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A B S T R A C T   

Dreams are one of the most bizarre and least understood states of consciousness. Bridging the gap between brain 
and phenomenology of (un)conscious experience, we propose the Topographic-dynamic Re-organization model 
of Dreams (TRoD). Topographically, dreams are characterized by a shift towards increased activity and con-
nectivity in the default-mode network (DMN) while they are reduced in the central executive network, including 
the dorsolateral prefrontal cortex (except in lucid dreaming). This topographic re-organization is accompanied 
by dynamic changes; a shift towards slower frequencies and longer timescales. This puts dreams dynamically in 
an intermediate position between awake state and NREM 2/SWS sleep. TRoD proposes that the shift towards 
DMN and slower frequencies leads to an abnormal spatiotemporal framing of input processing including both 
internally- and externally-generated inputs (from body and environment). In dreams, a shift away from temporal 
segregation to temporal integration of inputs results in the often bizarre and highly self-centric mental contents 
as well as hallucinatory-like states. We conclude that topography and temporal dynamics are core features of the 
TroD, which may provide the connection of neural and mental activity, e.g., brain and experience during dreams 
as their “common currency”.   

1. Introduction 

1.1. Dreams: a special state of both consciousness and brain 

Dreams are one of the most bizarre states of consciousness. They 
display a peculiar level of awareness as a hybrid state between awake 
consciousness and completely unconscious. At the same time, dreams 
(during REM sleep) exhibit bizarre mental contents which usually do not 
surface in our waking consciousness. While the dream contents are often 
strange or bizarre, they nevertheless are somewhat (i.e., indirectly) 
semantically associated with our own daytime experiences (Blagrove 
et al., 2011; Corsi-Cabrera et al., 1986; Koninck et al., 1990; Malinowski 
and Horton, 2014; Nielsen et al., 2004; Solomonova et al., 2015; 
Stickgold et al., 2001; Wamsley and Stickgold, 2011). Moreover, dream 

contents mediate newly learned skills and individual differences in in-
tellectual strengths and weaknesses (Blagrove and Pace-Schott, 2010; 
Butler and Watson, 1985; Fitch and Armitage, 1989; Fogel et al., 2018, 
2022; Foulkes et al., 1990). 

Dreams also reflect a special state of the brain. During phasic REM 
sleep, changes in key nodes of the Default-Mode Network (DMN) have 
been observed (Hong et al., 2021). There is not a simple decrease in 
functional brain communication, though, but rather, a topographic 
re-organization of higher-order areas like in the case of DMN & fron-
toparietal connectivity (relative to other regions like lower-order 
unimodal) (See below for details) (Houldin et al., 2021). A variety of 
changes in other brain’s regions and networks has also been observed; 
these include the hippocampus and amygdala; the extent to which is 
correlated with emotional load, bizarreness, and the vividness of dreams 
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(De Gennaro et al., 2011; see also Benedetti et al., 2015). 
Changes in the brain’s topography become even more complex in 

lucid dreaming. Subjects showing high frequency of lucid dreaming 
exhibit increased functional connectivity during the awake resting state 
between prefrontal and temporal-parietal cortex (Baird et al., 2018). 
The state of lucid dreaming itself is associated with increased activation 
of the precuneus, parietal, prefrontal and temporal cortex (Dresler et al., 
2012) and sensorimotor areas (Dresler et al., 2011). These topographic 
features are accompanied by dynamic changes in the power and/or 
phase in beta, theta, alpha and gamma frequencies (Siclari et al., 2017, 
2018, 2020; Ruby, 2020; Schreiner et al., 2018, 2021; Schreiner and 
Staudigl, 2020) and specific EEG microstates Bréchet and Michel (2022) 
during dreams. 

Taken together, this renders dreams a special brain state and form of 
consciousness that remains challenging to investigate scientifically from 
both a neuronal and phenomenological perspective. 

1.2. From brain to experience: neurophenomenal hypotheses 

How do these topographic and dynamic changes in the brain during 
dreams yield the experience of bizarre contents and the peculiar level/ 
state of consciousness? Various models have been suggested, including: 
predictive coding (Clark, 2013; Hobson, 2009; Hobson et al., 2021), 
activation input modulation (AIM, Hobson, 2009; Hobson et al., 2022), 
integrated information (Tononi et al., 2016), spatiotemporal framework 
(Windt, 2010, 2020), the activation-synthesis theory (Hobson and 
McCarley, 1977) and the scanning hypothesis of REM sleep (Leclair--
Visonneau et al., 2010). These models focus mainly on the neural 
changes underlying dreams. In contrast, they more-or-less leave open 
how these neural changes lead to the abnormal experience of one’s self 
and its bizarre mental contents during dreams. Bridging that yet open 
gap between neural and mental levels of dreams is the main goal of this 
paper. Therefore, our aim is to connect the experience in dreams to their 
neural substrates by developing so-called neuro-phenomenal hypotheses 
(Northoff 2014a and b, Northoff, 2015). 

Here, we introduce the Topographic Dynamic Re-organization model 
of Dreams (TroD). In a nutshell, the TroD proposes that both topography 
and temporal dynamics are reorganized in the dreaming brain which, in 
turn, reorganizes the spatiotemporal coordinates of our experience, that 
is, the structure of consciousness and its mental contents (See Fig. 1). We 
introduce an explicitly spatiotemporal model of dreams which allows to 
bridge the gap between neuronal fluctuations and mental (or phenom-
enal) experience (Northoff et al., 2020a, 2020b). This remains one of the 
main challenges in the scientific study of dreaming and of consciousness 
in general (see Box 2). 

tfThe TRoD relies on two key background assumptions. First, 
following the Temporo-spatial Theory of Consciousness (TTC) 
(Northoff and Huang, 2017; Northoff and Zilio, 2022a, 2022b), it as-
sumes dream consciousness to be essentially based on the brain’s 
spatiotemporal features, notably its topography and temporal dy-
namics (see Box 2 for comparing the TTC with other theories of con-
sciousness). Secondly, TRoD relies on the background assumption that 
the spatiotemporal features of the brain’s neural activity, i.e., its neural 
topography and temporal dynamics, resurface in more-or-less corre-
sponding spatiotemporal features of our experience, i.e., mental 
topography and temporal dynamics. Both topography and temporal 
dynamics are shared by neural and mental states as their “common 
currency” (Northoff et al., 2020a, 2020b; Northoff and Scalabrini, 
2021). Finally, we do not claim to develop an overarching or complete 
theory of dreams. Instead, our aims are more modest. Here, we aim to 
describe a model of dreams elaborating the connection of neural and 
mental features, e.g., neuro-phenomenal hypotheses that can be tested 
experimentally Fig. 1. 

2. Part I. Topographic re-organization during dreams 

2.1. Default-mode network and lateral prefrontal cortex 

One cannot conceive the brain’s topographic changes in REM sleep 
without taking into consideration the other sleep stages. NREM 1 sleep is 
characterized by mostly activation in visual cortex and its various 
widespread regions. At the same time, it seems that the lateral prefrontal 
cortex and the Central Executive Network (CEN) tend to reduce their 
activity level at this stage (Tanabe et al., 2020). NREM 2 shows more 
diffuse changes which are not yet clearly identified, as the results are 
somewhat counterintuitive, if not contradictory (Fox et al., 2016; 
Tanabe et al., 2020), although event-related approaches have clarified 
brain areas that are specifically activated during NREM, in response to 
events such as spindles (Andrade et al., 2011; Caporro et al., 2012; Jegou 
et al., 2019; Laufs et al., 2007; Schabus et al., 2007; Tyvaert et al., 2008) 
and slow waves (Caporro et al., 2012; Dang-Vu et al., 2008) and their 
functional significance (Bergmann et al., 2012; Boutin et al., 2018; 
Dang-Vu et al., 2010; Fang et al., 2020, 2022; Fogel et al., 2017). Finally, 
slow-wave sleep (SWS) shows generally reduced activity levels in 
widespread regions of the brain with lower degrees of functional con-
nectivity between all regions (Tanabe et al., 2020). Given the difficulty 
in acquiring simultaneous EEG and fMRI, in general, and especially 
during sleep, caution is warranted, as these results are based on a limited 
number of small studies, especially for REM sleep. 

