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current neuroscience (lower) with red dotted 
lines indicating their insufficient, i.e., 
contingent  connection (“gap of contingency”)
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Psychology 
Spatiotemporal 
NeurosciencePsychoanalysis

Psyche

Brain

Dynamic, 
topographic, and 
spatiotemporal 

Cognitive or 
Affective 
Neuroscience

Static, modular, 
and non-
spatiotemporal 

Static, modular, 
and non-
spatiotemporal 

Dynamic, 
topographic, and 
spatiotemporal 

Table 1   Views of psyche and brain in 
psychology, psychoanalysis, and different 
forms of neuroscience 

Arrows indicate the combination of the models of the psyche in Psychology and Psychoanalysis 
with the model of brain as in Cognitive/Affective Neuroscience (green arrow, black arrow) as well 
as of Psychoanalysis with Spatiotemporal Neuroscience (orange arrow). Red lines (on the black 
arrow) indicate the mismatch between the models of psyche (in psychoanalysis) and brain (in 
Cognitive/Affective Neuroscience)
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Figure 2   Shared features as “common 
currency” (middle) of brain (lower) and 
psychic apparatus (upper)

Time: Dynamic Space: Topography“Common 
currency”
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Spontaneous activity: Inner time and space

Brain function: structured by dynamic and topography 

Cognitive 
Neuroscience 

Affective  
Neuroscience 

Social 
Neuroscience 

Sensorimotor 
Neuroscience 

Spatiotemporal Neuroscience 

Brain dynamic and topography 

Figure 3  Spatiotemporal Neuroscience – from brain dynamic and topography to brain function

Predictive coding 
and Free energy
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Figure 1a  Nested hierarchy of self  

Extero-proprioceptive 
processing = Self-predictive 
processing

Mental self processing 
= Self-referentiality 
processing

Interoceptive processing 
= Self-relatedness
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Figure 1b   Converging nested hierarchies of self in neuroscience and psychoanalysis 
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Figure 2a    The temporal brain – Temporal nestedness with scale-free activity in the brain (left and 
upper right) just like the Russian dolls with their spatial nestedness (lower part)
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Figure 2b   The temporal self – From the brain’s scale-free activity with its temporal nestedness to the self in 
infraslow frequencies of fMRI (upper right/Huang et al., 2016) and faster frequencies of EEG (lower right, Wolff et 
al., 2019)
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Figure 3a  Activation in right insula during empathy correlates with the degree of narcissism (Scalabrini et al. 2017)
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Figure 3b  Slow-fast dynamic of the brain’s intrinsic activity (power law exponent/PLE) relates to narcissism and neural 
activity during anticipation of others (Scalabrini et al. 2017)
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Figure 1a  Psychological (upper left) and neuronal (upper right) distinction of animate and inanimate environmental 
contexts and their prediction by the brain’s scale-free activity (lower part)
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Figure 1b  The neuro-ecological and neuro-social basis of attachment

Attachment: Neuro-ecological /social 
and Scale-free Temporal continuity

Inside: neuronal 
and mental

Outside: ecological 
and social  
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Severity of 
traumatic event

Severity of Trau-
ma response  

Figure 2a  Nested neural hierarchy of self with interoceptive, exteroceptive, and mental 
layers of self-processing (left and middle) and its relation to the different levels of 
trauma severity (right orange arrow) and severity of trauma response (right red arrow) 

Early relational Trauma 

Maltreatment 
and abuse

Massive 
Trauma
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Nested heirarchical organization of 
self

Traumatic re-organization of nested
hierarchy of self

Mental self

Interoceptive self

Exteroceptive self

N
NNested hierarchical 

organisation of self 

Figure 2b   Nested hierarchy of self and its re-organization in trauma 
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Figure 1   Hierarchy of early immature (left) and later more mature (right) defense mechanisms  
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Figure 2a  Pierre Janet’s view of dissociation as lack of integration of contents into consciousness
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Figure 2b  Integration (upper) and dissociation (lower) are shared by psychological (left) 
and neuronal (right) levels as their “common currency”
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Fig. 1a. Average whole-brain global signal correlation maps at the group level. (Top left) 

