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Abstract: Long version

Consciousness is constituted by a structure that includes contents as foreground and the environment as background.
This structural relation between the experiential foreground background presupposes a relationship between the
brain and the environment, often neglected in theories of consciousness. The Temporo-spatial Theory of
Consciousness (TTC) addresses the brain-environment relation by a concept labeled “temporo-spatial alignment”.
Briefly, temporo-spatial alignment refers to the brain’s neuronal activity’s interaction with and adaption to
interoceptive bodily and exteroceptive environmental stimuli, including their symmetry as key for consciousness.
Combining theory and empirical data, this article attempts to demonstrate the yet unclear neuro-phenomenal
mechanisms of temporo-spatial alignment. First, we suggest three neuronal layers of the brain’s temporo-spatial
alignment to the environment. These neuronal layers span across a continuum from longer to shorter timescales. (1)
The background layer comprises longer and more powerful timescales mediating topographic-dynamic similarities
between different subjects’ brains. (2) The intermediate layer includes a mixture of medium-scaled timescales
allowing for stochastic matching between environmental inputs and neuronal activity through the brain’s intrinsic
neuronal timescales (INT) and temporal receptive windows (TRW). (3) The foreground layer comprises shorter and
less powerful timescales for neuronal entrainment of stimuli temporal onset through neuronal phase shifting and
resetting. Second, we elaborate on how the three neuronal layers of temporo-spatial alignment correspond to their
respective phenomenal layers of consciousness. (1) The inter-subjectively shared contextual background of
consciousness. (2) An intermediate layer that mediates the relationship between different contents of consciousness.
(3) A foreground layer that includes specific fast-changing contents of consciousness. Overall, temporo-spatial
alignment may provide a mechanism whose different neuronal layers modulate corresponding phenomenal layers

of consciousness. Temporo-spatial alignment can provide a bridging principle for linking physical-energetic (free
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energy), dynamic (symmetry), neuronal (three layers of distinct time-space scales), and phenomenal (form featured

by background-intermediate-foreground) mechanisms of consciousness.

Abstract: Short version

Consciousness is characterized by a structure of foreground contents and an environmental background. This
structure presupposes a relationship between the brain and the environment neglected in many neuroscientific
theories of consciousness. One neuroscientific theory of consciousness that addresses the brain-environment relation
is the Temporo-Spatial Theory of Consciousness (TTC). By the mechanism of “temporo-spatial alignment”, the TTC
considers the symmetry and synchronization of the brain with the environment. Alignment is a mechanism by
which the brain adapts to and coordinates its neuronal activity with various interoceptive bodily and exteroceptive
environmental stimuli. Based on a synthesis between empirical data and theoretical considerations, we suggest a
three-layer conceptual model of neuro-phenomenal mechanism for consciousness. The neuronal layers are
constituted by various lengths of the brain’s intrinsic neuronal timescales that correspond to phenomenal layers of
consciousness, such as the environmental background and specific contents in the foreground of consciousness. The
suggested three layers are thus shared between the brain’s neuronal activity and consciousness, providing their
“common currency” on dynamical grounds coupled to the environment. In establishing an intimate relationship
between the environment and brain, temporo-spatial alignment can also be conceived in terms of basic physical-

energetic processes, such as free energy, and the dynamical emergence of (a)symmetries.

Introduction

Consciousness is a phenomenon whose corresponding neuronal mechanisms and connections to various phenomenal
aspects of experience remain unclear. We experience single contents in the foreground of consciousness, while the
environment or context constitutes the background of consciousness. A paradigmatic example is single trees that we
perceive relative to the forest as a whole (Northoff and Zilio 2022a and b). Many neuroscientific theories of
consciousness focus on the foreground contents of consciousness, and the neuronal mechanisms of the contextual
background remain underinvestigated or completely neglected (see Northoff and Lamme 2020, Seth and Bayne
2022). Based on the mechanism of temporo-spatial alignment (Northoff 2013; Northoff Zilio 2022a), our principal
aim is to establish a conceptual three-layer neuro-phenomenal model of the structural foreground-background

nature of consciousness.

Among the various neuroscientific theories, the Temporo-spatial theory of consciousness (TTC) stands out
in that it is one of the few—see also Integrated World Modeling Theory (IWMT) (Safron 2020, 2022)—that considers
the relationship of the brain to the environment as a key feature of consciousness (Northoff and Huang 2017,
Northoff and Zilio 2022a and b). In that vein, the TTC proposes a particular mechanism, notably “temporo-spatial
alignment” or alignment in short. Alignment is a brain mechanism by which the brain adapts and coordinates its

neuronal activity’s dynamics to interoceptive bodily and exteroceptive environmental dynamics.

Alignment concerns how the brain’s spontaneous activity actively, rather than passively (Northoff 2018),
processes and encodes extrinsic inputs (see Box 1 in Golesorkhi et al. 2021a for an encompassing notion of inputs).
Spontaneous activity refers to the brain’s ongoing intrinsic activity, already discovered and empirically demonstrated
in insects and animals by the German physiologist Erich von Holst (1908-1962). Back in the 1930s, the psychological
paradigm of behaviorism explained the locomotor or movement behavior of organisms via reflex chains where

environmental stimuli drive and govern the animal’s motor outputs. By surgically cutting distinct nerve connections
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in insects and animals, von Holst demonstrated that the organisms maintained locomotion or motor outputs,
implying that the nervous system produces intrinsic activity irrespective of environmental stimuli or inputs (von
Holst 1939). This observation shifted the brain’s role from a passive transmitter of extrinsic impulses to an active
intrinsic organization requiring scientific investigation.

Since the introduction of functional neuroimaging from 1990 to 1992 (Bandettini, Wong, Hinks, Tikofsky,
and Hyde 1992), the investigation of the brain’s spontaneous activity nonetheless lagged many years behind. The
first so-called resting-state fMRI study by Biswal and colleagues investigated functional connectivity at rest, which
occurred in 1995 (Biswal et al. 1995). It nonetheless took another six years until 2001, when Raichle and colleagues
published their discovery of the resting-state’s default-mode network (Raichle et al. 2001), until the investigation of
the brain’s spontaneous activity via the so-called resting-state spread into a mainstream operational research
paradigm in functional MRI. Consequently, the resting-state represents an operational term referring to the
empirical investigation of the brain’s intrinsic spontaneous activity, such as via functional MRI, without applying
specific stimuli or tasks to the subjects. Conversely, the brain’s spontaneous activity describes ongoing and ever-

lasting intrinsic brain activity prevalent before, during, and after specific environmental stimuli or tasks.

