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The goal of consciousness research is to reveal the neural basis of phenomenal
experience. To study phenomenology, experimenters seem obliged to ask
reports from the subjects to ascertain what they experience. However, we argue
that the requirement of reports has biased the search for the neural correlates of
consciousness over the past decades. More recent studies attempt to dissoci-
ate neural activity that gives rise to consciousness from the activity that enables
the report; in particular, no-report paradigms have been utilized to study con-
scious experience in the full absence of any report. We discuss the advantages
and disadvantages of report-based and no-report paradigms, and ask how
these jointly bring us closer to understanding the true neural basis of
consciousness.

Looking for Consciousness in All The Wrong Places?

The Hard Problem of consciousness is how to explain the neural basis of phenomenal experience
[1]. Why and how does neural activity give rise to conscious perception? Why are some types of
activity, such as recurrent and feedback activity, more strongly associated with consciousness
than others [2,3]? Why does the activity and integrity of the thalamo-cortical complex seem crucial
for consciousness, while the cerebellum, which has fourfold more neurons than the thalamo-
cortical complex, does not [4,5]? These results give hints as to where to look for the neural
correlates of consciousness (see Glossary). However, the exact neural underpinnings of
conscious experience remain a mystery. Why is it that we still seem unable to solve it?

One of the difficulties in tackling the Hard Problem is that the exact functions of conscious
phenomenology remain elusive. Unlike other biological functions realized by the brain, it remains
unclear what purpose raw conscious experiences (also termed qualia or phenomenal con-
sciousness [6,118]) serve (for possible biological functions see [7]). On the other hand, once
conscious percepts are attended, remembered, and cognitively accessed, they become useful
for the control of present and future behaviors and reasoning [3,8] (note that we distinguish
accessibility from the act of cognitively accessing). Even so, when we study these cognitive
aspects of consciousness, do we study the right phenomena? In principle, attention, memory,
control, or any other cognitive function can be implemented by clever, non-conscious computa-
tional algorithms (e.g., [9]). Hence, even if we understand how our brains cognitively access specific
contents of consciousness, this approach seems to leave the core problem of how phenomenol-
ogy arises from neural activity — in other words the Hard Problem — untouched.

In the now almost two decades of ongoing enthusiasm to study the neural correlates of

consciousness (NCC) [3,10,11], the main goal was to first establish a neuroscience of
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To study the neural correlates of con-
sciousness (NCC), some forms of
behavioral reports from subjects may
seem absolutely necessary. However,
strong reliance on reports has biased
much of the NCC research towards the
search for the neural correlates of per-
ceptual reports.

Stringent requirement of behavioral
reports not only overestimates the true
NCC, owing to the inclusion of the
neural correlates of reports, but also
underestimates it because there are
some aspects of real conscious experi-
ence that are fundamentally difficult to
report.

Recent fMRI, EEG, and neurophysiolo-
gical recordings studies that utilized
no-report paradigms successfully pur-
ified the putative NCC.

Advantages and disadvantages of
report-based and no-report paradigms
are discussed. A combination of both
will significantly advance the field.
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consciousness, and worry about such more philosophical issues, including the Hard Prob-
lem, later [12]. In typical NCC paradigms, researchers record and contrast neural activity
between one perceptual state and the other. One of the most powerful NCC methodologies
is to hold the sensory input constant while observing how consciousness fluctuates.
Fluctuating phenomenology with a constant input can be induced, for example, using
perceptual threshold paradigms such as backward masking [13], where subjects discrimi-
nate the properties of masked stimuli (e.g., present vs absent, or left vs right orientation). At
discrimination threshold, subjective reports vary across trials despite the constant visual
input, such that neural activity can be contrasted depending on the reports [14,15]. Another
method is the use of ambiguous stimuli [16], where continuous viewing of physically constant
stimuli leads to spontaneous alternations of phenomenology over time. In these paradigms,
any perceptual changes would not reflect changes in the sensory input. By correlating the
reports indicating perceptual changes with fluctuating neural activity, it is assumed that the
NCC can be isolated [17]. Although influential, this strategy crucially relies on the subjects’
reports that allow experimenters to assess the fluctuating phenomenology of physically
constant stimuli.

Recently, however, evidence has been mounting that contrasting two conditions with distinct
reports may confound a potential NCC with various cognitive components [18-20], such as
attention [21-23], working memory [24,25], or expectation [26,27]. In such cases, the putative
NCC is overestimated, in the sense that neural mechanisms not directly generating the experi-
ence, but only necessary to report it, are included. There are several ways to control for such
report-related confounds [28], including manipulation of the decision threshold of the report [14],
changing the report modality from usual verbal reports and button presses to more rare forms of
reports, such as finger-pointing, blinks, or eye movements, or using memory-based reports
[29,30]. This article highlights ‘no-report’ paradigms, which avoid these confounds altogether.
The results from no-report paradigms suggest that the previously proposed NCCs overestimate
the true NCC.

