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Abstract

In order to produce insight to the current state of consciousness research, we
provide a review of some of the more preeminent models of consciousness via
a comparison of these theories with a novel holistic model. The main goal of
this review is to present the advantages in theoretical power of an embodied
cognition, metastable model of consciousness manifest in the Default Space
Theory by comparing it to other popular brain-based metastable models that
though provide important insight into the cognitive nature of consciousness,
are incomplete in their model of an architecture of consciousness. The De-
fault Space Theory is a world simulation model in which the thalamus fills in
processed sensory information from corticothalamic feedback loops into an
internal 3D matrix termed the default space. This article examines some of
the most regarded brain-based, metastable consciousness models, the Opera-
tional Architectonics Theory of Brain-Mind, Global Workspace Theory, In-
formation Integration Theory, and the Dynamic Core Hypothesis. Through
an overview and critique of these models, we illustrate their insights and defi-
cits, and discuss why the Default Space Theory is the most comprehensive
theory of consciousness.

Keywords

Default Space, Metastability, Consciousness, Information Integration, Global
Workspace

1. Introduction

Consciousness can be defined simply in terms of the presence of phenomenal
experience. This can be considered a valid definition, as we all are aware when

we are having an experience versus being unaware of anything as in deep sleep.
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Tononi also defines consciousness as everything we experience [1]. Edelman and
Baars define consciousness in vertebrates as a dynamic, integrated, multimodal
process necessitated by physical activity in the forebrain [2]. Although it may be
difficult to define, we all have our own intuitions about what it is. There are cer-
tainly aspects of human consciousness that are difficult to deny that are pro-
posed by Tononi and are accounted for in the Default Space Theory (DST) [1]. It
is established via common experience that consciousness is unified into a singu-
lar whole, structured, certainly exists, and is phenomenologically distinct in its
composition [1]. While experiences are entirely subjective, meaning we cannot
directly experience another person’s perspective, they are somewhat predictable.
We can imagine what another is experiencing through our ability of theory of
mind communicated by facial expressions, gestures, behaviors, and verbal re-
ports [3]. While the phenomenon of consciousness is subjective in this way,
there must be an objective source for its existence. This objectivity surely lies in
some natural, physical processes and the mystery of this process leads us to the
hard problem of consciousness [4], quite possibly the final frontier of science.
Whether consciousness serves a functional purpose or simply emerges from
functional biological processes as an epiphenomenon is its own mystery [4].

When it comes to neuroscience, metastable theories of consciousness pro-
pound that consciousness is based upon the global integration of separate func-
tional parts that while maintaining their own independent processing activities,
coordinate and cooperate together via oscillations and reentrant activity [5].
Metastability therefore harmonizes the tendency of brain regions to express their
own autonomy and the tendency for those regions to form synergy on a global
and macroscopic scale [6] [7]. In the metastable brain, local and global activities
coexist in complement, not in confliction, at the same time. This dynamic,
self-assembling process of different brain modules engaging and disengaging in
time occurs via the binding of distributed and independent oscillations into co-
herent networks [8] [9] [10]. Metastable models propose that this cooperative
mechanism is responsible for the “binding problem” of how different perceptual
features of a scene and even the vast number of features of one’s conscious expe-
rience are bound together into a singular coherent entity [11]. Coupling between
distal functional modules has been demonstrated by long-range functional con-
nectivity [12].

Traditional views on cognition have taken a brain-based stance, assuming the
existence of internal representations generated and maintained by distinct and
specific mechanisms in the brain [13]. Emotions have also been posited to be lo-
calized to specific and dedicated networks in the brain such as the brainstem and
limbic structures [14]. Cognitive faculties such as learning, reasoning, and
memory have been associated with more highly evolved cortical sites [15]. The
computational theory of mind holds that the brain is an information processing
system and that cognition, including consciousness, is a form of computation

[16]. This view that the mind is generated by neural activity in the brain is the
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most common in cognitive psychology, and many cognitive architectures that
attempt to explain consciousness such as the Global Workspace Theory take this
approach. According to this brain-based view, the body is simply a tool for deli-
vering input derived from the world and acting on output from activity in the
brain.

In an extension to brain-based cognition, embodied cognition is a radical hy-
pothesis that proposes the brain is not the only source of cognitive functioning,
instead, our bodies also play a significant role in cognition [17]. This hypothesis
is radical in that it is new to cognitive science and rejects the common
brain-based treatment of cognition [18]. Although the field is not unified in its
established definitions [17], the most accepted and common view is that cogni-
tion is deeply dependent on the body, and the body acts as a constrainer of cog-
nitive representations, a distributor of computational and representational load,
and a regulator of cognitive activity, coordinating cognition and action [13]. In
this way, our bodies do much of the cognitive work in pursuing goals, thus re-
placing the need for complex internal mental representations [17]. Evidence is
growing in support for an embodied cognitive approach, demonstrating that
cognition is highly dependent on sensory-motor processes [19]. Thus, sensing
and acting should be considered as a significant component of thinking itself.
For instance, forced laughter and smiling has been shown to substantially im-
prove mood in participants [20]. Through the DST, we extend the embodied
cognitive approach to consciousness in that the brain, mind, and body act as a

single entity in a holistic manner in creating consciousness.

2. The Default Space Theory

The DST provides a body-wide bioelectric cognitive architecture which gives rise
to our unified human experience, thus providing a physical complement to the
psychical nature of consciousness [21]. The “substance” of this bioelectric struc-
ture consists of layers of electrical activity throughout the body, although mostly
in the brain. The base of this layered hierarchy is the electric activity of single
neurons, cells, and synapses. The action potentials and membrane potential os-
cillations of cells are the building block of higher order bioelectric functions
which form the activity giving rise to consciousness. These microscopic events
do not directly result in cognition or experience [22]. The middle of this hie-
rarchy consists of coordinated electrical activity of local neural assemblies which
can be detected by electroencephalography [23]. This level begins to support
cognition and is some cases consciousness. The upper level of this hierarchy is
composed of electric oscillatory synchrony among many of the local neural as-
semblies. Finally, at the peak of this layered hierarchy, these distributed local os-
cillatory synchronies can be synchronized together on a global scale leading to
the unified experience. We consider this upper layer higher order due to its
complexity and integrated nature. Thus, we propose these properties and the

global unification of the bioelectric oscillations are the physical correlates of
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consciousness.

This architecture generates an internal, subconscious, virtual, three-dimensional
(3D) space-time matrix we have termed the default space which houses a con-
scious simulation of the external environment [21] [24]. We term this the default
space because it is a virtual space that defaults to the qualities of the external
world, replicating its dimensions of space and time. Thus, “default” indicates an
automatic state of the phenomenology of consciousness. The existence of this
space is illustrated in the condition of contralateral neglect described later in the
article. It is within this internal space that all sensory perceptions are bound [24].
Although these perceptions are dominated by top-down cognitive functions,
sensory receptors are synchronized with the qualia of this space and are part of
its bioelectric framework. For instance in the case of vision, photoreceptors
synchronize with relevant cortical areas which creates a framework of the visual
aspect of the default space. The resulting simulation is micro-calibrated with the
physiology of the retina, and [25], through this mechanism, light stimuli that fall
upon the retina are automatically bound in size, location, color and movement
to current objects in conscious awareness which are themselves bound to the
spatial dimension of the default space. In this way, all sensory qualia can be uni-
fied, integrated, and experienced as one whole. This unification and integration
is coordinated by the thalamus via corticothalamic feedback loops [24]. The role
of the thalamus in consciousness and sensory processing is supported by a
growing body of research [26] [27] [28].

