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This paper approaches the debate whether perceptual consciousness requires

cognitive access from the perspective of dream studies, and investigates

what kind of findings could support the opposing views of this debate.

Two kinds of arguments are discussed, one that claims that the hypoactivity

of the dorsolateral prefrontal cortex in rapid eye movement sleep is directly

relevant, and another that proposes that locating the neural correlates of

dream experiences can indirectly inform the debate. It is argued that

under closer reflection, neither the classical claim about dorsolateral prefron-

tal cortex hypoactivity nor the more recent emphasis on general posterior

hot zone activity during dreaming stand up to scrutiny. White dreaming

is identified as the phenomenon that, nevertheless, holds the most promise

to have an impact on the debate. Going beyond the topic if studying

dreams can contribute to this debate, it is argued that cognitive access is

not a monolithic phenomenon, and its neural correlates are not well under-

stood. There seems to be a relevant form of cognitive access that can operate

in the absence of activity in the dorsolateral prefrontal cortex, and maybe

also in the whole frontal region. If so, then exclusive posterior activation

during conscious experiences might very well be compatible with the

hypothesis that perceptual consciousness requires cognitive access.

This article is part of the theme issue ‘Perceptual consciousness and

cognitive access’.
1. Introduction
The debate about the relationship between perceptual consciousness and cogni-

tive access centres around whether perceptual consciousness requires cognitive

access, i.e. whether a perceptual state can only be conscious if its content

becomes directly available for reporting, manipulation, rational control of

action, reasoning, etc. According to what might be called the ‘access view’ (or

access hypothesis, see [1]), the answer is yes, perceptual consciousness does

require cognitive access: a subject is conscious of the content of a represen-

tational state only if that content is globally available for deployment in a

wide range of cognitive tasks. According to the opposing view, which might

be called the ‘no-access view’, the answer is no, cognitive access is not necessary

for perceptual consciousness: a piece of perceptual information can become

conscious even if it is not globally broadcast, but only processed by specific

local processes.

This paper approaches the debate between the access and no-access views

from the perspective of studying dreams. Our aim is to investigate whether

and how recent findings regarding dream experiences and the dreaming

brain can inform us about the prospects of the access and the no-access

views. Two sets of arguments will be discussed in detail: one that claims that

certain characteristics of the dreaming brain—like the hypoactivity of the dor-

solateral prefrontal cortex (dlPFC)—are directly relevant for the access versus

no-access debate (§2), and another one that proposes that studying dream
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experiences is a natural no-report paradigm, and as such can

indirectly inform the access versus no-access debate via locat-

ing the neural correlates of consciousness (NCC) more

precisely than traditional report-based paradigms do (§3).

The main conclusion of the paper, however, goes beyond

the particular topic of whether dream research can provide

support for the access or the no-access view. In the course

of reviewing dream-related arguments favouring these

views, we will show that cognitive access is not a monolithic

phenomenon, and its neural correlates are not well under-

stood. This crucially affects what impact the direct and the

indirect use of dream research might have on—and, more

generally, how informative recent empirical approaches

studying the NCC can be with regard to—the debate between

the access and the no-access views (§4).
Soc.B
373:20170356
2. A direct role of studying dreams: lack of
rationality and the argument from
dorsolateral prefrontal cortex hypoactivity

Can studying the dreaming brain contribute to the debate

between the access and the no-access views? Some people

think that it can—that dreaming provides a straightforward

case for the no-access view.

(a) Dreams and rationality
In a commentary to Ned Block’s original paper introducing the

phenomenal (P-) consciousness/access (A-) consciousness dis-

tinction [2], Antti Revonsuo offers dreaming as a ‘pure case of

P-consciousness without A-consciousness [that] has all the phe-

nomenological properties without having any of the normal

functional relationships to perceptual input or external behav-

ior’ [3, p. 266]. Revonsuo argues that even if the motor output

blockade was removed and thus dream experiences could

drive dream enactments, this would still not be a case of rational

control of action, because people who have rapid eye movement

(REM) sleep without atonia often injure themselves badly

during attempted dream enactment.

