sharp increase in performance
from not seen to slight impression demonstrates that already a
low level of perceived visibility is sufficient to correctly iden-
tify the gender in almost 90% of cases—which, however, still
improved significantly up to almost 100% in case of a seen
completely rating. The high performance in the gender task
may be due to the very rapid decoding of gender informa-
tion from faces (Dobs et al., 2019) and to the ability to make
judgments about gender also based on individual facial fea-
tures (Brown & Perrett, 1993). Differences between visibil-
ity ratings were furthermore reflected in gradual differences
in reaction times for the gender classification task, with the
longest reaction times in case of not seen ratings and fastest
reaction in case of seen completely ratings. These differences
may be indicative of the ease with which the face’s gender
could be determined. They provide additional evidence for
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the presence of systematic differences between different lev-
els of subjective visibility.

In the ERPs, no differences in P1 activity were found for
the comparison of (adjacent) visibility levels, in line with Ser-
gent et al. (2005). Thus, differences in visibility ratings can-
not be attributed to differences in low-level visual processing
of T2 stimuli. This result is consistent with overall evidence
indicating that activity during the P1 time range is not mod-
ulated by the attentional blink (see Zivony & Lamy, 2020).
In the consciousness literature as a whole, there also exists
comparatively little evidence for differences in the P1 time
range, and by now, there seems to be a growing consensus
that the P1 is not a marker of conscious awareness (Förster et
al., 2020; Koivisto & Revonsuo, 2010).

Already in the N1/N170 component, significant gradations
of activity depending on the reported visibility were found.
This effect stands in contrast to the attentional blink litera-
ture in general (when comparing "seen" and "unseen" trials)
which overall indicates no differences during this time range
(see Zivony & Lamy, 2020). In Sergent et al. (2005), also no
differences were observed in the N1 component. Yet, small
initial differences were found to occur already during the N1
time range around N170 ms, but at a different location—over
central electrodes—in form of a slightly stronger positivity
for seen compared to unseen word stimuli. These differential
results may be due to differences in the materials used (e.g.,
differences in the processing of faces as compared to word
stimuli, see e.g. Aranda et al., 2010; Maurer et al., 2008),
possibly also related to a preferential processing and early
selection of faces as a very important source of social infor-
mation compared to other stimuli (see Darque et al., 2012).
Yet, modulations of the N170 in the attentional blink have not
always been found for face stimuli either (Harris et al., 2013)
and, thus, further variables of the study design (e.g., the SOA
between T1 and T2, and the kind of T2 task used) are likely
crucial in this regard as well.

Across different paradigms the evidence on the neural cor-
relates of consciousness also indicates differences between
seen and unseen stimuli already during the N1 time range as
part of the broader visual awareness negativity (VAN) com-
ponent which spans the time range of the N1 and N2 compo-
nents, with differences in onset and peak latencies depending
on the specific study designs (Förster et al., 2020; Koivisto &
Revonsuo, 2010). In line with these findings, our data indi-
cate the presence of a broad, continuous pattern of posterior
negativity extending over the period of the N1 and N2, which
can, thus, be interpreted in terms of the VAN component.

Significant graded differences for visibility levels were
also found in the N2 time range. Differences between de-
tected and undetected stimuli during this time period have
frequently been reported in the attentional blink literature
(Koivisto & Revonsuo, 2008; Maier & Abdel Rahman, 2018;
Sergent et al., 2005; Zivony & Lamy, 2020; yet, this has not
always been found, see e.g., Batterink et al., 2012). In terms
of functional significance, modulations during this time range
are assumed to reflect differences in attentional engagement

(Zivony & Lamy, 2020). The graded pattern observed here
is consistent with the one reported by Sergent et al. (2005)
where graded differences were observed for the comparison
of four visibility levels (which were obtained by separating
the used 21-point scale into four categories). As outlined
in the introduction, based on the overall result pattern, the
authors interpreted these differences to reflect pre-conscious
processing rather than conscious perception.