The key assumption is that input processing is strongly shaped by the brain’s intrinsic temporal dynamic
and spatial topography hence the name temporo-spatial alignment. Applying various topographic and especially
dynamic measures, the neuroimaging modalities of electroencephalography (EEG), magnetoencephalography
(MEG), and functional magnetic resonance imaging (fMRI), the TTC is obatining empirical evidence in support of
the alignment hypothesis (Klar et al. 2022; Wainio-Theberge et al. 2021; Wolff et al. 2019a; Zilio et al. 2021).

Goal and aims — Three-layer structure of the brain’s temporo-spatial alignment shapes phenomenal layers of

consciousness

We introduce a conceptual model of alignment where the brain’s shorter timescales or faster frequencies (those
related to extrinsic stimulus-induced activity) are nested into and dependent on longer timescales or slower
frequencies (primarily provided by intrinsic and ongoing spontaneous activity). We theorize that three distinct
neuronal timescales of brain activity correspond to three temporal layers that mediate foreground-background
perception in consciousness (see Gestalt psychology for the foreground-background structure; Kohler 1967;

Wagemans et al. 2012) as follows. The following hypotheses comprise the three-layer temporal model of alignment:

1. The neuronal activity’s longest timescales, i.e., the slowest frequencies with the highest amplitude and
longest phase cycles, drive the process of the background structure of consciousness, such as the scenery of
the environmental context (section “Background layer: shared cortical topography and neuronal dynamics
across subjects”).

2. An intermediate range of intrinsic neuronal timescales (INT) and task-related temporal receptive windows
(TRWs) bridge the two other layers, constituting the changing contents of consciousness (section
“Intermediate layer: stochastic alignment of neuronal to environmental dynamics”).

3. The shortest timescales, i.e., the fastest frequencies with the lowest amplitude and shortest phase cycles, are
associated with the foreground of experience, such as the constantly varying contents of social interaction
with another person requiring rapid adaptations (section “Foreground layer: entrainment as phase-locking

of neuronal activity by exteroceptive and interoceptive stimuli”).

This three-layer temporal model of alignment opens the possibility to empirically measure environmental dynamics
(f.ex. the time-series of music or fluctuations of other sensory stimuli), cognitive dynamics (via psychological and

behavioral tests recording associated time-series data (Rostami et al. 2022; Hua et al. 2022), and neuronal dynamics



40f21

(via the neuroimaging modalities of EEG, MEG, and fMRI). Environmental, cognitive-behavioral, and neuronal
time-series share dynamics, such as fractal pink noise (Gisiger 2001; Gilden et al. 1995; Halley and Inchausti 2004;
Klar et al. 2022; Riley et al. 2011; Voss and Clarke 1975). These shared dynamics between environmental, cognitive-
behavioral, and neuronal levels consequently provide a bridge principle that we call “common currency” allowing
the scientific environment-brain linkage for consciousness and behavior (Northoff et al. 2020; Kolvoort et al. 2020).

After briefly introducing the concept of alignment in connection to the three timescale layers we visualized in
Figure 1, the following three subsections elaborate on empirical findings supporting the nervous system’s alignment
to the social and natural environment, focusing on the neuronal perspective of the three-layer model. The
phenomenal perspective on the three-layer model taking consciousness into consideration follows after introducing
the neuronal layers. Finally, we present a brief discussion regarding the implications of temporo-spatial alignment

for other dynamic concepts, such as the free energy principle and symmetry/anti-symmetry.

Figure 1. Temporo-spatial alignment between environment and brain in a three-layer model. Alignment describes the interaction
of the brain’s ongoing spontaneous activity with interoceptive bodily and exteroceptive environmental stimuli. The (1)
background layer refers to inter-individually shared cortical topography and neuronal dynamics of low-frequency high-amplitude
timescales. The (2) intermediate layer refers to a stochastic alignment of intrinsic neuronal timescales (INT) to environmental
dynamics measurable by stimuli- or task-related temporal receptive windows (TRWs). Finally, the (3) foreground layer of high-
frequency low-amplitude timescales considers entrainment as phase-locking of neuronal activity by exteroceptive and
interoceptive stimuli.

Temporo-spatial alignment: three neuronal layers of the environment-brain relation

This section aims to link the three conceptualized layers of the brain’s neuronal activity ranging from (1) low-
frequency high-amplitude timescales associated with the conscious background over a (2) intermediate layer
bridging the first layer with (3) high-frequency low-amplitude timescales associated with the foreground of
consciousness. We propose that these three layers constitute consciousness by modulating various timescales, as in
distinct frequency bands of the nervous system, by degrees of symmetry to the environment and its corresponding

signals.

Background layer: shared cortical topography and neuronal dynamics across subjects

Functional MRI studies of the brain’s ongoing spontaneous activity, often represented by connectivity analyses of
the resting-state, yielded tremendous evidence for shared topographic network activity across individuals (Fox and
Raichle 2007; Mitra and Raichle 2016). Irrespective of specific stimuli or tasks, human subjects also share functional
networks identified by their temporal dynamics, such as via the BOLD’s significant temporal correlation across brain
regions, in the infra-slow frequency band (0.01-0.1 Hz) of fMRI (Bijsterbosch et al. 2017). Spontaneous BOLD
fluctuations are similar between individuals, reflecting the brain’s intrinsic functional architecture shared between
populations.

Intersubjective correlation (ISC) confirms similarity in topography and dynamics: More recently, a novel
method labeled inter-subject correlation (ISC) emerged. ISC aims to investigate shared functional states between the
brain’s topography of the different subjects (Nastase et al. 2019; Yeshurun et al. 2021). This method goes beyond
functional connectivity analyses that only focus on the temporal correlation between voxels or regions primarily on
an intra-individual level, rather than comparing inter-individually. Functional MRI studies applying ISC measure
responses to naturalistic stimuli, such as movies, stories, or auditory narratives (Simony et al. 2016), where the
responses of one brain can even predict responses in other subjects’ brains that participated in the same naturalistic
paradigm (Hasson et al. 2004; Hasson and Frith 2016). Hasson et al. (2004) observed significantly shared fMRI voxel-
by-voxel inter-individual brain dynamics in viewers of a short movie and found that viewers’ brain dynamics could

predict those of the others. Recent electrophysiological EEG and MEG recordings also show shared spatiotemporal
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brain dynamics between different subjects (Chang et al. 2015; Chen and Farivar 2020; Hasson et al. 2012).