All conscious experience occurs within the default space and its spatial aspect
is essential. Dreams, recollection of memories, and hallucinations all occur
within this space and have a spatial foundation [29]. Evolutionary origins for the
default space are derived from the replication of the external physical environ-
ment within. This provides the evolutionary benefits of optimal perception of
and survival in such an environment. The default space is maintained by the
harmonic oscillatory activity of membrane potentials from all cells of the body
[29]. This large electro-chemical space is “observed” in respect to the thalamus
[24]. Even when lacking sensory stimuli or internally generated sensation, the
default space remains in an idling state. We have proposed how this structure of
an empty 3D matrix is maintained by baseline neural activity such as that from
the default mode network and brainstem [30]. Even in this idling state, the sen-
sory organs are synchronized with the relevant cortical areas. The many various
cortical areas are themselves synchronized with each other via coordination of
membrane potential oscillations by the thalamus. This metastable theoretical ba-
sis of the DST describes how the many different forms of sensation are inte-
grated into a unified whole.

Through the phenomenon of lateral inhibition, cortical sites modulate sensory
organs and are synchronized with them via oscillatory communication, mostly
in the gamma frequency [31]. Through this communication, corticothalamic
networks interface with sensory receptors which allow for near instant informa-

tion transfer [32]. We use the term lateral inhibition in a different manner than
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the commonly accepted terminology. Instead of this information transfer being
local, lateral, and adjacent through physical neighboring, the sensory receptors
are “adjacent” to the corticothalamic networks via oscillatory synchronization.
Because the speed of charge transmission is so fast, it is as if the physical separa-
tion is non-existent. This synchronization allows sensory processing to occur at
the sight of the sensory organ and for the sensory organs to anticipate expected
sensory stimuli [31]. These expectations can lead to magnification of certain
sensory information and filtering of unwanted data [31]. The synchronization of
the sensory receptors with the current state of the simulation leads to a seamless
flow of sensory experience. By maintaining the contents of sensory experience at
the sensory receptors themselves, the need for complex mental representations
of the contents of experience can be replaced by physical representations at the

site of the sensory receptors themselves.

3. Overviews of Leading Metastable Models of
Consciousness

The brain dynamic of metastability has recently become recognized as likely the
most important system for understanding the nature of consciousness [6]. There
exists a variety of metastable models of consciousness that attempt to associate
biological processes to the physiological and phenomenological characteristics of
consciousness by citing the global integration of independent networks. The
models we explore are some of the most prominent in the field of cognitive
neuroscience of consciousness and although they do provide great insight into
cognition, we assert that they are incomplete in the scope of its mechanisms. No
consciousness model has been widely accepted as conclusive or even as a foun-
dation for such a conclusive model. These models attempt to tackle the real
problem of consciousness, how to account for the properties of consciousness in
terms of biological mechanisms [33]. These models are all brain-based in that
they propose consciousness arises from processes solely occurring within the

brain, specifically the cortex and thalamus.

3.1. Operational Architectonics Theory of Brain-Mind

Operational Architectonics Theory (OAT) developed by the Fingelkurts twins is
centered upon metastable brain states creating a complex, hierarchical, bioelec-
tric architecture that is the framework for conscious and subconscious mental
states which allows for the complementation and coordination of brain and
mind phenomena in space and time [11] [34]. OAT identifies this brain-mind
complementation as a functional isomorphism between the neurophysiological,
bioelectric, oscillatory framework termed operational space-time, and the
framework of conscious experience termed phenomenal space-time [11]. This
phenomenal space is viewed by the Fingelkurts as the fundamental ingredient in
the phenomenon of mind and consciousness which is a unifying, spatial, 3D

coordinate system [11]. This empty 3D matrix, or “virtual space”, is subcons-
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cious, however, all conscious contents must be embedded in it in order to be
present in one’s subjective experience [11].

OAT describes a hierarchy of neuronal activity that corresponds to a hierar-
chical level of consciousness [11]. The top level being our reflective conscious
awareness is an integrated experience created from the integration of complex
macro-operations which are themselves integrations of independent neuronal
assemblies [11]. These neuronal assemblies support elementary cognitive opera-
tions and are therefore considered by the Fingelkurts to be conscious or uncons-
cious, while the basic level of individual neurons is considered nonconscious
[11]. The top level of the hierarchy is therefore heavily separated from the basic
physical activity of neurons which creates the strangeness of consciousness and
the inability to tie it directly to the chemistry and physics of neurons themselves
[35]. The Fingelkurts argue that the vast neural network of the brain and the re-
sulting hierarchically higher level of dynamic electromagnetic fields constitute
the subconscious 3D matrix described as the foundational architecture of con-
sciousness [11].

The subconscious 3D space-time matrix is argued to be a mediator between
the purely neurophysiological domain and the domain of conscious phenomena
[11]. The Fingelkurts identify the spatially and temporally structured electro-
magnetic field of the brain as the candidate for which conscious phenomena can
be tied [36]. They support this correlation in part through studies showing local
bioelectric fields are correlated with conscious percepts [37] [38]. Metastable
spatial and temporal patterns in the electromagnetic fields identified as opera-
tional modules (OM) result from synchronous activity between spatially distri-
buted neural assemblies and constitute a higher level of abstractness compared
to the underlying anatomical neurophysiology [34]. Several OMs can coexist at
the same time and with certain subsets of neural assemblies belonging to mul-
tiple OMs [11]. The Fingelkurts propound that the integrated experience of
consciousness could result from independent OMs further synchronized be-
tween each other resulting in a more complex and abstract OM [35] (Figure 1).
At this level, the electrical framework is functionally isomorphic with the organ-
ization and phenomenal quality of consciousness [11]. Synchronization of
processes by different neural assemblies located in different brain regions allows
the binding of dispersed sensory features into integrated patterns of qualities and

ultimately into a unified complex scene [35].

3.2. Global Workspace Theory

One of the currently most popular models of consciousness beginning develop-
ment by Bernard Baars in 1982, Global Workspace Theory (GWT), has founda-
tions in the earliest days of artificial intelligence from a concept of “blackboard
architecture” [40]. This term refers to a design pattern that allows collaborative
coordination of various individual programs which cooperatively solve problems

no individual program could solve on its own [41]. GWT takes into account the
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Figure 1. Operational Architectonics Concept of a Functional hierarchy of Neuronal Bioelectric Fields and Operational Modules
Producing Consciousness. A) The hierarchy of bioelectric operations consists of higher levels composed of synchrony among
lower levels. The lowest level contains oscillatory activity arising from independent neural assemblies. The middle level contains
OMs, which consist of a synchrony among electrical activity from dispersed assemblies. The highest level consists of complex OMs
which are synchronies of distinct synchronized activity; B) An illustration of an individual neuronal assembly’s dynamic wave-
form activity which contains multiple segments in time divided by rapid transitional processes (RTPs); C) OMs are illustrated
spatially which span varying brain areas. Synchronies among the various regions can change dynamically resulting in distinct
phenomena of consciousness. The grey shapes are simple OMs which synchronize together forming a more abstract, upper level
OM (outlined in red) which are responsible for the unified, integrated experience (Permission for image use provided by Creative
Commons Licensing. Image obtained from [39] published by Frontiers).

limited nature of consciousness in comparison to the vast capabilities of the un-
conscious mind [42]. In doing so it identifies the mind as a “great society” of
unconscious parallel neural nets, layers, and connections conjoined with a cog-
nitively efficient but limited conscious component [42] [43]. The theory’s main
proposition is that the distinct neural events that cross a certain activity thre-
shold become globally available, and it is this information that is identical to
conscious experience [42]. Thus, the functional role of consciousness is to pro-
vide various types of functional access between varying mental functions such as
executive functions, sensation, intention, voluntary action, and learning [44].

