
Global Workspace Theory 
“GWT II: Crucial Predictions” 

Examining the Cutting Edge Evidence for “Dynamic, Widespread 
Integration & Broadcasting” of Conscious Signals
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GWT II: Many Links To 
Cutting Edge Brain Evidence 

An ongoing flow of evidence seems to support our understanding of 
consciousness by way of Global Workspace Theory (GWT).
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What is 
Global Workspace Theory (GWT)?

GWT II: “Widespread Integration & Broadcasting”
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A Short History of GWT

Global Workspace Theory (or GWT) is a theory of human cognition, the 
cortex, and consciousness, and has become a prominent approach in 
scientific studies of consciousness (Mashour et al., 2020). 

GWT was first formulated by Bernard Baars in the 1980s as a 
psychological theory of conscious cognition. 

GWT II: Cutting Edge Brain Evidence
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“Global workspace architecture” was first 
developed by cognitive modeling groups in the 

1950s led by Allen Newell and Herbert A. Simon. 

The term “global workspace” comes from Artificial Intelligence, where it 
refers to a fleeting memory domain that allows for cooperative 
problem-solving by large collections of specialized programs.
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“Global workspace architecture” was first 
developed by cognitive modeling groups in the 

1950s led by Allen Newell and Herbert A. Simon. 

Brain implications of the theory have been extensively explored over a 
forty year period.
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Global Workspace Theory (GWT)

Global Workspace Theory (GWT) began with this question: 

How does a serial, integrated and very limited stream of consciousness 
emerge from a nervous system that is mostly unconscious, distributed, 
parallel and of enormous capacity?

Terms & Definitions
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GW theory has three basic constructs:
A global workspace, a set of specialized unconscious processors, and a set of 
unconscious frames that serve to shape, evoke, and define conscious 
contents. 

The theory associates conscious experience with a rather simple 
architecture of the psychological system.
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Frames
Your conscious experience is guided by a number of unconscious choices 
which are called frames in Global Workspace Theory (GWT). So, right now in 
this moment your unconscious choice is where to fixate your eyes next. 

Fixations are extremely important in reading, and usually we fixate, or point 
our eyes on the most informative region on the page.
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Frames
A new reader will tend to focus on the next letter, syllable, and/or word. A 
skilled reader will tend to focus on the next phrase. If you carefully watch 
someone reading a book, you can see that their eyes are jumping from 
fixation point to fixation point. 

Their eyes do not usually travel smoothly, although to the reader it often 
appears that their eyes are travelling smoothly. It is very helpful to watch a 
reader from the outside to see how ‘jumpy’ the eye movements are. That is 
because we take in fairly large chunks of information at the same time. 
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Frames
This is a very fast process, but if you think carefully you might be able to 
imagine the choices you make in the process of moving your eyes in reading. 
Unconscious frames exist in reading, but they also exist in making plans for 
one’s life, or anywhere in between. 

The idea of unconscious framing is fundamental in GWT.
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Based on today's far more detailed 
understanding of the brain, GWT has 
adapted to new waves of evidence.

The brain-based version of GWT is called Global Workspace Dynamics 
(GWD), and joins other theories in viewing consciousness as the product 
of highly integrated and widespread cortico-thalamic (C-T) activity, 
following a long trail of evidence.
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What are some of the main 
features and predictions of GWT?

GWT: Origins & Evidence
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A main feature of GWT is Limited Capacity.

What is it about this ability to be consciously aware of a limited fraction of 
what's happening in our mind, or what's happening in our sensory 
environment, that's so advantageous that it makes it worth missing what 
we're not consciously aware of?
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GW hypothesis: There has to be a 
compensatory advantage in the brain 

to make up for Limited Capacity.

The most likely advantage is that there's very wide recruitment of 
brain resources as a result of becoming conscious of something.
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GWT is focused on the entire cerebral 
cortex, and does not partition cortex into 

static prefrontal and posterior parts.

The C-T system acts as "a unified oscillatory machine."

Static, gross anatomical divisions are superseded by the dynamical 
connectome of cortex.
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A Global Workspace, in terms of the 
brain, is not a physical location in the 

brain where this workspace lives…

…but rather a dynamic and shifting ‘coming together of information’ 
potentially in different neural networks, or different neural assemblies.
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GWT therefore joins other theories
in viewing consciousness as the product of highly integrated and 
widespread cortico-thalamic (C-T) activity, following a long trail of 
evidence (Dehaene et al., 1998).
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GWT accounts for an extensive 
body of evidence,
consistent with Edelman's Neural Darwinism, Freeman and Kozma’s 
Neurodynamics, Dehaene and Changeux's Global Neuronal 
Workspace Theory, Mashour et al, and the functional connectomics of 
Deco, Vidaurre and Kringelbach.
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The Neuroscience of Widespread 
Integration & Broadcasting

One of the key predictions of GWT is “widespread integration and 
broadcasting.” This seems to be one of the predictions that can be most 
directly tested by brain activity, our topic for this seminar.
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GWT & Neuroscientific Evidence

The first paper is the result of four 
decades of cumulative work, which 
pulls together the evidence as of 
2013. 