The inter-subject correlation method has found the most application with naturalistic stimuli while neglecting
inter-individually shared dynamics of the brain’s resting-state irrespective of stimuli or tasks. Addressing this gap,
recent (1) fMRI (Tumati et al. unpublished) and (2) EEG (unpublished) studies by our group investigated ISC also in
the resting-state next to task states. We will briefly present the results of both studies in the following, starting with
the fMRI analysis.

(1) fMRI study: The fMRI study (Tumati et al. unpublished) utilized 3 Tesla data from the Human Connectome
Project S1200 release (Van Essen et al. 2013) of 974 healthy young subjects obtained from rest and task recordings
(TR =0.72 s). Functional scan acquisition comprised two days. On day one, two resting-state scans (14 min 52 s) and

», «

three task states (“working memory”; “gambling”; and “motor”) were acquired. On day two, the two resting-state
scans were repeated, including four task states (“emotion”; “language”; “relational”; and “social”). The analysis then
parcellated the functional recordings into 360 cortical regions based on the multimodal parcellation (MMP) atlas
(Glasser et al. 2016) to obtain ROI-based mean time-series for each region and in rest and task states.

To investigate subjects’ similarity in their brains’ topography, the authors assessed the inter-subject correlation
(ISC) by computing the BOLD’s time-series standard deviation (SD) for each of the 360 regions.

Healthy physiological processes of the human body, such as heart-rate variability (Lipsitz and Goldberger 1992),
blood flow (Bassingthwaighte and van Beek 1988), volumes of breaths (Hoop, Kazemi and Liebovitch 1993), and
fMRI recordings of human brain activity under conscious wakefulness (Huang et al. 2017; Klar et al. 2022) require a
mixture between regularity and variability. The BOLD’s standard deviation is the square root of the variance and
represents a straightforward measurement of the signal’s variability. If the BOLD signal’s variability has functional
implications for consciousness, one expects a substantially shared SD across healthy subjects. Conversely, subjects
with psychiatric disorders, such as schizophrenia, are expected to show a reduced degree of inter-subject correlation
of the SD. It is expected that various psychiatric manifestations of schizophrenia on the level of experience and
behavior correspond to the neurodiversity of temporo-spatial patterns of brain activity, therefore reducing the inter-
subject correlation of the SD.

Tumati et al. (unpublished) hypothesized that (1) the resting-state intra-regional SD is topographically shared across
the two scanning days recordings within- and between-subjects, and that (2) the relation between rest and task states
SD topographies are similar, hence showing a rest-to-task carry-over effect of SD topography.

The findings yielded the following results. First, the resting-state SD topography showed high overlap across
healthy subjects. The within-subject shared SD topography between days one and two yielded a high mean
correlation across subjects (r = 0.84), indicating similar intra-individual SD topography. The between-subject shared
SD topography for day one (r = 0.74) and day two (r = 0.74) yielded high mean correlations across subjects. Second,
the authors analyzed the SD topography in task states. As hypothesized, the SD topography in task states showed
high between-subject correlations with the highest mean correlation (r = 0.74) in the “relational” (relational contrast)
and “social” (theory of mind contrast) tasks. The results demonstrate that the observed SD topography, which showed
high within- and between-subject correlations in rest and task states, provides evidence for a more universal, that is,
the inter-subjective pattern of the brain’s functional organization: the structure is intrinsic to the brain and holds for
all subjects, rather than being specific for particular subjects. Figure 2 shows the similar or shared topography

between subjects across days in the spontaneous activity during the resting-state.

Figure 2. Inter-subject correlation (ISC) of the BOLD time-series standard deviation (SD) in the resting-state. a) Variability of the
spontaneous BOLD Signal measured in 360 regions across 974 subjects on days one and two. b) Spatial or topographic correlation
of the BOLD SD between days one and two. ¢) Statistical comparison between regional differences into three groups: low, mid,
and highly shared SD. The accompanying boxplots display the difference between the three group-based regions. d) SD
topography at the single subject level. The mean SD correlation between days one and two across all subjects yielded a high
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Pearson correlation (r = 0.84). The correlation of each subject’s SD topography to the rest of the group on both days yielded high
Pearson correlations (day 1: r = 0.74; day 2: r = 0.74). Finally, the correlation between the topography of each subject to every
other subject yielded moderate results (day 1: r = 0.56; day 2: r = 0.55).

(2) EEG study:the EEG study (Wainio-Theberge et al. unpublished) also utilized spatial inter-subject correlation
(ISC) methods, aiming to measure the potentially disrupted inter-individual dynamical and spatial distribution of
the brain’s neuronal activity in the resting-state of clinical patient groups with schizophrenia and depression and
with healthy control groups. The study analyzed three EEG datasets. The first schizophrenia dataset comprised 34
subjects with schizophrenia (mean age/SD = 22.12/3.93) and 35 healthy controls (mean age/SD = 24.06/3.24) with a
recording time of 5 min. The second schizophrenia dataset comprised 24 subjects with schizophrenia (mean age/SD
= 455/8.91) and 25 healthy controls (mean age/SD = 45.88/15.79) with a recording time of 3 min. The third
depression dataset comprised 44 depressed subjects (mean age/SD = 18.7/1.12) with high Beck Depression Inventory
(BDI) scores and 74 healthy controls (mean age/SD = 18.99/1.22) with a recording time of 6 min. A resampling to
250 Hz and a high-pass filter of 1 Hz applied to all datasets resulted in the frequency band 1-250 Hz.

Schizophrenia patients often report a loss of connectedness with the natural and social intersubjective life-world
of everyday human experience. Instead, they find themselves lost in autistic and aloof reflection on the former. This
transformation of conscious experience was famously termed “the loss of vital contact with reality” by French
psychiatrist Eugene Minkowski (1885-1972) (Minkowski 1927; Klar and Northoff 2021). Wainio-Theberge et al.
(unpublished) hypothesized that subjects of the schizophrenia group exhibit a substantially lower inter-subject
correlation (ISC) in the topography of their scale-free dynamic as measured by the power-law exponent (PLE)
computed in the frequency band 2-35 Hz. Briefly, the PLE is computed in the frequency-domain and indicates the
balance of the signal’s power between slower and faster frequencies, where a higher steepness of the PLE corresponds
to more power in slower than in faster frequencies (Huang et al. 2017). (Other measurements included the log-
transformed fractal and oscillatory power not reported by us here.) Conversely, the expectation for depressed patients
was increased inter-subject correlation.