Human subjects in different stages of sleep. (Bottom

left) Human subjects receiving propofol infusion. (Top right) Rats receiving different doses 

of propofol. (Bottom right) Human subjects of

healthy controls, patients with minimally conscious state (MCS), and unresponsive 

wakefulness syndrome (UWS). Of note, the distinctions

in the images of the healthy controls during wakefulness may be due to the fact that 

different scanners or data acquisition parameters can

affect the absolute value of the measurement.
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Fig. 1b. Global signal amplitude and global signal functional connectivity in 

disorders of consciousness. 

(A) Global signal amplitude as measured by the SD of the global

signal time series. 

(B) Global signal functional connectivity as measured by the average 

correlation coefficient between the global signal

and the signal of each voxel in gray matter. Human natural sleep dataset (n = 

9) includes wakefulness and three sleep stages (NREM1,

NREM2, and NREM3). Human propofol anesthesia dataset (n = 14) includes 

wakefulness, sedation, and general anesthesia. Rat propofol

anesthesia dataset (male, n = 12) includes low, medium, and high dose. 

Dataset of disorders of consciousness includes healthy controls

(n = 28), patients with minimally conscious state (MCS; n = 8), and 

unresponsive wakefulness syndrome (UWS; n = 13). *Significance at

α = 0.05 (corrected). Bar graph shows 1st quartile, median, and 3rd quartile. 
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Figure 2  Cathexis and the Dual layer model of global brain dynamic and topography

Global brain dynamic:
Strong power slow 
frequency fluctuations 

Global brain topography:
Global activity in specific 
regions/networks

Investment of energy 
into objects 

Energy
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Figure 2: Dual-layer model (DLM) of GS. The DLM of GS suggests that GS is a 

constellation of neural activities at both a more spatially extended global background layer 

and a more spatially restricted surface layer featuring co-activation pattern of different 

networks. The background layer is the global brain activity which, in part, may stem from 

subcortical sources (e.g., basal forebrain), and provide temporal structure, through its 

fluctuations, in governing the spatial-topographical organization of the instantaneous brain 

networks/ co-activation patterns (CAPs) at the surface layer. 
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Figure 3  From global brain dynamic and topography (lower) over deep temporal and spatial models (middle) to free energy 
as exchange between environment (upper)

Global brain dynamic and 
topography

“Deep temporal and spatial 
model”

Investment of energy 
into objects 

Energy

Free energy minimization
of brain + environment
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Figure 3
By minimizing free energy, brain and environment align as seen with the maximization of the 
joint distribution of the brain’s sensory states (𝑠) and hidden states of the environment (𝜓) while 
simultaneously ensuring that the representation of the environment in the brain is maximally 
entropic (entropy term). Currently the theory has considered neurobiological implementations of 
this gradient flow – resulting in testable imaging and electrophysiological predictions. With 
augmentation the goal may be to facilitate extended environmental states (lower left purple 
panel) that are not readily accommodated in neural states currently but could be accommodated 
in an artificial agent with extended ’sensory’ inputs.
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0
Pre-stimulus activity: -500 to 0ms Post-stimulus activity: 0-500ms 

Dynamic level

Cognitive level

Prediction of contents: 
Predicted input 

Prediction error: Predicted 
vs actual content

Content of consciousness: 
Subjective vs objective 

Prestimulus dynamics: 
high vs low

Pre-poststimulus
interaction: Non-additive

External stimulus

Phenomenal structure and 
features of consciousness 

Level of amplitude 
of stimulus-related 
activity 

Figure 1   Pre-poststimulus interaction – Dynamic (lower level) and cognitive (upper level) characterization