Note, however, that in this respect, Revonsuo’s argument

misses the point: dreams stem from internal signals, which

are quasi-independent from actual external environmental

sources, so the question is not whether dream behaviour is

an adequate reaction to the actual physical environment. A

more promising strategy to draw conclusions with regard

to dream rationality is investigating dream bizarreness.

While some studies argue that discontinuities in dreams are

quite common [4,5], others find it much less characteristic

[6,7]. The portion of dreams with at least one bizarre content

is high (between 63 and 91%); nonetheless, dreams are only

rarely totally irrational or incongruent, and around 25% of

dreams are absolutely realistic [8,9]. That is, although ration-

ality is often present in dreams in an attenuated form, it is

never totally absent (see also [10, p. 275]).

Be that as it may with regard to dream bizarreness, this

argument for the lack of access from the lack of rationality

draws attention to a reoccurring theme of this paper: that

access is not a monolithic phenomenon (see §2d and §4).

Cognitive access has many different manifestations, and

rational control of action is only one of them—even if it is

absent, other forms of cognitive access might very well still

be in operation.
(b) Argument from dorsolateral prefrontal cortex
hypoactivity

The idea that dreaming can provide a direct support for the

no-access view has recently resurfaced in the literature in a

more sophisticated form [11–14]. According to this line of

thought, the fact that dream experiences occur in REM

sleep clearly shows that phenomenal consciousness does

not require cognitive access because the dlPFC, which is sup-

posed to be responsible for key functions behind cognitive

access, is highly inactive during this stage of sleep.

The argument runs as follows:

(i) During REM sleep, we have conscious experiences.

(ii) During REM sleep, dlPFC activity is reduced.

(iii) The dlPFC plays a crucial role in cognitive access.

Consequence: conscious experiences do not require cogni-

tive access.

If the argument is valid and sound, then studying the

dreaming brain can have a direct impact on the access

versus no-access debate by providing unequivocal support

for the no-access view. In what follows, we will be concentrat-

ing on the soundness of the argument, as we think that in

light of recent discoveries, the truth of two of the premises

can be called into doubt. Note, however, that the validity of

the argument is not guaranteed either. It hinges on whether

the reduction in dlPFC activity that premise (ii) focuses on

affects cognitive access as discussed by premise (iii). If the

residual activity of the dlPFC that premise (ii) is compatible

with is sufficient for a minimal but relevant sense of cognitive

access, then the consequence will not follow. That is, even if

one finds the following sections unpersuasive and is still

determined with regard to the soundness of the argument

from dlPFC hypoactivty, one will still have more work to

do as one will need to establish that the empirical evidence

supporting premise (ii) also blocks the possibility of cognitive

access compatible residual dlPFC activity. Especially so, as

dreams are, after all, reportable: subjects after waking from

dreamful sleep are able to report their dream experiences—

which, in accordance with the standard definition, seems to

render dream experiences cognitively accessed.

Although there are sceptical arguments with regard to

premise (i) [15–20], there is a wide consensus in the literature

that dreams are indeed conscious experiences occurring

during sleeping [3,11,13,21–31]. In accordance with this gen-

eral consensus, in what follows we are going to grant (i) and

concentrate on the other two premises of the argument.
(c) Is dorsolateral prefrontal cortex activity reduced
during rapid eye movement sleep?

Premise (ii) seems to be well supported by classical psycho-

physical findings regarding brain activity during REM

sleep. According to the mainstream of dream research,

dlPFC is highly deactivated during REM sleep, while other

parts of the frontal lobe become even more activated than

in waking [32–36] (for reviews, see [37–39]).

This pattern of activation and deactivation is hypo-

thesized to be responsible for the characteristic features of

dream experiences and dream cognition, like the fit between

the dream-actor’s behaviour and the places and objects occur-

ring in dreams, the rare presence of a well-defined purpose to
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globally organize the actor’s actions, the lack of planning,

flexibility and logical reasoning, confusions with regard to

space and time, and the rare occurrence of real full-fledged

episodic memory items [40–42].