A summarized view of the theory is given as a theater metaphor. In this pers-
pective, the full stage of the theater corresponds to our working memory [42].
Focal consciousness is the illuminated scope from a spotlight pointed at the
stage of the theater of mind [45]. In this spotlight of the stage is the “workspace”
which corresponds neurologically to not one anatomical hub, but to a functional
hub that signals, binds, and propagates information over multiple unconscious
networks [46]. The unconscious mind consists of modular processing units that
when activated sufficiently cross the threshold into this functional hub where the
information becomes available for global processing [46]. This functional hub is
propounded by Baars to be the corticothalamic system which permits constant
bidirectional signaling between many cortical areas [46]. This thalmocortical

network can be metaphorically understood as the world-wide web of the brain
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[46].

A foundation of Baars’ theory is the ability to acquire conscious control
and/or awareness over the vast unconscious domain. It is this global access of
the spotlight of consciousness awareness/control in the unconscious, “dark”,
theater of mind that allows certain “actors” to have their light on the theater
stage which is the “workspace” of a play. The “behind the scenes” activities and
plans of the playwright, director, scene setters, and audience are the unconscious
systems that shape the conscious events on the stage [42]. Thus, there is a con-
vergence of input from the acting coaches, scene designers, and so on that lead
to the conscious event of the actors performance in the spotlight of the stage.
Once a word is spoken however, the message is “broadcast” globally to the au-
dience and director backstage where they use it to perfect the next performance.
The audience plays the unconscious role of demanding what they want to see on
stage, as well as doing problem solving and knowledge banking themselves. This
phenomenon of questions presented to consciousness and resulting in an un-
conscious reveal of answers could be seen in an open forum theater setting.
When a person on stage asks a question, appropriate audience members may

walk on stage and speak the answer in the spotlight [42].

3.3. Integrated Information Theory

Integrated Information theory (IIT), currently in its third version IIT 3.0, asso-
ciates consciousness to physical systems that integrate information [47], thus
posing an answer for the hard problem of consciousness. This theory initially
proposed by Tononi in 2004 propounds a mathematical model of consciousness
based on its phenomenology and how physical systems can account for these
phenomena, proposing a way to mathematically measure its quantity and quali-
ty. It proposes a numerical value in measuring the quantity of consciousness, @,
which indicates the amount of information that can be integrated by an irreduc-
ible system [1]. The term irreducible indicates a gestalt concept that the system
generates information above and beyond the information generated by its parts
[47]. If it can be reduced in components in anyway and still contains the same
cause-effect repertoire, it is not irreducible. According to IIT, consciousness is
an intrinsic property of the universe much like mass, charge, or spin. Therefore,
consciousness doesn’t have a functional purpose in and of itself, but is an epi-
phenomenon arising from systems which integrate information which is a very
useful mechanism evolutionarily speaking.

This theory is unlike the many others in that instead of founding its concepts
on neural mechanisms of consciousness and then working towards its physical
mechanisms, it initially tries to explain the fundamental physical origins of ex-
perience in the universe. According to IIT, at its fundamental level, conscious-
ness is integrated information [48]. The theory is formed upon self-evident
truths of consciousness that it exists, is structured, contains information, is irre-

ducible to its components, and is exclusive to one unified experience [47]. From
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these axioms the following set of assumptions are formed: 1) A mechanism or
set of mechanisms can only contribute to or be conscious only if it constrains the
state of the system through allowing certain causes and effects; 2) A mechanism
or set of mechanisms can only contribute to or be conscious only if its structure
resulting in a certain cause and effect repertoire is irreducible to smaller parts
without changing that repertoire; 3) Of an overlapping set of mechanisms, only
one set can be conscious, and this is the one that is maximally irreducible to in-
dividual components resulting in the only consciousness existing in that system
[47].

IIT claims that consciousness is not an all or non-property, but increases or
decreases in proportion to the size of a system’s repertoire of possible states. De-
rived from this claim, a central proposal of IIT is that the quality and quantity of
an experience is specified by a maximally irreducible conceptual complex or
structure that integrates large amounts of information [47]. This integration of
information is generated by a mechanism above the information generated from
its individual parts. IIT can be considered a modern form of panpsychism, the
idea that consciousness is a universal feature or potential quality of all physical
things. It follows this mystical philosophy due to its assertion that any maximally
irreducible physical system performing information integration becomes con-
scious. IIT is brain-based due to its recognition that the corticothalamic system

generates consciousness.

3.4. The Dynamic Core Hypothesis

The Dynamic Core Hypothesis (DCH) proposed by Edelman and Tononi is sim-
ilar to IIT in that it focuses on complexity and informational aspects in produc-
ing consciousness, and it is the basis upon which II'T was formed [49]. DCH de-
scribes consciousness as a biological phenomenon and a product of evolution
and development, completely explainable by neural activity [2], thus being a
brain-based theory. It is similar to many other metastable theories in that it in-
volves the global brain and corticothalamic activity [50]. The basis of DCH is the
theory of Neural Darwinism, or neuronal group selection, in which neuroplas-
ticity and long-range parallel connections among brain areas provide dynamic
coordination among neuronal circuits necessary for consciousness [2]. Neural
Darwinism proposes that connectivity in the brain occurs via epigenetic
processes during development, producing structural diversity [51]. Postnatal en-
vironmental experiences then plastically modify the neural structure to be suited
for real-world applications [51]. It describes a primary consciousness which ex-
ists simply in the “remembered present”, lacking self-awareness. It also describes
a higher-order consciousness which exists in humans allowing us to be con-
scious of being conscious [52].

The DCH’s main assertion is that neuronal groups contribute directly to con-
scious experience only through bi-directional synchronistic interactions within
the corticothalamic system that achieves high information integration in a short

time [2]. For these neuronal groups to contribute to the sustainment of con-
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scious experience, they must additionally maintain state differentiation, a high
level of complexity, and functionally interact with other widely distributed neu-
ronal groups that create a cluster of interactivity [53]. Gamma and theta band
synchrony is proposed to bind the dispersed neuronal groups into a seamless
whole, and this reentrant synchrony defines connectivity within the core [2].
The dynamic core itself is not technically required to exist in any neural corre-
late, but is a process of neural interaction that can change in composition over
time [53]. However, this process in newer versions of the model has been con-
stricted to mainly consist of the ongoing reciprocal signaling within the cortex
and between the cortex and thalamus, structured by the vast corticortical, corti-
cothalamic, and thalmocortical connections throughout the brain [54].