Time 

Spatiotemporal dynamics as “common 
currency” of neuronal and phenomenal 
features

Dynamic 
unconscious

Preconscious Phenomenal 
consciousness

Reflective or access 
consciousness
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Caption Figure 2

The figure shows two levels of the interaction of prestimulus and post-stimulus activity. 
Upper level: The cognitive level operates more at the surface and can be characterized by prediction of specific 
contents (like a chair) in the prestimulus period (upper left). That predicted content is compared  with the actual 
content (a table in our example) resulting in the prediction error. The prediction error, in turn, determines the 
content of consciousness, i.e., its subjective (chair) or objective (table) nature (upper right).   
Lower level: The dynamic level operates on a deeper level and shaped by the continuously ongoing activity as 
manifest in prestimulus activity. The continuous and the dotted line stand for two different levels of prestimulus
activity dynamics, high and low. Prestimulus activity is determined by its spatiotemporal dynamics which interacts in 
a non-additive (rather than additive) way with the external stimulus. The spatiotemporal dynamics provides a 
certain structure, a spatiotemporal structure, that is manifest in the structure and organisation of phenomenal 
consciousness within which the content (chair) is integrated and embedded. The spatiotemporal structure provides 
the shared feature or “common currency” (Northoff et al. 2019) of neuronal and phenomenal features. 
Lowest level: The arrow depicts the time, prestimulus period is about -500 to 0ms while the post-stimulus is about 
0-500ms. Depending on the time course relative to the external stimulus, one can distinguish dynamic unconscious, 
preconscious, and phenomenal and reflective/access consciousness (in red). 
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Figure 2a Temporo-spatial nestedness of the different aspects of neural activity and their relation to unconscious and 

conscious

Spontaneous activity

Time 

Dynamic ranges: Degrees 
of temporal duration and 
spatial extension

Pre-stimulus activity

Early post-stimulus activity
0 = external stimulus or large 
internal activity change 

Late post-stimulus activity Reflective/access consciousness

Phenomenal consciousness 

Preconscious

Dynamic unconscious

Deep unconscious
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Caption Figure 2a

The figure shows how different forms of neural activity are contained and nested within each other in 
temporo-spatial dynamical terms. 
The spontaneous activity shows the largest spatial extension and strongest slow frequencies. Both are 
reduced with less spatial extension and less slow frequencies in the prestimulus activity. Both spatial 
extension and range of slow frequencies are further reduced in early stimulus-induced activity and even 
more so in late stimulus-induced activity. 
Due to these temporo-spatial differences, the different forms of neural activity are associated with 
different dimensions of consciousness including form (spontaneous activity), state/level (prestimulus
activity) and content (pre- and post-stimulus). 
Finally, prestimulus period itself remains unconscious, early stimulus-induced activity is related to 
phenomenal consciousness while late stimulus-induced activity is featured by access consciousness. The 
different dimensions (form, state/level, content) and types or forms (unconscious, phenomenal 
consciousness, access consciousness) are thus characterized in temporo-spatial dynamical terms. 
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Neural prerequisites of consciousness (preNCC): Neuronal 
variability in pre-stimulus activity and trial-to-trial 

variability in post-stimulus activity

Neural correlates of consciousness (NCC): Degree of 
amplitude in stimulus-related activity in different regions 

of the brain (prefrontal, posterior)

Figure 2b  Different neural conditions of consciousness “Normal” state/level 

of consciousness

“Zero” level of 

consciousness

Coma

UWS/VS

MCS -

PVS

MCS +

Neural predispositions of consciousness (NPC): Infraslow, 
slow, and fast frequency fluctuations with their temporo-
spatial dynamics and structure in resting state activity
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Caption Figure 2b

