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s u m m a r y

Reports of white dreams, the feeling of having had a dream experience without being able to specify this
experience any further, make up almost one third of all dream reports, yet this phenomenonduntil very
recentlydhad not yet been in the focus of targeted investigations. White dreams are typically interpreted
as forgotten dreams, and are sidelined as not being particularly informative with regard to the nature of
dreaming. In this review article, we propose a paradigm shift with respect to the status of white dreams
arguing that focusing on this phenomenon can reveal fundamental insights about the neural processes
that occur in the dreaming brain. As part of this paradigm shift, we propose a novel interpretation of
what white dreams are. This new interpretation is made possible by recent advancements in three
different though interrelated fields focusing on dreaming, mental imagery, and wakeful perception. In
this paper, we bring these different threads together to show how the latest findings from these fields fit
together and point towards a general framework regarding the neural underpinnings of conscious ex-
periences that might turn out to be highly relevant not just for dream research but for all aspects of
studying consciousness.

© 2018 Elsevier Ltd. All rights reserved.
Introduction

Theorising about dreaming necessarily relies on two sets of data
that ought to be collected in parallel: objective measures of brain
processes occurring in the dreaming brain, and subjective reports
of the contents of dreams. In a significant proportion of all cases,
however, subjective reports are not availabledsubjects, although
certain that they had dream experiences, cannot recall any specific
content. Our paper focuses on this phenomenon, called white
dreaming.

Until very recently, no targeted endeavour ventured to explore
the characteristics of white dreams. This changed when a study
sychology, University of Ant-
.
as).
provided white dream specific electroencephalography (EEG) data
for the first time [1]. Nevertheless, since in evaluating its findings
the original study did not directly focus on white dreams, this
corpus of data has not been fully analysed, and conclusions about
the nature of white dreaming have not been discussed in detail. The
findings, however, are worth analysing: as we shall argue, they
fundamentally reshape how to think about white dreams and the
process of dreaming in general.

This paper has three parts. In the first, introductory part, we
discuss the phenomenon of white dreaming, and the two main
existing strategies that attempt to interpret it. In the second part,
we overview recently published findings about the EEG correlates
of white dreams, and argue that they suggest a third, novel kind of
interpretation that offers a distinctive picture with regard to the
nature of white dreams. Finally, in the third part, we provide a
review of the literature arguing that our new interpretation is also
supported by the body of evidence that has been accumulated in
the relevant sub-fields of dreaming, mental imagery and wakeful
perception.
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White dreams and their interpretations

Subjects waking from sleep sometimes report having specific
dream experiences (sleep mentations) which they can describe in
detail (contentful dreams). Other times subjects deny having any
kind of pre-awakening experience whatsoever (no dream experi-
ence). Interestingly, a significant portion of post-awakening reports
describe a distinct feeling of having been dreaming prior to awak-
ening, yet subjects are unable to recall any details about these
dream experiences. Such instances of dream experiences without
reportable content are called white dreams [2e5] or contentless
dreams [6].

Early studies utilising dream diaries to record dream reports
found that approximately 30% (varying between 11% and 45% in
different studies) of post-awakening reports described white
dreams (approx. 50% contentful dreams and 20% no dream expe-
rience; all sleep stages combined) [6]. This general distribution has
been confirmed by recent studies relying on a serial awakening
paradigm performed in a laboratory environment finding that 33%
of total post-awakening reports described white dreams (45%
contentful dreams, 22% no dream experiences) [7]. The specific
proportion of white dreams, however, widely varies in different
stages of sleep: it is around 15% in rapid eye movement (REM) sleep
[7], and around 40% in non-rapid eye movement (NREM) sleep
(Noreika and colleagues reported an overall 39% from NREM [8];
Siclari and colleagues found approx. 20% in N1, almost 40% in N2,
and almost 40% in N3 [7]).