The dynamic core allows for the synchronous patterns of metastable activity
that connect and integrate the various functions of different brain areas, gene-
rating high levels of neural complexity [2]. The unified experience of many var-
ious qualia at any given moment is a complex of multiple sensory discrimina-
tions integrated within the dynamic core [2]. From this perspective, conscious-
ness is a stream of unified mental formations that generate from the material
structure that is the dynamic core. The boundaries of the dynamic core are
themselves dynamic with neural clusters leaving and joining depending on in-
fluences from internal and external signals [54]. DCH describes how selection
for the contents of the core is constrained by attentional, emotional, and reward
signals originating from sub-cortical structures such as the brain stem [2]. Evi-
dence for the DCH has been proposed by studies detecting electromagnetic sig-
naling within the brain. In the study lead by Strinivasan observing binocular ri-
valry [55], conscious perception of a stimulus was associated with coherence

among distinct and distant neuronal groups in the cortex.

4. Critique and Comparison

We draw comparisons to metastable consciousness models and hypotheses to
show how the current scientific consensus on the topic is lacking a full view of
the subject and why the DST is the predominant metastable theory (Table 1).
We assert that the DST is the first all-encompassing and structurally sound
model of consciousness due to its combined metastable and embodied cognition
approach. Many theories focus on the neural correlates of consciousness. This is
largely helpful, but it does not explain why certain neural areas are associated
with consciousness. We assert that to understand consciousness, research must
be conducted on the whole body and mind. According to the DST, certain neur-
al correlates serve specific functions to consciousness, but the of ontology con-
sciousness lies within the harmonic orchestra of membrane potential oscillations

throughout the entire body and brain [29].

4.1. Operational Architectonics Theory

OAT is one of the few “world simulation” models that compare to the DST in
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Table 1. Comparison of consciousness models.

Integrated Operational . Global
X X X . . Dynamic Core 3D Default
Questions addressed by consciousness models: Information  Architectonics Workspace
Model Space Theory
Theory Theory Theory
Is it a global theory involving brain and body instead of a
i No No No No Yes
brain-based theory?
Does the model include an internal, “virtual” 3D matrix
. i K No Yes No No Yes
as the architectural foundation of consciousness?
Does corticothalamic activity play a major role? Yes No Yes Yes Yes
Does it address underlying physiology? Partially Partially Partially Partially Yes
Is it an expandable model? (can it be integrated with oth- L L L L
Limited Limited Limited Limited Yes
er models?)
Does it address cardiorespiratory coherence? No No No No Yes
Does it address the role of h tasis and b
oes 1. address the role of homeostasis and membrane No Partially Partially No Yes
potential changes?
Is the thalamus a central hub for consciousness in the . . .
Partially No Partially Partially Yes
model?
Does the model explain the self? No Partially No No Partially
Does the model explain how of visual and other sensory . . .
. . . Partially Partially Partially No Yes
inputs are integrated into a whole?
Can the model illustrate the etiological deficits of the
following disorders:
1) contralateral neglect syndrome No Yes No No Yes
2) phantom limb No No No No Yes
3) motion sickness No Partially No No Yes
4) vertigo No No No No Yes
5) claustrophobia No No No No Yes
6) Seasonal affective disorder No No No No Yes
7) Central Pain syndrome No No No No Yes
Can the model explain the nature of the following
observations and self-experimentations:
1) Out of body experiences No Partially No No Yes
2) Rubber Hand Experiment No No No No Yes
3) Meditation Experiences Partially Partially No No Yes
Can the model explain embodied cognition observations
by addressing underlying physiology on modulation of No No No No Yes
the mind by the body?
Can th del explain ch; i duri -
‘an ‘ e model explain changes in awareness during me No Partially No No Yes
ditation?
Does th del address h ti d infi
0§s ¢ mociel acdress iow emotions and sensory 0o Partially Partially Partially Partially Yes
are integrated?
Does the model have experimental evidence? No Partially Partially Partially Partially
Does the model include the autonomic nervous system
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identifying the phenomenal, foundational architecture of consciousness as a
subconscious 3D matrix into which all perceptions are placed [11] [24]. Both
theories identify a functional isomorphism between the phenomena of this 3D
space-time of consciousness and the space-time of macro bioelectric synchroni-
zations among brain areas, and among the entire body according to DST. The
existence of this subconscious 3D space and its essential nature are illustrated in
the neurological condition of contralateral neglect syndrome in which spatial
processing brain regions become damaged leading neglect and complete absence
of consciousness regarding a particular side of one’s perspective (Figure 2) [56]
[57]. These patients are not aware of any “missing” or empty space, and will
even act as if this space does not exist, even eating from only one side of their

plate and dressing one side of their bodies [58]. Sensory stimuli from the “missing”

AFFERENT SPATIAL/SENSORY
FEEDBACK TO LEFT PARIETAL LOBE

AFFERENT SPATIAL/SENSORY
FEEDBACK TO RIGHT PARIETAL LOBE

AFFERENT SPATIAL/SENSORY
FEEDBACK TO LEFT PARIETAL LOBE

DAMAGE RIGHT PARIETAL LOBE
NORMAL CONTRALATERAL NEGLECT SYNDROME

o—— INTERNAL NON-VISUAL SPACE o——— INTERNAL NON-VISUAL SPACE

| }/\ DAMAGED DEFAULT o
INTACT DEFAULT ) i B o——— INTERNAL VISUAL SPACE 3D SPACE FRAMEWORK ———e  _ . &——— INTERNAL VISUAL SPACE
3D SPACE FRAMEWORK ‘7; :] DES (CONTRALATERAL SIDE) B

\

INTACT DEFAULT 3D

SPATIAL ORIENTATION DEFICIT ON LEFT SIDE ——= *—— SPACE FRAMEWORK

NORMAL SPATIAL ORIENTATION ——e

Figure 2. The subconscious structure of consciousness and contralateral neglect syn-
drome. Contralateral neglect syndrome results from damage to the right parietal lobe
which maps spatial information on perceptual data regarding both sides of one’s perspec-
tive. The left parietal lobe however maps information from only the right side of the
perspective. Therefore, in those with contralateral neglect syndrome, perceptions in-
tended to be mapped to the left side have no functional cortex to spatially orient them
even though perceptual data is fed to said damaged cortex. These patients not only lack
consciousness of such sensory stimuli, but the entire left side of space ceases to con-
sciously exist. This is illustrated in the image above by the absence of the left side of bodi-
ly and visual perception in those with a damaged spatial framework (Figure by Lynsey
Ekema, MSMI. Previously Published in [21]. Permission obtained by Creative Com-
mons).
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side can still be fully processed, but however remain unconscious [56].