No-Report Paradigms

How can the contents of conscious experience be assessed without reports? Employing
decoding of neural signals, researchers have recently assessed the contents of consciousness
in the absence of explicit reports from subjects. Some conscious visual contents — images in
particular — can be decoded accurately in healthy subjects [31-34] and in some non-responsive
patients who are unable to communicate verbally [35]. In these cases it is important to ask to
what extent we can be sure that such decoded contents reflect conscious experience — as
opposed to unconscious stimulus processing. This means that we run the risk of overestimating
the NCC in the other direction, by including unconscious neural processes. We argue that both
report-based and no-report paradigms may suffer from over- and underestimation, and for
various reasons (Table 1 and Box 1). Thus, each method should be used with caution, and with
these potential confounds in mind.

As we argue throughout this article, there are potentially many ways that can bypass the need of
overt reports to investigate whether the decoded contents are conscious or not. For example,
subjects’ perceptual contents can be reliably inferred from physiological measures, such as eye
movements or pupil size [36], and they can be reliably manipulated by subtle stimulus changes
[37] or by instructions [38,39]. Refining these psychophysical techniques, and applying them to a
variety of experimental situations of ambiguous conscious/non-conscious perception, will be an
important and fruitful research endeavor for the future (see Outstanding Questions). Once no-
report paradigms are established, they will provide extremely powerful tools for studying the
neural correlates of conscious perception, compensating for some of the disadvantages of
report-based paradigms.
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Table 1. Under- and Overestimation of the NCC in Report-Based and No-Report Paradigms

Traditional, Report-Based Paradigm No-Report Paradigm

Possible Conscious, but forgotten (inattentional Some percepts may be experienced only when

underestimation  amnesia). report is attempted.

of the NCC Conscious, but not reportable (e.g., aphasia,  Contrast of conditions (e.g., not reported
minimally conscious state). percept A vs B) may heavily rely on subsequent
Conscious, but below decision criterion. memory-based trial categorizations (e.g., later
Experience without access. reports of A vs B).

Possible Inclusion of post-perceptual processes (e.g., Inclusion of non-conscious processing.

overestimation executive processes, self-monitoring, report,

of the NCC access).
Inclusion of pre-perceptual processes (e.g.,
prior exposure, attention).

Advantages Ambiguous stimuli and threshold stimuli can Can be applied to situations where reports are

remove stimulus-related confounds. difficult to obtain (patients, babies, animals,

anesthesia, and sleep).

No-Report Paradigms with Ambiguous Stimuli

Binocular rivalry provides an excellent opportunity for researchers to isolate the NCC, dis-
counting the neural correlates of basic stimulus processing [17,40]. Previous fMRI studies have
established that perceptual states (i.e., perceiving one or the other stimulus) are correlated with
neural activation across various levels of visual processing, as early as the lateral geniculate
nucleus [41,42], through V1 [43] and high-level visual areas [44]. Perceptual switches (i.e., the
moment the percept is reported to alternate) are correlated with activity in right-lateralized fronto-
parietal areas [45-47].

Binocular rivalry is often contrasted with a ‘replay’ condition where perceptual alternations are
mimicked by a movie, without inducing genuine rivalry. During replay, right fronto-parietal areas
show severely diminished activity as compared to rivalry [45-47], which has been taken as
evidence that their contribution is crucial for triggering perceptual alternations. Crucially, when
comparing the neural activation between genuine rivalry and its physical replay, there are two
possible confounds, both associated with the act of reporting. First, there can be a difference
between what subjects actually experience and what experimenters infer subjects to experience
based on their reports. Here the problem is that the full variety of perceptual combinations of the
two stimuli during genuine rivalry is compressed to a set of two or three response options
(buttons). Second, owing in part to the difference in perceptual complexity between genuine
rivalry and replay, there is a difference between the two conditions with respect to cognitive
demands. Although the motor aspect of reports is equally present in the replay, other factors that
minimally affect phenomenal experience (e.g., introspection) can evoke spurious differential
neural activity. Two recent fMRI studies have addressed these issues.