The figure shows the three different kinds of conditions of consciousness (see also Northoff and Heiss
2015) and how they are related to different states/levels of consciousness and its different clinical 
conditions (arrow on the right).  
From bottom to top: 
The neural predisposition of consciousness (NPC) refer to the necessary non-sufficient neural conditions 
of consciousness that are constituted by the resting state activity and its temporo-spatial dynamics 
including the scale-freeness of slow and fast frequencies. Loss of the NPC leads to coma, persistent 
vegetative state (PVS) and unresponsive wakefulness state (UWS)/vegetative state (VS). 
The neural prerequisites of consciousness (preNCC) describe the enabling neural conditions related to 
prestimulus activity and its impact on trial-to-trial variability in post-stimulus activity. Loss of the preNCC
leads to the minus and plus forms of minimally conscious state (MCS -, MCS +). 
Finally, there are the neural correlates of consciousness (NCC) that refer to the sufficient neural 
conditions of consciousness which are supposed to be mediated by stimulus-related activity in different 
regions. Presence of the NCC leads to the “normal” conscious state. 
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Figure 3a  Non-conscious, dynamic unconscious, preconscious and conscious 

Contents Contents 

Structure Structure Structure

No Structure
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Figure 3b  Examples of nestedness showing Russian dolls (upper left), Chinese crystal ball (upper right), and the 

brain’s power spectrum (lower middle)

Power 

Weak power 

Strong power 
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Caption Figure 3b

The figure shows three examples of nestedness. Upper left: the Russian dolls with smaller dolls being 
nested within the next larger one. Upper right: the same holds fort he Chinese crystal ball where 
different sizes of the same shape are nested and intricately contained and integrated within each other.  
Lower left and right: the power spectrum with its different frequencies (lower left) that show different 
degrees of power (lower right) is yet another example of nestedness where the strongly powered slower 
frequencies contain or nest the weakly powered faster frequencies.  
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Figure 3c  Nested topographical hierarchy of unconscious and conscious 

Primary emotions 

Dynamic unconscious: Dynamics with structure 
and contents that can and cannot become conscious 

Primary processes – instincts, drives, blind

Non-conscious

Deep unconscious: Dynamics without structure and contents  

Preconscious: Unconscious contents that can 
become conscious – “Cognitive unconscious” 

Primary emotions - SEEKING

Phenomenal consciousness 
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Figure 1a   Subcortical-cortical modulation by dopaminergic and serotoninergic pathways (left) and the cortical activity modulated 
by subcortical dopaminergic substantia nigra pars compacta (SNc) and serotoninergic raphe nuclei (RNi) (right)
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Figure 1b    Autocorrelation window (ACW) and power law exponent (PLE) (upper part) and topographic maps (lower part) in the 
different sleep stages including dream (REM)
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Topographic Re-organization model of dreams 

Immersive spatiotemporal 
hallucination (ISTH)

Shift towards DMN – Visual cortex 
at expense of lateral prefrontal Shift towards slower frequencies at 

the expense of faster frequencies 

Shift towards mental self 
at expense of bodily self

Shift from dynamic unconscious 
to preconscious and conscious

Shift in subcortical-cortical 
biochemical topography

Figure 2a  Topographic Re-
organization model of Dreams 
(TRoD) with spatiotemporal 
dynamics as “common currency” 
of brain and psyche 
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Figure 2b  Topographic reorganization of the unconscious in dreams with broader inputs from the deep unconscious (left and 
middle) and subcortical-cortical connection (right) (dotted lines indicate the extension and change)

Primary emotions 

Dynamic unconscious: Dynamics with structure 

and contents that can and cannot become conscious 

Primary processes – instincts, drives, blind

Non-conscious
Deep unconscious: Dynamics without structure and contents  

Preconscious: Unconscious contents that can 
become conscious – “Cognitive unconscious” 