The DST and OAT identify significant psychological evidence (in addition to
contralateral neglect syndrome) that this 3D matrix is the perceptual foundation
for the “virtual space” of consciousness in that all perceptions are filled into this
space [11] with an emphasis by DST on the top-down domination of this filling
[59]. Thus, the “world simulation” is heavily influenced by cognitive predictions
derived from memories and executive expectations. These evidences include
dream studies which show that dreams are also organized within a spatially ex-
tended “virtual reality” in which the dreamer is spatially centered with a
first-person perspective [60] [61]. The same can be observed in memory recol-
lection and out-of-body experiences [11] [62]. OAT shares with DST the utiliza-
tion of a metaphor of a global, harmonious, musical symphony to illustrate the
cooperative oscillatory synchronization of distinct neuronal assemblies which
bind conscious percepts [34]. Both theories identify significant research support
for this assertion of global, multisensory integration in space and time not only
in our unified conscious experience, but in the synchronization and integration
of the respective neural modalities [63] [64] [65]. The DST takes this view fur-
ther by asserting that the sensory organs throughout the body are also bioelectr-
ically integrated into this global coherence [31].

A significant limitation of OAT is that it lacks the identification of a physio-
logical mechanism for reentrant communication among dispersed neuronal
modules that the DST [24], other metastable models [2] [46], and a large com-
pendium of academic literature demonstrate the thalmocortical system is re-
sponsible for [66]-[71]. OAT provides very insightful and thorough detail of the
operations of neuronal synchrony which surpasses the level the DST expounds.
Although OAT lacks the communicative backbone of the thalamocortical sys-
tem, its descriptions of metastable synchronization among distal, functional
neural assemblies (OMs) provide mechanisms for cognitive operations such as
multisensory perception that the DST explains only generally. By integrating the
physiological detail of the DST and the operational detail of OAT, a greater
comprehension of bioelectric operations leading to mind can be achieved.

The default mode network (DMN) is a self-referential network that holds a
great importance to both the DST and OAT. Today’s views on the DMN tie it to
self-generated thought [72], social cognition [73], autobiographical memory,
simulating the future [72], mind wandering, daydreaming, introspection, inter-
nal narrative [74], and the sense of self [75]. This brain network consists of low
frequency oscillations between certain cerebral areas including the posterior
cingulate cortex, medial prefrontal cortex, and the angular gyrus [72]. OAT has
shown the DMN is comprised of consistently stable OMs (synchronistic bioelec-
tric patterns and neural space-time) [76]. OAT ties this network to the first per-
son sense of self and agency centered in the subconscious 3D matrix [11] [77].
The DST takes this further by asserting the DMNs central role in the foundation
of this 3D matrix [24]. The DST ties in bodily electrical oscillations into this
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network as part of its body-mind framework by citing influence on the DMN by
cardio and respiratory waves [78]. Furthermore, the DST propounds that the
low-amplitude oscillations of the DMN in association with cardiorespiratory os-
cillations create a framework upon which the faster oscillations of consciousness
can be built [30].

The DST and OAT both link DMN physiology with the self, meditation, and
associated experiences. Work by the Fingelkurts and other researchers has iden-
tified the DMN as a preferable neural correlate for the sense of self [79] [80]. The
Fingelkurts identified in their research a three-part modularization of the DMN
which showed altered activity relative to each three subnet modules after exten-
sive mediation training [80]. They describe how their research indicates each
module contributes specific functions in forming a complex self-hood [80]. Both
the DST and OAT describe the self being physically centered in the externalized
perceptual reality of which the foundation is the subconscious 3D matrix [24]
[80]. The DST further describes this center as being the physical location of the
thalamus as all perceptual streams are coordinated by and around it [24].

Research and accounts from experienced mediators demonstrates how
long-term meditation leads to increased integrity of frontal DMN connectivity
which is shown to be responsible for this sense of “center” and first-person
perspective [73] [80] [81] [82]. Experienced meditators report a sharper sense of
a “self-center” [83] while simultaneously experiencing loss of self-boundaries and
physical embodiment [84] [85]. This disembodiment and loss of self-boundaries is
asserted by the Fingelkurts with research support to be due to decreased func-
tional connectivity among the posterior subnets of the DMN [80]. The DST as-
serts this experience is due to an expansion of awareness of the normally sub-
conscious 3D matrix underlying all experience and the accurate identification of
this infinite 3D virtual space with one’s own being [86]. The DST advances the
concepts of self and the DMN through linking it to respiratory and cardio activ-
ity, helping to explain some effects of deep-breathing meditative practices [30].
The DST asserts that the increased functional connectivity seen in the frontal
subnet of the DMN could be caused by rhythmic respiration generated inhibito-

ry impulses and cardio-respiratory phase synchronization [86].

4.2. Global Workspace Theory

GWT consists of multiple detailed hypotheses aimed at understanding the dif-
ferences between conscious and unconscious brain events [46], disregarding the
possibility of consciousness involving bodily events. The DST also aims to un-
derstand this difference, instead associating consciousness with higher frequency
oscillations and integrated and complex electrophysiological activity which re-
quire the thalamus. According to GWT, the contents of experience are asso-
ciated with temporary “broadcasts” of reentrant neural activity, specifically in
the thalamocortical network, considering it a vast interactive signaling medium

[46]. Strong similarities lie between GWT and the DST in the shared importance
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of globally distributed, synchronous activity across the thalamocortical network,
as well as its parallel processing capabilities [24] [46]. The DST completes this
view by further asserting the importance of oscillatory harmony across the entire
body, not just the central nervous system [24]. GWT fails to include explana-
tions on aspects of emotion and the top-down dominance of the sensory system.
GWT seems to ignore baseline, resting, or “silent” consciousness by describing
consciousness as highly activated neural responses to stimuli. The DST explains
how a baseline consciousness is always active (in an awake person) via the DMN
and lower frequency bioelectric oscillations which maintain the internal 3D
space which allows for experiential awareness [30]. GWT theory misidentifies
the vast role unconscious physiology plays in the structure of consciousness by
separating it from globally active networks which are propounded to be con-
scious. The DST however explains how all bioelectric cellular activity is part of a
global network, citing the evidence that lower frequency oscillations it associates
with the unconscious support, underlie, organize, and modulate higher fre-
quency ones it associates with consciousness [87] [88].

The DST shares the functional hub view of the corticothalamic system under-
lying consciousness with GWT [24], however GWT proposes a dynamic ‘global
workspace’ hub of activity binding and propagation consisting of varying ana-
tomical components of the corticothalamic network which are themselves small
world network hubs [46], while the DST focuses on the thalamus as a central
anatomical hub which integrates cortical and sensory receptor activity within a
virtual 3D matrix, creating a unified experience [21]. Both models hold the as-
sertion that the contents of experience are associated with the global networking
of the thalamocortical system [24] [46]. The perspective of GWT is that con-
scious contents may emerge anywhere in this corticothalamic network [46]
(Figure 3), however, the DST explains how parietal regions of this network are
required for consciousness because they spatially map percepts [89]. While
GWT does acknowledge this spatial quality, it limits it to visual perception [46].
Both models stress the bidirectionality, or reentrant neural connections in the
corticothalamic network that bind and broadcast information throughout the
brain [24] [46]. Evidence has supported both model’s metastable assertions that
although each separate brain area processes distinct features of the overall inte-
grated experience, synchrony between neural modules binds these features to-
gether into a seamless whole [64]. The main difference between these two mod-
el’s metastable assertions is that a global oscillatory framework has been pro-
posed for synchronization that spans every cell of the body, creating a truly uni-
fied, bioelectric framework [30]. This global framework creates an unconscious
basis upon which consciousness is built [30].