Reasoning that the phenomenological complexity of binocular rivalry is not very well captured by
traditional replay, a recent fMRI study [48] implemented a more realistic and complex version of
the replay, where subjects experienced phenomenology of similar variety as during genuine
rivalry. By comparing neural activity during improved replay and rivalry, they found that the right
fronto-parietal areas were similarly activated. This suggests that previously reported higher
fronto-parietal activation during genuine rivalry may be related to differences between genuine
rivalry and poor replay, such as different appearance of the stimuli, attentional allocation, and
task demands.

An independent fMRI study [36] arrived at a similar conclusion by first establishing that eye
movements (i.e., optokinetic nystagmus) correlate tightly with conscious reports of perceptual
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Glossary

Accessibility: sensory information is
accessible if it can be accessed by
other mechanisms in the future.
Accessibility does not imply
reportability (e.g., in patients with
locked-in syndrome). Broadly
speaking, accessibility or neural
connectivity between areas imply
integrated information between areas.
Binocular rivalry: a phenomenon
that arises when two distinct physical
stimuli are projected to the
corresponding retinal locations of the
two eyes. Despite the constant
physical input, the conscious percept
alternates over time.

Cognitive access: conscious
contents that are voluntarily accessed
for flexible use in other cognitive
operations, for storage in working
memory, or for reports.

Conscious phenomenology: the
way conscious experiences look to
‘us’, and how these conscious
experiences are structured. See also
qualia.

Event-related potential (ERP): field
potentials that are time-locked to a
particular event, which could be
either sensory or a behavioral
response. Typically, the average
across many trials is considered as
the ERP.

Flash suppression: a phenomenon
in which an image that suddenly
appears renders the previously
presented and perceived one
perceptually invisible. The most
effective condition is when the newly
flashed image is presented to the
other eye. Thus, in flash suppression
paradigms the perception is
determined by the temporal
sequence of the stimuli, and not by
spontaneous perceptual fluctuations
as in other multistable perception
paradigms.

Gamma band response:
traditionally, 30-80 Hz oscillatory
power in field potentials generated by
a population of neurons. It can be
measured from a single
microelectrode inside the brain, at the
cortical surface as
electrocorticography (ECoG), or at
the scalp as electroencephalography
(EEG) [109].

Inattentional blindness: when
subjects are not told in advance that
particular stimuli will be presented,
these task-irrelevant stimuli often
pass by completely unnoticed. Well-
known examples of inattentional
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Box 1. Underestimation of the NCC by Exclusive Reliance on Report-Based Paradigms?

How much of conscious phenomenology can we report? In the main text we discussed how the requirement of reports
overestimate the NCC by including report-related neural activity that is not related to conscious phenomenology.
However, the converse may be true as well; the NCC is underestimated by report-based paradigms because we have a
richer phenomenal experience than we can report. The difficulty in generating a proper replay of binocular rivalry [48]
already points to a shortcoming of reports.

Indeed, Block [6,75,119] has argued that phenomenally conscious states overflow cognitive access, including reports. In
his view, conscious experience is too rich to flow all at once through the bottleneck of access and report. Direct evidence
comes from change detection experiments, where arrays of objects are presented, followed by an interval, and then a
test array. When one of the objects changes in this array, subjects can fail to notice the change, yielding the estimated
capacity of conscious access to be about 2-4 objects. However, when a cue is given to direct their attention to a specific
location after disappearance of the memory array, but before the test array, estimated capacity is much higher, typically
about 60-90% of the memory array [77,78,120]. This indicates that a visual representation exists that has high capacity,
exceeding the capacity to access and store items in working memory. This visual representation is very fragile, however,
because it is overwritten once new visual information enters the visual cortex [79]. One can interpret these findings as
spatial attentional cueing protecting the fragile memory against being overwritten by the newer information.

Some have argued that these pre-attentive, rich representations are mere ‘gists’ in the sense that ‘some array of objects
is out there’, but lack the true phenomenal aspects of attended and fully conscious representations [76], which remain
non-conscious until they are accessed [73]. However, this has been falsified by experiments showing that these pre-
attentive representations are exactly as precise and detailed as attended ones [80] (Figure I). In addition, a recent study
found that the global impression of colorfulness of a display remains available even when an attention-demanding task is
performed concurrently [121]. Collectively, these findings suggest that indeed conscious experience may be much richer
than acknowledged via report.
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Figure I. Change Detection Tasks Reveal Two Mental Representations. A typical change detection task is
shown, where a memory array is presented, followed by an interval (that may last up to several seconds), and then a test
array. One of the items of the test array may have changed or not. A pointer is directed to this item, and the subject is
required to indicate whether there was a change or not. In this version (test array cue), performance is typically very poor
(~60% correct where chance is 50%), and this converts to a capacity (Cowan's K) of about two objects that subjects can
store in working memory (independently of the number of items shown). However, when the cue is delivered during the
interval, performance is much higher and subjects have a capacity of 4-6 items (which typically scales linearly with the
number of items presented). This reveals a fragile visual memory that has much higher capacity, but which is easily
overwritten by new visual objects [24].
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blindness include the ‘man in the
gorilla suit’ that walks amidst a bunch
of people playing basketball (of which
their number of passes needs to be
counted), and is not noticed by many
subjects, despite his obvious saliency
[110].