However, while there is a broad consensus about

the intensified activation of the medial prefrontal cortex

during REM sleep, not all findings are consistent with the

standard view emphasizing the hypoactivity of the dlPFC

region. For example, in a positron emission tomography

(PET) study, Nofzinger et al. [43] famously found no signifi-

cant change in glucose metabolism in the dlPFC (compared

to the wakeful level).

In a more recent study, Kubota et al. [44], using near-

infrared spectroscopy, found REM-locked activation of the

dlPFC during REM sleep. The study, monitoring cortical

oxygenation levels, concluded that the activity of dlPFC,

which decreased after sleep onset, increased again to the

level of wakeful activity during REM sleep after the onset of

the first REM. Similar findings have been reported based on

PET [45], fMRI [46] and MEG data [47].

A very recent study relying on intracranial electrode

recordings from epilepsy patients [48] provided further sup-

port for the claim that dlPFC might actually be more active

during REM sleep than it was previously thought. The

study found that dlPFC was dominated by bursts of beta

and theta activity during REM sleep, and probably interacted

with other areas as indicated by a coherence between the beta

and theta oscillations observed in the dlPFC and those

observed in the anterior cingulate cortex.

The possible sources of the inconsistencies between classi-

cal and newer findings regarding dlPFC activity during REM

sleep are not clear yet. Important factors might be differences

in the temporal resolution of the different experimental tech-

niques [48], in the studied subject-groups, in the studied REM

stage (early- versus late-night REM [43]) or in the studied

REM microstates (phasic versus tonic REM [49]). It is also

important to note that during REM sleep, there are periods

waking from which subjects report no dream experiences

[50], so findings focusing on REM sleep itself might be

contaminated by data from such dreamless episodes.

In any case, recent findings raise doubts with regard to

dlPFC hypoactivity during REM dreams. Consequently, the

soundness of the argument from dlPFC hypoactivity

becomes controversial, as its eponymous premise (ii) turns

out to be questionable: contrary to the standard characteriz-

ation, dlPFC seems to be more active during REM sleep

than traditionally thought.

(d) Does the dorsolateral prefrontal cortex play a crucial
role in cognitive access?

As it happens, the prospects for the argument from dlPFC

hyperactivity are poor even for those who are not persuaded

by the findings that raise doubts with regard to premise (ii),

as premise (iii) seems problematic as well.

Premise (iii) is originally motivated by the global neuronal

workspace (GNW) model itself that advocates the access view

by defining cognitive access in terms of a global activation of a

broad fronto-parietal brain network (for alternative motiv-

ation, see [51]). Dehaene et al. [52–57] argue that dlPFC is a

central hub of the neuronal network (the anatomical substrate

of the global workspace) that needs to be ignited for conscious

experiences to occur. As Dehaene et al. put it: ‘the GNW
involves primarily the dorsolateral prefrontal cortex, but also

additional hubs in inferior parietal cortex, mid-temporal

cortex, and precuneus’ [56, p. 79].

The GNW theory associates consciousness with maintain-

ing information online independently of stimulus presence,

and thus connects it to working memory (WM), the dedicated

memory system that temporarily stores information and

interfaces between perception, long-term memory and

action [58–62]. The neural basis of WM consists of a distrib-

uted network with a core fronto-parietal part that is typically

activated during most WM tasks [63], and stimulus- and task-

specific sensorimotor areas that are recruited on the basis of

the actual stimulus-set and actual task demands (for reviews,

see [64–67]; for recent criticisms of the recruitment model,

see [68–70]; see also [71–73]). The dlPFC is part of the

fronto-parietal core network [63], and has been argued to

be necessary for intact WM functions [64,67,74–76]. This

association of dlPFC with WM operations and its anatomical

features (it contains a large number of pyramidal neurons

establishing long-range cortico-cortical tangential connec-

tions) are the main reasons for Dehaene et al. to claim that

dlPFC is a central hub of the GNW [52,53].