REM-sleep is characterized by a variety of changes in different re-
gions. One key finding is increased activity and connectivity within the 
cortical midline regions of the DMN in especially medial prefrontal 
cortex (Fox et al., 2016; Houldin et al., 2021). At the same time, activity 
in lateral prefrontal cortex and CEN is reduced (Fox et al., 2016). 
However, recent work has found that all canonical resting state net-
works (Smith et al., 2019) are present in REM sleep, and that there are 
no unique resting state functional networks specific to REM sleep per se 
(Houldin et al., 2019). In addition, functional connectivity in REM sleep 
resembles that of the awake state (Houldin et al., 2021). Hence, the basic 
networks are all present during dreams as in the awake state. What is 
different in dreams compared to the awake state is the exact weighting 
or balancing among the different networks relative to each other, that is, 
their overall topographic organization. The REM-related changes in the 
reciprocal modulation of medial vs. lateral prefrontal cortex/DMN vs. 
CEN, with the shift towards the DMN at the expense of CEN need to be 
considered within the overall topographic context that puts REM-sleep 
within the continuum of the different sleep stages (Houldin et al., 
2019, 2021). 

MRI studies of lucid dreaming (LD) also suggest a key role of the 
DMN and CEN (see Dresler et al., 2015; Baird et al., 2019 for excellent 
overviews). LD is a state where one becomes aware that they are asleep 
and in a dream state. In a seminal study, Voss et al. (2009) observed 
increased activity in lateral prefrontal cortex as key region of the CEN; 
that was further supported by a subsequent combined fMRI-EEG study 
where lateral prefrontal activity was heightened together with the pre-
cuneus and inferior parietal lobule as typical regions of the CEN (Dresler 
et al., 2012). Subsequently, further support for elevated activity of the 
dorsolateral prefrontal cortex (Filevich et al., 2015) and its increased 
functional connectivity with temporo-parietal associations regions 
(Baird et al., 2018, 2019) were reported (See also Dresler et al., 2015)  
Fig. 2. 

2.2. The hippocampus 

During REM sleep, increased activation and connectivity of medial 
temporal regions, including the hippocampus are observed (Fox et al., 
2016 for review). Given that the hippocampus is key in encoding and 
retrieving memory, this fits well with the observation that recent and 
remote memories are retrieved during dreams as well as. At the same 
time, memory consolidation is enhanced during dream-rich sleep. 

G. Northoff et al.                                                                                                                                                                                                                                
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However, relatively little is known about replay during REM sleep, 
specifically. REM and NREM sleep are important for dissociable aspects 
of memory (for review see Rasch and Born, 2013; Fogel et al., 2022), and 
reactivation has been observed in both REM (Laureys et al., 2001; 
Maquet, 2000) and NREM (Antony et al., 2018; Bergmann et al., 2012; 
Boutin et al., 2018; Fogel et al., 2017; Jegou et al., 2019). Not only is 
reactivation observed during sleep, but there is also a replaying of the 

spatial and temporal information of the encoded memory trace that 
repeatedly unfolds during subsequent sleep (Buzsáki, 1989; Girardeau 
et al., 2009; Lansink et al., 2009; Louie and Wilson, 2001; Skaggs and 
McNaughton, 1996). 

Various studies show that the content of newly acquired memories is 
reflected in the content of our dreams (Kussé et al., 2012; Stickgold 
et al., 2000; Wamsley et al., 2010a, 2010b; Wamsley, 2014), suggesting 

Fig. 1. Visual representation of “Awake state” vs “Dream state” according the Topographic-dynamic Reorganization model of dream (TRoD). The main hypotheses of 
topographical, internal-external cognition, dynamic and content levels are represented for both states. 
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that replay transcends the cellular, systems, behavioural and perceptual 
levels (Abel et al., 2013). While dream incorporation suggests that REM 
sleep might be principally responsible for replaying of newly acquired 
memories, hippocampal replay is primarily thought to occur during 
NREM sleep. During NREM sleep, the brain enters a burst state, char-
acterized by sleep spindles and slow waves. Reactivation and replay are 
thought to occur during time-locked hippocampal ripples nested in the 
troughs of sleep spindles, temporally grouped by the excitatory phase of 
slow oscillations during NREM sleep (for review of the Active Systems 
Consolidation hypothesis, see Diekelmann and Born, 2010). This process 
is thought to underlie the hippocampal-neocortical transfer of the 
memory trace, as part of the memory consolidation process. While this 
might explain the role of NREM sleep in memory consolidation, the 
neural mechanisms and role of REM sleep (especially in humans, where 
dreaming can be confirmed) is less clear. However, recent studies sug-
gest that REM sleep refines newly formed memory traces via selective 
pruning of synapses, and strengthening of remaining ones (Li et al., 
2017). 

Taken together, sleep is involved in the hippocampal-neocortical 
dialogue occurring during memory consolidation. This process, driven 
by the action of slow waves, spindles and hippocampal ripples, pre-
dominates during NREM sleep, and is reflected by reactivation an even 
neuronal replay of the memory trace. During subsequent REM sleep, the 
memory is processed further, and there is some limited evidence for 
replay, the intensity of which may be related to rapid eye movements 
and theta rhythms (Thompson et al., 2021). This process may be re-
flected in dream content (Wamsley and Stickgold, 2011). 

We propose, albeit speculatively, that the changes in hippocampus 
and related memories need to be viewed within the context of the brain’s 
overall change in topography and temporal dynamics. Specifically, the 
hippocampus-based retrieval of memories during dreams takes place 
within a DMN-centred topographic organization that dynamically is 
slower than in the awake state. That, we propose, will lead to an altered 
meaning of the retrieved events during dreams compared to the awake 
state (See below for details). 

2.3. Visual cortex 

What about sensorimotor regions? There is increased activity in 
widespread regions of the visual cortex during dreams, i.e., REM, 
compared to NREM sleep stages (Domhoff and Fox, 2015; Fox et al., 
2013, 2016). This is even more remarkable given that the eyes are closed 
during sleep such that the subjects do not receive direct visual input 
from the external environment. The observed activity increase in visual 
cortex may consequently be related to internally-generated rather than 
external inputs from either within the visual cortex itself or other re-
gions, that is, its own spontaneous activity. This is further supported by 
EEG studies that, during resting state in REM, show increased faster 
frequencies (gamma) in parietal and occipital electrodes, the so-called 
‘posterior hot zones’ of consciousness (Storm et al., 2017; Tononi et al., 
2016), which also correlates with the phenomenologically reported 
dream content (Siclari et al., 2017, 2018; see also Bréchet et al., 2020 for 
EEG-based occipital microstates related to dreams; see also Ruby, 2020 
for a critical review). 

Together, the visual cortex’ resting state activity is elevated in 
dreams which can only be related to an increase in internally-generated 
visual inputs by the spontaneous activity itself. In contrast, task-evoked 
activity in the visual cortex is usually associated with externally- 
generated visual inputs. During sleep, this remains absent due to the 
lack of visual processing of external environmental inputs (the eyes are 
closed). Interestingly, the extent of visual cortex spontaneous activity 
during dreams reaches the same level as the awake state when pro-
cessing external visual inputs (Houldin et al., 2021). 

During dreams, subjects may thus take the increased internally- 
oriented visual inputs of their spontaneous visual cortex activity to be 
indicative of events occurring in the external environment (Northoff and 
Qin, 2011 for an analogous case in auditory cortex during auditory 
hallucination in schizophrenia). The internally-generated visual inputs 
are processed similar to as externally-generated visual inputs, for which 
reason they may be perceived as external visual events from the outer 
environment (rather than as internal visual imaginations of one’s own 
inner self) (Hong et al., 2008, 2018, Hobson et al., 2022). 