In experimental paradigms aiming to study factors underlying
differences in dream recall, both reports of no dream experience
and reports about white dreams sometimes count as instances of
‘non-recall’, i.e., a failure to report dream content [9,10]. Moreover,
studies focusing on the content of dream recalls typically sideline
white dreams as particularly uninformative [11e14]. On the other
hand, when the ability to recall any dream experience is in the
centre of interest, white dreams are sometimes lumped together
with contentful dreams [15].

However, reports of contentful dreams, white dreams, and no
dream experience presumably describe different phenomena. Early
studies already established that the phenomena characterised by
contentless and dreamless reports were qualitatively distinct, as
the proportion of their occurrence was differently affected by fac-
tors like the actual stage of themenstrual cycle or the length of total
sleep time [6]. A more recent study concluded that all three phe-
nomena have unique EEG signatures [1].

White dreams as forgotten dreams

To be able to report any kind of dream content upon awakening
requires many conditions to be met. First, a dream experience
needs to occur during sleeping (dream generation), second, the
content of the experience needs to be stored (encoding), and third,
the subject needs to have access to this stored information after
awakening (retrieval) [16,17].

In the case of white dreams, taking subjects' reports that they
did undergo dream experiences but don't have access to the details
at face value implies a problem either with dream encoding or with
retrieval. From the perspective of this ‘forgotten dreams’ interpre-
tation, then, white dreams are full-fledged (contentful) dream ex-
periences, the content of which nevertheless cannot be recalled
either due to failures of storing these experiences inmemory or due
to failures of accessing such memory traces after awakening.

Traditionally, white dreams are accounted for in terms of
problems with retrieval. Cohen [18] summarises three different
explanations of reporting white dreams: the content of white
dreams might be repressed by defence mechanisms; they might be
lost due to interference with unrelated tasks after awakening; or
they might be lost due to the dramatic state change that occurs
during the transition from sleeping to waking (see also Ref. [19]).

White dreams as imageless dreams

According to an alternative interpretation, at least a proportion
of the reports describing white dreams might not result from
forgetting the content of the dream, but might rather faithfully
characterise the actual dream experience itself. That is, some dream
experiences underlying reports of white dreams might be ‘con-
tentless’ or ‘imageless’ in the sense that subjects experience only a
minimal form of conscious presence with no narrative structure,
and no specific percepts, bodily sensations or thoughts occurring
during such experiences [20,21].

The guiding analogy of this interpretation of white dreams is the
experience that expert meditators describe as a bare form of con-
sciousness that involves only a basic form of subjective temporality
(experiencing a phenomenal ‘now’) with a sense of duration [20],
or a basic form of subjective existence (experiencing being alive)
[22,23] that might even be deprived of the spatial aspects of self-
location and self-identification [21].

According to this interpretation, then, (at least a portion of) white
dreams would be somewhere in between dreams with reportable
content and dreamless sleep with no experiences whatsoever
forming a transitional state in which subjects are not yet totally un-
conscious but already lack content-specific experiences [20,21].

Neural correlates of white dreaming

In a recent study that is groundbreaking in many respects, Siclari
andcolleaguespresented, for thefirst time, EEGdatacomparingwhite
dreams (in their terminology: DEWRstanding for ‘dreamexperiences
without recall of content’) with no dream experiences (in their ter-
minology: NE standing for ‘no experiences’) and with contentful
dreams (in their terminology: DE standing for ‘dream experiences’)
[1]. Focusingonanuncommentedaspectof theoriginalfindingssheds
new light on the neural underpinnings ofwhite dreaming, and allows
for a reevaluation of existing accounts of white dreams.

The original findings

In their study, Siclari and colleagues relied on a serial awakening
paradigmwhere subjects were awakened in 15e30min intervals [7].
Using high-density EEG recordings they contrasted both high-
(20e50 Hz) and low-frequency (1e4 Hz) components of the EEG
signals from the last20 s preceding awakenings thatwere followedby
reports of nodreamexperiences,white dreams, or contentful dreams.

Comparing white dreaming to no dream experiences in NREM
sleep, the findings showed decreased low-frequency component
over posterior regions labelled posterior hot zone (low- and high-
level sensory areas, precuneus, posterior cingulate, retrosplenial
cortexdFig. 1(a)), whereas there was no significant difference in
the high-frequency component (Fig. 1(b)).