Since EEG lacks voxel-based time-series, the authors assessed the time-series of each of the 30 electrodes for
inter-subject correlations. Wainio-Theberge et al. (unpublished) implemented a “topography vector” of the PLE
computation at each electrode and for each subject. The vectors encapsulated the subjects’ EEG dynamics and were
compared between subjects through Pearson correlation, resulting in the following correlation matrices: (1) healthy-
healthy correlation; (2) schizophrenia-schizophrenia correlation; (3) depression-depression correlation; and (4)
healthy-schizophrenia or healthy depression correlations. The authors obtained the following results.

Schizophrenia dataset I As hypothesized, the schizophrenia patients had lower ISCs compared to the healthy
controls (p = 0.05). Conversely, the ISC within the healthy control group resulted in non-significant (p = 0.12) inter-
subject differences for the PLE, hence indicating that PLE levels are shared between healthy subjects. The findings
support that healthy subjects share a significant degree of ISC, measured via the PLE, whereas schizophrenia patients
showed a loss of inter-subject neuronal dynamics.

Schizophrenia dataset 2- Based on the topography vector of the EEG recordings, the authors again observed a
lower spatial ISC of the PLE in schizophrenia patients (p = 0.024). Furthermore, the ISC of the PLE turned out
significantly higher amongst healthy controls than in the comparison between schizophrenia patients and healthy
controls (p = 0.016). The results of the second dataset thus followed the results of the first dataset for schizophrenia
and healthy subjects.

Depression dataset. Compared to schizophrenia, the ISC of the PLE yielded no differences (p = 0.84).
Interestingly, the PLE ISC comparisons healthy vs. depressed-healthy (p = 0.89) and depressed vs. depressed-healthy
(p = 0.59) resulted in non-significant differences. The authors concluded that ISC abnormalities occurred in
depression, albeit in the opposite direction compared to schizophrenia, precisely because the ISC increased across
depressed patients.

Wainio-Theberge et al. (unpublished) demonstrated that the brain’s ongoing spontaneous activity here
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measured via the PLE of the resting-state exhibits a high ISC across healthy subjects. Conversely, schizophrenia
patients showed abnormally reduced levels of ISCs of neuronal dynamics across the brain’s topography assessed.
Within the schizophrenia patient group, there was less ISC of the PLE, theoretically in line with historical
(Minkowski 1927) and contemporary views (Parnas and Sass 2001; Parnas 2012) on the psychopathology of
schizophrenia, namely the disconnectedness to the social intersubjective life-world that healthy subjects share.

Theoretical conclusions of the fMRI and EEG studies: the fMRI study expanded the results of earlier resting-
state functional connectivity studies that demonstrated shared networks across subjects irrespective of specific
stimuli or tasks (Friston 2011; Cole et al. 2010; Raichle 2015). Tumati et al. (unpublished) highlight the concordant
inter-individual variability, primarily measured via the standard deviation of the BOLD time-series. Notably, the
same temporal dynamics spatially re-occurred in the same voxels and regions over different days, showing the
stability of the brain’s spontaneous activity that is not only intra-individually bound but also shared across subjects.

Further studies from our group support that spontaneous temporal brain dynamics and their spatial distribution
across brains show a highly inter-individually shared nature (as measured in both rest and task states). Related studies
from our group include fMRI and MEG analyses that investigated scale-free activity in the cerebral cortex’s twofold
division into higher-order transmodal association and unimodal somatosensory regions (Klar et al. 2022; Golesorkhi
et al. 2021a; Zhang et al. 2018); a threefold topographic hierarchy of interoceptive, exteroceptive, and cognitive
processing stages of the self (Qin et al. 2020); and the manifestation of different sensory input regions measured via
the power-law exponent and Sample Entropy (Catal et al. 2022). These neuroimaging studies and analyses underlined
that topographical and dynamic properties are all substantially shared across subjects.

The EEG study highlighted the absence of significant inter-subject correlations in the clinical group of
schizophrenia patients. This contrasts to traditional methods that often compared group-based mean values,
neglecting possible inter-individual differences in healthy vs. psychiatric groups. Notably, the schizophrenia group
lost a shared inter-subject correlation that, in turn, was not replaced by a shared abnormal PLE topography. We
interpret this to mean that the healthy phenomenological life-world of ordinary human experience is not replaced
by an inter-subjectively shared world of pathological experiences. Instead, there is higher neurodiversity among
schizophrenia subjects who are neuronally disconnected from both healthy and other schizophrenia subjects — this
may be manifest in the clinical observation that each schizophrenia subject develops idiosyncratic life-world
experiences.

These empirical findings suggest that a form of temporo-spatial alignment already occurs in the brain’s ongoing
spontaneous activity irrespective of specific stimuli or tasks, hence providing a degree of preadaptation to social
interactions and conditioning to environmental phenomena. This preadaptive form of alignment may correspond
to our first suggested background layer primarily constituted by low-frequency high-power timescales of the brain
that appear to be a phenotype that exhibits limited variation within groups sharing sociocultural and environmental
contexts given inter-individual similarity and stability over days (see, paradigmatically, Scalabrini et al. 2021 for
inter-subjective and cultural layers of the brain). Figure 3 visualizes the inter-subject correlation of the brain’s
neuronal dynamics across its topography for the environment-brain relation, namely temporo-spatial alignment on

inter-subjective social grounds.

Figure 3. The background layer is constituted by low-frequency high-amplitude timescales. These long timescales show a high
degree of inter-individual overlap across the brain’s topography in rest and task states. The background layer thus provides a
common shared ground between subjects for alignment with the social and natural world.

Intermediate layer: stochastic matching of neuronal to environmental dynamics via alignment

The suggested alignment mechanism requires the empirical testing of the brain’s spontaneous activity interaction
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with or modulation by environmental stimulus- or task-evoked activity. One possible investigation is testing the
shared nature of “temporal receptive windows” (TRW) of electrophysiological and hemodynamic signals across
subjects in response to the same environmental inputs.

Temporal receptive windows (TR Ws): The temporal receptive window (TRW), initially suggested by Hasson et
al. (2008), describes the time required for a stimulus to elicit measurable responses in neuronal activity. Hasson and
colleagues hypothesized that a hierarchy of increasing TRWs exists in the human cerebral cortex. This hierarchy
supposedly starts with the cerebral cortex’s unimodal somatosensory areas with relatively short TRWs allowing for
rapid processing and temporal alignment to sensory inputs, to higher-order association cortices with significantly
longer TRWs that support the integration of various inputs over more extended periods, albeit at the cost of longer
response delays. Hasson et al. (2008) thus shifted the focus from response magnitudes, such as the amplitude in
electrophysiological EEG and the power of fMRI BOLD recordings, to the dynamics of the ongoing signal in the
time-domain. Applying naturalistic visual stimuli (silent films), Hasson and colleagues indeed found a hierarchy of
TRWs from primarily instantaneous responses in the early visual cortex (V1 and MT+), over intermediate timescales
of 12 s in the superior temporal sulcus and precuneus, to longer timescales of 36 s in the posterior lateral sulcus, the
temporo-parietal junction, and the frontal eye field.

