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 Laboratory and Clinical Research on Brain Mechanisms of Consciousness 

 

   This article will present two directions of research regarding the brain mechanisms of consciousness.  

The empiricial starting point for these two directions is different; the challenge is to integrate the 

theoretical models. 

 

    Laboratory research has made vast progress in recent years due to neuroimaging, including magnetic 

resonance, tomography, and so on.  This allows for very precise correlations on the observational 

level.  Images of brain activity can be correlated with the precise input stimuli, on one hand, and 

subject reports and behavior, on the other hand. For example, simple words, numbers or images may be 

flashed on a screen at intensity levels that are just below or above the threshold of consciousness, and 

then patient reports and behavior can indicate which stimuli enter consciousness, despite masking 

stimuli, while the brain imaging shows the corresponding brain mechanism activation.  The great 

scientific advantage of this approach is the precision of the empirical data.  The disadvantage is the 

distance of such registered ñmoments of consciousnessò from the ñnatural systemò (Hempel,1952) of 

consciousness in everyday reality. In other words as a study of human experience ï passion, fear, drive, 

turmoil, conflict, anxiety, happiness, and so on  ï such experimental work, for the moment, does not 

seem to have direct relevance. 

 

   Clinical research regarding ñthe stream of consciousnessò, that is, the consciousness that we 

experience alone and with others in everyday life, might seem too ambitious in todayôs early period of 

scientific research regarding the brain and consciousness.  However, this article proposes that some 

initial steps are justified.  Therefore this article uses, as its starting point, six previous articles regarding 

ñthe stream of consciousnessò as observed from patientôs oral and written reports.  (Liss, 2007-2009) 

The focus is on ñthe impasse in solitude.ò  This is the conscious sequence that will be repeated by 

patients who are anxious, depressed and suffering from trauma.  

 

   Although some researchers might say that the empirical basis is too difficult to register, the first 

article in the series faces this dilemma and explains how the patientôs verbal and written reports, 

despite significant distortions and simplifications, has sufficient connection with the ñreal event of the 

natural systemò to be treated as the observational grounding for generating theoretical 

models that will then be corrected in the future. 
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   One important point: Designs will be used to illustrate the basic mechanisms.  Designs contribute 

to the articulation of brain mechanisms, allow growing complexities to be understood in simple ways, 

and encourage comparison among theoretical models.
1
 

 

 

   One of the goals of this article is to create ña bridgeò between laboratory and clinical research.  In 

other words, just as the author of this article has profited from laboratory research models of brain 

mechanisms, it is proposed that laboratory researchers can be stimulated to integrate clinical 

perspectives regarding their own brain studies. 

 

 

Neural Correlates for Three Times of Consciousness: Access, a Moment and the Prolonged 

Stream 

   Laboratory research usually focuses on the single moment of access to consciousness and a single 

moment of consciousness itself, that is, of consciousness regarding an outer stimulus.  Thus the time 

element in both cases regards a single moment.  Very often, there is a measure of how such outer 

stimuli  reach consciousness by means of cortical and subcortical brain processes.    The first two 

parts of this article treat these two moments of consciousness.  (Of special interest is the research of 

Dehaene and Changeux, 2003) 

  

    The third part treats the clinical question.  Few empirical examples will be offered in this article, 

since these have already been presented in the previous works already cited.  The accent in the third 

part will be upon extending the model of brain mechanisms in order to explain the great complexity 

and force of ñthe stream of consciousness.ò  For example, how can we explain the strength and tenacity 

of the conscious stream when we are continuously worried, anxious and overwhelmed by unhappiness?  

ñVicious cyclesò within unconscious subcortical mechanisms are correlated with the ñvicious cyclesò 

in the stream of consciousness. (See ñA Tank in the Garden of the Mind,ò Stream V, for a more 

detailed presentation of this brain mechanism.).ò  

 

   In addition, the Self-Other Locus theory (of Trehub and others) will be presented.  It is hypothesized 

that this structure of consciousness will be an important aspect of future brain research. In addition, 

while laboratory research focuses on responses to an outer stimulus, clinical research focuses on how 

the ñstream of consciousnessò in solitude is continuously under the influence of inner forces. 