The paper, by Bernard Baars, Stan 
Franklin and Thomas Ramsoy, is 
titled “Global Workspace dynamics: 
cortical “binding and propagation” 
enables conscious contents.”
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Baars et al. (2013)

GWT does not require a single 
“anatomical hub” for consciousness 
but rather a dynamically changing 
hub depending upon visual vs. 
auditory consciousness, or 
consciousness of abstractions. 
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A core prediction of GWT is widespread 
“integration and broadcasting.”

While the cortex and thalamus look separate to the naked eye, 
they act as a “unified oscillatory machine” (Steriade, 1999).
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What does “widespread 
integration and broadcasting” 
mean, in terms of the brain?

Global Workspace Dynamics (Baars et al., 2013)
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Terms & Definitions

Stream of Consciousness (SoC) 

The apparently spontaneous “flights” and “perches” of conscious ideas, in the words 
of William James. 

The SoC is explained in Global Workspace theory as an ongoing interplay between 
conscious contents and unconscious frames, especially goal frames in the process 
of solving spontaneously posed questions.
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An Illustration of The Allegory of the Cave, from Plato’s Republic.jpg
By 4edges - Own work, CC BY-SA 4.0

29



30



A Universe of 
Consciousness
Nobelist Gerald M. Edelman 

Giulio Tononi, PhD
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There are hundreds of specialized areas of cortex, and 
this figure shows five regions of the cortex that are 

involved in these diverse functions. 

The prefrontal cortex is involved in executive control, the motor cortex 
and somatosensory cortex is involved in body sense and body control, 
and the occipital cortex is involved in vision.
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These regions have projections to the thalamus and the thalamus has 
projections back out to these cortical regions. So that's where we get this 
term cortico-thalamic-cortical loops because it truly is this bi-directional 
loop of information. 
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There are hundreds of specialized areas of cortex, and 
this figure shows five regions of the cortex that are 

involved in these diverse functions. 



A core prediction of GWT is widespread “integration 
and broadcasting of conscious events”.

While the cortex and thalamus look separate to the naked eye, they act 
as an integrated system, a “unified oscillatory machine” (Steriade, 1999).
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Terms & Definitions

Cortico-Thalamic (C-T) System

Or the thalamo-cortical system: Thalamocortical radiations are the nerve 
fibers between the thalamus and the cerebral cortex. 

Functionally, thalamocortical radiations, also called thalamocortical 
fibers, relay sensory or motor information from the thalamus to distinct 
areas of the cerebral cortex through neurons.
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On Consciousness:
Science & Subjectivity

BernardBaars.com
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Why cortico-thalamic loops?

Global Workspace Dynamics (Baars et al., 2013)
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What about the structure, function and 
connectivity of the C-T circuit make it 
relevant to GWT?

Global Workspace Dynamics (Baars et al., 2013)
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The Cortex and The Thalamus

What are some of the functions of these brain structures 
and how are they related to consciousness?
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How we can experimentally 
test conscious processes?

Global Workspace Dynamics (Baars et al., 2013)
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This is a question about introspection.

Introspection means looking at yourself, looking at 
your consciousness, internally.

49



Engage in as much introspection as 
possible, in one’s lush inner world 

that we are all entitled to visit.

Introspection is the examination of one's own conscious thoughts 
and feelings. In psychology, the process of introspection relies on 
the observation of one's mental state, while in a spiritual context it 
may refer to the examination of one's soul.
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How is Consciousness Assessed?

Global Workspace Dynamics (Baars et al., 2013)
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Terms & Definitions

Contrastive Analysis

The empirical evidence for GW theory is summarized in several sets of 
paired contrasts between similar conscious and unconscious events. 

For example, novel tasks tend to be much more conscious in the 
beginning than they are after practice, even though their physical and 
psychological role may be quite similar. These contrasts are analogous 
to experiments in which consciousness is the independent variable.
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Terms & Definitions

Feelings of Knowing (FOKs)

Feelings of Knowing are one fundamental type of conscious experience and an 
integral part of the conscious stream.

FOks are a sense of conviction that one possesses certain information despite 
being unable to retrieve it from memory at a given time. FOKs meet the 
empirical definition of conscious events in that they are accurately reportable.
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Studying sensory consciousness gives us a 
broader way of knowing the world.

Sensory consciousness is profoundly embedded in biology, anatomy, 
physiology, and above all, in adaptive brain functions that serve us in every 
second of waking life. 