Further studies expanded the knowledge on TRWs (Lerner et al. 2014; Himberger et al. 2018; Jaaskeldinen et
al. 2021). Paradigmatically, Lerner et al. (2011) demonstrated a TRW hierarchy in auditory and language areas where
early auditory areas, such as Al+, showed responses driven by momentary short-scaled inputs up to parietal and
frontal areas that only reliably responded to intact sentences up to paragraphs presented in meaningful sequences.
These results highlighted the functional relevance of TRWs and their expanding topographical distribution with
increasing TRW lengths across the cerebral cortex for the brain’s relating to various features of incoming stimuli,
such as single words to more complex paragraphs.

From temporal receptive windows (TRWs) to intrinsic neuronal timescales (INT): Inter-individually shared
hierarchy of TRWs in the cerebral cortex raises the question to what extent TRWs are rooted in the brain’s intrinsic
functional organization, as represented by spontaneous or resting state activity through intrinsic neuronal timescales
(INT). INT refer to the length of timescales of the brain’s ongoing spontaneous activity (or resting-state) irrespective
of specific stimuli or tasks. Empirically, INT can be measured by the length of the autocorrelation function, specified
by a chosen time lag, e.g., 1/e, 50, or 0, for computing the autocorrelation statistic. The three paradigmatic time lags
above refer to autocorrelation corresponding to each specific time lag. Furthermore, the time lag specification is also
possible in seconds, as shown by Wolff et al. (2019b). The autocorrelation’s specification is sometimes labeled the
autocorrelation window (ACW) in neuroimaging (Gao et al. 2020; Golesorkhi et al. 2021a and b; Wolff et al. 2022).
Paradigmatically, the ACW 0 describes a window length of the autocorrelation’s first zero crossing (r = 0). Longer
INT correspond to higher ACW values and vice versa: slower and powerful timescales decay slowy and carry
temporal correlations in the signal over long periods than fast and less powerful timescales, mirroring the properties
of task-related TRWs.

Recordings of INT spanning from single-unit (Murray et al. 2014) over electrocorticography (ECoG) (Cavanagh
et al. 2020; Honey et al. 2012) and MEG (Golesorkhi et al. 2021a; Demirtag et al. 2019) to fMRI (Raut et al. 2020)
demonstrated that intrinsic neuronal timescales, like TRWs, vary following an anatomical hierarchy. Furthermore,
the fMRI study by Huang et al. (2018) provided evidence for the functional relevance of INT for consciousness,
where the BOLD signal showed abnormally prolonged INT and regional synchronization under propofol-induced
light and deep sedation compared to conscious wakefulness. In addition to ACW measurements of INT in the time-
domain, environment-brain matching is also observable in the frequency-domain. An fMRI analysis by Klar et al.
(2022) demonstrated that the brain’s power-law distribution, measured by the power-law exponent (PLE),
significantly increased power in slower frequencies while simultaneously decreasing power in faster frequencies in
task states with inter-trial intervals of 52-60 s (frequency band of 0.016-0.019 Hz). Consequently, the slope (PLE) of

the least-square linear regression in the frequency-domain on a logarithmic scale increased.
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Theoretical inferences: These observations of temporal receptive windows (TRWs) in response to extrinsic
stimuli or task-related activity and intrinsic neuronal timescales (INT) that measure the temporal dynamics of the
brain’s ongoing spontaneous activity, suggest a functional capacity of the brain to match its neuronal with
environmental dynamics in two main ways. First, the brain’s mechanism to align to environmental fluctuations is
provided by the repertoire of INT across the cerebral cortex, from faster and less powerful INT of unimodal
somatosensory cortices or areas to slower and more powerful INT of higher-order and transmodal association cortices
(Golesorkhi et al. 2021a; Wolff et al. 2022).

The second way of organization of the brain’s matching of neuronal and environmental dynamics is the
carry-over effect of the brain’s intrinsic spatiotemporal INT organization from rest to task states. The processing of
inputs requires their temporal integration, as provided by longer and more powerful timescales, and segregation, as
provided by faster and less powerful timescales, of the brain’s ongoing spontaneous activity and their alignment in
temporal receptive windows (Golesorkhi et al. 2021a; Hasson et al. 2015; Wolff et al. 2022). The brain’s intrinsic
temporal and spatial features, building on a repertoire of timescales, provide a topography for organizing input
processing, namely temporo-spatial alignment (Safron et al. 2022). Given our findings of intersubjective similarity
in topography and dynamics, we suppose that such temporal and spatial shaping of input processing is shared

between subjects, i.e., inter-individually (see Figure 4).

Figure 4. The intermediate layer provides stochastic alignment by modulating a repertoire of the brain’s intrinsic neuronal
timescales (INT), measured in the resting-state, to a range of environmental dynamics resulting in temporal receptive windows
(TRWs), measured in naturalistic stimuli paradigms.

Foreground layer: phase-locking of neuronal activity to exteroceptive and interoceptive inputs

The previous section introduced stimulus-related temporal receptive windows (TRWs) and intrinsic neuronal
timescales (INT) in neuronal activity to match environmental dynamics. This section examines the question of how
the brain’s ongoing spontaneous activity aligns with the fluctuations of extrinsic or interoceptive stimuli.

Neuronal entrainment: One mechanism by which INT potentially align to extrinsic stimuli induced TRWs is
through entrainment. Ongoing neuronal activity comprises a mixture between variability (fluctuations) and
regularity (periodicity) (Schirner et al. 2022; Waschke et al. 2021). Brain activity also exhibits rhythmic patterns that
allow alignment via entrainment of neuronal activity by extrinsic stimuli, where the former are temporally aligned
to the latter (Lakatos et al. 2019). In entrainment, intero- and exteroceptive stimuli force periodic delays in neuronal
activity that locks their phase to that of the stimuli (Lakatos et al. 2019). Hence entrainment reflects the neuronal
activity’s unidirectional alignment to rhythms extrinsic to the brain by phase locking to the environmental

dynamics. That contrasts with synchronization where the oscillators are bidirectionally coupled with each other.