Fig. 2. Global signal correlation in human subjects in different stages of sleep (Tanabe et al., 2020 on the left side) and activated and deactivated regions of the brain 
during REM, relative to the wakefulness, as measured by Positron Emission Tomography (Hobson, Gott, Friston, 2021 on the right side). 
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This is well in line with the observation that the visual cortex activity 
pattern and its contents during dreams resemble those during external 
perception in the awake state (Horikawa et al., 2013; see also Andrillon 
and Kouider, 2020 for review of partially preserved input processing in 
dreams). As in auditory hallucination (Northoff and Qin, 2011), one is 
therefore more or less certain that the ‘dream world’ reflects or, perhaps 
even is the ‘real world’ – except in Lucid dreaming where one is aware of 
the dream as dream and where the visual imagery is even more realistic 
than in the awake state (LaBerge et al., 2018; Siclari et al., 2017, 2018). 
Visual experiences during dreams may thus be conceived more or less 
analogous to visual hallucinations, i.e., hallucinoid dreaming (Hobson, 
2009; Nelson et al., 1983; Siclari et al., 2017, 2018; Tononi, 2008; 
Walker and Stickgold, 2004; Windt, 2010, 2020). 

Other primary regions beyond the visual cortex show similar pat-
terns. For instance, the auditory cortex can show increased activation 
during dreams – this is manifest in auditory hallucination-like percep-
tion (Dresler et al., 2011, 2021; Fogel et al., 2022; Mainieri et al., 2019; 
Siclari et al., 2020). While the motor cortex is usually decreased in 
dreams except in sleepwalking (Dresler et al., 2011, 2021; Fogel et al., 
2022; Mainieri et al., 2019; Siclari et al., 2020). Together, this suggest 
that the changes during dreams involve various unimodal regions and 
are not limited to the visual cortex. 

2.4. Summary of cortical changes: topographic re-organisation 

Together, these findings suggest that while REM-sleep is character-
ized by a remarkably wake-like functional state (Houldin et al., 2019, 
2021), there is also a distinct cortical topography compared to both 
awake state and NREM-sleep (see also Qin et al., 2021): (i) the reciprocal 
DMN-CEN balance is shifted towards the DMN with reduced activity 
level in CEN; (ii) medial temporal regions including the hippocampus 
seem to show elevated activity; (iii) the visual cortex, despite the closed 
eyes with lack of external visual input, is elevated in its spontaneous 
activity; (iv) the motor-related areas show preserved activity in 
higher-order motor regions like supplementary area, but, generally 
decreased activity in motor cortex itself. 

Accordingly, the dreaming brain (i.e., during REM) is characterized 
by a special topography (as distinct from both awake and non-REM 

sleep) with an abnormal shift towards midline DMN, hippocampus, 
and visual cortex at the expense of CEN and other sensorimotor regions. 
The changes in the brain’s overall topography seem to go along with the 
preservation of the functional roles of the various regions like DMN, 
visual cortex, auditory cortex, or supplementary motor area by them-
selves in an awake-like way, that is, independent of their embedding in a 
unique dream-related topography Fig. 3. 

3. Part II: from topographic re-organization to the spatial 
structure of dreams 

3.1. From elevated visual cortex activity to immersive spatiotemporal 
hallucination (ISTH) 

Why are the experiences in dreams so bizarre and, at the same time, 
familiar and seemingly real? We have the experience to navigate in some 
kind of external environment during dreams albeit in a distorted way. 
For instance, Windt (2010) proposes that there is still a spatiotemporal 
reference framework in place during dreams for the presence of self (see  
Box 1), full body illusions, and environmental experiences. She therefore 
proposes to characterize dreams as “immersive spatiotemporal halluci-
nation” (ISTH). ISTH are described as amodal manifestations of hallu-
cinations which, as in the awake state, include both internally- and 
externally-oriented cognition but operate within an abnormal spatio-
temporal reference framework Box 2. 

How does the topographic re-organization towards increased spon-
taneous activity of DMN and VC lead to the ISTH in the sense of Windt? 
For that, we need to distinguish between generation and cognition of 
inputs. Inputs to the brain can be either exogenous or endogenous: 
exogenous inputs originate externally from the outer environment – we 
call them externally-generated inputs. While endogenous inputs are 
generated internally within the organism itself, including the body 
(intero- and proprioceptive inputs) and the brain (neuronal inputs) – 
they can be described as internally-generated inputs (Northoff, 2014a). 
These inputs’ generation processing needs to be distinguished from our 
perception/cognition of the same input. Inputs, independently from the 
source of their generation (see below), may be cognized as either related 
to, or oriented towards the outer external environment, i.e., 

Fig. 3. Visual representation of increased and decreased activity in brain regions during dreams.  
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Box 1 
Topographic re-organization of the self in dreams. 

Dreams as a manifestation of self in psychoanalysis. 

Freud considered dreams as the “via regia to the unconscious”, which was considered both as a source of instinctual energies pressing for 
discharge, and as a container of fantasies and memories banished and then repressed from consciousness (Freud, 1900). By contrast, Jung 
(1928–30) saw dreams as a spontaneously produced pictures of the current situation of the whole psyche, including unconscious aspects serving 
also to compensate the attitude of ego consciousness, and of a collective unconscious shared by society. For (Jung, 2013), dreams were 
considered as a manifestation of the self in the attempt to lead the individual towards wholeness, the balance of the various counterparts of the 
self and your place in the world around. Similarly in self psychology, Kohut (1977) proposed that the function of dreams is to heal and rein-
tegrate the self and its intrinsic sense of continuity. These psychoanalytic theories, in line with our proposal of the Topographic-dynamic 
Reorganization model of dreams (TRoD), suggest that dreams serve the purpose of a structural re-organization of the self and its 
psyche-brain (see also Northoff and Scalabrini, 2021; Scalabrini, Mucci, Northoff, 2022b; Scalabrini et al., 2021). 

Imbalance of mental and proprio/exteroceptive self during dreams. 

The awake state is characterized by a distinct topography featured by its integration of three layers of self (Qin et al., 2020). Briefly, the 
interoceptive self featuring the inner body is the lowest layer as being related to the insula and subcortical regions as well as by cortical regions 
of the salience network (like the dorsal anterior cingulate cortex). That is followed by the proprioceptive/exteroceptive self that extends to the 
outer body as mediated by additional regions like temporo-parietal junction and premotor cortex. Finally, the third most upper layer consists in 
the mental self that is mediated by the default mode network (DMN) and especially its midline structures like the pregenual anterior and 
posterior cingulate cortex (Qin et al., 2020). This amount to a hierarchical three layer of self with the right anterior insula representing the 
common denominator of the hierarchy (Scalabrini, Wolman and Northoff, 2021) Figure Box 1.1. 

How is this three-layer hierarchical structure of the self affected in dreams? Let us start with the upper layer of the mental self. The increase in 
DMN suggests an increase in the mental self. Psychologically, the increase of mental self may be related to what is described as the “felt 
presence” of self: this describes an increased presence of the own self in one’s mental states, i.e., mental self, during dreams (Windt, 2021).  

The increased presence of the self in dreams (i.e., we are almost exclusively “the star of the show” in our dreams) is further supported by the 
accompanying dynamic changes. In the awake state, more powerful slow frequencies and longer time windows in DMN activity are known to 
mediate higher degrees of self-consciousness (Huang et al., 2016; Kolvoort et al., 2020; Wolff et al., 2019). The shift towards slower frequencies 
and longer timescales during dreams may thus translate into an increased presence of the mental self: the increased power of the slower fre-
quencies may be manifest psychologically in the experience of a more powerful mental self that is increasingly present in and shapes more 
strongly one’s perceptions and cognitions.  