Comparing contentful dreams to white dreams in NREM sleep
no significant differences could be detected in the low-frequency
component, however, in the high-frequency range there was an
increase over medial and lateral frontal areas (Fig. 1(d)).

Comparing contentful dreams to no dream experiences in both
REM and NREM sleep showed decreased low-frequency component
over the posterior hot zone, and an increase in high-frequency
activity over the posterior hot zone that also extended to parts of
the lateral frontal cortex and temporal lobes (Fig. 1(c)).

Finally, in cases in which subjects reported contentful dreams
with specific content-types occurring in them (e.g., dreams with



Fig. 1. Comparisons of local changes in low- and high-frequency electroencephalography (EEG) components in non-rapid eye movement (NREM) sleep [1]. (a) Comparison of
1e4 Hz component in subjects reporting white dreams compared to subjects reporting no dream experience. Low-frequency component decreases in the posterior hot zone, when
subjects report dream experience (Fig. 1b in Ref. [1]). (b) Comparison of 20e50 Hz component in subjects reporting white dreams compared to subjects reporting no dream
experience. No significant difference in high-frequency component is detected in the posterior hot zone (Supplementary Fig. 4a in Ref. [1]). (c) Comparison of 20e50 Hz component
in subjects reporting contentful dreams compared to subjects reporting no dream experience. High-frequency component increases in the posterior hot zone and lateral posterior
and temporal regions when subjects report contentful dreams (Fig. 3a in Ref. [1]). (d) Comparison of 20e50 Hz component in subjects reporting contentful dreams compared to
subjects reporting white dreams. Significant difference in high-frequency component is detected only in medial and lateral frontal areas, but not in the posterior hot zone (Fig. 3b in
Ref. [1]). Reproduced with permission.
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faces) the EEG signal (obtained during REM sleep) showed increased
activity in the high-frequency component compared to contentful
dreams without the specific content-type (e.g., dreams with report-
able content but no faces occurring in them) in the particular brain
area that processes the specific content-type in question during
normal perception (e.g., in fusiform face area in the case of dream
experiences containing faces).

The original interpretation

White dreams, according to Siclari and colleagues, are forgotten
dreams, i.e., subjects reporting white dreams had contentful
dreams but they have forgotten the content of these dreams.
Contrary to the traditional retrieval-centred explanation of the
inability to recall relevant dream content [18], Siclari et al. shift the
focus to problems with encoding as their findings indicate that the
most consistent difference between being versus not being able to
report dream content lies in increased high-frequency activity
(correlating with contentful dreams) in fronto-central areas that
are typically associated with memory encoding (Fig. 1(d)).

Siclari and colleagues emphasise the importance of local changes
over specific brain regions in high- and low-frequency activity as the
correlate of the presence or absence of different dream experiences
irrespective of global EEG characteristics and overall sleep stages.
Motivated by the findings regarding increased high-frequency EEG
activityover content-specific regions, Siclari andcolleagues conclude
that the local increase in high-frequency activity is the neural
correlate of specific dream contents. On the other hand, since a local
decrease in low-frequency (slowwave) activityover theposteriorhot
zonewasobservedbothduringwhitedreamsandcontentful dreams,
Siclari and colleagues suggest that the localised reduction of low-
frequency activity over the posterior hot zone is a necessary condi-
tion for conscious experiences to occur [24,25].

Weak content-codes in white dreaming

However, importantly from our present perspective, with regard
to the EEG correlates of white dreaming some results may suggest
an alternative interpretation.

First, the interpretation that white dreams are contentful
dreams which, then, are forgotten is not consistent with the finding
that there is no difference in high-frequency activity when white
dreaming is compared to no dream experiences (Fig. 1(b)). Ac-
cording to the forgotten dream interpretationwhite dreamers have
contentful dreams but after awakening this content cannot be
recalled. Siclari and colleagues propose that a difference in high-
frequency activity over fronto-central areas (Fig. 1(d)) is related to
this difference in the ability to recall. However, if this interpretation
was true, then during white dreams the high-frequency component
should have shown the same kind of elevated activity over the
posterior hot zone than during contentful dreams, since increased
activity in these content specific regions are supposed to be the
neural correlates of specific dream contents [1,26]. But when
compared to no dream experiences, white dreams show no such
elevated activity (Fig. 1(b)).