 

 

Although these last themes that interest the clinician still create little interest for the researcher in the 

laboratory -- or perhaps they are too complex for the researcher to handle ï the clinician would 

nevertheless like to know the brain processes that are going on ñbehind the scenes.ò   
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                                    Part I: A Single Moment of Consciousness  

 

The ñDynamic Coreò 

 

   Gerald Edelman proposes that consciousness is organized by the thalamo-cortical circuit, which he 

calls ñthe dynamic core.ò  (Edelman,1989,2000,2004) The thalamus receives ascending input from 

the perceptual world (the ascending reticular system), the subcortical system of motor coordination 

(the basal ganglia) and the emotional world (the amygdala).  Excitatory neurons from the thalamus 

shoot upwards to the cortex, lighting up many cortical areas and their neuronal circuits. There is always 

ñfeedbackò or òreentryò from the cortical circuits back to the thalamus, so that they are in reciprocal 

interaction.  It makes a lot of sense to envision the thalamus-cortical interaction as a mechanism of 

consciousness, since the thalamus is receiving inputs from at least three major sources that merit 

attention: external stimuli from the ascending reticular formation, motor programs from the basal 

ganglia, and emotions from the amygdala.  But it is not only stimulus intensity that determines what 

inputs the thalamus will then send upwards to capture our attention.  The cortex sends down messages 

to the neuronal net that surrounds the thalamus, opening up or closing down this net-gate, and this 
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mechanism also determines what information the thalamus will send up to the cortex.  This is how the 

cortico-thalamic ñdynamic coreò orients our attention. 

    

                  The Cortico-Thalamic ñDynamic Coreò 

 

 

Design from Edelman ñWide as the Skyò 

 

   An important feature of this model is the top-down/down-up vertical mechanism of consciousness.  

In other words, the upper brain cortex is the brainôs physical substrate for consciousness, while the 

lower brain subcortex is absolutely necessary to carry forward consciousness, even though this 

part of the brain does not have the complex neuronal architecture that is required to make a neuronal 

event conscious. 

 

 

The Frontal-Parietal-Cingular Loop 

 

    Dehaene and Changeux (2003) go beyond Edelmanôs ñdynamic coreò and propose another brain 

mechanism of consciousness.  They hypothesize that every event of consciousness must also involve 

a loop connecting the frontal lobe, the inferior parietal lobe and the cingular gyrus.   
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This circuit then ñbroadcastsò its messages both horizontally  to the other cortical areas and 

downwards to subcortical regions.   
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  The authors say that this mechanism  gives a neuronal basis for the most well-known theory of 

consciousness, Bernard Baarôs ñGlobal Workspace Model.ò  More specifically, Baar (1988,2003) 

proposes that a fundamental process of consciousness involves neurons that ñbroadcastò to all parts of 

the cortex.  And what is sent out also returns by means of ñreentry,ò so that consciousness has the 

capacity to pull into its repeating and expanding circuits vast regions of the cortex.  More specifically, 

as said above, this integrates within the focus of consciousness posterior lobe perceptions, temporal 

lobe memories, parietal lobe spacial structures derived from mathematical space-time calculations, 

frontal lobe action plans and cingulate-orbitofrontal self identity needs.  (Heilman,2002)   Dehaene 

and Changeux give physiological support to this cortical-cortical horizontal interaction, showing that 

the cortex has bundles of long-range neurons that link up the separate cortical regions; thus studies of 

brain anatomy supports this neuronal model that explains the frontal-parietal-cingular loop for the 

ñbroadcastingò of central consciousness processes, as well as for the feedback that makes all parts of 

the system reciprocal. 

 

 

 

 

Phonological Loop and Visual Sketch Pad 

   One feature of consciousness is that we think with words and images.  The research of Baddeley 

(2003) can be summed up as a model of working memory that involves three distinct subsystems. 