Integrated information theory (IIT)
of consciousness: a theory of
consciousness which starts from
consideration of the essential
properties of conscious
phenomenology, such as existence,
information, integration, composition,
and exclusion. IIT proposes what
types of physical substrates can
support these properties, arriving at
some mathematical structure that is
equivalent to the structure of
conscious phenomenology [85,86].
Kanizsa configurations: one of the
most famous configurations that
induce an illusory contour. When
several PacMan-like shapes are
aligned such that the edges form a
shape, such as a triangle, the shape
is vividly experienced despite the lack
of physical contours.

Local field potential (LFP): an
electrophysiological signal
representing the summed electric
current from multiple nearby neurons,
as measured using microelectrodes
embedded within a small volume of
neuronal tissue. The LFP is believed
to represent the synchronized input
into an observed area, as opposed
to action potentials which represent
the output from the area [111].
Neural correlates of
consciousness (NCC): The neural
correlates of consciousness is the
minimal set of neuronal mechanisms
jointly sufficient for any one specific
conscious percept [112,113].
Optokinetic nystagmus (OKN): a
type of eye movement that is elicited
when a subject is presented with a
surface that moves relative to the
subject. OKN comprises a slow
phase, where the eyes follow the
movement, and a fast phase, which
goes against the movement direction
to reset the position of the eyes. In
the context of ambiguous visual
stimulation, OKN usually follows the
direction of the movement that is
consciously perceived [114-116].

P3 component: late component of
ERP, which is observed around

300 ms after an event. Some authors
have suggested that it is a signature
of conscious perception of the event.
In our article we propose that it is
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Figure 1. ANo-Report Paradigm Applied to Binocular Rivalry. (A) Green and red vertical gratings moving to the left or
the right were presented to the left and right eyes, respectively. This not only induces vigorous binocular rivalry between the
two stimuli but also an optokinetic nystagmus (OKN), with characteristic slow and fast eye movements. (B) The speed of the
OKN slow phase (thick grey line) can be used to infer subjects’ perceptual contents (arrows at the bottom), which nicely
coincides with their perceptual reports signaled via button presses (purple vertical lines). That is, when the subject reports
seeing a red and rightward-moving grating, both eyes execute the slow phase of the OKN to the right. Abbreviation: a.u.,
arbitrary units. (C,D) fMRI blood oxygen level-dependent (BOLD) contrasts at the time of perceptual transitions during rivalry
compared with those during replay when subjects either (C) reported or (D) did not report their percept. Most of the right
dorsolateral prefrontal cortex activation disappeared when subjects passively experienced rivalry without reports, implying
that the right frontal activation is not a core neural correlate of consciousness but may be a consequence of the need to
report it. Adapted from [36] with permission from the Society for Neuroscience.

dominance during binocular rivalry in which the competing stimuli have opposing motion
directions [49] (Figure 1). Based on the eye movements, the authors then inferred the timing
of perceptual switches in the absence of reports from subjects. Note that, even in the absence of
reports, subjects continued to experience vivid rivalry. In this no-report condition, occipital and
parietal areas continued to be correlated with the inferred perceptual contents. However, frontal
regions were similarly activated time-locked to a perceptual switch in genuine rivalry and replay,
whereas they showed stronger activation in genuine rivalry than replay during the report
condition. Similar results were obtained using pupil size as a perceptual readout during binocular
rivalry between static gratings of low and high luminance.

These studies point to the possibility that previously described switch-related activity in frontal
cortices may be largely related to introspection and self-monitoring [50,51], associated with the
difficulty of reporting ambiguous percepts, but not directly related to switching between
conscious percepts per se. Although activation in frontal areas is suggested to be crucial for
visual consciousness [3,52-54], activation of the same frontal regions is consistently reported in
other types of studies, investigating cognitive and executive processing such as working
memory, self-monitoring, and attention, without substantial changes in conscious phenome-
nology. Causal involvement of frontal areas has also been questioned by a transcranial
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more related to the report of the
event.