However, while early non-human primate experiments

suggested otherwise [76,77], it is now well documented by

recent studies investigating WM processes that dlPFC is

more involved in representing task-related than stimulus-

related information. Although sustained elevated activity

can be recorded in the lateral prefrontal cortex, stimulus-

specific information cannot be decoded by multi-variate pat-

tern analysis techniques [78,79]. Instead, the lateral prefrontal

cortex seems to represent abstract high-level information, like

object categories [80,81], task- and trial-relevant information

[78,82,83] and load-dependent effects [63]. According to

these studies, dlPFC is crucial for being able to act on the

stimulus in a way that conforms to task requirements, but

not so much crucial for maintaining stimulus-related infor-

mation (for reviews, see [65,84]; for opposing findings, see

[69,85]; for replies, see [71,72]).

This is problematic from the perspective of the argument

from dlPFC hypoactivity as maintaining stimulus-specific

information such that they are available for reporting is

the relevant sense of cognitive access that the access versus

no-access debate relies on [2,86–89].

Still, as one might want to argue, even if dlPFC does

not play an active role in maintaining stimulus-specific

information, it does provide top-down signals targeting

sensory areas that might be necessary for maintaining

robust sensory representations in the absence of bottom-up

sensory activity. This line of thought finds support in early

results, according to which cooling parts of the prefrontal

cortex reduce spiking activity in the inferior temporal cortex

[75] (see also [64,67,86]).

However, in the light of recent findings, dlPFC does not

seem to be necessary for maintaining stimulus-specific infor-

mation and making it available for reporting in this sense

either. For instance, in a human lesion study, Barbey et al.
[90] found that dlPFC lesions did not produce deficits in

tasks in which participants needed to repeat a sequence of

digits or a sequence of taps of different locations on a

board (for more details, see §4b). Similarly, in another

human lesion study, Mackey et al. [91] reported that focal

dlPFC lesions that spared the precentral sulcus had no

effect on performance in a memory-guided saccade task
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where participants had to remember the location of a transi-

ent stimulus and indicate it with an eye movement after a

delay period. (For reviews with the same conclusion, see

also [92,93].)

That is, recent human lesion studies demonstrate that

dlPFC lesions do not affect the maintenance of stimulus-

specific information and its availability for reporting. Since

lesion studies are especially apt for refuting claims about

the necessity of a given brain region for performing specific

functions, these results indicate that dlPFC activity, contrary

to the claim of premise (iii), is not required for cognitive

access. This breaks the alleged direct link between characteristics

of the dreaming brain and the no-access view.
 rans.R.Soc.B
373:20170356
3. An indirect role of studying dreams: localizing
the neural correlate of perceptual experience

Parallel with the debate between the access and no-access

views, there is a related debate regarding whether the NCC

extend to the front of the brain or are confined to the back.

Access-related (e.g. GNW) theories attribute critical role

to frontal regions [52–56,57,94], while no-access accounts

typically advocate posteriorly localized NCC [86,95–98].

In this context, it has recently been claimed that studying

dreams could indirectly inform the access versus no-access

debate via locating the NCC more precisely than traditional

experimental paradigms do.

(a) No-report paradigms
In recent years, there has been a proliferation of research and

review papers arguing that previously reported frontal NCC

components are, in fact, not required for conscious experi-

ences—they are rather only confounds that occur due to

some cognitive factors evoked by the specific task require-

ments of classical report-based paradigms where conscious

experiences are identified on the basis of subjective reports

(for reviews, see [31,38,99–103]; for criticism, see [85]).

The problem with classical report-based paradigms is that

they typically contrast two conditions that share the same

sensory input but differ in conscious experiences and result

in distinct reports. On the one hand, distinct reports inform

the experimenters that the subjects had distinct conscious

experiences; but on the other hand, the difference between

the neural activities occurring during the two conditions

partly corresponds to the difference in the reports, thus

confounding the NCC [100,104].

The ability to report is based on factors like vigilance,

attention, introspection and motor response [38,100,105].

