
Behavioural Brain Research 424 (2022) 113788

Available online 8 February 2022
0166-4328/© 2022 Elsevier B.V. All rights reserved.

Temporo-spatial Theory of Consciousness (TTC) – Bridging the gap of 
neuronal activity and phenomenal states 

Georg Northoff a,b,c,*, Federico Zilio d,** 

a Mind, Brain Imaging and Neuroethics Research Unit, Institute of Mental Health Research, The Royal Ottawa Mental Health Centre and University of Ottawa, Ottawa, 
Canada 
b Centre for Cognition and Brain Disorders, Hangzhou Normal University, Hangzhou, China 
c Mental Health Centre, Zhejiang University School of Medicine, Hangzhou, Zhejiang, China 
d Department of Philosophy, Sociology, Education and Applied Psychology, University of Padua, Padua, Italy   

A R T I C L E  I N F O   

Keywords: 
Consciousness 
Temporo-spatial dynamics 
Spontaneous activity 
Neurophenomenal mechanisms 
Theories of consciousness 
Spatiotemporal neuroscience 

A B S T R A C T   

Consciousness and its neural mechanisms remain a mystery. Current neuroscientific theories focus predomi
nantly on the external input/stimulus and the associated stimulus-related activity during conscious contents. 
Despite all progress, we encounter two gaps: (i) a gap between spontaneous and stimulus-related activity; (ii) a 
gap between neuronal and phenomenal features. A novel, different, and unique approach, Temporo-spatial 
Theory of Consciousness (TTC) aims to bridge both gaps. The TTC focuses on the brain’s spontaneous activity 
and how its spatial topography and temporal dynamic shape stimulus-related activity and resurface in the 
corresponding spatial and temporal features of consciousness, i.e., ‘common currency’. The TTC introduces four 
temporo-spatial mechanisms: expansion, globalization, alignment, and nestedness. These are associated with 
distinct dimensions of consciousness including phenomenal content, access, form/structure, and level/state, 
respectively. Following up on the first introduction of the TTC in 2017, we review updates, further develop these 
temporo-spatial mechanisms, and postulate specific neurophenomenal hypotheses. We conclude that the TTC 
offers a viable approach for (i) linking spontaneous and stimulus-related activity in conscious states; (ii) 
determining specific neuronal and neurophenomenal mechanisms for the distinct dimensions of consciousness; 
(iii) an integrative and unifying framework of different neuroscientific theories of consciousness; and (iv) offers 
novel empirically grounded conceptual assumptions about the biological and ontological nature of consciousness 
and its relation to the brain.   

1. Introduction 

Consciousness and its neural mechanisms are one of the few un
solved mysteries in current-day science [1–3]. This includes philo
sophical debates about the nature and criteria of consciousness such as 
the ‘hard problem’ [4] as well as neuroscientific investigations of the 
neuronal mechanisms of consciousness [3,5]. In that vein, various 
neuroscientific theories of consciousness have been proposed including 
Integrated Information Theory (IIT) [6,7], Global Neuronal Workspace 
Theory (GNWT) [8–10], Recurrent Processing Theory (RPT) [11,12], 
and Higher-order Thought theory (HOT) [13,14]. Despite their differ
ences (see [5,8] for a review), these theories mainly focus on changes in 

stimulus-related activity that are related to conscious content. Specif
ically, they focus on the minimal neural activations that are sufficient for 
a specific content of consciousness, the neural correlates of conscious
ness (NCC) [15]. 

These theories are complemented by others that propose neural 
mechanisms and features that extend beyond the stimulus-related ac
tivity itself (see [5] for an overview). They focus on anticipation or 
prediction as in the Predictive Coding Theory (PCT) [16–18], attention 
as in the Attention Schema Theory (AST) [19–21], embodiment as in the 
Embodied Theory (ET) [22,23], or/and the brain’s spontaneous activity 
as in the Operational Space-time theory (OST) [24] and the Entropy 
Hypothesis (EH) [25,26]. These are just some examples of the bour
geoning field of neuroscientific theories of consciousness [5]. Despite 
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the enormous diversity of theories, a truly unifying theory of con
sciousness that integrates spontaneous and stimulus-related activity 
and, at the same time, relates them to specific neurophenomenal hy
potheses is still lacking in the field. 

The Temporo-spatial Theory of Consciousness (TTC) aims to fill that 
void. Rather than focusing on specific characteristics of information, 
sensory, or cognitive processing (like IIT, GNWT, RPT, PCT, ET, and 
HOT), the TTC assumes that the most fundamental characteristics of the 
brain of its neural activity, namely its spatial topography and temporal 
dynamic, are key to consciousness. The TTC assumes that the brain is 
characterized by an intrinsic spatial topography and an intrinsic tem
poral dynamic that hold in both spontaneous and stimulus-related ac
tivity. The temporal dynamic and spatial topography reflect the way the 
brain constructs its own ‘inner time and space’ through and within its 
neural activity [27,28]. Such a construction-based view distinguishes 
the TTC from other theories of consciousness that understand time and 
space in terms of perception and cognition, i.e., perceived time and 
space. Here, the focus is on understanding the neural correlates of the 
perception of outer time and space in the world whereas the brain’s 
inner time and space are more or less neglected. 

Based on this background assumption, the TTC introduces four 
different temporo-spatial mechanisms: expansion, globalization, align
ment, and nestedness [28]. These are supposed to be related to distinct 
dimensions of consciousness, such as content, access, form/structure, 
and level/state. Since their original introduction in the 2017 article 
[28], these mechanisms have gained strong empirical support. The goal 
of this paper is (i) to update the empirical evidence for the four 
temporo-spatial mechanisms; (ii) to specify and explicate them with the 
formulation of specific neuronal hypotheses; (iii) to associate them with 
specific phenomenal features of consciousness thus developing neuro
phenomenal hypotheses. 

2. Phenomenal content of consciousness - Temporo-spatial 
expansion 

2.1. Stimulus-evoked activity vs rest/pre-stimulus-stimulus interaction 

What are the neural correlates of consciousness? Most theories like 
IIT, GNWT, HOT, and RPT focus on stimulus-related activity and how its 
contents become conscious. The TTC takes a more expanded view 
looking beyond stimulus-related activity to spontaneous activity: 
stimulus-related activity only reflects the ‘tip of the iceberg’, i.e., 5%, 
with the remaining 95% of the brain’s neural activity being accounted 
for by spontaneous activity [29]. The main point of the TTC is that 
spontaneous activity is key in understanding how and why conscious
ness is assigned to external (or internal) inputs/stimuli. Rather than the 
stimulus-related activity itself, the TTC puts a special focus on how the 
external input/stimuli interact with the brain’s spontaneous activity. 