Phenomenal consciousness:
typically used as distinct from access
consciousness, a distinction coined
by Ned Block [6,75]. In the domain of
vision, phenomenal consciousness
would be the mere experience of
seeing, whereas access
consciousness would be the act of
using visual information for other
cognitive operations. See also Qualia.
Qualia: quality of conscious
experience. What it is like to have a
given experience. It can mean a
specific aspect (e.g., redness of a
rose) or a whole experience
extending across all modalities (e.g.,
seeing a sunset at the sea) [117,118].
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magnetic stimulation (TMS) study, where stimulation of frontal areas did not reveal any disruption
of conscious perception [55] but only impaired voluntary control of rivalry. Similarly, a recent
study used a magnetic resonance spectroscopy (MRS) technique to measure GABA (y-amino-
butyric acid) concentrations in the human brain, and found that GABA concentrations in visual,
but not frontal, cortex correlated with individual switch-rates for three different types of ambigu-
ous stimuli [56]. Furthermore, a massive bilateral frontal lesion in a human patient did not abolish
conscious perception, but led to deficits in cognitive, executive, visuomotor, and motivational
functions [57]. Thus, given the currently available evidence, activation and structural integrity of
the frontal areas seems to be neither necessary nor sufficient for conscious perception.

Effects of Reports at Electrophysiological Levels

The effects of reports manifest not only at the macroscopic fMRI scales but also at more refined
microscopic electrophysiological levels. Single-cell recording studies in animals such as cats and
monkeys have traditionally relied more on no-report paradigms than human studies, mostly to
reduce the time associated with behavioral training of the animals. Besides the above-mentioned
approach using binocular rivalry combined with eye movements as a perceptual readout [58,59],
flash suppression paradigms [60,61] are a popular no-report paradigm in animal experiments.
In these paradigms, induced perceptual suppression has been shown to correlate with neural
spiking activity from visual to frontal areas, with a strong gradient towards more perception-
related activity in higher-order association areas [62-66]. The higher in the visual processing
hierarchy, the higher the proportion of neurons that modulate activity depending on the inferred
conscious percept, and the stronger the amplitude of such perceptual modulation. This
conclusion is consistent with those drawn from traditional report-based paradigms employing
binocular rivalry or related multistable perception paradigms in either monkeys or humans (see
[11,67] for review).

Striking dissociations between report-based and no-report paradigms emerge when different
types of electrophysiological signals are compared. Specifically, one study [37] (Figure 2A) found
a dissociation between perceptual modulation in the low frequencies of local field potential
(LFP) in the thalamic pulvinar between the report and no-report conditions when both were
compared in the same monkeys, using a visual illusion termed generalized flash suppression
(GFS) [61]. In GFS, the onset of a moving surround pattern adjacent to a visual target stimulus
triggers the perceptual disappearance of the target. By inserting a spatial gap between target
and surround, the probability of subjective target suppression can be systematically varied to
render the stimulus ambiguous. Even with small target—-surround distances, when the suppress-
ing surrounds are presented to the same eye as the target, the target reliably remains visible,
regardless of reports. When the surrounds and the target are presented to different eyes, the
target reliably perceptually disappears, regardless of reports. Note that these manipulations of
which eyes receive the stimuli are not consciously accessible. Using these properties of GFS, the
authors first established that simultaneously recorded spikes and LFPs were strongly correlated
with monkeys’ percepts in the ambiguous condition that required reports from the monkeys [37]
(Figure 2A). In the no-report condition, monkeys passively viewed the stimuli. Without report, the
low-frequency LFP power no longer followed the percept, whereas spiking activity continued to
do so. A similar dissociation in visual cortices was also recently demonstrated in a human
magnetencephalograpy (MEG) study [68]. Hence, even in electrophysiological signals, different
aspects of neural activity (i.e., spiking outputs vs synaptic activity inferred from low-frequency
LFP [69]) can depend differentially on the act of reporting.