The corticothalamic perspective of consciousness has been based on a variety
of scientific findings including brain imaging studies, intracranial stimulation
recordings, and empirical analysis of conscious and unconscious brain condi-
tions [38] [46] [66]. While GWT acknowledges the neural oscillations as highly
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Figure 3. Consciousness Can Occur Anywhere in the Corticothalamic loop. This figure

illustrates the GWT concept that consciousness can arise from anywhere in the cortico-
thalamic network, depending on which activity is bound and broadcast to the rest of the
network. Each yellow starburst indicates a site of binding and global broadcasting leading
to consciousness. Only one of these sites can be the any-to-many “activity winner” at any
given time as global broadcasts interfere. Activity dominating from certain brain areas
leads to unique experiences such as the experience of a single star broadcasting from V1
in the occipital lobe. (Previously published in [46]. Permission obtained from Creative
Commons License).

functional, it however undervalues the oscillatory nature of the corticothalamic
system, instead preferring a perspective of “adaptive resonance” among reen-
trant corticothalamic pathways [46]. Our perspective is that this bioelectric os-
cillatory nature is essential to mass synchronization of vast cortical/sensory
modules and in the physical existence of consciousness [30] by creating an elec-
tromagnetic architecture which GWT leaves out of its global workspace [90].
Baars et al. indicate that through the corticothalamic system, the cortex “mostly
talks to itself” [46]. However, the synchronization of the sensory organs with
their cortical counterparts with the cortex talking more to the sensory organs
than the sensory organs to the cortex has been stressed by the DST [31]. A
strong benefit to maintaining perceptual representations in a physical form at
the site of the sensory organs frees up the need for the brain to maintain inter-
nal, mental sensory representations.

A criticism of the GWT lies in the nature of unconscious and conscious neural
activity. Suggested by GTW, significant activation of concepts in the brain leads
to consciousness of those concepts [91]. However, it is clear that generality of
concepts transcend the experiences they apply to [91]. For instance, take the
concept of a chair. If you try to visualize the concept of “chairness”, it simply

cannot be done. Whenever the concept of a chair is attempted in visualization,
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only certain tokens of chairs from certain vantage points can be experienced.
Categories cannot be perceived. It is clear that abstractions that can be unders-
tood and processed by the unconscious mind cannot be consciously experienced.
For instance, consider the word culture. When we think of this we understand
its meaning and implication but cannot consciously experience any particular
concept of culture although we can identify it. This implies that strong activation
of neural concepts is not sufficient for entrance into consciousness. This impli-
cation strengthens our perspective that consciousness is built upon a foundation
of “world simulation” that is not necessarily based on quantity of activation and
global access of brain activity.

By identifying an underlying, global, bioelectric structure creating an uncons-
cious 3D virtual matrix upon which a conscious world simulation can be built,
the DST has advantages over GWT in explaining the ontology of consciousness.
The DST, through its world simulation approach, accounts for criticisms of the
GWT such as how the existence of global neural broadcasting is not sufficient
for consciousness of certain concepts such as the lack of ability for people to qu-
alitatively perceive categories, stressing the necessity of a spatial component to
all qualia. Through an embodied cognitive approach in stressing the role sensory
receptors play in consciousness, the DST helps explain the strong influence the
body has over the cognitive mind, providing a means for voluntarily modulating
mood, stress, and cognition. GWT describes a functional role of consciousness,
but doesn’t seem to make much progress towards solving the “hard problem of
consciousness”. By describing an electromagnetic field cognitive architecture,
the DST provides a physical substrate for consciousness, thereby providing a
starting point for solving this hard problem. While the global workspace archi-
tecture surely provides an efficient means of processing information, it doesn’t
provide an explanation as to why experience needs to be an aspect of global
availability and access. GWT explains that top-down attention helps determine
which information is task-relevant and enters global availability. We criticize the

lack of specification of how attention “decides” which information is relevant.

4.3. Integration Information Theory

IIT attempts to explain differences between states varying in levels of conscious-
ness such as the awake/asleep state as well as the differences in brain areas in-
volved in generating consciousness contrasted with those that don’t such as the
cortex versus the cerebellum [92]. The DST attempts to do the same focused on
a similar concept of metastable information integration, however, it includes the
thalamus and the sensory receptors in a global manner. Both the DST and IIT
explain how conscious arises from processes that arise from a system that cannot
be reduced to the sum of its parts; in the case of the DST, this system is the
whole body and brain. The inclusion by the DST of the thalamus as the ultimate
integrator of information is a substantial difference between the two theories.

IIT propounds that consciousness is minimized or eliminated during slow-wave
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sleep because the irreducible system leading to consciousness becomes signifi-
cantly smaller and reconfigured, and the neural networks are much less complex
and more disconnected due to bistability [92] [93]. The DST on the other hand
describes how the disconnect between the thalamus and cortex during
slow-wave sleep [94] leads to unconsciousness because the thalamus ceases to
integrate and unify the information from the body and corticothalamic network
into a metastable harmony that generates the 3D world simulation of con-
sciousness. II'T asserts that the cerebellum is not part of consciousness because it
is a feedforward network that has multiple independent zones which do not
form a large complex, therefore not form a large system that integrates informa-
tion [92]. The DST asserts that the cerebellum is not significantly involved in the
production of consciousness because it does not influence the generation of the
world simulation, only the motor interaction with it. It could be understood that
destruction of the cerebellum alters consciousness in that it disrupts the con-
scious perception of coordination between the body and physical environment.

We propound that IIT has gained a strong acceptance and popularity by
playing on what we know to be true about the brain being a vast spanning web
of integrated information. Many people have an intuition about consciousness
being an integrated whole resulting from the full spectrum of brain activity,
however, most networks in the brain are actually unconscious [95], and uncons-
cious activity precedes the arrival of consciousness [96]. In describing con-
sciousness as resulting from information processing systems, IIT fails to account
for why the majority of cognitive activity is unconscious. The DST however po-
sits this unconscious activity as the foundation of consciousness [30]. IIT is one
of the few theories that incorporates mathematics, however, an over focus on
this mathematical aspect may take attention away from the empirical hurdles
that must be overcome to develop an accurate biological model. IIT provides
important insight into the nature of informational integration and conscious-
ness; however, there are empirical observations that seem to disprove IIT, which
the DST does explain. The terminologies used in the IIT model are often esoteric
and baffling to those who try to understand it on the first exposure. While this
may be necessary, it brings forth the criticism that IIT is trying to persuade its
audience of its accuracy by perplexing them.

The axioms of conscious proposed by IIT are certainly insightful and verifia-
ble, however they seem to lack support for the theories own fundamental con-
cepts. In the principle of exclusion provided by IIT, only one consciousness can
be maintained by any system [47]. Even if its components satisfy the other re-
quirements for consciousness, that consciousness would be suppressed by the
greater whole. This however leads to the conclusion that if a group discussion
leads to large information integration, sufficient for consciousness, then the in-
dividual members of that group would cease to be conscious. Similar to GWT,
IIT assumes that concepts such as the “chairness” described, can also reach con-

scious awareness due to these concepts being involved in the overall informa-
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tional system of the brain. While it describes the spatially structured nature of
consciousness through its composition axiom [47], IIT lacks the important ex-

3

planation of the “world simulation” function of consciousness that the DST [21]
and other authors [97] [98] [99] [100] [101] describe.