The increase in mental self may go along with a relative decrease of the layer of the proprioceptive self as mediated by TPJ and other regions. In 
the awake state, the TPJ is well known to mediate out-of-body experiences (properly induced) even in healthy subjects (Blanke et al., 2015). 
Inferring again from the awake state, one would thus assume that the typical occurrence of partial or full body illusions (FBI) with, in the most 
bizarre instances, out-of-body experiences during dreams (Windt, 2021), may be related to the (relative) activity decrease of the TPJ and other 
regions constituting the middle layer of the proprioceptive self. Hence, the proprioceptive self and its neural correlates may be diminished (in at 
least a relative way) leading to a detachment from one’s own body with body illusions (a phenomenon that is accentuated in lucid dreaming)  
Figure Box 1.2.  

Relative increase of the interoceptive self during dreams.  

Finally, these topographical changes on the cortical level may, in part, be driven by subcortical sources and their various transmitter systems. 
Subcortically located transmitter systems like serotonin, noradrenaline, acetylcholine, dopamine and others (Fox et al., 2013) systematically 
change during sleep, in general, and also in dreams where they seem to show peculiar shifts in their balances (see above; Hobson, 2009). Since 
subcortical regions in pons, brainstem, and forebrain like the raphe nucleus (serotonin) and the nucleus basalis (acetylcholine) mediate the 
cortical balance of DMN, CEN and other non-DMN networks (Conio et al., 2020; Martino et al., 2020), changes in the cortical topography may be 
related, in part, to these subcortical shifts in the balances of the different transmitter systems.  

Do these subcortical changes translate into a relative increase in the interoceptive self and thus the bodily-based self during dreams? The bodily- 
or interoceptive self may be decoupled from and less nested within the mental self. This may be manifest in the decrease of voluntary control of 
the interoceptive self by the mental self: the interoceptive self may show increased spontaneity and involuntary automaticity with the increased 
occurrence of drives, primary processes and primary affects/emotions as it is typical for dreams (Panksepp and Biven, 2012).  

Together, one would assume that the subcortical-cortical changes during dreams may be related to a relative increase of the interoceptive self 
with reactivation of seemingly lost or unconscious body-related memories; i.e., “embodied memories” (Fischmann, Leuzinger-Bohleber, 2018; 
Scalabrini et al., 2021). While, at the same time, the interoceptive self is increasingly detached from and less nested within the more upper layers 
of the proprioceptive and especially mental self.  

Let us compare the situation to the Russian dolls. Dreams are like a state where one Russian doll takes on an abnormal shape (interoceptive self) 
due to the abnormal subcortical-cortical modulation. That Russian doll, in turn, can no longer be properly integrated with and contained by the 
other next larger Russian doll, the proprio/exteroceptive self nor be controlled by the largest one, the mental or cognitive self. The three Russian 
dolls of our hierarchically nested self can thus be characterized by dissociation of the largest (mental self) and the smallest (interoceptive self) 
dolls as their connecting link or glue, the middle doll as the proprio/exteroceptive self, becomes abnormally weak. Both the smallest and largest 
Russian doll develop consecutively a “life of their own” becoming more independent and thus less spatiotemporally nested within each other.  
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externally-oriented, or more related to our inner world of our mind and 
self, i.e., internally-oriented (Vanhaudenhuyse et al., 2011; Smallwood 
et al., 2021; Yeshurun et al., 2021; Northoff et al., 2022). 

How is the generation of inputs related to our cognition? At first 
glance, one would assume a one-to-one relationship: internally- 
generated input should lead to internally-oriented cognition while 
externally-generated input should lead to externally-oriented cognition. 
This may usually hold for the awake state, but even then, we may 
sometimes perceive an internally-generated input in an externally- 
oriented way (and vice-versa). Such confusion between generation 
and perception of inputs may even be stronger so in dreams (and other 
mental states like in psychedelic states (Carhart-Harris and Friston, 
2019; Friston, 2010) (Box 3) or hallucinations from psychiatric disorders 

like schizophrenia (Northoff and Gomez-Pilar, 2021; Northoff et al., 
2021). 

We hypothesize such confusion to also occur in dreams, and perhaps, 
more consistently. For instance, the visual cortex shows increased ac-
tivity during dreams (see above) which, as the eyes are closed, is only 
possible due to a higher proportion of internally-generated inputs (from 
within the visual cortex itself or other sources like DMN). These 
internally-generated inputs are nevertheless perceived to be related to 
an external environment, that is, as externally-oriented. One may also 
formulate the same scenario in terms of predictive coding: an internally- 
generated prediction is “matched” with an internally- rather than 
externally-generated input. This, in turn, yields a prediction error 
which, as in the awake state, is associated with external contents in the 

Figure Box 1.1. Abbreviations – L: left; R: right; dACC= dorsal anterior cingulate cortex; IFG= inferior frontal gyrus; TPJ= temporal parietal junction; 
AMPFC= anterior medial prefrontal cortex; PMC=premotor cortex; PACC= preguenual anterior cingulate cortex; PCC= posterior cingulate cortex. 
: Visual Representation of the topographical hierarchical model of the three layers of self, adapted from Qin, Wang and Northoff (2020). 

Figure Box 1.2. Topographic reorganization of the brain (left) and its self (right) with increases in the interoceptive and the mental self (upward arrow) and de-
creases in the exteroceptive self (downward arrow). 
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environment, that is, an externally-oriented perception (rather than an 
internally-oriented perception featured by internal contents) (Hobson, 
2009; Hobson et al., 2022; Hong et al., 2008, 2018). 

Taken together, despite receiving almost exclusively internally- 
generated input (and less externally-generated inputs) during dreams, 
the elevated spontaneous activity in visual cortex “treats” the internally- 
generated input “as if” it were an externally-generated input: “the brain 
isolated from the outside world, treats its endogenous stimulation as if it were 
exogenous” (Hobson, 2009, p.809). This, according to Hobson (2009, 
p.808), leads the dreamer to make “built-in predictions about external time 
and space” (see also Hobson et al., 2022) which, in truth, are predictions 
about the subject’s own internal time and space. Due to the constitution 
and prediction of such externally-oriented time and space, the 

internally-generated input is perceived as an external (rather than in-
ternal) stimulus from the environment (rather than within the own 
mind). There is thus a discrepancy between the generation of the input, 
e.g., internal within the brain itself, and its cognition as being ‘located’ 
in the external environment. We thus hypothesize hallucinations in 
dreams to ultimately stem from a confusion of inner and outer 
time-space – one can therefore speak of “as if external perception” and “as 
if external contents” during dreams (Northoff, 2011; p.196). 

3.2. From increased DMN activity to elevated internally-oriented 
cognition 

Dreams are characterized by topographic functional re-organisation 

Box 2 
Dreams and consciousness. 

What dreams can tell us about consciousness: Level/state, content, and form. 

Dreams can inform us about the different dimensions of consciousness as level/state, content, and form (Northoff, 2013, 2014; Northoff and 
Heiss, 2015; Bayne and Laureys et al., 2016, 2005). They clearly show that the level/state of consciousness is related to subcortical-cortical 
biochemicals like acetylcholine, adrenaline/noradrenaline, serotonin, and dopamine including their respective subcortical nuclei. Thereby, 
the balance between the different transmitter systems including their ascending subcortical-cortical topography is key for determining the 
level/state of consciousness – this is in line with recent views on consciousness (Aru et al., 2019). 

Yet another lessons dreams can teach us concerns the content of consciousness. The content of consciousness does not only depend upon the 
inputs themselves but also on the neuronal context within which the inputs are processed. That very same neuronal context like the brain’s 
intrinsic slow-fast frequency balance and the long-short timescale balance seems to be abnormally shifted towards slower frequencies and longer 
timescales in dreams while, unlike in NREM 2/SWS, preserving faster frequencies and shorter timescales (to a certain degree). 

The abnormally slow neuronal context featured by longer timescales predisposes for increased temporal integration of different inputs (Wolff 
et al., 2022) which, usually in the awake state, are temporally segregated from each other. Such temporal re-structuring of inputs through their 
increased temporal integration and decreased segregation contributes to our understanding of the bizarre nature of contents in dreams. More 
generally, it also unravels the deep temporal basis of the contents of consciousness as it is for instance postulated by the Temporo-spatial theory 
of consciousness (TTC) (Northoff and Huang, 2017; Northoff and Zilio, 2022a, 2022b). 