Inattentional Blindness: The Full Absence of Cognitive Access

Whenever subjects become aware of stimuli, it can be argued that some form of ‘report’ is the
consequence. Even when no buttons need to be pushed, stimuli may draw attention, or may be
unwillingly pondered, and hence are cognitively accessed, or ‘reported to the self’. To avoid such
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Figure 2. Neural Correlates of Reports and Phenomenology. (A) Generalized flash suppression [61] allows
manipulation of the visibility of a salient target stimulus. Monkeys fixated a central spot before the target appeared at a
parafoveal position, followed by the onset of a moving surround 2 s later. (B) In the report condition, the onset of the
surround triggered the perceptual disappearance of the target in about 50% of the trials. Monkeys pulled a lever as long as
the target was visible. If the target became perceptually invisible, monkeys released the lever. In the thalamic pulvinar,
spiking activity (top row) as well as o (9-14 Hz) and B (15-30 Hz) power of the local field potential (LFP) (bottom row) showed
reliable modulation according to the perceptual reports of the monkeys. Plots show the mean differential time-courses
between the ‘invisible’ and ‘visible’ condition induced by either perceptual suppression. Shaded areas represent the
continuous standard error of the mean between recording sites (=1 SEM). (C) In the no-report condition, invisibility was
induced by slight changes in the ocular configuration of the stimulus (see main text). Without report, only spiking, but not o«
and B power, shows modulation according to the visibility of the stimuli. Adapted from [37].
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Figure 3. Inattention Does Not Change Perceptual Organization, Perceptual Inference, and Amodal Com-
pletion. (A) Subjects were shown texture defined checkerboards while being engaged in a foveal N-back letter task. (B)
Image segmentation specific signals were obtained by subtracting the electroencephalography (EEG) responses to
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post-perceptual attention or access, inattentional blindness paradigms have been devised.
Inattentional blindness depends crucially on two factors: the diverting of attention by some task,
and not telling people in advance about a task-irrelevant stimulus. The latter is crucial because
once people know, the detection of the stimulus is often easy, even as a dual task together with
the primary attention task.

Inattentional blindness paradigms ensure that no attention, cognition, or access is drawn by
the stimulus, and that any processing of it is purely sensory. Nevertheless, inattended stimuli
are processed up to high levels. One electroencephalography (EEG) study [70] measured
responses to attended and inattended texture-defined checkerboards (Figure 3A). As a
result, many subjects did not notice the inattended checkerboards. Occipitally localized EEG
responses (Figure 3B) were evoked by the figure-ground segregation of the stimuli under the
inattention condition, and these signals did not change when checkerboards became task-
relevant. However, task relevance added more centrally localized EEG responses. Using a
visual illusion, a separate fMRI study [71] arrived at a similar conclusion. Here, PacMan-like
shapes are configured in a specific way which can induce illusory contours — a phenomenon
dubbed the Kanizsa illusion (Figure 3C) or amodal completion. The Kanizsa configurations
yielded a stronger fMRI signal across visual cortex in comparison to control stimuli, regard-
less of whether the subjects noticed the Kanizsa shapes. Apparently the amodal completion
and perceptual inference that is typical for the Kanizsa illusion is also processed in the full
absence of the act of attending, accessing, and reporting.

These findings beg an obvious question: if subjects do not notice the objects, should we not callthe
associated neural findings correlates of unconscious processing? Recent EEG experiments
[38,39] addressed this issue in a three-phase version of the inattentional blindness paradigm,
to disentangle the role of attention and expectancy, and to dissociate not attending from not seeing
(Figure 4). In the first phase, the authors presented unexpected, task-irrelevant stimuli while
subjects performed the primary task, which resulted in inattentional blindness in some subjects.
In the second phase, as a result of expectation, most subjects, including previously inattentionally
blind subjects, became aware of the task-irrelevant stimuli. In the third phase, subjects paid
attention to and performed the task on the previously task-irrelevant stimuli. By comparing the EEG
responses in the first and second phases, they isolated the neural activity that was associated with
awareness of the task-irrelevant stimuli under the no-report conditions. By comparing the second
and third phases, they distinguished those that reflected post-perceptual-, report-, and task-
related activity. These comparisons revealed that gamma band responses as well as the P3
component of the event-related potential (ERP), both of which were proposed as putative
NCC in previous studies [3], were correlated with the requirement of report and task-relevance, but
not with awareness of the task-irrelevant stimuli [39] (Figure 4). This indicates that neural processes
during inattentional blindness can be decomposed into those that reflect non-conscious proc-
essing, perceptual and conscious processing that is quickly forgotten [72] or not accessed for
report, and post-perceptual processes related to reports.

No Report, No Consciousness?
It has been argued that, if one takes away all attention, access, and report (including ‘reporting to
the self’), nothing conscious remains and, without any of these, one should talk about

homogeneous textures from the checkerboard responses. The segmentation specific early signal in the visual cortex (left
and right visual occipital cortices, LO and RO, 190-240 ms, top row) did not differ between subjects that had not noticed the
checkerboards (inattentionally blind, green lines) and subjects that had noticed them (aware, red lines). Noticing the
checkerboards just added an additional, more central EEG response at a later latency (400-450 ms). Adapted from [70]. (C)
Subjects were shown Kanizsa-type pentagons and various other shapes while performing a foveal N-back letter task (left).
The Kanizsa patterns evoked distinct patterns of blood oxygen level-dependent (BOLD) responses across visual areas
regardless of whether subjects were inattentionally blind or aware of the pentagons (right). Adapted from [71].