Evenmore interestingly, note a discrepancy in the data-set itself.
The comparison between contentful dreams and no dream expe-
riences (Fig. 1(c)) tells us that the high-frequency activity in the
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posterior hot zone in contentful dreams is significantly higher than
during no dream experiences. The comparison between contentful
dreams and white dreams (Fig. 1(d)) adds that the high-frequency
activity in white dreams in the posterior hot zone is also higher than
during no dream experiences, since it is not significantly different
from the similar activity in contentful dreams. (Note that Fig. 1(d)
shows a difference between contentful dreams and white dreams
only in medial and lateral frontal areas). But, as we have seen, ac-
cording to the comparison between white dreams and no dream
experiences (Fig. 1(b)), activity in the high-frequency range in the
posterior hot zone during white dreams is not significantly higher
than during no dream experiences.

How can high-frequency activity during white dreams appear to
be significantly higher than baseline (i.e., during no dream experi-
ences)whencompared to contentful dreamsbut appear tobe around
baseline when compared directly to no dream experiences? A plau-
sible answer seems tobe that high-frequencyactivity in the posterior
hot zone shows a small amount of increase during white dreams as
welldwhich could then have been concealed by thresholding in the
original study. This hypothesis is supported by the unthresholded
map on Fig. 4b in the supplementary material of Siclari et al. [1] that
shows slight but non-significant increase in high-frequency activity
in contentful dreams with respect to white dreams. That is, high-
frequency activity in the posterior hot zone during white dreams is
somewhere between baseline, i.e., the level of activity characteristic
of no dream experiences, and the level of activity characteristic of
contentful dreams (such that the differences neither between con-
tentful dreams andwhite dreams, nor betweenwhite dreams andno
dream experiences are statistically significant, whereas the differ-
ence between contentful dreams and no dream experiences is sta-
tistically significant). This would, then, mean that white dreams
correlate with a low but existing increase in high-frequency activity
over the posterior hot zone. (Note that high variability in this activity
could also account for the resultsd for more details see the section
“Quality of experiences and dream recall” below.)

White dreams are low quality experiences

The finding that high frequency activity during white dreams is
increased compared to no dream experiences but weaker than dur-
ing contentful dreams seems to be incompatible with existing ac-
counts of white dreaming and points towards a new interpretation.

Quality of neural representations and quality of experiences

Increased high-frequency EEG activity indicates higher neural
firing rates, and thus higher intensity population codes [1,27e29]
representing specific contents of dreams. The intensity of popula-
tion codes (i.e., the amplitude of the neural response function) is a
determinant of the quality of neural representation: more intense
population codes are more robust, produce stronger signals and
allow for better read out [30,31]. Other determinants of the quality
of neural representations are the precision of the neural response
(i.e., the inverse variance of the population response function) as
more precise population codes provide more unique representa-
tions, and the length of active maintenance [32,33].

Changes in the quality of underlying neural representations are
reflected in the perceived quality of corresponding conscious expe-
riences. For instance, attention induced increase in the intensity of
population codes [34] representing e.g., stimulus contrast or satu-
ration results in higher apparent contrast [35] or increased level of
perceived saturation [36], respectively.

In general, the quality of conscious experiences is a feature-
family of experiences determining how specific content-elements
(visual, like e.g., spatial setting, faces, movement; auditory, like
e.g., speech; and also thoughts; emotions, etc.) appear in an expe-
rience. The quality of an experience can be characterised along
dimensions like vividness (how noticeable a specific content-
element is), ambiguity (how distinguishable a content-element is
from other content-elements), and stability (how long a content-
element is present in the experience) [37,38].