Baddeley writes, ñThe best described is the 'phonological loop', a system that draws upon speech 

resources. For example, if I wanted to remember a set of numbers, I might catch myself whispering to 

myself -- it turns out that speech systems are an integral part of working memory. The second 

component is the visuospatial sketchpad, a parallel system akin to an artist's sketchbook for stimuli 

that cannot be verbalized, such as spatial information.ò 

   We can keep in mind that each conscious thought process ï word or image ï involves several circuits 

working in an integrated way.  For example, the experience of language integrates Wernickeôs area 

language lexicon, Broca areaôs language motor output, the motor cortex and also (see Lieberman,2000) 

the subcortical basal ganglia.  Then, when we talk about visualisation, we must keep in mind two basic 

components of what is seen: The ñwhatò of the visual image (posterior lobe of visual receptivity to the 

temporal cortex), and the ñwhereò (posterior lobe to inferior parietal cortex), in other words, ñobjectò 

and ñcontext.ò 

   Baddley also suggests a third loop: ñThe third main unit is the central executive, a system responsible 

for supervisory attentional control and cognitive processing. This last system, though poorly defined, is 

most alluring because it represents the very stuff of thought.ò  When we treat the Stream of 

Consciousness in Part III, several more systems will be proposed to explain thought sequences in 

everyday life, and these systems will include emotional dynamics, time and space dimensions,  and the  

Self-Other locus. (See also Crick,2003) 
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 Horizontal and Vertical Loops 

 

   Using the research of Edelman as well as  Dehaene and Changeux, we can take a step further, 

integrating the above cortical-cortical horizontal processes with subcortical-cortical vertical 

interactions. To repeat the main idea: We have both lateral long-range neurons in interaction pulling 

into consciousness diverse cortical regions, and vertical long-range neurons that give an excitatory 

effect which is absolutely necessary for consciousness.  Without these vertical cortical-subcortical 

loops, the horizontal cortical processes will not have sufficient intensity to be accessed by 

consciousness.  This is demonstrated by  Dehaene and Changeux's research.  The two authors call this 

process ñtop-down and bottom-upò activated brain circuits. (See Stupiggia for clinical examples, 2009). 

   But at this point the brain system begs completion.  We must add the logically predictable mechanism 

of subcortical-subcortical loops.  There is abbundant evidence for their presence.  We have mutually 

intensifying interactions between the substantia nigra and the globus pallidus (Edelman,1989), between 

the amygdala and locus coeruleus (Berridge,2003), between the nuclus accumbens and the amygdala 

(Kelley,2004), etc. 
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 The Activating Subcortical Neuromodulators 

 

    The brain is constantly being washed by four ñactivatingò chemical neuromodulators: dopamine, 

noradrenaline, serotonine and acetylcholine.  These originate in the neuromodulator production areas in 

the base of the brain and ñwake upò the brain in various ways.  Edelman gives a design which 

demonstrates their widespread distribution. 

     

 

                  Neuromodulator Distribution in the Brain  

   

Design from Edelman ñWide as the Skyò 

 

 

   Given that these ñjetsò of activating chemicals reach both subcortical and cortical levels, we can 

understand how consciousness can vary according to their intensity.  What do these four activating 

neuromodulators do, and where do they come from?  The following Table gives a summary. 

 

 

 

Lower Brain Region  Neuromodulator  Functions 

 

Tegmentum   Dopamine   Action for Reward 

 

Raphe Nuclei   Serotonin   Bonding, Visceral Feeling 

 

Locus Coeruleus  Noradrenalin              Vigorous action, mental focusing 

 

Pendulopontine Nuclei Acetylcholine              Learning, memory 

 

Design from Stream V  
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   It has been suggested that these neuromodulators produced at the very base of the brain influence, 

predominantly, the intensity of cortical brain processes.  In contrast, other subcortical regions that are 

situated higher up in the subcortex ï amygdala, hippocampus, thalamus ï send upwards messages to 

the cortex that can influence, predominantly, the patterns of the cortical processes. (Liss, Stream V) 

 

   We can imagine consciousness riding on these jets, like the white foam on top of dynamic waves, the 

waves being the underlying subcortical force, with the lower brain activating neuromodulators 

energizing the spray. 