This has been subsumed under the umbrella concept of ‘rest-stimulus 
interaction’ which includes the interaction of both resting state and 
pre-stimulus activity with the external inputs/stimuli [30–32]. The TTC 
describes this interaction by the mechanism of Temporo-spatial expan
sion. Temporo-spatial expansion highlights a particular form of the 
interaction of pre-stimulus and post-stimulus activity that allows for 
assigning contents to consciousness. We first describe the purely 
neuronal mechanisms of this interaction, after which we focus on their 
relevance for consciousness. 

2.1.1. Trial-to-trial variability (TTV) I – additive vs non-additive pre- post- 
stimulus interaction 

Traditionally, neuronal activity related to external input/stimulation 
is supposed to be ‘added’ or superimposed on the ongoing level of pre- 
stimulus activity [33–35]. The degree or magnitude to which the 
external input/stimulus elicits an amplitude in the post-stimulus interval 
is supposed to remain independent of the pre-stimulus activity level, 
that is, whether the latter is high or low. This amounts to a model of 
purely additive pre-stimulus-stimulus interaction [30,33,34,36]. The 
contents of consciousness are here conceived to remain independent of 
pre-stimulus activity levels; instead, they are sufficiently and exclusively 
associated with the magnitude of the post-stimulus amplitude. 

However, such an assumption of additive pre-post-stimulus interac
tion stands counter to various fMRI studies [37–39] and EEG/MEG 
[40–45] that show the importance of changes in pre-stimulus activity for 
conscious content (see also [46]). If, for instance, the pre-stimulus ac
tivity in the fusiform face area (FFA) is high, subjects are more likely to 
perceive a face rather than a vase in a bistable perception task [37–39]. 
The same applies to the pre-stimulus alpha that, if high, is more likely to 
be followed by conscious perception (rather than unconscious) in the 
subsequent post-stimulus activity [40–45]. Together, these studies put 
into doubt the tacit assumption of the exclusive importance of 
post-stimulus activity for conscious contents [46], including the additive 
pre-post-stimulus interaction model. 

How can we measure the impact of pre-stimulus activity on post- 
stimulus activity? One way is to measure the trial-to-trial variability 
(TTV) that can be observed on both cellular and regional-systemic ac
tivity levels [47–51]. The TTV measures the variation in the amplitude 
across different trials of the same kind of stimulus. Measuring TTV at 
each time point during the post-stimulus interval, one can generally 
observe a decrease in TTV around 100–500 ms in EEG/MEG [30–32,43, 
50,51] and fMRI [30,36]. The post-stimulus TTV reduction reflects the 
suppression of the variability in amplitude from trial to trial [32,43,48]. 
Given that the external stimulus or input remains the same throughout 
all trials, the variability in the amplitude can only come from the 
pre-stimulus period itself. Hence, the ongoing variation in the amplitude 
of the pre-stimulus activity is carried over to the post-stimulus interval 
where it is transiently suppressed by the external input/stimulus. This 

Nomenclature 

Theories of consciousness 
AST Attention Schema Theory 
EH Entropy Hypothesis 
ET Embodied Theory 
GNWT Global Neuronal Workspace Theory 
HOT Higher-order Thought theory 
IIT Integrated Information Theory 
OST Operational Space-time Theory 
PCT Predictive Coding Theory 
RPT Recurrent Processing Theory 
TTC Temporo-spatial Theory of Consciousness 

Neural conditions 
NPC Neural predisposition of consciousness 
preNCC Neural prerequisite of consciousness 
NCCcont Neural correlate of conscious contents 
NCCcons Neural consequence of consciousness 
Neural measures and concepts 
ACW Autocorrelation window 
DFA Detrended fluctuation analysis 
GS Global signal 
INT Intrinsic neural timescales 
PLE Power-law exponent 
TRW Temporal receptive window 
TTV Trial-to-trial variability  
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suggests non-additive rather than additive interaction of pre-stimulus 
and stimulus activity. 

Studies in both fMRI [30,36], EEG [31,32,43], and even at the 
cellular level [47,48] strongly suggest a non-additive rather than addi
tive mechanism. Data show that high post-stimulus TTV suppression, i. 
e., low TTV, is related to high pre-stimulus variance, while low 
post-stimulus TTV suppression, i.e., high TTV, is preceded by low 
pre-stimulus variance [30–32,43,47]. This suggests a non-additive 
mechanism where the pre-stimulus activity level strongly shapes the 
level of subsequent post-stimulus activity. 

2.1.2. Trial-to-trial variability (TTV) II – neural marker (or neural 
correlate) of conscious contents (NCCcont) 

Is non-additive pre-post-stimulus interaction relevant for con
sciousness? If so, one would expect that the degree of post-stimulus TTV 
reduction is directly related to the degree to which the contents become 
conscious. This has indeed been shown especially for the case of visual 
perception: the stronger the post-stimulus TTV is reduced (for instance, 
in the dorsolateral prefrontal cortex – DLPFC – and/or alpha band), the 
more likely the respective contents will become conscious [40–42, 
50–56]. These findings strongly suggest that post-stimulus TTV plays a 

key role in mediating conscious contents, which, albeit indirectly, im
plies the presence of non-additive rather than additive pre-post-stimulus 
interaction. 

Sergent et al. [57] demonstrated that the post-stimulus TTV level 
around 250–300 ms provides a critical threshold: after that, 
stimulus-related activity may persist and thus be prolonged, showing 
low TTV during conscious access. If, in contrast, the TTV returns to its 
high pre-stimulus levels during the post-stimulus period, conscious ac
cess is no longer present [57]. The critical role of 250–300 ms 
post-stimulus is well compatible with a recent intracranial 
stereo-electroencephalography (sEEG) (with a no-report paradigm) that 
showed the differential impact of the pre-stimulus activity on early and 
late post-stimulus activity: pre-stimulus variance strongly shaped the 
early (0–250/300 ms) than the late (300–600 ms) post-stimulus interval 
where the impact of the external stimulus was stronger [32] which may 
provide conscious access [57]. 