Finally, the abnormal neuronal context in dreams, e.g., the slow-fast frequency shift and long-short timescales shift, organizes and structures the 
brain’s input (and also output) processing in an altered way. It provides the form (or structure) of consciousness as third dimension besides 
level/state and content (Northoff, 2013, 2014; Northoff and Heiss, 2015). The abnormal form of consciousness in dreams is constituted by both 
spatial and temporal changes as manifest in an altered topography and dynamic. Dreams can thus be considered a paradigmatic example of the 
importance of the form as third dimension of consciousness as highlighted in especially the TTC (Northoff and Huang, 2017; Northoff and Zilio, 
2022a). 

Theories of consciousness – IIT, GNWT, and TTC. 

One of the main theories of consciousness, the Integrated Information Theory (IIT) (Tononi et al., 2016) postulates that integration is a key 
feature of consciousness. Dreams support that notion and specify it: it is temporo-spatial integration of the neural activity itself, the brain’s inner 
time and space (Northoff and Huang, 2017; Northoff 2018) that structures and shapes the contents of consciousness. Temporal integration is 
related to especially the balance of long-short timescales (Wolff et al., 2022; Golesorkhi et al., 2021a). While spatial integration is constituted by 
synchronization between different regions as measured by phase-based functional connectivity (fMRI) and coherence (EEG). 

We can see that both temporal and spatial integration of neural activity is abnormal in dreams as measured by longer autocorrelation window 
(ACW) (temporal integration) and increased theta phase locking value between electrodes/regions (theta PLV). That shapes the processing of 
both internally- and externally-generated inputs including their integration and linkage in an abnormal way during dreams. Hence, IIT reflects 
integration that is key for consciousness which, though, can be specified in terms of spatial and temporal integration on the purely neural 
activity level. This makes it also necessary to extend beyond the rather limited short timescales in IIT to include a variety of different and longer 
timescales as postulated in TTC (Northoff and Zilio, 2022b). 

Dreams can also contribute to the Global Neuronal Workspace Theory (GNWT, Mashour et al., 2020; Dehaene et al., 2014, 2017). One major 
claim of the GNWT is that the dorsolateral prefrontal cortex (DLPFC) is key in providing access to the global neuronal workspace. The distinction 
lucid vs non-lucid dreams as distinguished by high vs low DLPFC activity (and connected regions) clearly illustrate the role of DLPFC for 
providing access of consciousness as manifest the awareness that one is dreaming (Dresler et al., 2012, Hobson et al., 2022) (see also above). 

Finally, dreams lend further support to the TTC (Northoff and Huang, 2017; Northoff and Zilio, 2022a, 2022b). One key assumption of the TTC is 
that spatial topography and temporal dynamic are shared by both neuronal and mental features as their “common currency” (Northoff et al., 
2020a and b). The topographic and dynamic abnormalities on the neuronal level may thus resurface in corresponding spatiotemporal changes 
on the mental level: inner time and space may be abnormally perceived and experienced in dreams. For instance, due to the increased slowness 
in the frequency, subjects may experience their consciousness in a slower mode during dreams than in the awake state. Moreover, the topo-
graphic changes with increased DMN and visual cortex activity may abnormally centre and/or also shrink the perceived space around the self 
while the environment is experienced in a more distant way. Future studies focusing on inner time and space experience in dreams are thus 
warranted – they may provide the link of neuronal and mental topography/dynamic, i.e., their “common currency”.  
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of the cortex (and its subcortical modulation). One key feature of this 
reorganization is that the balance of DMN-CEN shifts towards the DMN. 
The CEN and especially the lateral prefrontal cortex are related to 
cognitive control and goal-orientation (Christoff et al., 2016). As one 
might expect, these are strongly diminished in dreams where rational 
and voluntary control are lost while spontaneity and automatic invol-
untary dynamic of affect/emotion and cognition/thought are strongly 
increased (Solms, 2011). Following Panksepp’s primary emotion 
description (Panksepp and Biven, 2012; Solms, 2020), affects/emotions 
and their related contents are characterized by very strong degrees of 
spontaneity during dreams resulting in free-floating and unconstrained 
affects and thoughts with strongly diminished rationality. We hypoth-
esize that the loss of rational voluntary control and goal-orientation with 
respect to emotions and cognition are related to the relative decrease of 
CEN activity in dreams (Hobson, 2009; Hobson et al., 2021). In contrast, 
CEN increases during lucid dreaming may reflect increased voluntary 
control with the awareness that one is in a dream state rather than an 
awake state (Baird et al., 2018, 2019; Dresler et al., 2012; Hobson et al., 
2022; Voss et al., 2009) (see above for more details on lucid dreaming). 

What about the role of the DMN in dreams? The DMN is well known 
to mediate internally-oriented and self-generated cognition like mental 
time travel (Northoff, 2017; Schacter et al., 2012), autobiographical 

memory (Schacter et al., 2012), and mind-wandering (Christoff et al., 
2016; Fox et al., 2016; see also Buckner, DiNicola, 2019; Northoff et al., 
2022; Scalabrini et al., 2022a; Smallwood et al., 2021; Yeshurun et al., 
2021). Given that DMN activity and connectivity are increased during 
dreams, we hypothesize that all three forms of internally-oriented 
cognition are increased and/or altered in dreams: there is indeed 
increased mental time travel with abnormal shifts towards either the 
past or future accompanied by detachment from the present, i.e., the 
actual point in time (Hobson et al., 2022; Schacter et al., 2012; Windt, 
2010; Baird et al., 2022). Autobiographical memories are also increas-
ingly retrieved during dreams. This memory retrieval may be especially 
related to increased hippocampal activity (Barry et al., 2021). Finally, 
there is increased mind-wandering with freely floating unconstrained 
thoughts in dreams (Christoff et al., 2016; Smallwood and Schooler, 
2015; Smallwood et al., 2021). 

Together, albeit tentatively, we hypothesize that the increase in 
internally-oriented cognition like mind-wandering, autobiographical 
memory, and mental time travel during dreams may, in part, be related 
to the abnormal increase in DMN activity including the hippocampus (as 
related to autobiographical memory retrieval). Due to the decreased 
externally-generated input, internally-oriented cognition of the rela-
tively increased internally-generated inputs becomes more central in 

Box 3 
Other states of consciousness - Dreams vs meditation and psychedelics. 

Dreams vs meditation. 

Dreams can be compared to other altered states of consciousness like meditation and drug-induced psychosis. Let us start with meditation. 

Meditation is characterized by the decrease of DMN activity and connectivity with a positive relationship of DMN and CEN (Bauer et al., 2019; 
Cooper et al., 2022). This results phenomenologically in decreased self-focus allowing for integration of internal self and external environment 
into one homogenous experience, i.e., non-dual awareness (Cooper et al., 2022). The opposite can be observed in dreams. Here DMN activity and 
connectivity are abnormally strong compared to CEN – the internal self-focus is increased and its dual or dichotomous relationship with the 
external environment is further emphasized. 

Combine this with dynamic changes. Both meditation and dreams show a slowing down of their dynamic compared to the non-meditative awake 
state (Irrmischer et al., 2018; Cooper et al., 2022). This means a higher propensity to integrate internally- and externally-generated inputs into 
more homogenous contents as it can observed indeed in both states, dreams and meditation. However, unlike in dreams, the contents in 
meditation are not as bizarre. Instead, as based on the topographic changes, there is a stronger tendency to overcome the distinction of 
internally- and externally-generated/oriented contents in meditation when perceiving them as non-distinct and integrated (Cooper et al., 2022). 