One example of entrainment are rhythms between the nervous system’s motor output, such as speech, and
auditory perception of speech comprising shared frequencies (Giraud and Poeppel 2012). Neuronal entrainment
supports perception and behavior such as music perception (Nozaradan et al. 2012; Doelling and Poeppel 2015),
auditory detection (Lawrance et al. 2014), or visual contrast sensitivity (Cravo et al. 2013). The brain aligns to the
rhythmic environmental dynamics by matching neuronal oscillations in its frequency repertoire (delta, theta, alpha,
beta, and gamma) with those in the environment to subsequently increase the amplitude or gain of stimulus-induced

activity (Buzsaki and Draguhn 2004).
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Rhythmic vs. continuous mode: To further unpack the environment-brain relation on the grounds of
entrainment we elaborate two suggested mechanisms by Schroeder and Lakatos (2009a; 2009b): (1) a “rhythmic
mode” of brain activity; and (2) a “continuous mode” of brain activity regarding the environment-brain interaction
(see also Schroeder et al. 2010). The rhythmic and continuous modes of brain activity can represent two extreme
endpoINT on a mutual and quantitative continuum (Northoff 2014) that, paradigmatically, is shifted to one of the
poles such as in the neuropsychiatric disorder of schizophrenia (Lakatos et al. 2013).

(1) The rhythmic mode of neuronal activity can apply when environmental stimuli exhibit a significant degree
of temporal regularity. In the rhythmic mode of neuronal activity, the brain’s low-frequency high-amplitude
oscillations can align their phase onsets to the unpredictable environmental stimuli, paradigmatically exemplified by
the temporal occurrences or frequency rate of the stimuli. The rhythmic mode allows neuronal activity to quasi-
follow environmental stimuli by phase locking or aligning the stimulis’ rhythmic high-frequency low-amplitude
oscillations to the brain’s intrinsic low-frequency oscillations. Metaphorically speaking, the brain dynamics follow
and track environmental dynamics in the rhythmic mode.

(2) The continuous mode of neuronal activity comes into play when environmental stimuli show high degrees
of randomness with lack rhythmic statistical or frequency patterns that render difficult successful entrainment by
phase-locking the spontaneous activity’s phase angles to the stochasticity of stimuli. High-frequency low-amplitude
fluctuations of environmental stimuli are now no longer aligned to the spontaneous activity’s low-frequency
oscillations, such as delta waves (1-4 Hz) measured by cross-frequency coupling (Fries et al. 2001). Instead, the
neuronal activity’s low-frequency high-amplitude oscillations undergo suppression. The continuous mode thus
represents the reverse of the rhythmic one, where low-frequency high-amplitude oscillations phase lock with
rhythmic environmental high-frequency low-amplitude oscillations.

Summarizing the discussed findings, the brain’s alignment with the environment is not an all-or-nothing
mechanism. Instead, alignment of the brain’s intrinsic neuronal activity to extrinsic stimuli operates on a continuum
of the degree of changing environmental contexts, such as by confronting the organism with a relatively high degree

of rhythmic or more arrhythmic temporal patterns, displayed in Figure 5.

Figure 5. The foreground layer focuses on fast timescales (high-frequency low-amplitude) by stimulus- or task-evoked activity.
Interoceptive bodily and exteroceptive environmental stimuli can entrain the brain’s neuronal activity by phase-locking the
intrinsic spontaneous activity’s oscillatory phase angles to the extrinsic stimuli’s oscillations, establishing alignment on rapid
timescales.

Neuronal aspects of the three-layer organization:

Summarizing the three subsections above, we suggest a three-layers of the brain’s temporo-spatial alignment with
the environment. Layer one introduced an inter-individually shared cortical topography of neuronal dynamics.
Inter-subject correlation (ISC) in fMRI and EEG neuroimaging studies demonstrated a stable resting-state
irrespective of distinct inputs and occur at low-frequency high-amplitude fluctuations and oscillations.

The intermediate second layer focused on a stochastic alignment between neuronal and environmental
dynamics. Layer two elaborated on temporal receptive windows (TRWs) related to stimulus- or task-evoked activity
and subsequently on intrinsic neuronal timescales (INT) of the brain’s ongoing spontaneous activity as operationally
measured via the resting-state. The second layer suggested conceiving TRWs as a result of modulated INT: INT, just
like TRWs, exhibit a systematic distribution across the brain’s cortical topography allowing various degrees or
balances of integration and segregation. We suggested that the ever-changing temporal integration-segregation
balance results from the brain’s alignment with the environment. The intrinsic spatiotemporal INT configuration
may allow alignment to environmental stimuli, which, in turn, is then measured by stimulus-related TRWs.

The final third layer briefly introduced the electrophysiological concept of entrainment. Entrainment describes
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the neuronal activity’s phase locking to interoceptive bodily and exteroceptive environmental stimuli. Brain
dynamics unidirectionally align with environmental stimuli where the former’s phase angles adapt to the latter’s

rhythmic oscillations.

In conclusion, the three layers of consciousness are primarily distinguishable by their respective timescales and
manifest themselves by spatially shared properties across subjects, shown by the ISC studies (Nastase et al. 2019;
Yeshurun et al. 2021). The resting-state measurements of the first layer focus on low-frequency and high-amplitude
timescales of the brain’s spontaneous activity that provide long-range correlations and stability over extended
periods. These timescales reliably recur across days in inter-individually shared temporal dynamics and topography
of subjects and are potentially associated with the background of conscious experience. The second layer includes a
mixture of intermediate timescales and frequencies that span across a wide spatiotemporal range of brain activity
and topography, depending on more specific environmental demands that are met by distinctive INT and TRWs
systematically distributed across the brain’s topography from unimodal somatosensory to heteromodal association
cortices. The third layer exhibits highly specialized brain dynamics where distinct timescales or frequencies,
including their phase angles, precisely align with bodily and environmental stimuli potentially associated with the
foreground of conscious experience (Catal et al. 2022; Golesorkhi et al. 2022). Figure 6 provides an overview of the

three-layer organization.

Figure 6. The summary of the three-layer organization displays temporo-spatial alignment starting from environmental stimuli
or inputs over the interaction with the three layers of the neuronal activity’s ongoing spontaneous activity to stimulus-induced
activity associated with the contents of consciousness.

Temporo-spatial alignment and consciousness: from neuronal to phenomenal layers

An open question concerns the association between the neuronal perspective on the three layers and their respective
counterparts on the phenomenal perspective of consciousness. Therefore, the following three sections represent a
conceptual attempt to link neuronal with phenomenal dynamics, converging both levels into one coherent three-

layer model.

