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Dreams and the daydream retrieval hypothesis
Background
Dreams and daydreams are as beguiling as they are intangible (Barrett, 2018). Both
share many features, from neurobiology to the sensed experience. Nevertheless, the
specific narrative relationship between both, if any, remains uncertain. Theories of
dream origins are many: from the psychodynamic royal road, (Freud, 1913) to
biological theories, including Hebbian based memory consolidation (Voss & Klimke,
2017), and a unified quantum brain theory that extends to waking and dreaming alike
(Globus, 2017). Both the ephemeral nature of dreams* and an inability to
simultaneously study their content and biology render them difficult to research from
a conventional biomedical perspective. This leaves agreement on the fundamental
properties of dreams as ambiguous, and even the state of consciousness enjoyed
during sleep is contested (Freud, 2013). What is known is that the qualia and
neurophysiological signature of dreams and daydreaming share many features
(Domhoff, 2011). We propose further, from a subjective experientialist position, that
dream content is specifically derived from daydreams or mindful wandering
(subserved by the default mode network [DMN]). If substantiated, this concept offers
a new insight into the origin of dreams.
*White dreams, where dreams are experienced but not remembered, account for onethird of dream reports (Fazekas, 2018)
Current state of knowledge of daydreamsDaydreaming is a state of stimulus
independent mind-wandering that may almost unknowingly occupy much of waking
life (Baird et al., 2011, Domhoff, 2011). Humans tend to daydream, or mind wander
30-50% of the time while awake (Domhoff, 2011). Daydreaming achieves deep
processing during off-task thinking with the tangible benefits of creativity conferred,
such as mental time travel (Finnbogadottir 2013). Stimulus independent and
undirected mind wandering may still be associated with enabling imagination and
creativity in the subject (Klinger and Cox, 1987; Beaty et al., 2018; Klinger 1990,
Klinger 2009, Kuzendorf et al., 1997). Daydreaming often involves mental simulation
of self into a different place, time or realm (Singer, 1966; Markman, 2009).
Daydreaming is a notable preoccupation of writers and poets and is understandably
associated with the creative type (Singer & McCraven, 1961). Fantasy, role-play and
even metaphor production are among some of the experiences and explorations of the
mind during this phase (Beaty et al., 2017). Constructive daydreaming has even been
linked with positive life attributes (Blouin-Hudon, 2016). Daydreaming also achieves
‘perceptual decoupling to escape the constraints of the moment’ and attain internal
stream maintenance (Antrobus 1964, Smallwood, 2011). Earlier theories proposed an
adaptive role of daydreams to an individual’s well-being (Singer, 1966) and suggest a
conformity to the psychodynamic framework of wish-fulfillment (Singer &
McCraven, 1961; Singer, 1998). Original psychology studies have now been
complemented with neurobiological correlates, courtesy of functional MRI scanning
and electrophysiology, which have identified the default mode network as a key hub
involved in daydreaming. Mind wandering has been shown to be strongly linked with
default mode network activity, midline cerebral hubs, such as the angular gyrus,
medial prefrontal cortex (mPFC) and posterior cingulate gyrus (Antrobus, 2016). The
dynamic functional connectivity of the DMN is proportionate with an individual’s self
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report of mind wandering (Kucyi & Davis, 2014). Charged emotions can increase the
dream-like intensity and symbolism of mind-wandering (Hartmann et al., 2003).
Some of these effects can be mimicked by psychedelic agents with ego-disintegration
at peak effects associated with loss of salience network integrity (Driesen et al., 2013;
Lebedev, 2015). Moreover, the daydreamers may not be just winning as romantics but
through enriched recruitment of ancillary networks (the dorsomedial subsystem) they
may be maximising their cognitive commitment to distal simulation and becoming in
the process creative experts (Meyer, 2019). The default mode co-operates reciprocally
as a paired network with the task positive/executive states to generate the fruits of
creative contemplation as part of daydreaming to be assimilated later.