This is different in dreams. Due to the decrease in externally-generated inputs, temporal integration focuses mainly on integrating the different 
internally-generated inputs from within the brain/body and its distinct regions. The shift from integrating internal-external inputs to pre-
dominant internal-internal input integration may explain the main difference in the contents of consciousness in meditation and dreams while, 
at the same time, displaying somewhat similar dynamic changes in frequency and timescales. Accordingly, it may be the case that the same 
dynamic changes, i.e., slowing down with longer INT, are “used” in different ways: meditation shows high degree of self-environment inte-
gration while dreams exhibit self-environment segregation. This, as we suppose, may be based on their different topographies with an increased 
(dreams) or decreased (meditation) DMN. 

Dreams vs psychedelics. 

Yet another interesting state of consciousness are drug-induced psychosis (DIP) with psychedelics like psilocybin and LSD (Carhart-Harris and 
Friston, 2019 for overview). As in meditation, the negative relationship and differences of DMN and CEN are somewhat resolved and replaced by 
their positive relation in psychedelics – this leads to somewhat similar experience of connectedness and integration of the internal self within the 
external environment (Carhart-Harris and Friston, 2019). This obviously is different in dreams where there is stronger connectedness to and 
centredness on the own self which is experienced as moving within and distinct from a spatiotemporally altered environmental context. 

Psychedelics induce higher levels of entropy of the contents of consciousness including increased subjective uncertainty as providing major 
support for the entropy hypothesis of consciousness (Carhart-Harris et al., 2014; Carhart-Harris, 2018). Applying active inference and predictive 
coding, this led Carhart-Harris and Friston (2019) to postulate the relaxed beliefs under psychedelics (REBUS) hypothesis. This hypothesis 
postulates that higher-order associative regions’ priors confer a broad summarization of the mind and world, effectively suppressing away 
(potential) content. It therefore follows that if this suppression is relaxed, as it is under psychedelics, content will necessarily be released. For 
example, psychedelics may lead the emergence of previously unconscious psychological material into conscious awareness. 

One may be inclined to also assume somewhat analogous relaxed beliefs in dreams with a key difference, though. The mental self seems to exert 
decreased top-down modulation and cognitive control with empirical priors, over specifically, the prediction error of the interoceptive self in 
dreams (see Box 1). This releases emotions and unconscious drives associated with the neural processing of the subcortical-cortical bottom-layer 
of the interoceptive self. Instead of relaxed beliefs under psychedelics (REBUS), one may therefore better speak of “Released Emotions under 
Dreams” (REUD). That would converge with the recent predictive coding approach to dreams by Allan Hobson (see Hobson et al., 2022).  
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dreams than the awake state. The topographic shift towards DMN may 
thus be accompanied by a cognitive shift towards internally-oriented 
cognition in its various facets (self-referential, mind-wandering, auto-
biographical memory, mental time travel). 

3.3. From DMN-VC topography over abnormal spatiotemporal weighting 
of inputs to bizarre dream contents 

The awake state is characterized by a more or less equal balance and 
fluctuation of internally- and externally-oriented cognition (Vanhau-
denhuyse et al., 2011). Neuronally, these cognitive fluctuations are 
related to neuronal fluctuations of DMN and CEN-sensory activity 
(Northoff et al., 2022; Vanhaudenhuyse et al., 2011). This means that 
our experience of our own self/mind’s inner time-space are converged 
and integrated with our perception and cognition of events in the outer 
time-space of the environment with both being more or less balanced in 
their fluctuations (Northoff et al., 2022). 

That seems to be altered in dreams. Here the balance is shifted to-
wards an abnormally strong DMN while CEN is decreased during dreams 
(see above). Internally-oriented cognition including the mind/self’s 
inner time-space may consequently predominate over externally- 
oriented cognition in the outer time-space of the environment. Accord-
ingly, dreams can be characterized by a shift of the subjects’ spatio-
temporal framework towards inner time-space at the expense of outer 
time-space. 

This carries major implications for any kind of input processing 
including both internally- and externally-generated inputs. Any input 
may then be processed within such abnormally shifted spatiotemporal 
framework. The inputs may be more strongly weighted by (and thus 
associated with) the subject’s inner time-space rather than the outer 
time-space of the external environment. Increased weighting of both 
internally- and externally-generated inputs by the subject’s own inner 
time-space (rather than the outer time-space), in turn, may distort the 
spatial (and temporal) features of the perceived/cognized contents 
(which result from the temporal and spatial integration of the inputs; 
Wolff et al., 2022). Such spatial and temporal distortion of dream con-
tents can most prototypically be seen in the paintings by Salvador Dali 

who relied on his dreams when painting. 
Together, the topographic re-organization of the DMN-VC connec-

tion creates a novel spatiotemporal framework in the brain’s neural 
activity featured by: (i) increased spontaneous VC activity that, as we 
hypothesize, leads to the hallucinatory confusion of inner-outer time- 
space with perception/cognition of internally-generated inputs as 
externally-oriented contents; (ii) increased DMN activity that, as we 
hypothesize, entails increased self-focus and internally-oriented cogni-
tion with stronger inner time-space as distinct from outer time-space; 
(iii) increased DMN-VC connectivity in dreams that, as we hypothe-
size, leads to the predominance of the self/mind’s inner time-space over 
the environment’s outer time-space.; (iv) and entails, as we hypothesize, 
abnormal spatial (and temporal) weighting for any input processing 
including both internally- and externally-generated inputs; which (v) 
results in the often bizarre spatially (and temporally) distorted dream 
contents Fig. 4. 

4. Part III: dynamic re-organization during dreams 

4.1. Power and phase-related changes in different frequency bands 

EEG is ideal for understanding the temporal dynamics of the power 
spectrum and various related electrophysiological changes during both 
the awake state and sleep. NREM 1 sleep is typically characterized by the 
decrease of alpha (8–13 Hz) combined with the strengthening of power 
and occurrence of theta rhythms (5–8 Hz). NREM 2 features high fre-
quency spindles (11–16 Hz) and large-amplitude, slow, K-complexes, as 
well as isolated slow waves. Finally, SWS shows highly synchronized 
slow waves (0.5–4 Hz). Compared to NREM 2 and SWS, REM sleep 
shows desynchronized low amplitude activity in EEG in mainly theta 
(5–8 Hz) and beta (13–30 Hz) which resemble the awake state; the 
difference being that REM-sleep lacks the highly synchronized alpha 
power that characterizes the awake state (eyes closed). The alpha power 
is typically decreased while theta power is relatively increased during 
dreams (Ruby, 2020; Siclari et al., 2017, 2018). Moreover, gamma 
power in specifically occipital cortex electrodes, the “posterior hot 
zones” (Storm et al., 2017; Tononi et al., 2016), is increased during 

Fig. 4. Summary of topographical reorganization in dreams. The increased activity of the Default Mode Network and Visual cortex, together with their increased 
connectivity lead to the distorted relationship of internally and externally oriented cognition during dreams, i.e. a virtual spatiotemporal frame in dreams. 
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dreams relative to NREM-sleep (Ruby, 2020; Siclari et al., 2017, 2018). 
Results about power changes in relation to dreaming in the standard 

EEG frequencies are somewhat inconsistent though. Ruby (2020) pro-
vides an overview of the literature comparing EEG power changes 
during dream report vs no-report in both REM and NREM sleep. When a 
dream report is produced about REM sleep is associated with power 
increases in theta, alpha and gamma, although decreases have also been 
reported (Ruby, 2020; Siclari et al., 2017, 2018). Several studies do not 
report a difference in power between the presence or absence of dreams 
for REM-sleep (Ruby, 2020). For NREM sleep, decreases in delta power 
are reported in some studies, with most studies showing no power dif-
ference between presence and absence of dream report produced for 
NREM sleep (Ruby, 2020). However, one of the major methodological 
challenges in relying on dreams reports to signal the presence/absence 
of dreams, is whether dream recall is reliable (i.e., do ‘no reports’ 
indicate the absence of dreams, or, simply failure to recall dream 
content?). 