No-report paradigms try to control for report-based

confounds by creating conditions that can ensure that none

of these factors are in operation. For example, Pitts et al.
[106–108] used an inattentional blindness paradigm to

divert attention from test stimuli, and relied on late reports

to control for vigilance, introspection and motor response

during stimulus presentation.

However, becoming alert, introspecting and attributing

attentional resources non-focally are not easy to control and

especially not easy to attenuate in the necessarily task-

oriented settings of experimental sessions [105]. Wakeful

subjects are always conscious of something: even in

‘unconscious’ trials, when a particular stimulus is rendered
unconscious, subjects are conscious of many aspects of the

actual experimental setting, and also of the task require-

ments, which generate expectations, keep subjects alert and

trigger introspection and metacognition.
(b) Dreaming as a natural no-report paradigm
Studying dreams offers a unique possibility to reduce the

confounding effects of such cognitive factors [31,38,101].

Dreaming subjects are not concerned about reporting their

experiences, neither are they engaged with a specific task.

Comparing dreaming with dreamless sleep, thus, is not just

a no-report, but also a no-task paradigm. (Importantly, it is

also generally considered to be a within-state paradigm that

is free of the confounds generated by the radical shifts in

the level of consciousness characteristic of studies comparing

waking consciousness with unconsciousness [109,110].)

Vigilance, introspection, attention and metacognition are

naturally attenuated in dreaming [34–36,42]. From this

perspective, studying the neural correlates of dream experi-

ences can provide particularly relevant information about

the NCC, and thus might indirectly contribute to the access

versus no-access debate.

In a groundbreaking study, Siclari et al. [31], using high-

density EEG recordings in a serial awakening paradigm

where subjects were awakened in 15–30 min intervals [50],

contrasted the presence and absence of dream experiences

both in REM and NREM sleep. Comparing both high-

(20–50 Hz) and low-frequency (1–4 Hz) components of the

EEG signal, Siclari et al. found that the presence or absence

of consciousness correlated with local changes in high- and

low-frequency activity, irrespective of global EEG character-

istics. According to Siclari et al., the occurrence of dream

experiences correlates with a decrease in the low-frequency

EEG component localized to a so-called ‘posterior hot zone’

(low- and high-level sensory areas, precuneus, posterior

cingulate, retrosplenial cortex). Consequently, Siclari et al.
argue that, in line with the conclusions of recent no-report

paradigms [38,100–102,106–108,111], their findings support

the view that previously highlighted frontal NCC com-

ponents were, in fact, confounds, and the true neural correlate

of consciousness can be localized to posterior areas.

Note that this claim is in tension with the findings regard-

ing dlPFC activity in REM sleep discussed above [44–48], as

those findings imply some frontal activity. Indeed, despite

the authors’ emphasis on the posterior hot zone [31,38,101],

even Siclari et al. reported increased frontal activity: in cases

of successful dream recalls versus having no dream experi-

ences the high-frequency EEG component increased in areas

extending outside the posterior hot zone to parts of lateral

frontal cortex (including dlPFC, especially in REM) and tem-

poral lobes (see fig. 3c in [31]). Others also reported that

successful dream recall positively correlated with increased

frontal activity in the theta band [112–115] that has been

associated with episodic memory encoding and WM main-

tenance [116–119]. Moreover, according to a recent study,

during dream experiences, even decreased low-frequency

activity extends beyond the posterior hot zone: it has been

found that successful dream recall correlated with reduced

low-frequency activity not just over the posterior hot zone

but also over frontal and temporal areas as well [120].

In the light of these findings implicating frontal activity

during dreaming, the general conclusion that ties conscious
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experiences to posterior hot zone activity seems less well sup-

ported (see also [85]). Consequently, the findings uncovered

by studies comparing successful dream recall with no

dream experiences have no clear implications with regard

to the debate between the access and no-access views on

consciousness.
 ypublishing.org
Phil.Trans.R.Soc.B

373:20170356
(c) White dreams and the perfect experiment
Before concluding that the evidence emerging from studying

dream experiences is, in fact, uninformative with respect to

the access versus no-access debate, one more phenomenon

needs to be considered: white dreams. White dreams, also

called contentless dreams, are reported dream experiences

without the ability to recall any specific content: after awa-

kening, subjects are certain that they were dreaming but are

unable to report any details about these dreams. In serial

awakening paradigms, approximately 30% of recorded

answers report white dreams [31,50,121–123].

