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Laboratory and Clinical Research on Brain Mechanisms of Consciousness

This article will present two dections 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 recestdi@ato neuroimaging, including magnetic
resonance, tomography, and so on. This allows formegise correlationson the observational
level. Images of brain activity can be correlated withpireeise input stimuli, on one handand
subject reportand 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 eotesciousness, 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 datalisadgantageis the
distanceof suchregister d fimoment s of ¢ o naucalsgsterson e sHseompferl o M 9t5F
consciousness in everyday reality. In other words as a study of human expepass®n, fear, drive,
turmoil, conflict, anxiety, happiness, and so bsuch experimental work, fahe moment, does not
seem to havdirect relevance

Clinical research regarding fithe stream of <con
experience alone and with others in everyday |
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
At he stream of corMngoimpane nd 6&s oo lad e raP0HY wr i t t
The focusisofit he i mp as s eThis isthe soodcious sequencedhat will be repeatéxy

patients who are anxious, depressed and suffering from trauma.

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

article in the series faces this dilemma and e>»
despite significant distortions and simplifications, has sufficient connectioriwitle fAr eal even
natural systemo to be treated as the observatic

models that will then be corrected in the future.



One important pointDesigns will be used to illustrate the basic mechanism&esigns cotribute
to the articulation of brain mechanisms, allow growing complexities to be understood in simple ways,
and encourage comparison among theoretical mddels.

One of the goals of this article 1 sesearoh. mr eat e
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 consciousegssding an outer stimulus. Thus the time
element in both cases regards a single moment. Very often, there is a measure of lomtesuch
stimuli reach consciousness by meansartical and subcortical brain processes. The first two
parts of this dicle treat these two moments of consciousness. (Of special interest is the research of
Dehaene and Change2003)

The third part treats the clinical question. Few empirical examples will be offered in this article,
since these have already beeesgnted 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 Athe stream of <consci o gteanetenacityd F c
of the conscious stream when we are continuously worried, anxious and overwhelmed by unhappiness?
AVicious cuyncohseim®submarticdhmeshanismsr e corr el ated with t
in thestream of consciousness ( S€ankKkAin the Garden of the Mind
detailed presentation of this brain mechanism.)

In addition, the SelDther Locus theory (of Trehub and others) will be presented. It is hypothesized
that this structure of consciousness willaseimportant aspect of future brain reseahstaddition,
while laboratory research focuses on responses ¢oitan stimulus, clinical research focuses on how
the fistream of consciousnesso i ninseofotrétes.ude 1 s cC

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 hatitdeclinician would
nevertheless like to know the brain processésat ar e going on Abehind th




Three Levels of Consciosness
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Part I: A Single Moment of Consciousness

The

Gerald Edelman proposes that consciousness is organized by the thattioa circuit, which he
callsit dg na mi ¢ (Edetmarel989,2000,2004) ThHelamusreceives ascending input from

ADynamic

Coreo

the perceptual worldlie ascending reticular systery the subcortical system of motor coordination

(the basal ganglia and the emotional worldi{e amygdalg. Excitatoryneurons from the thalamus

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

Nnf eedbackd
interaction.

or oreentryo from the

cortical

It mkes a lot of sense to envision the thalatootical interaction as a mechanism of

Ci

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

attention:external stimuli from the ascending reticular formatianptor programs from the basal

ganglia, anc&emotionsfrom 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 sumads the thalamus, opening up or closing down thigyatet, and this

r cu



mechanism also determines what information the thalamus will send up to the cortex. This is how the
corticot hal ami ¢ Adynamic cored orients our attenti

The Cortico-Thal ami ¢ iDynamic Coreo

Design from Edel man AWide as the Skyo

An important feature of this model is the 1dpwn/downRup vertical mechanismof consciousness.
Il n ot her words, the upper brain conedssaekighes t he I
lower brain subcortex is absolutely necessary to carry forward consciousnegsien 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 Edel mani¢
mechanism of consciousness. They hypothesizestigay event of consciousness must also involve
a loop connecting the frontal lobe, the inferior paretal lobe and the cingular gyrus.



The “Loop” Proposed by
Dehaene and Changeux
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The authors say that this mechanism gives a neuronal basis for the nhdstomel theory of
consciousnesBer nard Baar 6 s A Gl o bMore sphaficalys Baar ¢1@88,2003) e | . O
proposes that a fundamental process of consci ol
the cortex. And whatissentoutalsauretns by means of fAreentry, 0 so
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 conscioupastior lobe perceptionstemporal
lobe memoriesparietal lobe spacial structures derived from mathematical sjtgwe calculations,
frontal lobe action plans andingulate-orbitofrontal self identity needs. (Heilman,2002) Dehaene
and Changeux give physiological support tis torticatcortical horizontal interaction, showing that
the cortex has bundles loihg-range neuronsthat link up the separate cortical regions; thus studies of
brain anatomy supports this neuronal model that explains the fimariataicingular loop ér the
Abroadcastingo of central consciousness proces:s
the system reciprocal.