From an inter-individually shared topographic-dynamic resting-state structure to the shared stable contextual
structure of consciousness: We posit that the task-irrespective prevalence of specific dynamics across the brain’s
topography implies that neuronal activity is preadaptated to the social and natural environment or context. Healthy
subjects share this form of preadaptation in their resting-state’s cortical topographic and dynamic organization.
When expanding the perspective from resting-state to task-related activity, it is feasible that subjects share common
grounds or capacities for input processing, possibly from a phylogenetic origin (Golesorkhi et al. 2021a; Hasson et al.
2020). The inter-individually shared topographic and dynamical properties of the brain’s spontaneous activity may
establish a contextual neuro-ecological point-of-view within a pre-given, self-evident, and natural life-world that is
widely shared across healthy human beings (Zahavi 2005; Northoff and Smith 2022). This, in turn, provides the

background of consciousness, paradigmatically termed vital contact with reality” by psychiatrist Minkowski (1927).

We suppose that the inter-individually shared degree of inter-subjective neuronal topographic-dynamic overlaps
should be mirrored in the degree of inter-subjective phenomenal overlaps in the contextual background of
consciousness. The contextual background structure of consciousness remains relatively stable over time compared
to the ever-changing contents of the experiential foreground, and we suggest that the background’s temporal stability
is associated with the spontaneous activity’s long and powerful timescales including their topographic organization.

fMRI study on consciousness and long intrinsic timescales: Previously presented neuroimaging studies provide
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support for the long timescales of the brain’s spontaneous activity as a shared background experience in healthy
subjects (see Northoff and Huang 2017, Northoff and Zilio 2022a and b). Zhang et al. (2018) demonstrate the function
of the long timescales’ in the background of consciousness, irrespective of specific conscious contents. With fMRI,
they confirmed and extended previous findings (Huang et al. 2016; Tagliazucchi et al. 2016) by showing a global
decrease of inter-individually shared brain topography and dynamics, measured by the PLE as an indicator of the
signal’s noise color and long-range temporal correlations, under propofol- and sevoflurane-induced unconsciousness.

The awake subjects in Zhang et al. (2018) showed a statistically significant shared voxel-based topography of
the SD and the PLE under conscious wakefulness. Conversely, the loss of these inter-individually shared
topographies was accompanied by the loss of consciousness in anesthesia which, as we assume, is related to the loss

of shared input processing capacities based on the loss of shared resting-state topographic dynamics.

Phenomenal implications — Background structure of consciousness in schizophrenia: The background structure of
consciousness is also altered in schizophrenia. Our findings demonstrate a decrease in the inter-subjectively shared
topographic dynamic among schizophrenia subjects compared to healthy subjects. This suggests that schizophrenia
patients no longer share the same background structure in their consciousness as the healthy subjects share it among
themselves. The early psychiatrist Minkowski, therefore, spoke of a loss of vital contact with reality” in the
consciousness of schizophrenia (Minkowski 1927), indicating the loss of their preadaptation to the social and
ecological environmental context. Accordingly, the case of schizophrenia, albeit indirectly, lends further support to
the assumption of the fundamental role of the brain’s inter-subjectively shared topographic-dynamic organization

for the background structure of consciousness.

Intermediate layer of consciousness: from the inputs‘temporal integration-segregation to the relationships between
contents in consciousness

While the background layer of consciousness is maintained by neuronal activity on long times scales and is relatively
more stable, the intermediate layer is more flexible and can be associated with the changing contents of
consciousness. A repertoire of of intrinsic timescales (INT) that can form temporal receptive windows (TRWs) under
stimulus- or task-related activity allows temporal integration and segregation balances of environmental inputs
(Wolff et al. 2022; Golesorkhi et al. 2021a). Temporal integration (Himberger et al. 2018) allows connecting several
inputs into one coherent content, while temporal segregation differentiates input clusters from each other,
distinguishing contents of consciousness (Northoff and Zilio 2022b). Long timescales can establish a stable
background, while simultaneously, intermediate timescales may encode a variety of changing contents in conscious
experience. Two recent studies provide some evidence that the changing pattern of internally- vs externally-oriented
thoughts operate on timescales around 10-30 s (Vanhaudenhyse et al. 2011, Rostami et al. 2022). Taken together
these results identify timescales of the intermediate layer on the neuronal level, and although tentative, may be
related to the timescales in the dynamic pattern of the changing contents of consciousness.

Indirect support comes from schizophrenia studies with fMRI and EEG. Recent studies (Wengler et al. 2020,
Uscatescu et al. 2021, Northoff et al. 2021) demonstrated abnormal length of the INT during rest or task states. This
suggests that different temporal inputs are abnormally integrated and segregated. That, in turn, results in abnormal
relationships between different contents of these subjects’ consciousness where, for instance, different inputs from
different external events are bound that usually not perceived in the external environment. The intermediate layer
of temporo-spatial alignment may thus be dysfunctional in schizophrenia leading to abnormal relationships between
different contents in consciousness — this further underlines the importance of the intermediate layer of temporo-

spatial alignment for the relationship between the various contents in consciousness.

Foreground layer of consciousness: from input sampling to specific contents in the foreground

The foreground layer focused on the entrainment of the brain’s ongoing activity by environmental signals and
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fluctuations on timescales within the millisecond to the second range. Accordingly, the particular contents of
consciousness come with a fleeting character, constantly varying over short timescales below 3 s and within the ms
range (Kent and Wittmann 2021; Northoff and Zilio 2021; Singhal and Srinivasan 2021). We suggest that fast and
short timescales of the brain’s neuronal level are related to the faster timescales of specific contents within conscious
experience that are sensed and perceived in the environment. In this layer of consciousness, the brain’s intrinsic
neural dynamics and its sensory apparatus become entrained through phase-locking by extrinsic environmental
dynamics.

Various studies support the role of phase-locking in accounting for specific contents of consciousness (Northoff
and Lamme 2020; Lakatos et al. 2019). A recent EEG study demonstrated how task-on and -off thoughts encounter
sampling via phase-related processes in faster alpha (8-13 Hz) and slower theta (5-8 Hz) frequency bands respectively
(Hua et al. 2022). The distinct types of thoughts can thus be related to different timescales in the faster and shorter
range, e.g., theta frequency for off-thoughts and the faster alpha frequency for on-thoughts (Hua et al. 2022). Based
on these findings, we suggest that specific phase cycles may allow the sampling of specific contents as in input
sampling, which, like the tones of a melody, are thereby highlighted and shifted into the foreground as the specific
contents of consciousness (Lakatos et al. 2019; Northoff and Zilio 2022b).