The DST describes how during meditation, some can achieve an awareness of
this unconscious spatial matrix, leading to experiences of identifying with and
experiencing a vast, boundary-less, empty space [102]. Unlike GWT, IIT identi-
fies a baseline, silent, or naked state of experience which can be reached via me-
ditation [103] due to silent but functionally connected neurons which while are
not actively transmitting information, are part of a complex with positive @ [92].
The DST doesn’t require silent neurons or mediation for naked awareness, in-
cluding it as a foundation of consciousness which is always idle in the awake
state powered by the DMN and baseline cardiorespiratory oscillations [30]. This
naked space is filled in with oscillations giving rise to qualia that arise from cor-
ticothalamic feedback loops which are integrated by the thalamus [24]. IIT does
not identify a functional importance to these lower frequency baseline oscilla-
tions which the DST proposes are increased during meditation due to increased
cardio-respiratory synchronization, thus leading to dynamic changes in aware-
ness [86]. By describing how body rhythms affect neural oscillations via an em-
bodied cognitive approach, the DST can explain mechanisms of therapeutic
benefits of techniques such as meditation.

The axioms of consciousness that Tononi proposes as the basis of IIT are ex-
plained by the fundamentals of the DST. Tononi asserts that every experience is
structured with different aspects into a singular integrated whole [47]. The DST
shares this assertion and furthers its notion by describing how this integration
occurs in the human mind and into what type of structure the qualia is inte-
grated (a virtual 3D matrix). IIT assumes this type of experience occurs with any
sufficient information integrating system and in a strong similarity to the DST
and other models, describes the corticothalamic system as the main neural sub-
strate for integrating vast neural information [1]. The DST is founded on the
structure of consciousness occurring as a 3D space just as in the 3D world in
which we live. Tononi seems to apply the familiar structure of human con-
sciousness to any potentially conscious physical system whereas the DST pro-
poses distinct cortical and thalamic systems (i.e. parietal lobe) are necessary and
partially responsible for such a structure without which human consciousness
could not exist [89].

The necessity of the parietal lobe in consciousness is due to its role in con-
structing the spatial dimension of the internal replication of external space [89]
[104] [105]. The spatial dimension of sensation is necessary for all experience to
occur and this has been exemplified through an understanding of contralateral
neglect syndrome as we have explained. This syndrome indicates that if sensa-
tion can’t be given a spatial characteristic by the parietal lobe, it cannot enter in-

to conscious experience. According to his composition axiom, Tononi asserts
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that this experiential spatial characteristic is a fundamental result of any irre-
ducible information processing and integrating system, however, when the pa-
rietal lobe is damaged leading to contralateral neglect, the brain still fully
processes stimuli from the missing side unconsciously and the patient can
maintain blindsight of these stimuli [56]. Unconscious stimuli from the neg-
lected field of these patients significantly increased response times to a subse-
quent word related to the neglected stimuli, such as bat-ball, tree-apple, com-
pared to unrelated words like bed-apple [106], indicating they are part of the ir-
reducible system and thus should be conscious. If Tononi is correct in stating the
spatial characteristic is a result of any irreducible system, then contralateral neg-
lect syndrome would not exist. The same effect can be seen in the phenomenon
of cortical blindsight in those with damage to the visual cortices. Although they
can to some degree detect, localize, discriminate, and respond to visual stimuli in
restricted ways, they cannot consciously experience the stimuli or understand
why they are able to respond to it [107] [108]. There is so much complex infor-
mation integration that happens out of conscious awareness, that it seems the
only way the assertions of IIT could be completely accurate is if there were mul-
tiple consciousnesses inside one brain. It could be assumed that if multiple
non-overlapping irreducible networks somehow separate in the brain existed
simultaneously in one brain, more than one consciousness could exist in that
brain, and this is actually an assertion of IIT, even in the everyday life of healthy
people [47].

IIT describes the sensory receptors as external inputs that enable conscious-
ness through maintaining excitability in the brain, thus being a “background
condition” to consciousness [92]. IIT asserts that sensory connections are feed-
forward, however if it would acknowledge that if indeed the sensory receptors
are bioelectrically synchronized with their respective cortical sites and thus con-
tain feedback as proposed by the DST described earlier in this article, then these
sensory receptors would be part of the irreducible information integrating sys-
tem leading to consciousness. They would simultaneously be a part of cause and
effect repertoire according to the view of the DST that they cause certain afferent
stimuli and receive efferent effects by the cortex. Thus, according to this concept,
the sensory receptors are in a sense part of the corticothalamic system. This is
due to the feedback mechanisms proposed by DST in which information is fed
back to the sensory receptors. According to IIT, feedforward networks are not
conscious as they lack any information integration [92]. DST accounts for this in
its account of feedback to the sensory receptors and the feedback loops of the
corticothalamic network which integrate information [24]. While IIT emphasiz-
es the important role of these corticothalamic loops, it does not recognize the
importance of feedback to the body nor the crucial role of the thalamus as a hub
of conscious experience due to its integration of the integrating corticothalamic
loops, thus performing a sort of “meta-integration”.

We propose that information integration as described by Tononi is a neces-
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sary condition, but not a sufficient condition to consciousness. IIT comes to
some strange, counterintuitive conclusions through describing consciousness as
a system with high ®. Easily explainable, high ® systems have been proposed
that could exist as 2D logic grids on a compact disc which would have vast quan-
tities of consciousness [92] [109]. This goes against common sense understand-
ings however, especially since they would have an extremely greater quantity of
consciousness than an average person. Tononi has conceded that this would be
the case, stating that the commonsense intuition that such a system could not be
conscious is based on pre-theoretical assumptions comparing it to once held as-
sumptions that the earth is flat and the sun revolves around the earth [110]. To-
noni mentions other counterintuitive propositions of IIT which include 1) A
photodiode with memory is minimally conscious , 2) A functional cortex which
is at a time silent with no neurons firing or oscillating would still be conscious,
and 3) A functional 2D grid could be highly conscious even if silent, meaning all
its gates are off [110]. By describing consciousness not only as integrated infor-
mation, but as resulting from a bioelectric synchrony of information throughout
the body and brain creating a world simulation via the thalamus, the DST ac-
counts for these counterintuitive implications and explains the difference in
conscious states such as awake/sleep and the difference in consciousness genera-
tion between areas such as the cortex and cerebellum through the inclusion of an
anatomical central hub which unifies vast bioelectric, neural and bodily activity
creating a world simulation within, thus describing a physical substrate, elec-

tromagnetism, as the physical source of consciousness.

4.4. Dynamic Core Hypothesis

Just like the DST, IIT, and GWT, the DCH places a strong importance on neu-
ronal integration and synchronization via the corticothalamic system, describing
it as a functional hub [50]. These metastable models suggest that global brain
dynamics emerge from cooperative interactions between diverse neuronal
groups, and that consciousness can only be explained by these distributed neural
processes and not local properties of neurons [111]. The DST additionally as-
serts reentrant activity occurs between these neural groups as well as the sensory
organs [31]. These models explain how different parts of the nervous system
cooperate to produce a unified whole. Both the DST and DCH characterize the
thalmocortical network interactions as reentrant, parallel, and recursive, with
the DCH describing consciousness as emerging from anywhere is the cortico-
thalamic or corticortical arena [2]. The DST includes a similar concept of corti-
cothalamic integration to that of the dynamic core, however, further proposes a
harmonious oscillatory unity not just between cortical areas and the thalamus,
but across all cells of the body, requiring the thalamus for consciousness to
emerge [24]. The DCH stresses the importance of reentrant activity in creating
the functional connectedness of the core [2], however, the DST necessitates bio-

electric oscillatory activity in creating consciousness which is reentrant but also
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creates the substrate of consciousness, electromagnetism. The substrate accord-
ing to DCH would be information.