Primary emotions - SEEKING

Phenomenal consciousness 
Secondary  emotions and secondary processes  

Reflective or access 
consciousness 
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Figure 2c  Topographic reorganization of the brain (left) and its self (right) in dreams with increases in the 
mental and interoceptive self (upward arrow) and decreases in the exteroceptive self (downward arrow) 
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Figure 2d  Theta peak frequency during dreams of spatial (upper left) and tennis 
(lower left) and the relation of theta peak frequency (upper right) and its dream-
awake similarity (lower right) to the degree of semantic association, i.e., dream 
incorporation score (right)

low theta 

dream

high theta 

dream

***
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Figure 1a  Altered global signal topography in schizophrenia (Yang et al. 2017)
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Figure 1a: Global signal topography in schizophrenia (Yang et al. 2017). The figures show the 
distribution or representation of global brain activity in different sensory and association networks 
(left) and their comparison in healthy and schizophrenia subjects (right). 
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Figure 1b Pre-poststimulus differences in schizophrenia (left: method; right: results) 
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Figure 1c  Decreased pre-poststimulus difference in schizophrenia (red line) compared to healthy controls 
(blue line) in two graph-theoretic measures in EEG



Information Classification: General

Figure 1c Temporospatial dynamics of chronnectomic measures during prestimulus-task modulation in

healthy and schizophrenia subjects. Schizophrenia subjects show reduced temporospatial dynamics both for the

topographic-related graph measures (A) and for the weight-related graph measures (B). Figure 1b: Rest-

prestimulus-task modulation in healthy (left) and schizophrenia (right) subjects. Left part: the interaction of

resting state and prestimulus activity with task-related activity is schematically visualized. Right part: The

modulation from prestimulus to task-related activity is depicted with a blue line for controls and red line for

patients, showing reduced prestimulus-task differences in the five dynamic domains (integration, segregation,

complexity, connectivity, irregularity).
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Figure 1d  Spatiotemporal dynamic, predictive coding and internally- and externally-oriented cognition
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Figure 1d Relevance of spatiotemporal dynamics in internally- and externally-oriented cognition.

Spatiotemporal dynamics during the prestimulus provide a bridge of neuronal and mental activity serving as

“common currency”. The altered neural dynamics in schizophrenia is received by predictive coding modeling as the

forward prediction error input, ultimately affecting the internally-oriented cognition including the differentiation of

self/self-objects (internal) and objects (external).
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Figure 2a   Decreased intertrial 
phase coherence in schizophrenia.
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Decreased intertrial phase coherence in schizophrenia. (a) ITPC is calculated based on the phase angle at a 

specific timepoint and frequency (here shown as 6 Hz at stimulus onset or 0 ms) for all trials. The dark gray lines in 

the polar phase plot represent the phase angle for each trial (216 trials so 216 phase angles). In low ITPC (left), 

there is no preferred phase, so the distribution of phase angle is uniform, or spread evenly around the circle. In 

contrast, in high ITPC (right), there is a greater proportion of the phase angles in one part of the circle and not 

phase angles at another part; the distribution is nonuniform so not evenly spaced around the circle. The red bar 

(difficult to see in the low ITPC case) signifies the ITPC resulting from the individual gray lines. The longer the red 

bar, the higher the ITPC (shown at right scatter plot), with a maximum of 1. (b) ITPC in both datasets for the first 

500 ms after stimulus onset. After visualizing the contour plots, data from two areas in Dataset 1 (theta and delta 

bands) and one area in Dataset 2 (theta band) (c) were extracted (black rectangles). (i) Polar histograms (each bin 

= 20◦) measuring percent of participants preferred (mean) phase angle at 6 Hz and stimulus onset in bins. For 

example, if the top of a bar touches the 20% radius, then 20% of the participants in that group have a preferred 

phase angle in that bin. (ii) The data extracted in a/b were statistically compared, with lower phase coherence 

found in the SCZ participants in both datasets.