Thequalityof consciousexperiences canbereducedalongall these
dimensions. The different ways of having degraded conscious expe-
riences are underlain by neural representations,which are reduced in
quality along corresponding dimensions (less vivide lower intensity;
more ambiguous e lower precision; less stable e shorter mainte-
nance). This correspondence between the quality of neural repre-
sentation and the quality of conscious experiences accounts for a
multitude of findings reporting reduced awareness [38e43].

Weak content-codes in white dreams implicate low quality
experiences

According to the alternative interpretation provided by our
proposal, the weak (i.e., low intensity) content-codes indicated by
the Siclari et al. study [1] as the correlate of white dreaming imply
that subjects having white dreams undergo reduced quality dream
experiences.

White dreams (at least a significant portion of them, see below),
therefore, are not forgotten dreams, as suggested by the standard
interpretation [1,20,21]dnot at least in the sense of having clear
and vivid content that cannot be recalled, as the content of white
dreams, according to our interpretation, is neither clear nor vivid,
but reduced in quality. The pre-awakening EEG differences be-
tween white dreams and contentful dreams in posterior regions
implicated by our analysis suggest that a full explanation requires
more than reference to failure of retrieval (since that would imply
only a post-awakening difference) or of encoding (since that is
typically associated with activity in fronto-central areas).

White dreams are not imageless dreams, as suggested byWindt
and colleagues [20,21] either, as they do have content, although this
content is not clear, not vivid enough. Content-specific brain areas
that underly having conscious experiences with specific contents
are activated during white dreamsdonly to a lesser degree than
during dreams with reportable content.

Put another way, in accordance with our hypothesis, both the
‘forgotten dreams’ and the ‘imageless dreams’ interpretations cap-
ture somethingcorrectlyaboutwhitedreams: the former is right that
white dreams have some content that cannot be recalled after
awakening; and the latter is right that white dreams are somewhere
inbetweencontentful dreamsandnodreamexperiences in the sense
that subjects undergo a reduced kind of experience.

Low quality experiences in dreaming, mental imagery and
wakeful perception

In this section, we argue that by focusing on the quality of
conscious experiences, various threads in the literature can be
brought together providing further support for the interpretation
that white dreams are low quality experiences.

Quality of experiences in REM dreams and NREM mentations

To determine the visual qualities of dream experiences (and to
circumvent the problem of describing often vague dream experi-
ences verbally [19]), several studies developed different varieties of
visual scales based on variations of a single photograph, where each
variation was reduced along one or more dimensions like colour
saturation, brightness, figure clarity, background clarity, overall
hue, etc. [44e50]. These studies uncovered that, in general, REM



P. Fazekas et al. / Sleep Medicine Reviews 43 (2019) 84e9188
dreams are better quality (i.e., more vivid, clear, etc.) than NREM
mentations [46,47,51], and that awakenings from phasic periods of
REM are followed by reports of better quality dream experiences
than awakenings from tonic periods [46,52e55]. It has also been
implicated that enhanced quality dream experiences are underlain
by increased neural activity [46,48,56].

Our proposal extends this picture with the suggestion that in-
dividual dream experiences reported from the same state (REM or
NREM sleep; phasic or tonic period) as well can and typically do
differ in quality (vividness or clarity), just as individual vividness
changes in mental imagery on a trial-by-trial basis [57,58].

Quality of experiences in mental imagery

In line with a recent shift from a bottom-up framework [59,60]
to a top-down framework [61,62] regarding how to think about
dream experiences, various lines of evidence suggest that mental
imagery is closely related to dreaming [19]. Damage in or near the
temporo-parieto-occipital junction is followed by both a cessation
of dreaming [63,64] and problems with mental imagery in wake-
fulness [65e67]. In children, the ability to recall dreams correlate
with the development of mental imagery and visual-spatial skills
[19,68,69]. Dream recall frequency in adults also correlates with a
greater waking capacity for visualisation [70e72]. Most interest-
ingly from our present perspective, the strength (vividness) of
mental imagery correlates with the quality of dream experiences
[72].