This is not some philosophical speculation. It is now supported by numerous 
empirical findings published in peer-reviewed journals that are easily found in 
web archives.
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Evidence for GWT 

Conscious Access, Gamma Activity, 
and Functional Rich Clubs
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Gaillard et al., 2009

The title is “Converging Intracranial 
Markers of Conscious Access.” This 
paper is an outstanding example of 
reading work, and likely represents 
the most precise and accurate 
evidence so far for cortical integration 
and broadcasting.

Experiments compared conscious and 
unconscious processing of briefly 
flashed words.
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Professor Raphaël Gaillard

Raphaël Gaillard is Professor of 
Psychiatry at the Paris Descartes 
University and Sainte Anne Hospital, 
where he is the head of one of the top 
academic departments of psychiatry 
in France, a department in which 
about 12,000 patients are treated 
each year.
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Professor Stanislas Dehaene

Dehaene-Changeux Model (DCM): 
Global Neuronal Workspace is Part of 
GWT

Stanislas Dehaene and Jean-Pierre 
Changeux in Paris have developed 
experimentally testable models and 
made further testable claims about 
the brain basis of visual 
consciousness.
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The best empirical confirmation 
of the major GW hypothesis

Namely that SENSORY consciousness involves a multi-source convergence in 
visual cortex (for visual stimuli), which is then "broadcast" or ignites from high 
levels of the classical visual cortex, around areas IT (inferotemporal) and MTL 
(medial temporal lobe, also called the hippocampus). 
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What is an intracranial EEG?

Intracranial recording, also called electrocorticography (ECoG) has been used 
for decades in patients with epilepsy to localize the seizure onset zone, prior to 
brain tissue resection.
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Conscious Access (Gaillard et al., 2009)



Intracranial (iEEG) recording 
techniques: ECoG and SEEG.

Intracranial recording, also called electrocorticography (ECoG) has been used 
for decades in patients with epilepsy to localize the seizure onset zone, prior to 
brain tissue resection.
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Terms & Definitions

Intracranial electroencephalography (iEEG)

Including electrocorticography (ECoG) or stereo-electroencephalography 
(sEEG) is the neuroelectrophysiologic signal obtained from implanted subdural 
or deep electrodes. 

Intracranial recordings have high spatial and temporal resolution.
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These results have a direct impact on 
current theoretical discussions concerning 
the neural correlates of conscious access.

Gaillard et al. recorded neural activity directly from the brains of human 
subjects (who were undergoing neural surgery for medical reasons) to probe 
the neural basis of consciousness.
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Gaillard et al. (2009)
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Figure 1. Electrode Locations and 
Experimental Design

(A) Sagittal (left), coronal (middle), and axial 
(right) normalized glass brain showing all 176 
electrodes after normalization in Talairach's 
anatomical space. 

(B) Experimental paradigm used to present 
masked and unmasked words, with d′ measures 
in the forced-choice semantic task.



Terms & Definitions

Masking Paradigm

The concept of backward masking originated in psychoacoustics, referring to 
temporal masking of quiet sounds that occur moments before a louder sound.

In cognitive psychology, visual backward masking involves presenting one 
visual stimulus (a "mask" or "masking stimulus") immediately after a brief 
(usually 30 ms) "target" visual stimulus resulting in a failure to consciously 
perceive the first stimulus.
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Gaillard et al. (2009)
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How does the observed effect of longer 
lasting and more widespread brain activity 
during conscious perception of a word offer 
support for GWT?

Conscious Access (Gaillard et al., 2009)
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What is the neuroscientific 
evidence for GWT?

Jean-Pierre Changeux and Stanislas Dehaene’s Global Neuronal 
Workspace evidence shows how conscious and unconscious ignitions and 
broadcasting works in the brain.
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Conscious vs. UNconscious

Dehaene et al. (2011)
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Conscious Access (Gaillard et al., 2009)

This evidence confirms that conscious 
perceptual activity of a visual stimulus is 

propagated widely throughout the cortex.

These findings likely represent the most precise and accurate evidence so far 
for cortical integration and broadcasting.
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Evidence for GWT 

Gamma Activity, Conscious Access 
and Functional Rich Clubs
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Brain Oscillations: 
Gamma and Beta Bands

Switch & Wave of Neuronal Activity  (Herman et al., 2019)
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Herman et al., 2019

The third target paper is from a famous 
Yale epilepsy research group, led by Hal 
Blumenfeld, its first author is Wendy X. 
Herman.

Reinforcing our message, it is titled, “A 
Switch and Wave of Neuronal Activity in 
the Cerebral Cortex During the First 
Second of Conscious Perception” (2019).
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Hal Blumenfeld, Yale University

“It is a switch and wave 
network that allows the 
brain to concentrate on 
the stimuli undistracted.” 