Siclari et al., beyond contrasting successful dream recall

with having no dream experiences, also investigated white

dreams and compared their neural correlates with the

neural correlates of dream experiences with successful recall

of details and with the neural correlates of having no

dream experiences. The occurrence of white dreams, just

like proper dream experiences with reportable content, corre-

lated with decreased low-frequency EEG activity in the

posterior hot zone. However, in the high-frequency range,

Siclari et al. [31] found a significant difference between

white dreams and dream experiences with reportable con-

tent: although they both correlated with increased activity

in the posterior hot zone, in the case of white dreams, this

activity did not extend to frontal and temporal areas.

White dreams, thus, present a case in which the neural

correlate of a conscious experience is indeed localized to the

back of the brain. Moreover, white dreams are also interesting

from the perspective of the access versus no-access debate.

Given the interpretation that during white dreams, subjects

have dream experiences the details of which they then are

unable to report, white dreams seem to be similar to classical

cases motivating the no-access view [86,124,125]. Subjects in

the Sperling paradigm, for example, insist that they have

experienced the whole array of letters, yet they are unable

to report details about most of the items [124].

We are not claiming here that white dreams provide a

clear case for perceptual consciousness without cognitive

access. We are only suggesting that if studying dreams can

have any impact on the access versus no-access debate at

all, then white dreams might be the most promising targets

for further investigations. White dreaming is an immensely

under-explored phenomenon open to many different

interpretations. Typically, white dreams are interpreted as

forgotten dreams [31,126] and are sidelined as not being par-

ticularly informative with regard to the nature of dreaming.

Existing findings are also ambiguous. Contrasting white

dreams with dream experiences with reportable content

showed no difference in posterior hot zone activity in the

high-frequency range, suggesting that these regions are just

as active during white dreaming as during those forms of

dreaming waking from which subjects are able to recall

specific details (see Fig. 3b in [31]). However, when con-

trasted with having no dream experiences, white dreams,

again, showed no difference in high-frequency posterior hot
zone activity, which seems to indicate inactivity in the pos-

terior hot zone (see electronic supplementary fig. S4a in

[31]). (During dream experiences with reportable content,

there is increased high-frequency posterior hot zone activity

compared to cases in which subjects report having no

dream experiences, see fig. 3a in [31]).

Nevertheless, granting that content-specific posterior

regions are active during white dreaming (even if only to a

lesser degree than in the case of dream experiences with

reportable content, as this seems to be the most plausible

interpretation of the ambiguous data presented above), and

given that frontal areas associated with cognitive access are

inactive, white dreaming might be the closest real-world

counterpart of the hypothetical ‘perfect experiment’ (aiming

to detach the regions responsible for phenomenal conscious-

ness from other regions that underly cognitive access) that is

often discussed in the literature on the debate between the

access and no-access views [96,127–129].
4. The neural correlate of cognitive access
The access view maintains that for consciousness, direct

availability for reporting, manipulation, rational control of

action, reasoning, etc. is necessary. This is a monolithic con-

ception of cognitive access that does not differentiate

between these different functions. Rather this monolithic con-

ception of cognitive access is tied to different neural

signatures like dlPFC activity, the occurrence of the P3b com-

ponent of the P300 event-related potential, or global ignition

in a widespread fronto-parietal network [38,52–56,57,94],

without investigating which phenomenon is the neural

signature of which particular function.

Recent objections against the access view target these

specific neural signatures, and try to show that they do not

correlate with conscious experiences. For example, Frässle

et al. [111] using a no-report condition of binocular rivalry

found that most of the right dlPFC activation disappeared

when subjects passively experienced rivalry without reports.