This association between mental imagery vividness and dream
vividness is especially informative as a correlation between mental
imagery vividness and brain activity in relevant content-specific
regions [1] has recently been reported by a series of studies both
at a trait level [73,74], and at the level of trial-by-trial variations
[57,58]. Trial-by-trial subjective mental imagery vividness also
correlates with ‘imagery strength’, i.e., the priming effect of mental
imagery on the dominant stimulus in a succeeding binocular rivalry
presentation [75e77], which can be seen as an indicator of the
quality of the neural code underlying the imagined content
[78e81].

More specifically, Dijkstra and colleagues [57] found that
experienced imagery vividness correlatedwith increased activity in
posterior regions like early visual cortex, precuneus and right pa-
rietal cortex (and also in the medial frontal cortex) on a trial-by-
trial basis. Similarly, Fulford and colleagues [58] reported that
subjective imagery vividness judged image by image correlated
positively with activations of a series of posterior brain regions
including the precuneus, posterior cingulate, and higher order vi-
sual association cortex. The posterior regions implicated in these
studies are all parts of the posterior hot zone in which the findings
of Siclari et al. [1] indicate slightly increased activity during white
dreams (compared to no dream experiences).

Quality of experiences in wakeful perception

In masking paradigms, it has been demonstrated that there is a
continuous transition between clearly seen and not seen stimuli,
such that in intermediate cases subjects, although report having
experiences but only in a dim or unclear form, and are less certain
about or even have no knowledge of the identity of the stimuli
[82e88]. As one moves along this continuum from clearly seen
stimuli towards not seen stimuli, the experiences subjects report
get more and more degraded, their content becomes less vivid and
more generic up until a point where subjects, although still confi-
dent that they are perceiving something, are not able to discern any
kind of detail in their experience. These are the kind of experiences
that are reported as a ‘weak glimpse’ on the perceptual awareness
scale (PAS) [83,86,88]. PAS offers four categories that had been
constructed to reflect and generalise subjects' own descriptions of
how to differentiate between degrees of awareness of a stimulus
[83]. These categories are: ‘no experience’, when subjects have no
impression of the stimulus; ‘weak glimpse’, when subjects have a
feeling that something has been shown but cannot specify any
features of the stimulus; ‘almost clear experiences’, when subjects
have an ambiguous experience of the stimulus with more vivid
impressions of some stimulus aspects and less vivid impression of
others; and ‘clear experience’, when subjects have a clear, unam-
biguous experience of the stimulus. The ‘weak glimpse’ rating
captures the case when subjects are almost certain that they have
experienced something but cannot recall any detail about the
stimulusdwhich is strikingly similar to the descriptions subjects
typically give about white dreams.

Over and above these phenomenological similarities, recent
findings regarding the neural underpinnings of degraded wakeful
experiences also support the new interpretation proposed here
that white dreams are low quality experiences, as degraded expe-
riences are found to be underlain by reduced neural activity
[84,89e91] such that the level of the neural activity correlates with
the quality of the experience.
Conclusion: a continuum of reduced quality experiences

The results reviewed so far support the claim that individual
conscious experiences in general, and dream experiences in
particular can be of different quality, and this difference in
perceived quality correlates with local changes in neural activity
over content-related brain regions.We propose that the Siclari et al.
study [1] uncovered a manifestation of this phenomenon in the
varied increase of high-frequency EEG component in contentful
dreams and in white dreams.
Quality of experiences and dream recall

‘Weak glimpse’ type of experiences in wakefulness are at the
low quality end of the spectrum of degraded conscious experiences,
where the experience is so unclear and generic that no detail can be
discerned, and the corresponding neural activity is also very weak.
However, the high-frequency EEG activity found during white
dreams over the posterior hot zone had intermediate values rela-
tive to values characteristic of no dreams and contentful dreams [1].
This means, that not all white dreams are of the lowest quality,
rather, the reported intermediate values might have resulted from
averaging over a continuum of different dreams with vividness
(and corresponding intensity of underlying neural activity) ranging
from very low to relatively high.