Current state of knowledge of dreams
Hippocampal-dependent learning is accessible during non-REM sleep. This may
influence the subjective experience of dreams (Wamsley & Antrobus, 2009), which
are congruent with the dreamers’ underlying emotion (Hartshorn, 1977, Hartmann,
2010). Current concerns are known to influence dream content (Gold and Reilly, 1985,
Sikka et al., 2018) and this contribution is inflated with pre-sleep reinforcement
(Nikles II, 1998). Additionally, a theory of thwarted goal commitment posits that
unfulfilled themes can be recycled through mind-wandering or dreaming (Klinger,
2013). The personality of the sensitive soul, with so called thin boundaries, may
render a parody of dreams, the experience becoming more ‘dream-like, emotional and
bizarre.’ (Hartmann and Kunzendorf, 2006). Previous work has established that
daytime subjective experience is frequently represented in dream content (Freud,
1913; Stickgold et al, 2000; Wamsley & Stickgold, 2009, Solms, 1997), often events
from the preceding day (Freud, 1913)and influences waking affective state (Komasi et
al., 2018). Many dreams are highly visual, comprising content such as people, faces,
places, objects, and animals (Hobson, 1988). From a neurobiological perspective,
there is overlap between sleeping and mind-wandering, with activation of the DMN
and decreased activation of the dorsolateral prefrontal cortex (dlPFC; Fox, 2013,
Dang-Vu et al, 2010, Domhoff & Fox, 2015, Tagliazucchi & van Someren, et al,
2017), an area associated with decision-making and working memory, being common
to both states. Indeed, cessation of dreaming has been observed in patients with
lesions in dlPFC, leading to the forebrain dream-on hypothesis (Eichenlaub et al.,
2014, Ouhaz et al., 2018). At an experiential level, both have a similar quality and
daydreams can even seamlessly drift into dreams, resulting in a sense of continuity for
the dreamer. But apart from many shared properties, not least the sensed experience
or qualia, is there a direct relationship between dreams and daydreams?
Research methodology
Using a subjective experientialist position to examine both dreams and daydreams
provides an opportunity to explore and contrast dreams with daydreams (Yost &
Kalish, 1955). Whilst, admittedly, this is a retrospective, unreliable, and incomplete
montage of dreams and daydreams, it can still be fruitful in that it provides the only
insight into the subject of either. We used recall diaries to explore the relationship of
subject content between dreams and daydreams and identified the representation of
dream content from binary states of mind; reflective versus task positive thinking.
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These are preliminary behavioural findings, which could be used explore the
understanding of dreams further, using advances in functional imaging and
neurophysiology.
Research methodology and findings
Borrowing from Yost and Kalish (Yost & Kalish, 1955), the author drew on his own
dream content to develop a subjective experientialist position. In relating this to
wakeful experience, dream hypotheses were generated, putatively with respect to
neurobiology.
A diarised case series of dream content experienced on consecutive days over a oneweek period was recorded. Activities from the previous day were also diarised,
together with any associated thoughts and reflections. Potential links were explored
from a qualitative perspective between waking activity and dream content. A
daydream experience was one in which, according to the dynamic framework,
‘thoughts arise and proceed in a relatively free, unconstrained fashion’, an example of
which is watching the sunset (Christoff et al., 2018). Conversely, a task-positive
activity was a goal directed, attentional event (e.g., driving; Eeles et al., 2017, p.123).
Specifically, the recalled dream content included a whale, an invitation to a retirement
dinner, and a new office, respectively. Recall of waking events revealed a number of
connections to subsequent dream content i.e., reading a newspaper that featured a
story about an inflatable whale, viewing a retirement poster of a well-known
colleague, and visiting the new office of an academic peer. The associated thoughts
with respect to each waking task were generally questions concerning the object or
focus of the dream. For example, in relation to an inflatable whale in a newspaper
article, the primary though elicited at the time was ‘what would we possibly do with
one of these?’ With regard to the retirement invitation, thoughts were primarily ‘how
has work changed since I met this person? In terms of the new office, the reflective
thought was ‘what would it be like to be working in one of these rather than in my
current mess?’
The self-questioning nature of waking contemplation and the retrospective recall of
the experience would suggest a daydreaming (in neurobiology terms ‘off-task’) state
of mind (see table 1).