They conclude that right frontal activity is not part of the

NCC, but only required for report. In another set of studies,

Pitts et al. [107,108] using an inattentional blindness para-

digm and collecting late reports found that when subjects’

attention was diverted and immediate reports were not

required the P3 signal diminished. The study by Siclari

et al. [31], arguing that dream experiences correlate with pos-

terior hot zone activity fits into this trend. The emphasis on

posterior hot zone activity [38,101,102] is meant to highlight

that consciousness does not require frontal activity.

However, recent enquiries into the neural underpinnings

of WM operations revealed that different WM functions

depended on different neural substrates. These findings are

highly relevant for the access versus no-access debate.

(a) Different working memory functions and the
relevant sense of cognitive access

In a typical WM task, subjects are asked to retain certain

information about a briefly presented stimulus throughout

a delay period, and then produce a specific behavioural

output that is partly determined by the information main-

tained, and partly by task requirements. From this, it is

already evident that WM needs to temporarily store both
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stimulus-specific and task-specific information to be able to

properly interface between perception (and/or long-term

memory) and action.

Task requirements can vary widely, from simple mainten-

ance, through active monitoring, to full-fledged manipulation

[90]. Maintenance is the online retention of information in

WM. In a maintenance task, for instance, subjects are asked

to repeat a sequence of visually or aurally presented digits,

or a sequence of locations tapped on a board [130]. Monitoring
is the process of deliberately attending to information in WM.

In a monitoring task, for example, a sequence of letters is

visually or aurally presented, and subjects need to indicate

whether the letter presented last (or one, two, etc. items

before that) matches a target stimulus [131]. Manipulating is

the rearrangement and transformation of the information

maintained for goal-directed behaviour. In a manipulation

task, for instance, subjects see or hear a sequence of alternat-

ing digits and letters, and then are asked to rearrange the

digits in numerical order, and the letters in alphabetical

order [130,132].

As it has already been emphasized (§2d), from the perspec-

tive of the access versus no-access debate, the relevant sense of

cognitive access is the direct availability of stimulus-specific

information, as the question is whether consciously experien-

cing a stimulus requires cognitive access to information

about the features of the stimulus. We have also seen, that

simple maintenance tasks already measure cognitive access

in a relevant sense, as the information maintained becomes

available for subsequent report [2,86–89].

(b) The dorsolateral prefrontal cortex and
cognitive access

Given all this, the conclusion of recent human lesion studies

[90–93] that dlPFC is not necessary for the maintenance of

stimulus-specific information in WM (which is also supported

by transcranial magnetic stimulation [133] and transcranial

direct current stimulation studies [134]; see also [135]) means

that in a relevant minimal (i.e. simple maintenance) sense,

dlPFC activity is not required for cognitive access (see §2d).

For example, Barbey et al. [90] investigated the perform-

ance of subjects with dlPFC lesions, non-dorsolateral PFC

lesions and no brain lesions in standard neuropsychological

tests that selectively measured different aspects of WM

functions. The tests administered differentiated between

maintenance, monitoring and manipulating. Barbey et al.
found that intact dlPFC was crucial only for the manipulation

of verbal and spatial information in WM (left dlPFC), and for

the manipulation of information in tests of arithmetic and

spatial reasoning (right dlPFC). Lesions of the dlPFC had

no effect on performance in maintenance and monitoring

tasks: patients with dlPFC lesions could repeat a sequence

of digits in order, could repeat a sequence of tapping different

locations on a board in order and could indicate whether the

most recent item of a visually presented sequence of letters

matched a target stimulus [90].

In the light of these findings, the fact that dlPFC acti-

vation disappeared in Frässle et al.’s passive viewing

condition [111] does not necessarily mean that the content

of the subjects’ experiences were not cognitively accessed,

as relevant information maintenance—and in the light of

the Barbey et al. study [90], even monitoring—could have

occurred without dlPFC activity.
(c) Diminished P3b signal and cognitive access
Although in the access versus no-access literature, the P3b

signal is linked to fronto-parietal activity [55], its neural

generators are, in fact, debated. Some localize the source

of the P3b signal to parietal– temporal regions [136],

others suggest that it is generated by activity in the

superior parietal lobule and the posterior part of the cingu-

late gyrus [137]. Wronka et al. [137] argue that the P3b

signal is related to activation of a posterior network reflect-

ing a comparison of the neuronal model of perceived

stimulation with the attentional trace. Given this interpret-

ation, Pitts et al.’s findings [107,108] imply that diverting

attention disrupts such monitoring functions. Nevertheless,

these findings might still be compatible with cognitive access

via simple information maintenance not requiring monitoring

or manipulation.