Nonetheless, these findings do raise the question whether power 
changes in general as well as in single frequencies like delta are the most 
relevant measure to distinguish consciousness and unconsciousness and, 
specifically, dream-related activity from non-dreams (Frohlich et al., 
2021). Recent studies also report phase-related changes during dreams 
and, specifically, replay (Findlay et al., 2020 and Schreiner et al., 2020 
for recent reviews). Schreiner et al., (2018, 2021, 2020) demonstrate 
that phase-related changes especially in the theta band are key for 
memory reactivation: they show high phase similarity in 5 Hz for 
remembered words in both awake and NREM-sleep while controlling for 
power in the same frequency range (Schreiner et al., 2018). These were 
related to fluctuations in slow waves around 1 Hz. Analogous 
phase-related coupling of 1 Hz Slow waves is also observed for spindles, 
where again, they may drive memory reactivation (Antony et al., 2018; 
Bergmann et al., 2012; Boutin et al., 2018; Fogel et al., 2017; Jegou 
et al., 2019) and replay (Schreiner et al., 2020, 2021). Although not 
specifically related to dream contents, these findings suggest that 
phase-related processes may be key for memory reactivation or replay 
during sleep. 

4.2. Slow-fast frequency power and Long-short timescales 

The general shift towards slower frequencies in dreams is also re-
flected in the power law exponent (PLE). PLE can be used to measure the 
balance of slow and fast frequencies, which is lower in REM compared to 
NREM but still higher than in the awake state (Zilio et al., 2021). This 
suggests that a peculiar balance of slow and fast frequencies during 
dreams: slower frequencies are stronger than in awake state but not as 
strong as in NREM 2 and SWS while faster frequencies are stronger in 
dreams than in NREM 2 and SWS but not yet as strong as in awake state. 

The intermediate position of REM sleep between awake and deep 
sleep (SWS) is also reflected in its intrinsic neural timescales (INT). The 
INT reflect the temporal window of the brain’s neural activity which can 
be measured by the autocorrelation window (ACW) (Golesorkhi et al., 
2021a, 2021b; Wolff et al., 2022). The awake brain’s spontaneous ac-
tivity shows a hierarchy of INT with longer timescales in higher-order 
transmodal regions like DMN and shorter timescales in unimodal 
lower-order regions like primary sensory cortex (Golesorkhi et al., 
2021a, 2021b; Hasson et al., 2015; Ito et al., 2020; Raut et al., 2020; 
Wolff et al., 2022; Yeshurun et al., 2021). REM sleep is characterized by 
shorter intrinsic neural timescales than NREM 2/SWS as measured by 
the ACW: the ACW in dreams/REM is shorter than in NREM 2 and SWS 
but still longer than in the awake state (Zilio et al., 2021). This suggests 
that the dynamic hierarchy of short-long INT is shifted towards longer 
INT in dreams compared to the awake state while not yet being as long 
as in NREM 2/SWS. Accordingly, as in the case of frequency, the 
dreaming state is an intermediate state when it comes to the INT. These 
studies provide a useful foundation to further investigate the spatial and 
temporal features of neuronal activity that occur during sleep and which 

relate to the content of dreams. This may provide a useful test of the 
TRoD model, in particular Fig. 5. 

5. Part IV: from dynamic re-organization to the temporal 
structure of dreams 

5.1. Awake brain and its “normal” contents: balance of temporal 
integration and segregation of inputs 

What do the data on the abnormal INT in dreams mean for their input 
processing? For that, we need to make a brief detour into the role of INT 
in the awake brain. 

INT provide the brain with a dynamic repertoire of different time-
scales including shorter and longer timescales in neural activity (Gole-
sorkhi et al., 2021a, 2021b; Wolff et al., 2022). Depending on the length 
of their temporal windows, the different timescales sum up and thus 
temporally integrate and smooth different inputs at their distinct points 
in time, or, alternatively, segregate them in a temporally precise way. 
Longer time windows mediate predominant temporal integration of the 
different inputs across their distinct time points – they provide high 
degree of temporal smoothing (Golesorkhi et al., 2021a; Wolff et al., 
2022). Shorter timescales, in contrast, rather segregate the various in-
puts according to their distinct points in time – there is high degree of 
temporal precision (i.e., enabling greater differentiation over time). 

The balance of short and long timescales with a wide dynamic 
repertoire between the two extremes of temporal integration and 
segregation provides the awake brain with a balance of temporal inte-
gration and segregation. This for instance makes possible to separate 
internally- and externally-generated inputs on the basis of their distinct 
timescales: externally-generated inputs from the environment usually 
operate on faster frequencies and longer timescales than the slower and 
longer internally-generated inputs from brain and body (Deco and 
Kringelbach, 2017; Golesorkhi et al., 2021b; Wolff et al., 2022). 
Accordingly, relying on their different temporal features, the distinction 
of internally- and externally-oriented cognition can follow more or less 
the one of internally- and externally-generated inputs. There is strong 
correspondence of input generation and input cognition in the awake 
state. 

5.2. Dreaming brain and its “strange” contents: shifts towards increased 
temporal integration of inputs 

The situation is slightly different in sleep, in general, and dreams in 
particular. Due to the shift towards slower frequencies and longer INT, the 
balance of temporal integration and segregation is shifted towards tem-
poral integration: the inputs at different timepoints are now all summed 
and lumped together independent of whether they are internally- or 
externally-generated. Subjects in deep sleep like NREM 2/SWS are 
consequently no longer able to perceive and experience any differentia-
tion of internally- and externally-oriented cognition and, more generally, 
between self and environment (Northoff and Zilio, 2022a, 2022b). Sub-
jects in NREM 2/SWS may thus not perceive anything; their consciousness 
is lost almost completely, similar to deep anesthesia (Zilio et al., 2021). 

We hypothesize that is not the case in dreams, though. Unlike in 
NREM 2/SWS, the shorter timescales are still somehow preserved 
though counter-balanced by stronger longer timescales (when compared 
to the awake state). The dreaming state (REM) takes on an intermediate 
position: there is higher degree of temporal integration and smoothing 
than in the awake state but still higher degrees of temporal segregation 
and precision compared to NREM 2/SWS. This does not mean that 
subjects do not perceive anything or nothing in NREM 2/SWS but only 
that they may perceive a less differentiated and more homogenous 
percept as the different contents are more integrated and unified with 
each other through the longer timescales with higher temporal inte-
gration (Stickgold et al., 2001b; Nielsen et al., 2022) (See also Northoff 
and Zilio, 2022a, 2022b). 
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We hypothesize that this peculiar balance of temporal integration- 
segregation shifts the balance of internally- and externally-oriented 
cognition: increased temporal integration (due to the longer INT) 
means that externally-generated inputs are more likely to be integrated 
with internally-generated inputs rather than being segregated from 
them. This means that externally-oriented cognition contents do not 
only include externally-generated inputs but an additional strong dose 
of internally-oriented inputs (compared to the awake state). The 
externally-oriented cognition is consequently infused by internally- 
generated inputs. This, in turn, leads to the perception/cognition of 
the subject’s own inner mental contents as the contents of the outer 
environment in their externally-oriented cognition. We propose that 
such confusion of internally- and externally-generated inputs in our 
cognition (internally- and externally-oriented) is key for generating the 
often bizarre dream content. At the neuronal level, we propose that this 
is based on the dream-specific dynamic shift towards slower frequencies 
and longer timescales Fig. 6. 

5.3. Increased temporal integration on the cognitive level: semantic 
association rather than semantic similarity/identity 

At a cognitive level, increased temporal integration may for instance 
be manifest in increased semantic association. Fogel et al. (2018) 
developed a particular objective experimental method to investigate the 
degree of semantic association during dreams in relation to reports of 
wake mental contents. They let subjects, during the awake state, 
mentally rehearse either playing tennis (after a practice session where 
they were engaged in a virtual tennis game), or mental rehearsal for 
navigating through a virtual maze (after a training session where they 
explored a virtual maze environment) and obtained detailed verbal re-
ports of their mental rehearsal conceptions. 