Together, these studies suggest that post-stimulus TTV and its time 
course may provide a key marker of the contents of consciousness. 
Future studies are warranted to investigate whether early (0 – 250/300 
ms) and late (250/300 – 600 ms) post-stimulus intervals are associated 
with distinct dimensions of consciousness, i.e., phenomenal and access, 

Fig. 1. Temporo-spatial expansion of the input/stimulus’s original (physical) temporal duration and spatial location during the pre-post stimulus interaction of the 
brain’s neural activity. The stimulus-related activity is non-additively integrated within an ongoing delta cycle of 1 Hz that spills over for another 500 ms into the 
post-stimulus period. Thus, the original temporal duration of the input is virtually expanded by the neural activity during the pre-post-stimulus interaction. The 
actual input or stimulus of a firing gun is embedded in the ongoing experience (during the pre-stimulus period) which, after the onset of the input/stimulus is 
expanded towards the post-stimulus experience. The actual input/stimulus, the firing gun, is thus integrated and embedded within the ongoing experience of the pre- 
stimulus period, the stadium. Together, pre-stimulus experience (stadium) and the actual input/stimulus (firing gun) amount to the experience of runners starting for 
a competitive run (as the firing gun in a stadium is usually associated semantically with the start of a run in a competition). If, in contrast, there was a different 
experience in the pre-stimulus period like a deer in a forest, the same input/stimulus, i.e., firing gun, would elicit a different conscious content, most likely the one of 
a hunter shooting the deer. 
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respectively [58]. Moreover, non-additive pre-post-stimulus interaction 
needs to be explicitly demonstrated to mediate the phenomenal features 
of conscious contents: the higher the degree of non-additivity, the more 
likely consciousness including distinct phenomenal features like qualia, 
intentionality and ipseity [59] may be associated with the respective 
input/stimulus. 

2.2. Temporo-spatial expansion I – neural expansion mediates conscious 
contents 

Why and how are the TTV and its non-additive pre-post-stimulus 
interaction key for contents to become conscious? Given that the tem
poral and spatial features of the pre-stimulus activity are carried over 
and thus neurally expanded to especially the early post-stimulus activity 
(0 – 250/300 ms), the TTC speaks of Temporo-spatial expansion. 
Expansion is here meant in a purely neural sense, namely, that the 
spatial and/or temporal features of the spontaneous activity in pre- 
stimulus activity are carried over and thus expanded during the post- 
stimulus interval. This allows for their direct interaction with the 
external input/stimuli in a non-additive (rather than additive) way. For 
instance, the activity level of a region like the FFA remains the same 
during pre- and post-stimulus intervals: this temporal expansion of FFA 
activity from pre- to -post-stimulus intervals, in turn, makes it more 
likely that one perceives a face rather than a house or else a during the 
presentation of bistable stimuli [37,38]. The TTC speaks here of ‘spatial 
expansion’ of FFA activity from pre- to post-stimulus activity. 

There is also a temporal expansion related to oscillations. Pre- 
stimulus variance in slower (delta) and faster (alpha) frequencies en
tails distinct types of non-additive pre-post-stimulus interaction, i.e., 
positive (delta) and negative (alpha) [31]. This suggests different types 
of pre-post-stimulus carry-over of slow and faster frequencies: relative to 
the length of their ongoing cycle durations across pre- and post-stimulus 
intervals, slow and fast frequencies with their long and short cycle du
rations exert a differential impact, that is, positive and negative 
non-additivity, on post-stimulus activity [31]. If, for instance, a new 
cycle of delta 1 Hz starts at − 500 ms pre-stimulus, it will be shaping 

post-stimulus activity for another 500 ms. If, in contrast, a delta cycle 
starts at − 800 pre-stimulus, it will only be ongoing for another 200 ms 
in the post-stimulus period. 

Is such a temporal expansion of neural activity relevant for conscious 
contents? Various studies show the relevance of especially pre-stimulus 
alpha for conscious contents [40–45]. Given that alpha covers the fre
quency range of 8–12 Hz, these findings suggest that its cycle duration of 
around 100 ms may be key in linking pre- and post-stimulus activity 
with each other as well as to consciousness. However, one needs to be 
careful about some methodological caveats. One must consider the 
length of the pre-stimulus interval in one analysis: if one only considers 
100–200 ms pre-stimulus intervals, one’s focus is necessarily on alpha 
while excluding slower frequencies with longer cycle durations (like 
delta or theta) [32,43]. This is indeed supported by Glim et al. [60] who, 
applying a long pre-stimulus interval of 2 s, demonstrated the impor
tance of slow cortical potentials (0.1–1 Hz with a cycle duration of 10–1 
s) in visual consciousness. 

2.2.1. Temporo-spatial expansion II – from neural expansion to 
phenomenal features 

We so far limited Temporo-spatial expansion to the neural domain 
while leaving out the phenomenal features of consciousness. The TTC 
claims that the Temporo-spatial expansion on the neural side of pre- to 
post-stimulus activity is accompanied by a more or less corresponding 
expansion of the temporal and spatial features of the external input/ 
stimulus itself: we perceive the external input/stimulus in our con
sciousness in a temporally and spatially more expanded way when 
compared to its actual physical duration and location. There is a 
discrepancy between physical and phenomenal locations/durations of 
the external input/stimulus – the TTC speaks of a ‘physical-neuronal 
discrepancy’. 

The TTC proposes that this physical-neuronal discrepancy is related 
to the virtual temporal and spatial expansion of the physical location 
and duration of the external stimulus. If, for instance, the actual input 
lasting for about 200 ms is integrated or embedded within an ongoing 
delta cycle of 1 Hz that spills over for another 500 ms into the post- 

Fig. 2. Temporo-spatial globalization of an 
input/stimulus allows for accessing it through 
cognitive functions, i.e., access consciousness. 
The input/stimulus of the runner perceived 
through the eyes is encoded and its information 
is progressively distributed along the activa
tions of multiple regions and their different 
time scales; this makes the content available for 
conscious cognitive access. Neurophenomenally 
speaking, after an immediate manifestation of 
an experience of the runner as phenomenal 
content, i.e., phenomenal consciousness, it is 
then made available to various cognitive facil
ities like reasoning, speech, report, behavior, 
and reflection, i.e., access consciousness.   
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stimulus period, the temporal duration of the 200 ms lasting input will 
be expanded by another 300 ms in a virtual, i.e., neuronal way beyond 
the physical duration of the stimulus (see Fig. 1). This means that, 
despite lasting only 200 ms by itself, the external input will elicit and 
thus be processed for a total of 500 ms in brain neural activity. The same 
may analogously be observed on the spatial side. A simple purely visual 
stimulus may by itself only elicit neural activity in V1 and V2. However, 
if V1 and V2 are strongly connected with, for instance, DLPFC in the pre- 
stimulus period with that transient connection to be carried over to the 
post-stimulus period, the simple visual stimulus’ post-stimulus activity 
may be expanded beyond V1 and V2 to higher-order regions like MT/V5 
and others and ultimately even the DLPFC. 