Just as dlPFC activity might reflect only one type or one

aspect of cognitive access, the P3b signal might reflect only

another aspect. Their disappearance, thus, does not entail

the lack of cognitive access altogether as further aspects of

cognitive access might still be in operation.

(d) Cognitive access and frontal activity
Similar concerns can be raised against attempts that try

to use studying dreams—along with other no-report

paradigms—to indirectly address the access versus no-access

debate by arguing that frontal regions are not required

for conscious experiences (see §3). The transfer of this

conclusion to the access versus no-access debate is not

straightforward. There is no immediate link between the

frontal-posterior and the access versus no-access debates,

because, as we have seen, inactivity of certain frontal regions

does not necessarily speak in favour of the no-access

position, because the frontal regions in question might not

be necessary for access itself.

However, as one might try to argue, even if cognitive

access is possible without dlPFC activity, it might not be

possible without at least some kind of frontal activity. (For

instance, Mackey et al. [91] argue that while intact human

dlPFC is not, intact precentral sulcus is necessary for spatial

WM. See also §2d.) From this perspective, studying white

dreaming (see §3c) might be an interesting option for propo-

nents of the no-access view, because during white dreams,

there seem to be no local activations in frontal brain regions

whatsoever. Nevertheless, even studying white dreams

could turn out to be uninformative with regard to the ques-

tion whether perceptual consciousness requires cognitive

access, as according to some recent findings, cognitive

access is possible even without any kind of frontal activity.

In a human lesion study, Ivanova et al. [93] found that frontal

areas are not necessary for simple WM tasks: only lesions in

the superior and middle temporal gyri affected performance

in a verbal two-back task (requiring information maintenance

and monitoring) where participants were instructed to judge

if a word in a continuous string of aurally presented words

was the same as the one preceding it two items back. As

the superior and middle temporal gyri are parts of the pos-

terior hot zone [101], this result suggests that even findings

that place the seat of consciousness in the posterior hot

zone—and thus raise doubts with regard to the particular

way the GNW theory implements the access view—can

provide no unequivocal support for the no-access view.
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5. Conclusion
The debate about the relationship between perceptual con-

sciousness and cognitive access is motivated by a

disagreement regarding whether a perceptual state can only

be conscious if its content becomes cognitively accessed, i.e.

directly available for reporting, manipulation, rational control

of action, reasoning, etc. In this debate, existing literature

relies on a monolithic conception of cognitive access that is

anchored to neural underpinnings such as activity in the dor-

solateral prefrontal cortex, or, more broadly, in a widespread

fronto-parietal network. Studying the dreaming brain has

been proposed as a possible source of information that could

advance this debate by demonstrating that having dream

experiences does not correlate with increased dlPFC and fron-

tal activity. In this paper, we have argued that under closer

reflection, neither the classical claim of dlPFC hypoactivity

nor the more recent emphasis on general posterior hot zone

activity during dreaming stands up to scrutiny. We have

identified white dreaming as the phenomenon that,

nevertheless, holds the most promise to have an impact

on the debate on the relationship between consciousness
and cognitive access. Going beyond the topic whether

studying dreams can contribute to this debate, we have

argued that recent findings raised doubts with regard to

whether cognitive access requires dlPFC activity, or even

any kind of frontal activity, as there seems to be a relevant

form of cognitive access that can operate in the absence of

dlPFC, and maybe also total frontal, activation. If so, then

exclusive posterior activity during conscious experiences

might very well be compatible with the hypothesis that

perceptual consciousness requires cognitive access.
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