A graded pattern as a function of the visibility level was
also found in the P3. This is one of the most important dif-
ferences to Sergent et al. (2005), who found a dichotomous
pattern for this component with a separation into seen or not
seen states without gradations. Based on the correspondence
to the dichotomous pattern in the behavioral data, they con-
cluded that activity during this period may reflect access to
consciousness. It is important to note that on the basis of our
data (and this is a difficulty in the search for neural correlates
of consciousness in general) it is not possible to directly de-
termine which processing stage reflects (the access to) visual
consciousness. Yet, gradations in activity of both VAN and
P3 component, which could potentially qualify as markers
of conscious perception, strongly indicate a graded form of
consciousness during the attentional blink in our study.

Evidence from other paradigms (visual masking or low-
contrast stimuli) that have recorded electrophysiological
measures (EEG or MEG) in combination with visibil-
ity/awareness ratings also report modulations during the VAN
time range in connection to reported visibility (Andersen et
al., 2016; Derda et al., 2019; Koivisto & Grassini, 2016;
Tagliabue et al., 2016). Although P3/LP modulations were
observed in these studies as well, they were not found as con-
sistently (e.g., only for a high-level but not low-level condi-
tion in Derda et al., 2019) and were less predictive of the vi-
sual impression (Andersen et al., 2016; Koivisto & Grassini,
2016) as compared to the VAN. Overall, these studies—in
line with overall evidence (Förster et al., 2020)—indicate that
activity during the VAN time range reflects subjective per-
ceptual experience of a stimulus (rather than pre-conscious
processing), whereas modulations in the P3/LP time range
may reflect post-perceptual processing, such as further con-
scious processing of task-relevant features in working mem-
ory (Koivisto & Grassini, 2016), accumulation of sensory
evidence (Melloni et al., 2011) or the conscious experience
of non-perceptual information (Derda et al., 2019). Further
studies are needed to determine whether these conclusions
can be applied to the attentional blink paradigm as well.

Limitations and Implications for Further Research. A
limitation of the present study with respect to the distribu-
tion of visibility ratings is that there was no single task con-
dition (in which participants respond to T2 only, and not to
T1) and thus no evidence of what the distribution of visibility
ratings looks like under a condition of non-disrupted atten-
tion. Such a condition would be useful to compare—as in
Sergent et al. (2005)—the visibility distribution in the at-
tentional blink with the theoretical distribution in the case of
dichotomous conscious perception, which can be estimated
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by the combination of unseen states (when T2 is absent in
a single task condition) and seen states (when T2 is present
in a single task condition). The long lag condition is only
of limited informative value here since the (objective) per-
formance is significantly better, but not at ceiling level. The
comparison shows a typical attentional blink pattern with re-
duced detection in short lag trials. However, to ensure that the
degraded T2 detection can be clearly attributed to the limita-
tions of processing resources caused by the dual task and is
not also generally limited by a high task difficulty (e.g., due
to high visual demands), subsequent studies should include
a single task condition. At the same time, the present data
does indicate that (assumedly) complete perception is possi-
ble and does occur (in case of a seen completely rating) un-
der the present task conditions. The presence of intermediate
scale responses therefore should not be attributable merely
to a general visual task difficulty limiting how well stimuli
can be perceived since such a general limitation would be ex-
pected to apply to all trials.

One further methodological limitation of the present study
consists in the fact that a relatively small number of seen
completely trials (total of 938, with an average of 29 trials
per participant, range = 0-177) entered the analysis com-
pared to the other levels of visibility. Participants differed in
their response behavior, and even though the majority used
all four levels of visibility (see Figure A1 in the appendix for
individual displays), ten participants had no trials at all for
seen completely in short lag trials. In addition, participants
differed considerably in how many trials per visibility level
are included in the analysis (this is a common problem in
studies investigating ERPs using the PAS or other visibility
scales). However, these differences are taken into account in
the LMM analysis, which is based on single trial data, and
the results therefore cannot be attributed to distortions in an
averaging procedure (due to differences in trial numbers per
condition). Furthermore, even if only the first three visibility
levels were taken into account, the same conclusions in favor
of graded visual consciousness would be reached.