In summary, the TTC claims that the degree to which the physical 
duration and location of the actual input/stimulus is expanded by the 
brain’s neural activity beyond the physical features of the input/stim
ulus is directly related to the phenomenal features. Given that the 
assignment of consciousness supposedly depends on the expansion of 
the original spatial and temporal features of the input/stimulus, the 
resulting phenomenal features may be spatial and temporal themselves. 
Thus, spatial topography and temporal dynamic may be shared as the 
‘common currency’ of brain neural activity and phenomenal features of 
consciousness [27,61]. Neural topography and dynamic may thus 
resurface on the phenomenal level in terms of mental topography and 
dynamic. Finally, Temporo-spatial expansion is a sufficient neural con
dition of conscious content, i.e., a neural correlate of consciousness 
(NCCcont). However, it is not a necessary neural condition of conscious 
content as that is provided by the pre-stimulus activity, namely, its 
temporal dynamic and spatial topography. For instance, in another 
spatio-temporal context with different necessary conditions, there may 
be another neuronal state x1 (or an artificial neural state) to elicit the 
actual conscious content y. Logically speaking, being in Rome is a suf
ficient condition for being in Italy, but it is not necessary, as I could, for 
instance, also be in Milan or elsewhere to be in Italy [62]. 

3. Accessing contents of consciousness – Temporo-spatial 
globalization 

We already highlighted that later stimulus-related activity around 
300–600 ms and recruitment of the DLPFC are associated with conscious 
contents (as distinct from unconscious contents). There has been 
considerable debate among especially IIT/RPT and GNWT/HOT 
whether such later higher-order recruitment is associated with the 
phenomenal or cognitive/access features of consciousness [1,3,6,8,63, 
64]. The TTC does not participate in this debate nor takes a stance here. 
Instead, it proposes a distinct mechanism, Temporo-spatial globaliza
tion, which can be conceived as a continuation of Temporo-spatial 
expansion by providing the latter’s link to cognitive functions. 

Temporo-spatial globalization refers to the global recruitment of 
regions and frequencies that are important for specifically access con
sciousness [65,66]: this happens when some content is processed and 
made dispositionally available to cognitive functions such as reasoning, 
speech, report, and behavior. This is a final stage or result of a chain of 
various preceding temporo-spatial mechanisms closely related to the 
spontaneous activity itself, i.e., its Temporo-spatial expansion, nested
ness, and alignment. Conceived in this way, the external input/stimulus 
supposedly only triggers or accentuates (rather than causes) an already 
ongoing neural activity change that by itself predisposes or makes it 
impossible to associate consciousness with the external stimulus (see  
Fig. 2). Thus, Temporo-spatial globalization can be related to the neural 
consequences of consciousness (NCCcons), that is, to those sufficient 
neural conditions that allow cognitive accessing and (successively) 
reporting conscious contents [5,67,68]. 

This is where TTC and other theories of consciousness such as GNWT, 
RPT, and HOT diverge. In fact, to fully understand how the temporal- 
spatial mechanisms of expansion and globalization work, it is neces
sary to step back and focus not only on the neural correlates and neural 

(or better neuro-cognitive) consequences of the content and access of 
consciousness per se (i.e., the actual consciousness) but on the intrinsic 
spatial-topographic and temporal-dynamic features of the neural activ
ity that precedes them, that is, the brain’s spontaneous activity as 
manifest in pre-stimulus and also in the resting-state activity [59]. This 
leads to Temporo-spatial alignment and nestedness that, as the TTC 
claims, provide the necessary neural conditions of possible conscious
ness, that is, the neural capacity or neural predisposition (NPC) and 
prerequisite (preNCC) of consciousness [5,69,70]. Complementing the 
content and access of consciousness, NPC and preNCC are key for its 
additional dimensions like the level/state and form/structure of 
consciousness. 

4. Form or structure of consciousness – Temporo-spatial 
alignment 

One key component of consciousness is its inclusion of multiple 
layers in our experience. Most prominent is the attempt by Gestalt 
Psychology to characterize perception in terms of figure and back
ground. We experience or are conscious of a particular content (as 
figure) within a context (as background), with the latter itself being 
conscious, preconscious, or subliminally perceived (see also [46]). This 
has been picked up somewhat by the IIT in especially its axioms, which, 
taken roughly, are different organizational constellations between 
context (background) and content (figure) in phenomenal consciousness 
([6]; see [71,72] for a critical evaluation). Where and how is the back
ground or context of the contents of consciousness coming from? The 
TTC assumes here a particular mechanism, namely, Temporo-spatial 
alignment. Temporo-spatial alignment means that the brain encodes 
the context by adapting (and thereby aligning) its own neural activity to 
the various inputs/stimuli that shape the context [28]. 

4.1. Intrinsic neural timescales (INT) I – difference-based coding and 
context 

Our environment bombards the brain with a variety of regular and 
irregular inputs on different timescales. Consider one of the temporally 
most complex inputs, music. We are able to simultaneously perceive the 
different timescales of music and, even better, integrate them into one 
meaningful whole, like a melody that, moreover, can be distinguished 
from the ongoing accompaniment in the background. How can our brain 
process and integrate such multi-scale inputs? Recent evidence suggests 
that the brain itself exhibits ‘intrinsic neural timescales’ (INT) [73–83]. 

Measured by the autocorrelation window (ACW) [73,76,83], the 
brain exhibits temporal windows (INT) of different lengths or duration 
in the resting state. Interestingly, unimodal regions such as primary 
sensory cortices show shorter ACW, while transmodal regions such as 
the default mode network (DMN) show longer timescales, i.e., long ACW 
[74,76,83–86]. Hence, the temporal distinction of shorter and longer 
timescales converges with the spatial topography of uni- and transmodal 
regions [85,86] that amounts to a core-periphery organization [76,87, 
88]. 

What is the role of the brain’s INT? A variety of studies by the group 
around Hasson demonstrated that longer and shorter timescales are 
related to corresponding temporal differences in the input sequences 
[73,77,81,89]; for instance, single tones are related to neural activity in 
the unimodal primary auditory cortex while sequences of tones and a 
whole melody are more related to neural activity in transmodal 
higher-order regions with the DMN at the top of the hierarchy [73,80, 
90]. Therefore, they characterize INT as ‘temporal receptive windows’ 
(TRW) as they receive and organize input sequences by temporal seg
mentation [77,89]. This is well compatible with a recent study showing 
that the INT change during the transition from rest to task by showing 
task-specific effects in both uni- and transmodal regions [76]. 

Together, these findings suggest a key role for INT in the brain input 
processing [83] and, more generally, the brain’s encoding of its external 
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context. Through its own INT, the brain formats the input stochastics in 
a temporal way; this allows it to process and encode the multitude of 
inputs in their temporal stochastics. Therefore, one input is processed 
and encoded relative to the other – this requires difference-based coding 
[91]. 