Hal Blumenfeld, Professor of 
Neurology, Neuroscience, and 
Neurosurgery at Yale University
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Herman et al, 2019

Experiments look at conscious 
perception in humans by using 
direct electrical recordings from the 
cerebral cortex during a visual 
perception task.

Herman et al. discovered that 
stimuli that were consciously 
perceived elicited large-scale 
network switching, followed by 
waves of gamma activity.
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Stimuli that were consciously perceived 
elicited large-scale network switching, 
followed by waves of gamma activity.

These findings support the hypothesis that such large waves are an 
indication of coordinated local-global activity. 
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“Wave” refers to gamma wave

Switch & Wave of Neuronal Activity (Herman et al., 2019)
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What is a gamma wave?

Switch & Wave of Neuronal Activity (Herman et al., 2019)

81



Terms & Definitions

Gamma Wave

The default mode network (DMN) is a network of interacting brain regions that 
is active when a person is not focused on a task, and the brain is at wakeful 
rest, such as during daydreaming and spontaneous thought, and is 
measurable with fMRI. 

The DMN is also active when we are thinking about other people, about 
ourselves, and about our past and future.
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What might be the special 
significance of the gamma and 
beta bands to consciousness?

A Switch & Wave of Neuronal Activity (Herman et al., 2019)
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“Switch” refers to reduction of 
default mode network activity

Switch & Wave of Neuronal Activity (Herman et al., 2019)
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Terms & Definitions

Default Mode Network (DMN)

The default mode network (DMN) is a network of interacting brain regions 
that is active when a person is not focused on a task, and the brain is at 
wakeful rest, such as during daydreaming and spontaneous thought, and 
is measurable with fMRI. 

The DMN is also active when we are thinking about other people, about 
ourselves, and about our past and future.
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Herman et al. (2019)
86



Herman et al. (2019)
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Evidence for GWT 

Functional Rich Clubs, Gamma 
Activity and Conscious Access 
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A sophisticated answer to the 
questions raised by the other two 
papers, because now we’re talking 
about the connectome — the real 
wiring of the cortex.

Functional Rich Clubs (Deco et al., 2021)
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Deco et al., 2021

An important recent paper by Deco 
et al. (2021) links this research to 
the major discovery of the cortical 
connectome, the street map of the 
cortex. 

It is called “Revisiting the global 
workspace orchestrating the 
hierarchical organization of the 
human brain.”
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Functional Rich Clubs 

Co-authors Deco, Vidaurre, and 
Kringelbach examined neuroimages 
from over 1000 participants and 
created a full brain hierarchy in what 
they defined as ‘functional rich clubs.’

The researchers show how these 
‘clubs’ correlate activity between brain 
regions and strengthen the idea that a 
global workspace is dynamic, but not 
necessarily in a grossly visible way.
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This paper by Deco et al. (2021) starts to 
bridge the gap between anatomical 
specificity and coordinated activity, 

looking at the real anatomical and functional connections.
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Gustavo Deco, Pompeu Fabra University

“For the first time, we 
revealed the existence of a 
‘functional rich club’ of brain 
regions creating this ‘global 
workspace’ of conductors.” 

Gustavo Deco, Professor & Director of 
the Center of Brain and Cognition, 
Pompeu Fabra University
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What does the idea of an 
“invariant global workspace” (as 
proposed by Deco et al.) mean?

Functional Rich Clubs “FRICs” (Deco et al., 2021)
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Is there tension between this 
and the idea that GWT is 
distributed and dynamic?

Functional Rich Clubs “FRICs” (Deco et al., 2021)
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Deco et al. (2021) identified a set of FRICs that 
are consistent across rest and 7 tasks they 

refer to as the “invariant global workspace.”

Regions: precuneus, posterior and isthmus cingulate cortices, nucleus 
accumbens, putamen, hippocampus, and amygdala
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What is a FRIC 
(functionally rich club)?

Functional Rich Clubs “FRICs” (Deco et al., 2021)
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Deco  et al. (2021)
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Terms & Definitions

Functional Rich Club (FRIC)
Functional rich ‘clubs’ correlate activity between brain regions and 
strengthen the idea that Global Workspace is dynamic, but not 
necessarily in a grossly visible way.
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Cortical “binding and propagation” 
enables conscious contents

A key point connecting GWT to neuroscientific evidence is that GWT does 
not require (or suggest) an “anatomical hub” of coordinated activity, but, 
instead, a momentary, dynamic “functional hub.”
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What do brain scientists mean when 
they say “coordinated activity”?
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Functional Rich Clubs (Deco et al., 2021)



Why is coordinated activity relevant 
to GWT and what might it tell us 
about consciousness?
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Functional Rich Clubs (Deco et al., 2021)
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What is the difference between an 
anatomical and functional hub?
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Functional Rich Clubs (Deco et al., 2021)
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What does it mean to say that a 
functional hub is dynamic?
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Functional Rich Clubs (Deco et al., 2021)
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