Nonetheless, reports of white dreams are uniform in that sub-
jects cannot recall any content. This raises the question why the
contents of the higher quality experiences of the continuum lead-
ing to reports of white dreams are not reflected in dream recalls. A
possible answermight be a consequence of the fact that contrary to
the ‘online’ reports of the typical mental imagery and wakeful
perception paradigms, studying dreams characteristically relies on
‘offline’ reports that depend on encoding in and retrieval from long-
term memory. As the quality of neural representations determines
how robust they are and how efficient read out they make possible
at later stages of processing [30,31], successful memory encoding
might require a certain minimal quality, i.e., there might be a
threshold such that dream experiences with below-threshold
quality cannot efficiently be encoded in memory. This might also
account for the weaker high-frequency medial and lateral frontal
activity during white dreams compared to contentful dreams



Practice points

1. Recent white dream specific EEG data indicates a weak

but higher than baseline neural activity (i.e., weak but

existing content-specific population codes) in posterior

areas during white dreams.

2. Characteristics of the underlying neural representations

(intensity, precision) are associated with corresponding

characteristics of conscious experiences (vividness,

clarity), which, we argue, implies that during white

dreaming subjects undergo low quality dream

experiences.

3. Studies focusing on the visual appearance of dreams

already established differences between the vividness of

dreams in REM and NREM and during tonic and phasic

periods. We extend this picture by emphasising similar

difference between individual dream experiences.

4. Recent findings regarding wakeful mental imagery viv-

idnessdwhich is associated with the vividness of

dreamsddemonstrated that changes in mental imagery

vividness correlated with changes in cortical activity in

the same posterior regions that were implicated by white

dream specific EEG data.

5. Experimental paradigms focusing on wakeful perception

also demonstrated that consciousness was graded, and

found a correlation between the quality of experiences

and the intensity of brain activity.

6. We emphasise that recall failures might occur not just

due to problems with encoding or retrieval, but also

because dream generation itself produces experiences

with different quality.

7. Features of dreams are determined by local fluctuations

of the physiological characteristics of brain activity. The

global neurochemical milieu in different stages of sleep

only constrains these fluctuations. This shifts the

emphasis from a traditionally dichotomous REM/NREM

view of dream generation to a more continuous picture.
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uncovered by Siclari et al. [1] (see Fig. 1(d)), which is associated
with reduced memory encoding.

Having said all this, it needs to be acknowledged that the find-
ings available so far are compatible with the possibility that a
smaller proportion of white dreams are better quality and are above
the threshold of encoding, but nevertheless, due to some encoding
failures, they do not get encoded properly. That is, the category of
white dreams might not be a uniform category, it might be a
mixture of low-quality and forgotten dreams. Note, however, that
high quality but forgotten dreams cannot form a significant pro-
portion of white dreams, as that would be incompatible with the
intermediate values of high-frequency EEG activity over the pos-
terior hot zone detected during white dreams (compared to no
dreams and contentful dreams).

Cases in which subjects reporting white dreams upon awak-
ening become able to recall details about their dreams later during
the day might indicate a third subtype of white dreams that are
initially forgotten due to a failure of retrieval. This subtype, how-
ever, must, at best, forms only a minority of all white dreams as a
more significant proportion would be incompatible with not just
the intermediate values of high-frequency EEG activity in the
posterior hot zone, but also with the decreased high-frequency
activity over medial and lateral frontal areas, as these cases
would require properly encoded dream experiences.