Difference-based coding must be distinguished from another possible 
encoding strategy, namely stimulus-based coding [91]. In that case, the 
single input is encoded in an absolute way, as a stimulus or input by 
itself in isolation from the other inputs/stimuli. However, this is not 
empirically supported by the data [91] nor is it compatible with the 
temporal windows of the INT (as these lump or pool and thus relate 
distinct inputs together; [83]). In summary, input encoding and pro
cessing as mediated by INT is difference-based and therefore intrinsi
cally contextual. This has major implications for consciousness. 

4.1.1. Intrinsic neural timescales (INT) I – key role in consciousness 
Are INTs important for consciousness? Some recent studies have 

investigated INT in various disorders of consciousness. Conducting an 
fMRI resting state, Huang et al. [54] investigated the autocorrelation 
function (as an index of INT) in subjects undergoing graded propofol 
sedation. They observed a prolonged temporal autocorrelation in these 
subjects accompanied by a shift towards slow frequencies, i.e., lower 
median frequency, while, at the same time, global functional connec
tivity decreased. 

Unlike graded nonsurgical sedation with propofol, subjects with 
deep or surgical anaesthesia, as well as those in an unresponsive 
wakefulness state (UWS), showed a major reduction, i.e., a shortening in 
temporal autocorrelation [54,92]. The authors conclude that during 
sedated states, the INTs are prolonged, which disrupts the global func
tional connectivity between regions, while in the deep unconscious 
state, i.e., surgical anaesthesia and UWS, both timescales and functional 

connectivity are completely disrupted and basically broken down [54]. 
In another fMRI study, Huang et al. [92] observed that, when 

becoming unconscious, intra-regional temporal autocorrelation does 
indeed increase while interregional functional connectivity decreases. In 
contrast, during recovery from unconsciousness, there is a sudden 
restoration of the cortical INT with restoration of subcortical-cortical 
functional connectivity. Together, these findings demonstrate the rele
vance of INT for consciousness in the infraslow frequency range 
(0.01–0.1 Hz) of fMRI, as well as their dynamic changes across different 
degrees or levels/states of consciousness. 

Although these findings establish a role for INT in consciousness, i.e., 
level/state, they leave open whether they are specifically related to 
changes in input processing. This was addressed by Zilio et al. [93] in a 
recent EEG study, albeit indirectly. They investigated ACW in 
resting-state EEG in subjects with physiological, pharmacological, and 
pathological alterations of consciousness. Under such conditions, input 
processing is known to be altered in distinct ways, i.e., progressive 
decrease (NREM sleep stages N1, N2, N3), isolation from external inputs 
but preserved capacity for processing of internal inputs (from the own 
body and brain) (REM sleep and ketamine), and extreme deficiency or 
complete absence of both external and internal inputs (unresponsive 
wakefulness syndrome, sevoflurane). Additionally, they included sub
jects with complete loss of motor function, e.g., output processing, while 
input processing and consciousness are preserved (Locked-in syndrome 
(LIS) and amyotrophic lateral sclerosis (ALS)). The results show an 
abnormally long ACW in the unresponsive wakefulness syndrome, 
through abnormal strengthening of slow frequency power (and a con
current weakening of fast frequency power). Both anaesthesia and sleep 
showed show abnormal prolongation of the ACW, which is in line with 
the progressive decrement of the capacity of input processing in the 
different behavioral states. Motor conditions, on the contrary, exhibited 

Fig. 3. Temporo-spatial alignment of the 
brain’s intrinsic activity to ongoing environ
mental stimuli. In the upper part of the figure 
(a), the autocorrelation window (ACW) of the 
subject shows the different lengths of the INT 
repertoire and its topographic distribution (EEG 
map). In particular, the temporal dynamic of 
the subject are sufficiently short to allow sam
pling the start of the runners in a fine-grained 
and temporally precise and differentiated way. 
Neurophenomenally speaking, every detail of 
the competition (figure-runner and 
background-bleachers) is well parsed across 
multiple levels of duration. On the contrary, in 
the lower part of figure (b), the mildly sedated 
subject has a reduced and generally longer INT 
repertoire. This corresponds to the loss of the 
ability to segment the input series in detail, 
resulting in the coarse-grained integration of all 
stimuli into long time windows. Instead of 
perceiving the input in a temporally precise 
way (as in the first case), the subject now per
ceives the same input in a temporally imprecise 
or smoothed way – the perceived image of the 
runner is blurred with the other inputs/stimulus 
of the same scene or context. The ACW repre
sentations are taken from the datasets investi
gated in [93].   
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‘normal’ ACW with a preserved balance of slow and fast frequencies in 
the power spectrum. 

Together, these findings support the involvement of intrinsic neural 
timescales specifically in input processing rather than output processing, 
including their relevance for consciousness. If, in contrast, the ACW was 
involved in both input and output processing, it should have changed in 
both types of conditions, altered states of consciousness and motor 
conditions. However, that was not the case, as only disorders of con
sciousness exhibit major changes in INT (see also [76]). In summary, we 
tentatively assume that input encoding through INT in terms of 

difference-based coding (rather than in a stimulus-based way) is key for 
the presence of consciousness. 

4.1.2. Intrinsic neural timescales (INT) II – from Temporo-spatial 
alignment to the phenomenal context/background of consciousness 

We are now ready to address our question of where the context or 
background of consciousness is coming from. The INT encode contents 
within their respective contexts, i.e., input stochastics through 
difference-based coding. Such context-dependent encoding of single 
inputs/stimuli allows the brain to attune, synchronize or entrain and, 

Fig. 4. Visual illustration of spatial (a) and temporal (b) nestedness. The spatial nestedness represented by the brain’s global cortical and subcortical signal shows 
how the various levels of activity (global, regional, and local) are spatially nested within each other in a scale-free way. Similarly, on the temporal level, the fastest 
frequencies are nested within the slowest frequencies following the power-law distribution (slow frequencies-high power; fast frequencies-low power). The disruption 
of the global-to-local spatial relationship and/or the unbalance of the relationship between slow-fast frequencies corresponds to the decline of the level/state of 
consciousness, up to the complete loss of consciousness as in deep anaesthesia, which is related to the complete disruption of the nested structure of spontaneous 
brain activity. GS representations are taken from [103]; the PLE representations are taken from the data sets investigated in [93] and [111]. 
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more generally speaking, and match; i.e., complexity matching; [94] to 
its respective environmental context. Therefore, the TTC speaks of 
‘temporo-spatial alignment’. 