This is further supported by observations in studies of schizophrenia. Schizophrenia patients show major deficits
phase-locking to external stimuli. For instance, they exhibit decreased inter-trial phase coherence (ITPC) in response
to rhythmic stimuli like in an auditory oddball paradigm (Lakatos et al. 2013, Wolff et al. 2022). Their foreground
layer of neuronal alignment operating on short timescales is thus deficient as input sampling is unable to lead to
entrainment of neural dynamics. These patients operate more in a continuous mode than a rhythmic mode (section
“Foreground layer: phase-locking of neuronal activity to exteroceptive and interoceptive inputs’). On the
phenomenal side, this may be related to their abnormal contents of consciousness: environmental signals are often
replaced by internal contents in their consciousness which they experience as external contents, for instance
experience of auditory hallucinations and delusions (see also Northoff and Gomez-Pilar 2021). This is supported by
the fact that the ITPC deficits strongly correlate with positive symptoms (Lakatos et al. 2013, Wolff et al. 2022).
Albeit indirectly, these data support the assumption that the faster and shorter timescales of the foreground layer are

related to the foreground of consciousness, that is, its specific contents.

Together, the three phenomenal layers of consciousness including its background structure, relationships
between contents, and specific foreground contents allow the association with their respective neuronal layers based
on shared temporo alignment between environment and brain (Northoff et al. 2020). We summarize the suggested
three-layer concept as follows: (1) the background layer is relatively stable on long-range and global spatiotemporal
scales; this layer manifests itself in the experience of a shared and stable contextual background of the environment;
(2) the intermediate layers comprise a mixture of timescales that allow stochastic matching of environmental inputs
and brain dynamics through the latter’s temporal integration and segregation; this is associated with changes in
contents in conscious experience; (3) the foreground layers are bound to specific temporal, e.g., specific time poINT,
and spatial, e.g., specific locations, of environmental inputs ; this neuronal layer of high fast frequencies is related to

specific foreground contents of consciousness at specific pINT in time.

Discussion - Temporo-spatial alignment, free energy and symmetry

Further inquiry in the three-layer model of consciousness
“Common currency” of world, brain and consciousness - Temporo-spatial alignment and free energy

The framing of mental processes in terms of physical forces, a“ common currency” of world, brain and
consciousness, as established by temporo-spatial alignment may be a primary factor allowing for coherently

integrated functioning of minds based on the creation and annihilation of informational (and to varying extents,
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thermodynamic) free energy gradients. In such physics-inspired models, the regularities (or invariances) observed
are modeled as being maintained in the face of disturbances by symmetry-preserving gauge fields. With respect to
nervous systems, the maintenance of these regularities—e.g. the establishment of coherent egocentric perspective,
or the preservation of enduring self-processes—could be thought of as “force fields” over conjoined neural and
environmental dynamics (Sengupta et al. 2016).

More specifically, the ability to create aligned inner and outer (wave)forms can be understood as a kind of
predictive modeling, where these symmetries may be understood as establishing a homomorphic (and perhaps
diffeomorphic) relationships between models and that which they model. TTC proposes that perhaps the most
important feature for establishing this kind of functional linkage is for a system’s attracting states to evolve on
timescales that correspond with the world’s dynamics it attempts to model/couple- or align with. As such, we
suggest that the primary task of these sources of ‘fictitious force (or control energy) is the constitution,
maintenance, and promotion of temporo-spatial alignment.

Slower (relative to faster) timescales may have uniquely powerful roles in establishing temporal and spatial
contexts (or reference frames). These, in turn, may make major contribution to constructing unified fields of
consciousness, and perhaps to varying extents, coherently integrated selfhood, that is, a basic subjectivity or sense
of self as point of view on a lived world (Northoff 2016; Northoff and Smith 2022). From this perspective, various
timescales with their self-processes would represent an essential source of background for contents in the
foreground of experience, that is, the predominant source of force that determines the flow of the stream as the

background of consciousness.

Temporo-spatial alignment and dynamics — symmetries constitute the form or structure of consciousness

Finally, in terms of interpersonal symmetries, we can think of how individuals who couple with the world may
also find themselves mutually entrained in processes of shared sense-making (De Jaegher 2013). These may not
only be enhanced by integrative world models, but in many ways may be required for such modeling processes to
be successfully bootstrapped in an intersubjective fashion (Ciaunica, Safron, and Delafield-Butt 2021). That is, with
respect to schizophrenia, disrupted temporal-spatial alignment and integrated world modeling contribute to
disrupted socioemotional coupling. Additionally, such disruptions in shared sense making could further
compromise the brain’s aligning and integrating processes which, in turn, disrupt the form or structure of
consciousness.

In sum, the temporo-spatial alignment is closely related to the notion of symmetry in several ways. (i) Firstly,
processes of temporal-spatial alignment result in symmetry between inner and outer states, (ii) with aligning
processes understood as governed by informational-gauge-fields (Sengupta et al. 2016; Fagerholm et al., 2020;
Sakthivadivel, 2022) that preserve essential symmetries of brain and environment through their various sources of
temporal and spatial coherence (Northoff et al., 2020; Safron, 2022).

(iii) These, in turn, provide the basis for constituting an environmentally-based point of view, (iv) which makes
possible the constitution of consciousness. (v) Such temporal-spatial alignment across individuals results in a
substantially symmetric consciousness across subjects as based on their shared embedding within the same
(physical, biological, social and cultural) environment. For more details on the abstract physics-informed and
dynamic description of the neuronal mechanisms of temporo-spatial alignment (i-ii), we refer interested readers to
other articles in this collection while the more neurophenomenal mechanisms of point of view and consciousness
(iii-v) are detailed in Northoff and Smith (2022).

Conclusion
Rather than representing or modelling (or simulating) the world, the brain aligns to the environment by

embedding and nesting its temporo-spatial structure to the one of the of environment. This is made possible by
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temporo-spatial alignment as the brain through its different neuronal layers, that is, background, intermediate, and
foreground layers.

The temporal and spatial dynamics of the neuronal layers, in turn, manifest in more or less corresponding
phenomenal layers of consciousness, e.g., background structure, intermediate layers with the relationship between
different contents, and specific contents in the foreground of experience (see Northoff and Zilio 2022b, Singhal and
Srinivasan 2021, Kent and Wittmann 2021). This further supports the assumption that the brain’s three neuronal
layers of temporo-spatial alignment to the world/environment provide an intimate link among environmental,
neuronal and phenomenal levels of consciousness - they share their temporo-spatial dynamic as “common
currency” (Northoff et al. 2020a and b). Going beyond the brain, that makes possible to consider the deeper roots
of temporo-spatial alignment in both basic physical-energetic mechanisms like free energy and the more dynamic

processes of symmetry formation.
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