Interpretation
The subjective, experientialist reflections provided indicate an association between
the respective content of dreams and prior daydreaming. The time-orderliness of
experience suggests that the daydream is a sentinel event for subsequent dreaming.
Whilst limited in interpretation, by not least the sample size, this not the first study to
describe the dream experiences of a single individual to propose new theories of
dreaming (Corriere et al., 1977). However, the coincidence of peculiar and
uncommon daydream experiences reappearing in a similar guise during subsequent
dreams also suggests that such associations should not be dismissed. To this extent,
we propose that: (1) the content of mind wandering is retained for secondary
processing, and (2) the object of the daydream is woven into a dream story as a
predominantly visual representation. We posit that dreams are recycled from mind
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wandering content from the previous days. A review of the neurobiology of mind
wandering and dreaming follows.
Neurobiology of dreaming and mind-wandering
We hypothesize that the DMN generates content during daydreams for secondary
processing in dreams. What is known is that there is significant neurobiological
convergence between mind wandering and dreaming to the point that in both
simulated embodied states, the default mode is preferentially activated (Chow et al.,
2013, Fox et al., 2013). It has even been shown that incorporation of a daytime event
into the dream state, with regard to computerized tasks, is associated with
improvement in those performance-related tasks (Wamsley & Stickgold, 2018). The
question remains, however, as to how daydreams and dreams might directly
interrelate in this revised relationship (i.e., the daydream retrieval hypothesis). An
additional question pertains to whether or not the dream state introduces the
conditions under which daydreams can be retrieved, as the content of mind wandering
are frequently eclipsed during sentience (Delaney et al., 2010). There is support for
autobiographical memory and self-reflection tasks being a function of the DMN
during wakefulness (Cipolli et al., 2017). In addition, much recent evidence has been
amassed linking the dynamic functional interaction between the DMN and taskrelated networks to imagination and creative cognition (Beaty et al., 2018; Meyer et
al., 2019), production of creative ideas (Beaty et al., 2017), psychedelic experience
(Fox et al., 2018), and daydreaming itself (Kucyi & Davis, 2014). It is, therefore,
conceivable that retrieval of events from the DMN is possible during the dreaming
state.
Alternatively, candidate memory encoding sites that may be responsible for memory
consolidation under DMN thinking include the hippocampus and thalamus (McAvoy
et al., 2017). Whilst the hippocampus is critically involved in encoding and retrieval
of declarative memories, it does not appear to be active during rapid eye movement
(REM) sleep and dreams (Solms, 2013). The daydream-dream network (and any
projected network implicated in dreams) is likely to incorporate the secondary visual
cortex, which is active during REM sleep (McAvoy et al., 2017) and forms part of the
parieto-occipital hot spot (Siclari et al., 2017). The thalamus-limbic circuitry, or
thalamocortical loop, is also known to be active during REM sleep and is a candidate
system for daydream-dream anterograde memory processing (Guo et al., 2017). The
thalamus is involved in sleep wake control (Gent et al., 2018) and is rhythmically
anticorrelated with the DMN during REM sleep (Siclari et al., 2017). Perhaps this
oscillating dominance represents an alternating narrative derived from daydreaming
and generated through the thalamocortical loop and made sense of within the dream
sequence through higher-level circuitries, such as the DMN (Chow et al., 2013)?

Evidence from elsewhere
Daydreaming about loved ones is known to positively influence the state of waking
happiness (Mar et al, 2012). It is entirely possible that it is the recycling of positive
daydream content during dreaming that may reinforce this state of being. There is
evidence to suggest that activities conducive to mind-wandering are favoured as
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dream content, walking, talking and, unsurprisingly, sexual activity (Hartmann, 2000).
Further, there is a direct correlation between fantasy immersion and the phenomenal
qualities of dreams (Levin & Young, 2002). As such, if the DMN is cardinal source of
dream content then its functional antonym, the task positive state and activities
associated with its activation, should be excluded from contribution to the dreamer’s
tableau. Indeed, this would seem to be so, as activities associated with task positive
cognition, such as reading, writing, and typing occur very infrequently in dreams
(Hartmann, 2000). From an earlier position that fantasy and dreams are part of an
experiential continuum, it is known that their neurobiological origins are also shared.