How is Temporo-spatial alignment as a purely neuronal mechanism 
related to the phenomenal experience of context or background of 
consciousness? When we are conscious, we are constantly aligned to 
some degree with the continuous flow of external stimuli. Let us 
consider the example of dancing. During dancing, we synchronize and 
align the temporo-spatial stochastics of our own brain and the body 
movements to the temporo-spatial stochastics of music. We conse
quently become conscious not only of single tones, but of tones in their 
respective context like a melody. As mentioned previously, studies by 
the group around Hasson on the TRW demonstrate that the topo
graphical differences in the length of the INT are key in segmenting the 
input into shorter and longer sequences (see Fig. 3). Temporal seg
mentation may thus constitute the context for a single note of which we 
become conscious – we then perceive the single note as part of and being 
integrated within a sequence of ongoing tones, i.e., the melody. 

Temporal segmentation requires both temporal integration and 
segregation [75,83,95]. Their balance may be key for distinguishing 
context (i.e., the sequence of tones as background) and content (i.e., the 
single tone as a figure within the sequence of tones). The experience of a 
single content requires high temporal precision, while temporally 
segregating it from others. In contrast, the concurrent experience of the 
context with its multitude of contents may be more related to a high 
degree of temporal integration and subsequently temporal smoothing 
(rather than temporal precision) [83]. We consequently assume that 
temporal segmentation with temporal integration vs segregation (and 
associated temporal smoothing vs precision) is a key neurophenomenal 
(rather than just purely neuronal) mechanism of Temporo-spatial 
alignment. 

Temporal integration and segregation constitute the form or struc
ture of the context within which the contents are embedded and inte
grated. The TTC claims that the temporal-dynamic and spatial- 
topographic form or structure of the brain’s spontaneous activity is 
also manifest, in more or less corresponding ways, on the phenomenal or 
mental level of consciousness: spatial topography and temporal dynamic 
are shared by the brain’s neural activity and the mental states of con
sciousness as their ‘common currency’ [27,61,96,97]. This is manifest, 
for instance, in subjective time and space experience, i.e., temporality 
and spatiality [98] or, more generally, mental dynamic and mental 
topography. 

5. Level or state of consciousness - Temporo-spatial nestedness 

5.1. Level/state of consciousness I – spatial nestedness 

In addition to its INT, the spontaneous activity exhibits a certain 
temporal and spatial structure, which the TTC refers to as Temporo- 
spatial nestedness. Roughly, Temporo-spatial nestedness refers to a 
particular type of organisation of different spatial and temporal scales of 
neural activity. Rather than operating in parallel, unconnected, or 
causally connected but separate ways, the different spatial and temporal 
scales of neural activity are contained or nested within each other. 

The most typical example of spatial nestedness is the Russian dolls. 
Here, smaller dolls are contained, and thus nested within the next larger 
one, and so forth. While the different dolls exhibit different sizes, i.e., 
large and small, they nevertheless show the same shape, i.e., self- 
similarity. This means that they are organized in a scale-free way: self- 
similarity in their shape or structure across different spatial scales. 
Such scale-free activity typically characterizes ubiquitous systems in 
nature, from seismic earth waves to stock market fluctuations [99–101]. 

Scale-free activity with spatial nestedness also characterizes the 
brain. Spatially, regions are nested within networks that, among the 
latter, constitute a small-world topography [102]. This is, for instance, 
manifest in a particular topography with different degrees of global 

spatial activity representation in particular regions/networks: the local 
activity of particular regions is spatially nested within the global activity 
of the whole brain. The key assumption of the TTC is that such spatial 
nestedness is a key mechanism of the level or state of consciousness, 
namely, its arousal. 

In a multigroup fMRI study, Tanabe et al. [103] investigated global 
functional connectivity (Global signal/GS) in both rat and human 
anaesthesia as well as in human sleep and UWS. They observed that the 
decrease in GS is directly related to the decrease in the level/state of 
consciousness: the lower the GS, the lower the level/state [103] (see also 
[104,105] for further support) (see Fig. 4a). This establishes a direct 
relationship between the degree of global brain activity and the lev
el/state of consciousness across different disruptions (anaesthesia, sleep, 
UWS) and species (humans, rats). 

Importantly, changes in global brain activity were accompanied by a 
differential topography of GS (as measured by correlating GS with each 
regions’ time series, i.e., GSCORR) during different consciousness states: 
for instance, sleep stages (N1–N2-N3, REM) exhibited a differential 
regional distribution pattern of GS, i.e., GS topography, than distinct 
stages of sedation/anaesthesia [103] despite showing similar levels of 
global activity, i.e., GS in, for instance, N3 and deep sedation. This 
suggests that the global activity level, i.e., GS, and global-to-local ac
tivity representation, i.e., GS topography, can, at least in part, dissociate 
from each other: the same level/state of consciousness may be related to 
a distinct structure or form of consciousness leading to distinct phe
nomenology as mediated by the different spatial topographies 
(GSCORR). 

5.2. Level/state of consciousness II – temporal nestedness 

We so far focused on spatial nestedness; how about temporal nest
edness? The short cycle durations of the less powerful faster frequencies 
like gamma and beta are contained and thus nested within much longer 
cycle durations of more power slower frequencies, such as theta and 
delta; the latter ones, in turn, are nested within slow cortical potentials 
(0.1–1 Hz) and infraslow frequencies (0.01–0.1 Hz). Such temporal 
nestedness can be measured by the power-law exponent (PLE) [100,101, 
104,106] or by the detrended fluctuation analysis (DFA) [107,108]. 

Various studies in both fMRI [109–111] and EEG [93,112] (see also 
[28] as well as [5] for extensive reviews) show abnormal scale-free ac
tivity in different behavioral states. During the early stages of loss of 
consciousness, for instance, in mild sedation or N1/2 sleep, the power 
shifts towards slower frequencies at the expense of power in the faster 
frequencies, resulting in higher PLE [54,93,112]. In contrast, during the 
complete and irreversible absence of consciousness like in chronic UWS 
or surgical anaesthesia, the basic structure of the power spectrum 
(slow-fast frequencies related to high-low power) is lost completely: it is 
now completely flat without any temporal nestedness anymore [54, 
111]. 

Together, one may assume that an average dynamic range of tem
poral nestedness with a certain structure or balance of slow and fast 
frequency power may be optimal for the maximal expression of the 
level/state of consciousness [113]: ‘average is good, extremes are bad’ 
(see Fig. 4b). If that structure is shifted to some degree, the possibility of 
consciousness is preserved even if it is not actually realized. This marks 
scale-freeness with temporal nestedness as the neural predisposition of 
consciousness (NPC) rather than as its neural correlate: it constitutes the 
necessary non-sufficient neural conditions that make possible con
sciousness (‘possible consciousness’), while not realizing its actual 
manifestation through specific contents (‘actual consciousness’) [5,28, 
59,70]. 