 

 

                        

   

Great Wave of kanagawa Hokusai 

 

   At this point we will give a schematic design to integrate these various mechanisms of consciousness. 
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 Part II: How Stimuli Enter the Field of Consciousness 

 

 Sufficient Circuit Intensity Required for Consciousness 

 

   The research of  Dehaene and Changeux presents specific experimental observations that describe the 

intensity requirements for a visual stimulus to go from the unconscious subcortex to the conscious 

cortex: ñA brief thalamic stimulation could lead to the ignition  of a large set of distant cortical areas, 

which remain active by self-sustaining reverberatory loops for tens of milliseconds beyond the initial 

stimulus duration. This establishes a clear link between the content of working memory and of 

consciousness, and may explain why the maintenance of active information over a short delay is only 

feasible when the information is conscious.ò   

 

  This mechanism will be applied in the next part when we describe how certain peripheral streams of 

consciousness can enter the central stream.  Their research demonstrates that a reverberatory loop that 

is too brief for consciousness to access will immediately die down.  Consciousness is needed to 

ñigniteò (intensify) the neuronal loop; otherwise it will disappear.   



11 

 

 

 

 Part III: Brain Mechanisms of the Stream of Consciousness 

 

 From Single Moments in the Laboratory to the Stream of Consciousness in Daily Life 

 

   One of the goals of this article is to show how the models of consciousness stemming from 

laboratory studies are quite insufficient for explaining human consciousness as it takes place in 

everyday life.  A general thesis is that scientific theories explain evidence.  But if the ñevidenceò used 

is the reported perception of a word written on a screen, then our scientific understanding need only 

explain that very limited evidence.  This does not say very much about the mechanisms of 

consciousness in everyday life.  In other words, the cerebral mechanisms of consciousness presented in 

Parts I and II are quite valid for explaining a very limited moment of consciousness that takes place in 

the laboratory setting when the Subject responds to an external stimulus -- a word or an image ï that is 

presented so briefly that it may or may not become accessed at a conscious level.  But if we wish to 

explain the complex events of the ñnatural system,ò that is, of consciousness in everyday life when 

we are talking with a friend, or making plans for the weekend with the family, or mulling over a 

quandary in solitude, then our hypothesized brain mechanisms must become correspondingly more 

complex.   We may call such everyday events that take place in our awareness ñthe stream of 

consciousness.ò   

Central and Peripheral Experience 

   How can consciousness be sliced up in order to be studied?  This is not an easy question.  Our 

starting point will be the division of consciousness into ñcentral and peripheralò experience.  What is 

the difference? Central experience means the focus.  It is more or less clear cut, precise, transmittable 

and memorable.  It is explicit.  Peripheral experience is located around the center.  It is rather vague, 

ñalmost thereò, difficult to describe, impalpable, imprecise and difficult to transmit with language. It is 

implicit . (See Stern, 2004) For example, while our ñcentral attentionò at this moment is taken up by the 

meaning of the words we are reading, our ñperipheral attentionò involves our position while sitting, the 

sensations of our skin, our breath movements, noise from outside the window, the sense of time 

passing, etc., These can all be present as ñalmost thoughtsò in the periphery of consciousness. (See 

Gestalt Therapy (1972) by Perls, Goodman and Hefferline for the first clinical presentation of this 

distinction between central and peripheral experience; their basic exercise of ñhere and nowò attention 

involves this constant movement ñfrom the periphery to the centerò of consciousness.)  
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Consciousness: Center & Periphery

CENTER

PERIPHERY

 
    

 

   All these ñperipheral streamsò and many others are flowing forward in a parallel form ñnext toò the 

explicit central stream,ò  They have the potential to enter the center of consciousness.   This 

experiential phenomena corresponds very closely to the research conclusions of Dehaene and 

Changeux (2003).  They postulate ñthe existence of distributed specialized processes that, most of the 

time, process information nonconsciously.ò(p.9)  (One difference: They say ñnonconsciously,ò while 

we propose that these neuronal events emerge both nonconsciously and also in the periphey of 