An interesting question which remains open is how ex-
actly degraded perception is manifested. Which aspects of
the visual representation exactly are affected by the atten-
tional blink? For example, degradation could refer to a less
intense or a less clear percept but also to an only partially
perceived stimulus (see, e.g,. Fazekas & Overgaard, 2018 for
a differentiation of relevant aspects). Investigating this ques-
tion may provide deeper insight into the exact mechanisms of
the attentional blink.

Conclusions

The present ERP study provides evidence for graded visual
consciousness during the attentional blink. The findings indi-
cate that the specific study design and variations of the stim-
ulus materials may determine whether graded levels of con-
sciousness can be detected. Concerning the use of the atten-
tional blink, as yet, many studies have only taken into account
two dichotomous states of "seen" versus "not seen" or "de-

tected" versus "not detected" in order to, for example, test the
effects of an experimental manipulation (e.g., emotional in-
fluences on access to consciousness). However, considering
that visual perception in the attentional blink may not nec-
essarily be dichotomous has important consequences for the
study design and the respective conclusions.

Data and Code Availability

Data and analysis scripts are available to reviewers, and will
be made publicly available upon peer-reviewed publication.
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APPENDIX

- Tables -

Table A1. Differences between lags in accuracy in objective task (GLMM statistics) and mean visibility (LMM statistics)

Accuracy Mean visibility

Predictors
Odds
Ratios CI z p b CI df t p

(Intercept) 4.53 3.17; 6.49 8.26 <0.001 2.38 2.18; 2.59 36.55 22.90 <0.001
Lag2-1 2.67 1.94; 3.69 5.99 <0.001 0.32 0.18; 0.45 31.00 4.67 <0.001

Random Effects
σ2 3.29 0.53
τ00 0.94 Participant 0.32 Participant

0.09 Item 0.02 Item
τ11 0.76 Participant.lag2-1 0.14 Participant.lag2-1

0.01 Item.lag2-1
ρ01 -0.06 Participant 0.06 Participant

0.15 Item
ICC 0.27 0.42
N 32 Participant 32 Participant

24 Item 24 Item

Observations 16757 16757
Marginal R2 /
Conditional R2 0.051 / 0.308 0.027 / 0.432

Note. CI = 95% confidence interval.

Table A2. Differences between visibility levels for prediction of accuracy (GLMM statistics) and log-transformed reaction time (LMM statistics) in objective task

Accuracy Reaction time

Predictors
Odds
Ratios CI z p b CI df t p

(Intercept) 9.27 5.66; 15.17 8.85 <.001 6.22 6.14; 6.30 33.38 155.36 <0.001
Visibility2-1 511.86 356.81; 734.29 33.88 <.001 -0.04 -0.07; -0.01 7518.70 -2.75 0.006
Visibility3-2 8.24 5.85; 11.60 12.08 <.001 -0.11 -0.14; -0.08 7477.14 -7.55 <0.001
Visibility4-3 10.46 2.55; 42.98 3.26 .001 -0.09 -0.13; -0.05 7523.08 -4.49 <0.001

Random Effects
σ2 3.29 0.21
τ00 0.93 Participant 0.05 Participant

0.00 Item 0.00 Item
ICC 0.22 0.19
N 32 Participant 32 Participant

24 Item 24 Item

Observations 8540 7530
Marginal R2 /
Conditional R2 0.756 / 0.810 0.025 / 0.21

Note. CI = 95% confidence interval.
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APPENDIX

- Figures -

Fig. A1. Distribution of visibility ratings in T2 present short lag trials for individual participants. Visibility levels: 1 = not seen, 2 = slight impression, 3 = strong impression, 4 =
seen completely.
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Fig. A2. Illustration of results including by-item means depicted as circles. (A) Behavioral results. (B) ROI activity in short lag T2-present trials. Amplitudes were obtained by
subtracting activity during the T2-absent condition (in which a distractor image instead of T2 was shown) in order to remove activity caused by the RSVP stream from relevant
activity following T2 onset. Error bars represent 95% confidence intervals. Visibility levels: 1 = not seen, 2 = slight impression, 3 = strong impression, 4 = seen completely.
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