Participants subsequently took take short naps (containing sleep 

onset periods only), from which they were woken up and asked to report 
their dreams (i.e., during hypnogogic reverie/hallucinations; a state not 
unlike REM sleep). The dream reports were then entered into a machine 
learning-based algorithm for detecting semantic relations to tennis 
playing (and spatial navigation). This made possible to objectively 
quantify the degree to which semantic contents associated with tennis 
were incorporated into the contents experienced during dreams (a 
process that is conventionally/typically through subjective dream con-
tent analysis, with no direct comparison to reported wake experiences). 

The results show that there is semantic relationship of the dream 
contents with tennis playing. For instance, the subjects dreamt about 
playing ball on a green lane in a park but did not experience tennis 
playing itself. This suggests semantic association but not semantic sim-
ilarity/identity: the contents during the awake state (tennis) were 
incorporated into the dream contents (soccer playing in a park) but were 
not replayed in an identical, or even similar way. Hence, there is se-
mantic association but not semantic similarity or identity. This is 
different from episodic recall of a past event, that one might engage in 
while awake. Rather, during dreams, distantly related semantic ele-
ments from the daytime experience are interwoven into a new narrative. 
This speaks for higher degrees of integration of semantically more 
distant events within the current events. 

This notion is compatible with the overfitting hypothesis of dreams 
(Hoel, 2021; Deperrois et al., 2022). In a nutshell, this hypothesis as-
sumes increased generalization during dreams in order to avoid over-
fitting to one particular content, event or concept during daily learning. 
Overfitting is, for instance, avoided by integrating existing concepts, 
events and contents from the awake state into a new context by linking 
them to new and other concepts, events and contents during the 
dreaming state. Hence, the constitution of semantic association rather 
than semantic similarity/identity reduces the danger of overfitting by 
generalizing the awake concepts, events, and contents through 

Fig. 5. Autocorrelation window (ACW) and Power Law exponent (PLE) - upper part – and topographical maps in the different sleep stages including dream (REM) – 
lower part. 
Adapted from Zilio et al. (2021). 
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integrating them in a new context during the dreaming state. 
Taken together, we hypothesize that the externally-generated input 

(i.e., tennis or spatial navigation) in this study is processed in an 
abnormally prolonged temporal context, the brain’s longer INT during 
dreams. This favours high degrees of temporal integration over temporal 
segregation: the single externally-generated inputs related to tennis or 
spatial navigation at their specific discrete time points are integrated 
and synthesized with incoming internally-generated inputs. Such high 
degree of temporal integration distorts the original contents (i.e., tennis, 
spatial navigation). This allows for semantic association rather than 
semantic similarity. At the same time, the temporal windows are not yet 
as long as in NREM 2/SWS so that, unlike in the latter, temporal 
segregation and thereby distinction of different semantic contents is still 
possible in dreams (Northoff and Zilio, 2022a, 2022b). In other words, 
there is still some semantic association, rather than no semantics at all as 
in SWS. Thus, given that the hypnogogic state is similar to both REM 
sleep and NREM sleep in terms of its phenomenology, we would hy-
pothesize that, accordingly, the spatiotemporal features associated with 
hypnogogia would be REM-like, but may have some similarities to 
NREM sleep as well. 

5.4. From enhanced neuronal synchronization to bizarre dream contents 

The dynamic findings clearly show the importance of phase-related 
processes. This can be seen in EEG synchronization of neural activity 
with memory contents (Schreiner et al., 2018, 2021, 2020). Synchro-
nization also plays a key role in fMRI. fMRI data show increased resting 
state functional connectivity within DMN as well as of DMN with visual 
cortex (see above). Functional connectivity itself is based on 
phase-related processes, that is, how different regions’ neural activity 
synchronize with each other time (Huang et al., 2015, 2017). Together, 
these findings show the key role of increased neuronal synchronization 
during dreams with respect to the processing of inputs. 

How do the increased degrees of synchronization contribute to the 
dream phenomenology? Our neuro-phenomenal assumption is two-fold 
concerning both the content and spatiotemporal context of dreams. 
Schreiner et al. (2018) show that similar theta phase-related mecha-
nisms of memory reactivation operate in both awake and sleep states. 
Theta phase is aligned and thus entrained (see Lakatos et al., 2019 for 

review) to the memory content that is reactivated during both dream 
and awake states. The importance of phase-related mechanisms for our 
cognitive thought contents is further supported by a recent observation 
that on- and off-thoughts, i.e., thoughts unrelated or related to a 
particular external task content, mediated by alpha- and theta peak 
frequency respectively (but not their respective power) (Hua et al., 
2022). 

Albeit tentatively, we hypothesize that the often bizarre dream 
contents are closely related to increased phase-based synchronization as 
measured by phase-based measures like peak frequency, phase locking 
value, phase shifting/coherence (in EEG), and functional connectivity 
(in fMRI). The increased synchronization means that the discrete time 
points of different inputs (including both internally- and externally- 
generated inputs) have a higher likelihood of being processed 
together. Thus, they are synthesized with each other: inputs from both 
body/brain (internally-generated) and environment (externally-gener-
ated) are supposedly synchronized with each other. As we hypothesize, 
this may result in abnormal dream contents. For instance, from our 
earlier example, if externally-oriented inputs like tennis playing are 
synchronized with internally-oriented inputs related to past memories of 
playing soccer on a green lane, one may experience the tennis playing 
(from the awake state) in terms of playing soccer on a green lane during 
dreams – the increased synchronization thus creates novel semantic 
associations and a unique narrative that often characterizes REM 
dreams, which are not present in the awake state. Increased synchro-
nization may thus be one mechanism by means of which the brain avoids 
overfitting (Hoel, 2021; Deperrois et al., 2022) during the dreaming 
state by generalizing the awake concepts, contents, and events in a novel 
context Fig. 7. 

6. Conclusion – topographic-dynamic Reorganization model of 
dreams (TRoD) 

Dreams are bizarre states as they display unusual contents, a strongly 
self-centric perspective, and a peculiar level/state of consciousness. 
Reviewing the various neuronal changes in both topography and tem-
poral dynamics, here, we propose the Topographic-dynamic Reorgani-
zation model of dreams (TRoD) which aims to relate neuronal and 
mental levels, that is, between brain and experience. TRoD complements 

Fig. 6. Visual representation of dynamic reorganization in dreams.  
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and extends other models of dreams (see above and below) by providing 
a more comprehensive framework; a spatiotemporal framework with 
specific predictions and testable hypotheses. 

Topographically, the brain’s neural activity is re-organized with a 
shift towards the DMN at the expense of the CEN. This leads to higher 
likelihood of linking and integrating externally-generated inputs within 
internally-generated inputs. This results in a strongly ego- or self-centric 
perspective with high degrees of semantic association that typically 
characterizes dreams. The topographic changes are accompanied by 
dynamic re-organization with a shift towards slower frequencies and 
longer timescales compared to the awake state. At the same time, faster 
frequencies and shorter timescales are still somehow present as distin-
guished from the deeper sleep stages (NREM 2/SWS). This dynamic shift 
favors temporal integration of inputs over their temporal segregation. 
This may lead to an abnormal synthesis of externally-generated inputs 
within the ongoing internally-generated inputs, which may be manifest 
in the bizarre mental contents. 

In sum, the TRoD proposes that the experience of dreams is inti-
mately related to the manifestation of the topographic and dynamic re- 
organization in the brain’s neural activity. The brain’s topographic and 
temporal reorganization constitutes an altered spatiotemporal structure 
of consciousness leading to often bizarre dream experiences. Temporal 
dynamic and spatial topography are thus shared by neural and mental 
levels as the “common currency” of brain and experience. Such spatio-
temporal approach to dreams is well in accordance with approaches to 
consciousness, e.g., Integrated Information Theory (IIT) (Tononi et al., 
2016) and especially the Temporo-spatial theory of consciousness 
(Northoff and Huang, 2017; Northoff and Zilio, 2022a, 2022b) (Box 2), 
our sense of self (Box 1), and altered states of consciousness like medi-
tation and psychedelics (Box 3). 
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