The TTC postulates that such Temporo-spatial nestedness on the 
neuronal level is also neurophenomenally relevant for consciousness. 
The different temporo-spatial scales or ranges of the various layers of 
context/background and contents of our experience are linked and 
unified with each other through their temporo-spatial nestedness – this 
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may result in the experience of unity as a phenomenal key feature of 
consciousness [59,114,115]: the higher the degree of temporo-spatial 
nestedness of the different temporal and spatial scales of the brain’s 
neural activity, the higher the degree of their nestedness or unity in our 
experience. Thus, unity in the gestalt of temporo-spatial nestedness may 
be shared by both the brain and consciousness as their ‘common cur
rency’ [27,61,97]. 

6. Conclusion 

We introduced the TTC as a different approach to consciousness 
compared to various other theories. The key difference is that TTC takes 
into account the most basic features of the brain’s neural activity, 
namely, its spatial topography and temporal dynamic. Both spatial and 
temporal features are supposed to be shared by neural and phenomenal 
activity, that is, the brain and consciousness as their ‘common currency’ 
[27,61]. This provides a direct (e.g., necessary a posteriori; [116]) link 
of neuronal and phenomenal features resulting in the here postulated 
neurophenomenal hypotheses. 

The four temporo-spatial mechanisms correspond to four specific 
neuronal conditions related to consciousness: correlates, consequences, 

prerequisites, and predispositions. Neural predisposition (Temporo- 
spatial nestedness) and neural prerequisite (Temporo-spatial alignment) 
refer to those temporo-spatial conditions of the brain’s neural activity 
that provide the ground for and thus make possible (without yet actually 
realizing) the association of specific contents with consciousness - they 
refer to what conceptually can be described as ‘possible consciousness’ 
[59,91]. While the neural correlates (Temporo-spatial expansion) and 
neural consequences (Temporo-spatial globalization) refer to those 
neural conditions that realize the content of consciousness in a precise 
spatio-temporal context (e.g., the consciousness of a table in front of the 
subject) - they refer to what conceptually is described as ‘actual con
sciousness’ [59,91] (see Table 1 below) [59,116]. 

To make the four-dimensional structure of consciousness more un
derstandable, starting this time from NPC to NCCcons, we could use the 
metaphor of a room: the floor corresponds to the level/state of activa
tion (nestedness); the arrangement of the furniture to the form/structure 
of consciousness (alignment); the presence of various objects to the 
phenomenal contents (expansion); finally, the relation between the 
single objects (e.g., the table with the chair, the fork with the knife) to 
the access consciousness (globalization). The floor (nestedness-level/ 
state) and the furniture (alignment-form/structure) work as a condition 

Table 1 
The Temporo-spatial mechanisms and their respective neural conditions and dimensions of consciousness.  

Temporo-spatial mechanisms Neural conditions Dimensions of consciousness 

Nestedness Predispositions (NPC) Level/state Possible consciousness 
Alignment Prerequisites (preNCC) Form/structure 
Expansion Correlates (NCCcont) Phenomenal content 

Actual consciousness Globalization Consequences (NCCcons) Conscious access  

Fig. 5. Four-dimensional (three dimensions + color bar) representation of different physiological, pathological, and pharmacological states of consciousness, 
through temporo-spatial mechanisms and their related dimensions of consciousness. Nestedness-level and alignment-form function constitute the neural predispo
sition and neural prerequisite of consciousness, i.e., possible consciousness. While expansion-content and globalization-access realize the content of actual con
sciousness, the neural correlates and consequences of consciousness. Generally, most conditions of consciousness are located along the diagonal from the minimum to 
the maximum degree of consciousness. However, some conditions show important dissociations between mechanisms-dimensions, such as schizophrenia, REM sleep, 
lucid dreams, sedation, and psychedelic state. Abbreviations: UWS/VS = Unresponsive wakefulness syndrome/vegetative state; MCS = Minimally conscious state; 
REM = Rapid eye movement sleep; N1–2–3 = non-REM sleep 1–2–3; LD = Lucid dreams; LIS = Locked-in syndrome. (For interpretation of the references to color in 
this figure legend, the reader is referred to the web version of this article.) 
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Box 1 
Relationship of the four mechanisms of TTC to other neuroscientific theories of consciousness. 

Temporo-spatial expansion: Temporo-spatial expansion is a unique mechanism compared to the ones assumed in other theories of con
sciousness. Current theories of consciousness focus predominantly on post-stimulus activity, such as RPT, GNWT, and HOT, or they highlight the 
role of spontaneous brain activity, such as EH or OST. However, the bridge or link of spontaneous and stimulus-evoked activity is missing in 
either of these theories. This bridge or link is provided by Temporo-spatial expansion. 

On the one hand, Temporo-spatial expansion picks up the intrinsic features of the brain’s spontaneous activity, including pre-stimulus activity, 
namely, its temporal dynamic and spatial topography. On the other hand, Temporo-spatial expansion conceives stimulus-evoked activity 
relative to the pre-stimulus activity’s temporal dynamic and spatial topography. Hence, temporal dynamic and spatial topography provide the 
link or ‘glue’ between pre- and post-stimulus activity. 

While the mechanism of Temporo-spatial expansion is primarily spatial and temporal, it is well compatible with the more cognitive and sto
chastic view of the PCT. The PCT assumes the prediction of the input, the prior, to be key in how the external input/stimulus, the posterior, is 
processed [16,17]. The degree to which the prior and posterior differ or match yields a prediction error. Most interestingly, predictive coding 
assumes a temporal basis, ‘deep temporal models’ [120–122] or ‘temporal thickness’ [123] – this may be found in the temporal dynamic of 
pre-stimulus activity. How such a temporal basis looks in detail and how it shapes pre-post-stimulus interaction, including the prediction error 
and conscious content, remains yet unclear. 

Temporo-spatial globalization: We compare Temporo-spatial expansion and globalization with the neural mechanisms of other theories to 
flesh out their similarities and differences. Like the IIT, the TTC considers integration a key feature of phenomenal consciousness, namely, 
through Temporo-spatial expansion and globalization. However, the TTC takes on a more sophisticated view of integration (see also [124]). 

Integration in TTC refers to the degree to which the pre-stimulus spatial topography and temporal dynamic are carried over and thereby 
expanded to and integrated within the post-stimulus interval through their non-additive (rather than additive) interactions. Integration is thus 
understood in a temporo-spatial sense rather than as a causal integration in a discrete point in time. How such a temporo-spatial sense of 
integration can be linked to the more abstract and mathematical sense of integration in IIT through, for instance, category theory [125] remains 
to be investigated in the future. 