These considerations reinforce the old idea emphasised by
Goodenough [16] that thinking about dream recall as an “all-or-
nothing affair” is a mistake. Dream experiences vastly vary with
regard to their content and formal characteristics (length,
complexity, bizarreness, etc.), and also their quality (vividness,
ambiguity, stability). At least three stages lead to successful dream
recall from dream generation, through memory encoding to
retrieval. The standard account interpreted white dreams as results
of problems either with encoding or with retrieval. Our goal in this
paper was to highlight the importance of the first stage. The process
of dream generation, especially the quality of the generated dream
experiences (and the corresponding neural representations)din
line with the salience hypothesis that (besides other factors) also
emphasised the importance of the vividness of dream contents
[10,18,92]ddoes affect whether the content of dreams can be
recalled or not. Very low quality contents are not clear, not vivid
enough even for online recognition. Better but still low quality
experiences might not be robust enough to be properly encoded.
And even if encoded, low quality dream contents might be more
difficult to retrieve [46,93,94] (see also in the case of mental im-
agery [95]) explaining why cued or prompted recall is more effec-
tive than free recall [17]. This continuum in the quality of dream
experiences is further reflected (above the threshold of encoding
and in the case of successful retrieval) in the reports that some-
times describe highly vivid complex dream scenery with a lot of
details, but other times only a clear central image in front of an
unspecific background, or great uncertainty evenwith regard to the
foreground as well [46].

Quality of experiences and different stages of sleep

REM dreams and NREM mentations in general differ in length,
complexity, and also in their perceptual quality [19,96]. It is known
that slow waves, characteristic features of NREM sleep, reflect an
oscillation between neuronal up- and down-states, which disrupts
stable causal interactions between, and interferes with the normal
functioning of, affected cortical areas [25,97,98]. Nir and Tononi [19]
suggest that the shortness and lower complexity of NREM menta-
tions might be due to the quick disruptions caused by occurring
down-states. Longer, complex dreamsmight require long up-states,
which is normally the case in REM sleep. Similarly, the occurrence
of slowwaves (and the neurochemical milieu in general) might also
constrain the stability and intensity of possible neural representa-
tions, and thus the quality of conscious experiences as well. For
example, local slow waves can occur during wakefulness [99], and
REM sleep as well [100], while slow wave activity can locally
decrease during NREM sleep [1].

These considerations, together with the framework proposed
here reframes the classical debate about the role of REM and NREM
sleep in dreaming, and instead of a dichotomous view that em-
phasises the differences in the number, length, complexity and
perceptual quality of dreams recalled from REM and NREM stages
of sleep [62,96], it advocates a more continuous, more graded
picture. According to this graded view, the actual physiological
characteristics of the brain impose local constraints [25] on the
stability and intensity of relevant neural activity patterns, and thus
influence the qualities of conscious experiences. In NREM sleep the
overall conditions are in general unfavourable for the occurrence of
higher quality experiences, but local changes could nevertheless
subserve them and could give rise to NREM dream experiences that
are similar to REM dreams. This could then reconcile the conflict
between the two strands of findings that, on the one hand, high-
light the lower number and lower quality of contentful dreams and
the higher number of white dreams reported from NREM sleep,
whereas on the other hand, stress the similarities between some
REM and NREM dream experiences [62,96].



Research agenda

1. New investigations should focus on how local changes in

brain activity are related to trial-by-trial changes in the

vividness of dreams, the vividness of mental imagery,

and the degree of awareness of rapidly presented or

masked stimuli.

2. Multivariate pattern analyses techniques should be

combinedwith the serial awakening paradigm to confirm

the hypothesis that white dreams are underlain by higher

than baseline but weak cortical activity in posterior brain

areas.

3. Such techniques might also be used to test whether the

features (e.g., intensity) of cortical activity correlating

with conscious experiences are able to predict the quality

(e.g., vividness) of dream experiences or mental

imagery.

4. The link between trait-like characteristics (like high/low

level of dream recall, proclivity for daydreaming, vivid-

ness of mental imagery) and the intensity of underlying

brain activity should also be systematically explored

both within and across individuals.

5. Investigations need to be extended to the relation be-

tween other features of relevant neural representations

and corresponding dream experiences as well. For

example, bizarreness is a prominent characteristic of

dream experiences, and uncertainty in dreams is one of

the important factors that determines dream bizarreness.

Reported uncertainty, however, might result from the

perceptual ambiguity of certain elements of the dream,

i.e., the decreased quality in the sense of too generic

nature of particular contents of dream experiences,

which in turn could arise from low precision neural

representations.
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