Trends in Cognitive Sciences, December 2015, Vol. 19, No. 12 765



Phase 1: Inattentional blindness and no report

—2uv Random array Square pattern
80Hz 0
-100 600ms 60
40
+2uV
[ ‘ %
20
Key: 0 200 400 600ms 0 200 400 600
= Random array
—0.5 mm——m +0.51V
= Square pattern
Phase 2: Aware and no report
—2uv Random array Square pattern
80Hz 80
60
-100 600ms 60
+20V 40 v 40
20 20
0 200 400 600ms 0 200 400 600
Phase 3: Aware and report
=2V Random array Square pattern
80Hz 80
60
-100 600ms 60 4
20V 40 40 \ ‘
20 20
\ 0 200 400 600ms 0 200 400 600
P3

Trends in Cognitive Sciences

Figure 4. Inattentional Blindness Paradigm Dissociates Consciousness-Related Activity From Report-
Related Activity. In the first phase, unexpected, task-irrelevant stimuli were presented while subjects performed the
primary task, which resulted in inattentional blindness in some subjects. In the second phase, as a result of expectation,
most subjects, including previously inattentionally blind subjects, became aware of the task-irrelevant stimuli. In the third
phase, subjects paid attention to and performed the task on the previously task-irrelevant stimuli. The P3 component of
the event-related potential (ERP recorded at the vertex) and gamma activation correlated with requirement of reports (or
task-relevance) but not with the stimulus awareness [39]. ERPs (left column) and time-frequency spectrograms (center
and right columns) are shown for phase 1, 2, and 3. Gamma activation behaved similarly to the P3 component. Adapted
from [39].

unconscious processing. Even more strongly, some consider the notion of conscious experi-
ence without access and report to be unfalsifiable and unscientific [73]. How can such an
argument be countered [24,74]?

The key motivation to dissociate the ‘true’ NCC from report-related neural activity is that — in
the end — we want to explain conscious experience. By including processes related to
attention, working memory, access, and report we run the risk of barking up the wrong
tree: we explain these cognitive functions, and the Hard Problem remains unanswered. It
is therefore crucial to address what aspects of conscious experience are in need of
explaining.
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Introspectively, conscious experiences appear to be ‘unified’: features are integrated into
objects, objects into scenes, scenes into developing stories. This all happens so fast and
automatically that it easily overflows anything we can cognitively access and report [75]. Some
aspects of visual experience are even hard to describe, such as texture, gloss, or shading.
Moreover, this multilevel, rich sensorial experience has been shown not to be an illusion, as
suggested by the access-proponents [76], but to be a veridical representation in our minds
[77-80] (also Box 1).

Psychological experiments have revealed the properties of visual representations that change
when one transitions from unconscious to conscious experience. A masked stimulus, for
example, may be represented at the level of its physical properties such as wavelength, whereas
once visible its representation shifts to that of perceived color [81], which depends on surround-
ing colors, scene and object context [82]. In the Kanizsa illusion we observe illusory contours and
an illusory brightness increase that are perceptually inferred, and are not represented when
masked [83]. Many more illusions are only present in the conscious mind, and are not
represented unconsciously. A review of such findings [7] arrived at the conclusion that the
key transition from unconscious to conscious representations occurs at the level where isolated
features start to be integrated into perceptual ‘wholes’ [84].

An important theoretical advance in understanding consciousness comes from the integrated
information theory (IIT) [85,86]. This theory states as one of its axioms that the key to
understanding consciousness is to define it as the integration of information. From that, it builds
a mathematical and quantitative account of what makes a system conscious. In doing so, the
theory explains many puzzling findings, such as that consciousness does not require the
cerebellum, and is absent in epileptic states or during anesthesia. Moreover, it has provided
a quantitative way of measuring consciousness in (neural) systems that seems to converge very
well with the observed levels of consciousness in those systems [87].

In IIT, consciousness is directly related to the potential repertoires of states the system can take
in representing information. In other words, provided that there is the possibility that one part of
the system can influence the other, the information in the two parts can belong to a single
conscious experience. That implies that accessibility (mediated by connectivity across areas)
has more explanatory power for conscious phenomenology than the act of cognitive accessing
itself. The theory predicts that removing the act of cognitively accessing information (as is done in
no-report paradigms) does not remove the accessibility of that information, and hence will not
remove the phenomenal experience associated with it.