What we argue is that rather than behaving in isolation, daydreams directly inform
dream content. It would be reasonable to assert that the case for default mode network
activity being a progenitor to dreams is supported by empirical data and
overwhelming logic but has yet to have been quite articulated to this effect. As one
might expect, visual manifestation of dreams diminish in late life blindness which
does nothing to contradict the visual integration of dreams from daydreams if there
are no visual cues during this time (Meaidi et al., 2014). Conflictingly, there is some
evidence that the pathways involved in REM dreaming are less imagination related
and more perception specific which runs counter to our daydream retrieval hypothesis
(LaBerge et al., 2018).
Summary thus far:





Dreams remain a highly unexplored dimension of human life relative to health
and disease;
There is support for the concept of dream content being derived directly from
preceding daydream content;
A subjective experiential perspective may be the most feasible method of
examining dream content and its link to daydreams;
The DMN or thalamocortical loop may be candidate neurobiological
circuitries for memory passed down in the dream sequence and generated by
the visual cortex.

How can this hypothesis be tested?
It is difficult to verify in waking life the state of engagement with respect to ‘on’ and
‘off’ tasks. The only definitive way of confirming this is through functional MRI
where the default mode condition can be correlated with an off-task state and vice
versa. An incremental methodology is proposed that integrates multidimensional
assessments of sleep and state of waking mind.
Part 1a: Dream recall.
A number of images can be configured for both on-task and off task during fMRI. The
images should be selected at random with no duplication. A sleep diary should be
kept by the participants. The relationship between the prevalence of images
reappearing in the dream state, as assessed by an independent rater, would be
compared with the functional paradigm (on- or off-task).
Part 1b Enriched dream recall.
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Participants could be presented with repeat displays of the images (and additional
novel images) with a question, ‘yes or no, do you recall dreaming of this item the
previous evening?’
Part 1c Challenged dream recall.
The fMRI, dream diary, dream recall series would be repeated under on-task
conditions.
Part 2 Virtual assessment
Exploration of the dream sequence could occur using the neurophysiological signature
of dreams and sleep against artificial intelligence (AI). This could be operationalised
by examining participants undergoing MRI whilst simultaneously monitoring DMN
and recording the EEG. From this, an EEG marker of DMN in daydream mode can
be established. Using this data, an AI can be used to detect subtle changes from nonday dreaming EEG states (Zappasodi et al, 2019). Dream states, using EEG, can then
be used to discriminate DMN versus task positive states via EEG. Subsequently,
participants could be monitored with an ambulatory EEG for 24 hours with an event
diary to recall their activities and thought content during the day. Detailed thought
content and the various triggers eliciting the thoughts should be recorded (perhaps at
the end of the day). The following day, participants should complete a dream diary,
and the ambulatory EEG data should be reviewed. Inference of daydreaming state can
then be made in relation to dream/daydream events to explore for associations.
What would be the benefit of dream/daydream derivation?
There may be several reasons why daydreams might provide content to the dream
state. Dreams offer a second chance to explore the boundaries of possibility, or as
Sigmund Freud declared ‘wish-fulfilment that is created during reflective wakeful
thinking.’ The influential threat simulation theory (Malcom-Smith et al., 2012) also
proposes that reward and fear conditioning, and safe rehearsal of these events, is
common during dreaming.
If reflective thinking is a definitive adaptation in humans, as the structures affiliated
with the default mode network, such as the precuneus, and their evolutionary
expansion would suggest (Bruner et al., 2017), then it may also signal the hierarchal
importance of this thinking beyond the competing immediacy of the hunter gatherer
predicament (more of a task-positive state of attention (Eeles, 2017). Revisiting this
unique default mode function during dreaming might confer certain advantages by
exploring the space of opportunity with respect to situational concerns that comes free
from physical risk and consequence. Ultimately, the daydream retrieval hypothesis is
testable. If confirmed, dreams may still be devoid of reason (Dostorevsky, 1864) but
we may be in a position to blame our daydreams.
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