The connection of Temporo-spatial globalization to cognitive function is shared with especially the GNWT. GNWT argues for the existence of 
recurrent and competitive top-down/bottom-up loops that accumulate information from perceptual, motor, attention, memory, and value 
networks, then sharing and broadcasting information back to lower-level processors. This broadly distributed network permits conscious access 
to the unified and synthesized information, i.e., the consciousness of some specific content [126]. We assume that Temporo-spatial globalization 
makes possible such global access as highlighted by GNWT. 

Temporo-spatial alignment: Due to their involvement in the brain’s processing of the inputs of both the body [127] and environment [83,93], 
we regard the INT as key for the stochastic matching of brain dynamics with the input dynamic of the body [22,23] and environment [93]. This 
converges the Temporo-spatial alignment with especially embodied theories of consciousness [22]. However, the Temporo-spatial alignment 
extends beyond the embodied theories in that it explicitly speaks of alignment to the environment as key for consciousness. 

Temporo-spatial alignment may also be related to the concept of free energy in PCT (see also [75]); free energy describes the degree of 
discrepancy in the brain’s energy relative to that in its respective environmental context [16]. One would assume that high degrees of 
Temporo-spatial alignment provide an optimal reduction or minimization of free energy and henceforth a high degree of homeostasis of brain 
and environment. If, in contrast, the degree of Temporo-spatial alignment is low, their energetic discrepancy may be high as manifested in high 
degrees of free energy. 

There are major differences in TTC from other theories in both empirical and conceptual terms. The TTC proposes that Temporo-spatial 
alignment constitutes a particular dimension, namely, the form or structure of consciousness. The form or structure of consciousness refers 
to the organisation of its contents relative to each other [59,69]. The TTC assumes that such a form or structure is constituted by the 
temporal-dynamic and spatial-topographic features of the brain’s spontaneous activity. 

This distinguishes the TTC from all other theories like IIT, GNWT, RPT, and HOT, which neither consider the spontaneous activity (or, if they do, 
they consider it only as a background condition [6128,129]) nor its intrinsic spatial topography and temporal dynamic. That makes it impossible 
for them to take into view the form or structure of consciousness as a third dimension besides content and level/state. Moreover, it also dis
tinguishes the TTC from other resting state-based approaches such as EH [26] and OST [24] where the direct or intrinsic link of the brain’s 
spontaneous activity to consciousness remains more indirect (or extrinsic). 

Temporo-spatial nestedness: Temporo-spatial nestedness distinguishes the TTC from those theories that focus mainly on early and/or late 
stimulus-evoked activity such as IIT, RPT, GNWT, and HOT. Unlike these theories, the TTC explicitly takes into consideration the key role of the 
brain’s spontaneous activity for consciousness. This puts the TTC on par with other theories that focus on spontaneous activity, such as OST [24] 
and EH [25,26], including its recent cognitive version, REBUS (RElaxed Beliefs Under pSychedelics [130]). 

Through Temporo-spatial nestedness, the TTC conceives the intrinsic spatial-topographic and temporal-dynamic organisation of the brain’s 
spontaneous activity as key for consciousness. If we lose its basic intrinsic spatial topography and temporal dynamic as in the case of a flat power 
spectrum, we lose our capacity for consciousness, i.e., its neural predisposition (NPC) [54,70,111]. In that case, we lose the level or state of 
consciousness. 

If, alternatively, the intrinsic spatial topography and temporal dynamic are still preserved but shifted in atypical ways, the level or state of 
consciousness is preserved too. In contrast, the form or structure of consciousness becomes abnormal such that the contents of consciousness are 
integrated and embedded within an abnormal context. That is, for instance, the case in psychedelics where the structure or form of consciousness 
becomes abnormal. Here, the entropy of the brain’s spontaneous activity increases leading to more disordered states as during psychedelics, 
such as LSD or psilocybin; that, in turn, changes our cognition to more relaxed belief states, i.e., REBUS [25,130]. 

Together, albeit in the early stages, the direct link of neuronal topography and mental topography and, analogously, of neuronal dynamic and 
mental dynamic, distinguishes TTC from other theories of consciousness such as OST [24] and EH [25,26]. The TTC extends beyond these 
approaches by providing a specific mechanism, i.e., Temporo-spatial nestedness, that bridges the gap and intrinsically connects brain and 
consciousness (and thus, conceptually put, in a necessary a posteriori way [116,131]).  
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of possibility for the room itself (possible consciousness): without a 
floor, there would be no furniture or objects, and without specific 
furniture, it would just be an empty room. The objects (expansion- 
content) and their position (globalization-access) in relation to the 
furniture enrich and characterize the room (actual consciousness). 

Through this differentiation of mechanisms, it is also possible to 
understand how some cases, both pathological and physiological, can 
induce dissociation between various dimensions (see Fig. 5). For 
instance, the REM state during sleep might be represented as a room 
with a confused arrangement of furniture and objects, while in non-REM 
sleep the furniture may be extremely sparse if not lost completely (N3). 
Unresponsive wakefulness syndrome/vegetative state, on the other 
hand, can be conceived as an unstable vanishing floor that leads to a 
general disorder that makes it impossible any consistent relationship 
between objects and furniture. The psychedelic state might correspond 
to a room rich in furniture and objects with a solid but sloping floor that 
makes the relationship or organization among the objects chaotic and 
highly entropic. Finally, schizophrenia might be represented by a room 
with a solid but unstable variable floor that mixes furniture and objects 
from different parts of the house (the bathtub next to the bed or the fork 
next to the toothbrush). 

Together, the four temporo-spatial core mechanisms mark the TTC as 
a viable candidate theory to bridge the two key gaps in our current view 
of consciousness. First, it bridges the gap between spontaneous and 
stimulus-related activity by intimately linking them together as, for 
instance, in Temporo-spatial expansion. Together with its focus on the 
most basic features of the brain’s neural activity, its spatial topography, 
and temporal dynamic, the TTC may provide a unifying neuronal 
framework for various neuroscientific theories of consciousness. 

Second, TTC bridges the gap between neuronal and phenomenal 
features by assuming that both share their most basic and fundamental 
spatial-topographic and temporal-dynamic organisation, i.e., ‘common 
currency’ [27,61]. The assumption of such shared features provides an 
intrinsic (and necessary a posteriori) connection of brain and con
sciousness [116–119]. The intrinsic (necessary a posteriori; [116], 
Chapter 10) connection of neural and phenomenal states allows the TTC 
to also address some of the basic and fundamental philosophical prob
lems. For instance, the assumption of time and space as ‘common cur
rency’ of brain and mind may provide a novel answer to – if not a 
resolution – of perennial philosophical issues like the ‘Hard problem of 
consciousness’ and the mind-brain problem [62,116]. This marks the 
TTC not only as a viable empirical and, therefore, neuroscientific theory 
of consciousness but also as a promising conceptual approach to onto
logical issues in philosophy Box 1. 
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