In contrast to the DCH, the DST describes how information from the entire
cortex is integrated by the thalamus into consciousness, not just certain compo-
nents. While some areas may not be activated at any given time, they still are
part of the neural network and contain information via baseline activity which is
a ubiquitous property of the brain [112]. For instance, the part of your brain that
processes color is not activated if there is only gray in your visual environment
or imagination, however, that part of the brain still contributes to experience
[113]. On the other hand, if that color brain region is damaged due to a lesion,
then the patient would not see gray and would not see any color, lacking under-
standing that the visual scene is missing color [114]. We propose the contribu-
tion of non-stimulated neuronal assemblies is done by signifying the absence of
color through its low frequency oscillatory baseline activity which plays a key
role in perception and is an aspect of neural coding [112]. Thus, information
from the entire cortex is integrated by the thalamus to create our unified expe-
rience which includes information encoding the lack of certain qualia which in-
cludes the understanding that the qualia lacks something.

The DCH stresses that at any given time certain clusters of neurons are part of
the dynamic core while others are not, even if they are equally active and have
been part of the core previously [111]. The DST also posits that different neu-
ronal clusters are integrated into the default space and therefore into conscious
awareness, however, all neuronal groups play a role in the development of the
unconscious aspects of the default space [24]. A main difference as described
previously via contralateral neglect and the parietal lobe, is that the default space
requires those neuronal groups responsible for spatial processing to be intact for
conscious experience to occur [89], while the DCH asserts a lack of requirement
for any neuronal groups in consciousness [111]. The DCH does describe how
emotions originating from sub-cortical regions may constrain the selection of
which brain regions become part of the dynamic core [2]. The embodied cogni-
tive approach of the DST however stresses the role of cardio-respiratory cohe-
rence in modulating emotional states in part via the autonomic nervous system
[115]. Citing evidence that positive emotions are correlated with higher rates of
synchronijzation and negative emotions with desychronization among body and
brain rhythms [116] [117], the DST proposes a foundational oscillatory archi-
tecture of which the cardiorespiratory system is a major component. Through
including the body in the cognitive structure generating consciousness, the DST
extends metastable assertions and explains a basic mechanism for how volunta-
rily modulating one’s body can allow them to modulate their minds.

The DCH, IIT, and DST all stress the unity of conscious experience and that
this experience occurs from a particular point of view. The DST and OAT how-
ever provide the structure and frame of this perspective [11] [24]. Our model

describes how this perspective is experienced in respect to the thalamus and de-
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tails how alterations in corticothalamic activity can lead to an altered perspective
as experienced in out-of-body experiences [62]. The dynamic core does not refer
a unique, invariant functional cluster of neurons, as the core may change in
composition over time [50]. The DST does recognize that varying clusters of ac-
tivity will have their own local synchronies, however, it posits a global synchrony
orchestrated by the thalamus with an invariant idling system of the DMN and
cardiorespiratory oscillations that maintain the default space at all waking times
[30]. The DCH proposes that higher-order consciousness of humans arises when
symbolic representations and language are incorporated into the core [118]. This
includes abilities of abstraction allowing us to be conscious of being conscious.
While both theories associate high frequency brain waves with consciousness
[118], the DST stresses the importance of (sub/un)conscious, lower frequency
activity in forming a foundation for conscious activity to be organized [30]. By
associating pervasive lower frequency oscillations with unconsciousness [118]
instead of a basis for conscious activity to build upon, the DCH has ignored the
vast low frequency activity which occurs throughout the body and brain during
awake states. There is significant support for the assertion that low frequency ac-
tivity provides long-range communication [119], modulates higher frequency
activity [87], and forms a foundation for higher frequencies to organize upon
[88]. It is by this mechanism we propose the embodied cognitive perspective that
respiration modulates mental activity, by globally entraining neural oscillations
[120].

By including the radical idea that sensory receptors are part of the dynamic
oscillatory complex as a component in the creation of a world simulation within,
the DST provides insight into how this simulation is maintained and how it
helps us quickly react to the external world [21]. By maintaining mental repre-
sentations on the sensory receptors, expectations about incoming sensory stimu-
li derived from the state of the simulation can be integrated with the actual sti-
muli, priming the receptors to receive certain stimuli and to discard other stimu-
li. The next “frame” of the simulation can thereby by updated in near real time
as the processing powers of cortex are brought to the sensory receptors allowing
a continuous manipulation of the simulation [21]. The thalamus integrates the
oscillatory modules for each sensory pathway into a higher level, global syn-
chrony responsible for integrated experience. The DCH provides additional in-
sight, which can be understood as a component of the DST. The fact that the
DST is compatible with the theories reviewed and in a sense is an extension of
them illustrates its comprehensive nature and power to explain the various em-

pirical observations currently in the literature.

5. Conclusions

Currently popular metastable consciousness models offer many insights into
cognition; however, they are incomplete and insufficient to truly describe bio-

logical mechanisms of consciousness. Through a comparison with these models,
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we have formed an assertion that the DST completes the cognitive architectural
perspective on consciousness that other models have ignored or failed to identify
by incorporating the entire body into the metastable architecture laid out by
these models. By including the entire body, we have provided mechanisms for
experimental observations of the bodily effects on cognition and mental states as
well as explaining the benefits of mind-body techniques such as breathing exer-
cises. By extending the “operational information integration” system to the sen-
sory receptors, we have provided a means for mental representations to be
stored in the highest topographical sense, on the sensory receptors themselves.

The DST consists of components of top models of consciousness such as me-
tastability, phenomenological axioms, and the important role of the corticotha-
lamic system in the creation of consciousness while extending these concepts
with novel propositions. The DST puts forth the radical notion that conscious-
ness arises not solely from the brain, but emerges from bioelectric operations
occurring throughout the entire body. It identifies a bioelectric architecture
which consists of harmonized and synchronized membrane potential oscillations
occurring in every cell. The novelty of the DST is further seen in its description
of the layers of such architecture and its role in creating an active simulation of
the external world. By approaching the modeling of consciousness from a holis-
tic instead of a reductionist view, the DST may further understanding of the
mind-body connection.

The literature on embodied cognition lacks insight into consciousness, and via
the DST, we have physiologically extended consciousness to the body. Through
doing so, we have provided a means for a seamless experience of the world
which occurs in near real time and provided a means for one to voluntarily
modulate one’s mental state, primarily by modulating breathing pattern. We
have illustrated the similarities to other metastable brain-based models, their
criticisms the DST accounts for, and how it encompasses the strengths of other
models while expanding their scope. By showing the incompleteness and deficits
of each of the models, we have shown how the DST fills in the blanks and
amends the faults of other models, ultimately forming a profound and para-
mount model. It remains to be determined whether direct studies on this model

will elucidate its intricacies and validate its concepts.
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