Introspective phenomenology and systematic psychological investigation, as well as more
theoretical approaches, thus seem to converge on the same conclusion: the transition from
unconscious to conscious processing is marked by a massive increase in the integration of
information. This integration is what seems to define consciousness, and it hence is the
phenomenon that needs to be explained by the NCC. So far, understanding attention, access,
and report have done very little in this respect. They have great explanatory power in explaining
how people can store, use, and communicate conscious information, but have very little
explanatory power in how the information became conscious in the first place. Pre-access

"Anatomical disconnection of two parts of a conscious system, as is done in split-brain patients
[88], or in Cohen and Dennett's ‘perfect experiment’ [73], will result in two separate conscious
systems, each with their own phenomenology, and each (obviously) without any experience of infor-
mation present in the other. The interesting question in such cases is which of the two systems is
the real ‘you’.
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activity, such as the interactions between sensory areas, seems to be more successful and
promising [24,89].

Concluding Remarks

To explain anything about consciousness, we need to look for functions that explain key features
of phenomenology [7,89,90]. The empirical investigation of phenomenology will require a
thorough understanding of how parts of the system affect, and are affected by other parts
of the system. How nerve cells interact is becoming an ever more important focus of study, and
how such interactions relate to conscious experience [14,91] remains a fruitful avenue for future
research on the neural basis of consciousness.

The aim of cognitive neuroscience should be to combine all available techniques, paradigms,
and theoretical options to tackle one of the few remaining big mysteries of science. In our view, to
study consciousness, one of these options is to go beyond the report-based paradigm and
search for the true neural basis of consciousness. As a nice side-benefit, the avenue opened by
the no-report paradigm may shed light on understanding consciousness in subjects who cannot
report their conscious experience, such as animals, non-responsive patients, and babies.
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Outstanding Questions

In the main text we featured techniques
that allow us to accurately infer con-
scious contents through implicit physio-
logical measures (e.g., eye movements
and pupil size [36]), ocular configuration
[61], and expectation [38,39]. Are there
other effective measures and manipula-
tions? Can other implicit measures,
such as skin conductance, heart rate,
and respiration, or other stimulus/exper-
imental manipulations, such as adapta-
tion, prior exposure of a subset of stimuli
[92], order of presentation [26], and per-
ceptual stabilization [93], be used as no-
report paradigms and deepen our
insights into the NCC?

What type of neural mechanism sup-
ports the integrated information that is
generated by the system [85,86]? To
understand these processes, it is
essential to assess how brain regions
interact with each other [94]. Although
the empirical application is still scarce
[95-98], integrated information theory
provides a promising venue to explain
how conscious phenomenology is
supported by interacting mechanisms
[85,86]. It will thus become important
to combine no-report paradigms with
measures of integrated information or
effective connectivity, such as dynamic
causal modeling [99] and Granger cau-
sality [100].

Electrophysiological recordings from
feature-selective neurons in the lateral
prefrontal cortex showed that they are
correlated with conscious perception,
inferred from a flash suppression para-
digm without reports [66,101]. This
result is apparently inconsistent with
the above-mentioned fMRI study [36].
A direct comparison of these findings is
limited by the different research
approaches (e.g., species, flash sup-
pression vs rivalry). Will there be disso-
ciations in  neural correlates of
consciousness with report-based and
no-report paradigms in the prefrontal
cortex when comparing fMRI BOLD
with spiking/LFP signals? Do different
regions in the frontal cortex, such as
frontal eye fields (FEF), dorsolateral
prefrontal cortex (dIPFC), or orbitofron-
tal cortex, relate to different aspects of
access or consciousness?

Is parietal cortex directly related to con-
scious perception, or merely to cognitive
functions associated with perceptual
reports? Electrophysiological research
indicated that the parietal cortex is
involved in selective attention and
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perceptual decision-making [102—104],
and that different parietal regions [e.g.,
lateral intraparietal sulcus (LIP) vs middle
intraparietal sulcus (MIP)] specialize in
different effectors such as eye and hand
movements [105]. Consistent with
lesion studies in parietal cortex of
humans and monkeys [106-108], this
raises the possibility that neural activity in
parietal regions may be directly related
to effector-specific visuomotor transfor-
mations associated with perceptual
reports, rather than to conscious per-
ception per se. Are different regions
within parietal cortex, such as area 7,
more related to perceptual contents
regardless of reports, while other areas,
such as LIP and MIP, depend more on
the exact report modalities, regardless
of conscious perception? In addition to
no-report paradigms, using different
effectors for perceptual report (e.g., sac-
cade vs reaching movement, dissocia-
tion of stimulus location and report
location [29,30]) may further clarify the
role of different subregions within parie-
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