ñbarely awareò consciousness.)  The two authors also say, ñOut of the multiple active cortical 

representations that could become conscious, only one will receive the appropriate top-down 

amplification and be mobilized into consciousness.  The other representations are temporarily 

nonconscious.ò(p.4)  In their article of 2008, they also write, ñThe entire workspace is globally 

interconnected in such a way that only one such workshop representation can be arrived at any given 

time (citing Sigman and Dehaene, 2006).  This all-or-none invasive property distinguishes it from 

peripheral processors in which, due to local patterns of connections, several representations with 

different formats may coexist.ò (Changeux and Dehaene, 2008, p.736) 

   In the clinical research of Stream I, the very same process is proposed, based on studying the ñstream 

of consciousness.ò  Certain ñalmost thoughtsò of the peripheral stream can be ñignitedò, one by one, 

and thereby enter the center of consciousness.  After entering the explicit center of consciousness, 

each thought will then return to the implicit periph ery.   

 

     This mapping of explicit and implicit consciousness will help us avoid the typical mistake of 

thinking that the verbal recounting of consciousness, which is explicit, is a representation of the entire 

field of consciousness.  Why is this a mistake? Because the words are not taking into account the 

implicit experiences in the periphery, although in emotional moments these implicit experiences will 

influence explicit verbal language.  In addition, there are many implicit experiences, or currents, 
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running through the mind at one time, especially after an important and traumatic event. Changeux and 

Dehaene  give a neuronal map for this situation of peripheral consciousness.  They declare, ñThere is a 

vast array of unconscious specialized processors running in parallel.ò   We are adding here that such 

parallel processes can be totally unconscious, especially when they are situated in the subcortex (see 

below), but some can also be in the periphery of consciousness, that is, in the cortex.   

  Let us take an example that frequently occurs in psychotherapy.  A patient feels hurt and desperate 

after a separation from her husband.  The first words, ñI feel abandoned, lost...,ò gives the essential 

meaning of the event, but do not communicate the rich variation of sensations in the periphery of 

experience.  Nevertheless, as the person continues to share details of the event, talking about the feeling 

of surprise, the sense of injustice, the fear for the future, the reactions of the children, economic fears, 

loss of self-esteem, all these and many other ñperipheralò currents come to the surface, one by one.  But 

ñaccess to consciousnessò means only one peripheral input at a time.    

  

                          

The Stream of Consciousness: From the Periphery
to the Center and Back to the Periphery

PERIPHERY

CENTER

 
  

Design from ñStream of Consciousness Iò  

   Another fact to bear in mind is that surrounding the verbal description there are the many peripheral 

currents that are non-verbal and therefore cannot be said.  To illustrate this relationship between the 

explicit word and the implicit background within consciousness, we can refer to Steven Pinkerôs 

metaphor.  He calls explicit word sequences, ñpearls on a strings.ò (Pinker,2007)  The background has 

a great deal that is elusive, indescribable, impalpable.  Here is a design from Stream III. 
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Language and the Stream of 
Consciousness

Language is highly limited and sometimes even 
insufficient and deforming when the task is to 

represent the Stream of Consciousness
 

 

   In summary, if we combine this law regarding the intensity of loops required for the entry into 

consciousness with the model of parallel unconscious currents continually flowing, we can have a 

basic model for central-and-peripheral consciousness.   This model can overcome simplications.  For 

example, Gerald Edelman talks of ñthe unity of consciousnessò with all its components integrated as a 

ñseamlessò whole.  In regards to ñthe stream of consciousness,ò this can correspond to what happens in 

certain moments.  ñI feel very much together.ò ñI feel calm and present.ò  But clinical work can reveal 

other realities in which this ñunityò is not experienced.  People can feel ñintrusiveò thoughts and 

ñimpassesò that fragment the sense of unity and keep returning against oneôs will.  ñIt keeps tormenting 

me.ò ñIôm being pulled in every direction,ò ñSomething feels broken inside.ò  These experiences occur 

much more often than people admit. (Design from Stream III) 

 

 

                            

The Explicit Center Surrounded by the Implicit Periphery

CENTER

PERIPHERY

Space/Time

Memory

Emotion/Body 
Sensation

Future

Action
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