Information Classification: General

Temporal deficits 
in Input processing 
in schizophrenia 

Temporal 
synchronization

Temporal 
integration

Temporal 
differentiation

Loss of object 
relations 

Self-object 
confusion

Figure 2b  Temporal deficits in input 
processing in schizophrenia.
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Figure 2b From temporal deficits in input processing (left) to loss of object relations and self-object 
confusion in schizophrenia (right)
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Spatiotemporal structure: 
shared by brain and experience

Increased self- focus: 
Ruminations, somatic 
symptoms  

Decreased environment 
focus: Withdrawal, Lack of 

motivation

Lateral regions Medial regions 

Figure 3a  Disbalance of environment- and self-focus in depression
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Figure 3a Topographic changes in depression. Medial-lateral prefrontal disbalance in the spatio-
temporal structure (lower part) shifts the balance of self (increased self-focus) and environment 
(decreased environment-focus) (upper part)
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Figure 3b Topographic changes in the global brain activity of depression
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Figure 3b Topographic changes in the global brain activity of depression. The figures shows on the left 
two measures of the topography of global brain activity, the global signal correlation (upper left) and the 
degree centrality (lower left).  Both are calculated once with and once without global signal regression 
(Non-GSR, GSR) as in the middle and left part of the figure. 
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Figure 3c Topographic changes of sensory regions with the DMN in depression.
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Figure 3c Topographic changes of sensory regions with the DMN in depression. The figure shows the 
increased functional connectivity of three sensory networks to the rest of the brain including especially 
the default-mode network (left). Moreover, it shows the increased correlation of the DMN with all non-
DMN regions of the brain in depression compared to healthy subjects (right) (Scalabrini et al. 2020). 
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Figure 4a Temporal dynamic in occipital cortex of depression.



Information Classification: General

Figure 4a Temporal dynamic in occipital cortex of depression. The figure shows the decreased global 
signal representation in occipital cortex of depression (left) in different frequency bands (upper part) as 
obtained in fMRI (left, upper). Additionally, the power spectrum with median frequency (lower middle 
and right), as obtained in EEG, are shown for occipital cortex in depression (lower middle left). 
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Figure 4b Connection of occipital cortex with other regions in the brain of depression.
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Figure 4b Connection of occipital cortex with other regions in the brain of depression. The figure shows 
the functional connectivity from occipital cortex to the rets of the brain as obtained in fMRI (right part). 
Analogously, coherence of occipital and frontal electrodes in EEG of depression also shown (middle and 
right part). 
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DMN, Slowness 

Non-DMN/Visual, Fastness

Loss of actual 
object relations 

Increase in past 
internal objects

Identification with 
the lost object

Figure 4c  Psychodynamic processes in depression.
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Figure 4c Neuronal basis of psychodynamic mechanisms in depression. The figure shows topographic 
and dynamic disbalance of DMN and visual cortex (lower part) as basis for the disbalance of past internal 
objects and actual object relation (middle part) which, in turn, results in the Identification with the lost 
object (upper part). 
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Contents

Structure

Topography

DynamicFigure 1a  Freud’s “Project for a Scientific 
Psychology” and Solms’ “(New) Project for a 
Scientific Psychology” leave open the “Gap of 
contingency” (red dotted lines indicating 
insufficient, i.e., contingent  connection) due 
to discrepant models of brain and psyche

“Gap of contingency”

“Project for a Scientific Psychology” 

“(New) Project for a Scientific Psychology” 
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Spatiotemporal 
structure

Topography

Dynamic

DynamicFigure 1b  “Project for a Spatiotemporal 
Neuroscience” closes the “gap of 
contingency” (solid vertical lines) as it 
presupposes analogous models of brain and 
psyche with topography, dynamic, and 
spatiotemporal structure

“Project for a Spatiotemporal Neuroscience“

“(New) Project for a Scientific Psychology” 

Topography

“Project for a Scientific Psychology” 
Spatiotemporal 
structure
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Figure 2  Visual representation of Spatiotemporal Psychotherapy
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