Phonological Loop and Visual Sketch Pad

One feature of consciousness is that we think with words and images. s€aecreof Baddeley
(2003) can be summed up as a model of working memory that involves three distinct subsystems.
Baddel ey writes, A'phdnelogibad Isop’, a dysteancthrati diawsdupon speethh e
resources. For example, if | wanted to remengbset of numbers, | might catch myself whispering to
myself-- it turns out that speech systems are an integral part of working memory. The second
component is theisuospatial sketchpada parallel system akin to an artist's sketchbook for stimuli
thatcannot be verbalized, such as spatial i nf or ma

We can keep in mind that each conscious thought proogesd or imagé involves several circuits
working in an integrated way. For example, the experientangfiagei nt egr at es Wer ni ¢
lalguage | exicon, Broca areads | anguage motor ou:
the subcortical basal ganglia. Then, when we talk alisuglisation, we must keep in mind two basic
components of what is seen: Tiev h ot thie visual inage (posterior lobe of visual receptivity to the
temporal cortex), and thie w h e (pasterior lobe to inferior parietal cortex), in other woritllsy b j ect 0
andicont ext . o

Baddley also suggests a third | oo pystenfirdspoesibe hi r d
for supervisory attentional control and cognitive processing. This last system, though poorly defined, is
most alluring because it represents the very st
Consciousness in Part Ill, severalmasystems will be proposed to explain thought sequences in
everyday life, and these systems will include emotional dynamics, time and space dimensions, and the
SelfOther locus. (See also Crick,2003)



Horizontal and Vertical Loops

Using the resealcof Edelman as well as Dehaene and Changeux, we can take a step further,
integrating the aboveortical-cortical horizontal processes witsubcortical-cortical vertical
interactions. To repeat the main idea: We have ladéial long-range neurons in iataction pulling
into consciousness diverse cortical regions,\a&rtical long-range neurons that give an excitatory
effect which is absolutely necessary for consciousness. Withoutviesal corticalsubcortical
loops, thehorizontal cortical proceses will not have sufficient intensity to be accessed by
consciousness. This is demonstrated by Dehaene and Changeux's research. The two authors call this
procedgdewnandbofiorup 6 activated brain circuit@?9. (See
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 substanigra and the globus pallidus (Edelman,1989), between
the amygdala and locus coeruleus (Berridge,2003), between the nuclus accumbens and the amygdala
(Kelley,2009, etc.

Cortical and Subcortical Looprs
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The Activating Subcortical Neuromodulators

The brain is constantly beipa s hed by four fAactivatingo chemic
noradrenaline, serotonine and acetylcholine. These originate in the neuromodulator production areas in
the base of the brain and Awake upowhiche brain i
demonstrates their widespread distribution.

Neuromodulator Distribution in the Brain

Design from Edel man AWide as the Skyo

Given that these fijetso of activatingcanhemical
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



It has been suggested that these neuromodulators produced at the very base of the brain influence,
predominantlythe intensity of cortical brain processes. In contrast, other subcortical regions that are
situated higher up in the subcorteamygdalahippocampus, thalamiissend upwards messages to
the cortex that can influence, predominartiiy patternsof the cortical processes. (Liss, Stream V)

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



Cortical-Subcortical Interaction in a
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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: AA brief t hal aimniton ofalargmset oddisiard corticalaneds,d | e ¢
which remain active bgelfsustaining reverberatory logs 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 whente i nf or mati on is conscious. 0

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 onsciousness to access will immediately die down. Consciousness is needed to
Aignited (intensify) the neuronal | oop; ot her wi
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Part Ill: Brain Mechanisms of the Stream of Consciousness
From Single Moments in the Laboratory to theStream of Consciousness in Daily Life

One of the goals of this article is to show howntiadels of consciousnesgemming from
laboratory studies are quite insufficient for explaining human consciousness as it takes place in
everyday life. Agenerdlhesi s i s that scientific theories e:
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 almuotgbhanisms of
consciousness in everyday life. In other words, the cerebral mechanisms of consciousness presented in
Parts | and Il are quite valid for explaining a very limited moment of consciousness that takes place in
the laboratory setting when tieibject responds to an external stimuhus word or an image that is
presented so briefly that it may or may not become accessed at a conscious level. But if we wish to
explant he compl ex event s thdtis, bflcomsciGusness meryddy lifesswhent e m, o
we are talking with a friend, or making plans for the weekend with the family, or mulling over a
guandary in solitude, thesur hypothesized brain mechanisms must become correspondingly more
complex. We may call such everyday eventstthat ake pl ace i n our awar ene
consciousness. 0

Central and Peripheral Experience

How can consciousness be sliced up in order to be studied? This is not an easy question. Our
starting point wildl be trmter ali varsd ome roif p lceornaslcd oa
the difference®entral experiencemeans the focus. It is more or less clear cut, precise, transmittable
and memorable. It isxplicit. Peripheral experienceis locatedaround the center. It is rather vague,
faml most thereo, difficult to describe, i mpal pab
implicit. (See Stern, 200Hor exampl e, while our HAcentral att e
meaning of the wordg pwerarle atd &ditng,nooumviode es
sensations of our skin, our breath movements, noise from outside the window, the sense of time

passing, etc., These can al/l be present as #dalr
Gestalt Therapy (1972)by Perls, Goodman and Hefferline for the first clinical presentation of this
distinction between central and peripheral expe

involves this constantt omotvheemecnd n tiiefrrdo no ft hceo npsecrii o

11



ConsdousnessCenter &  Periphery

PERIPHERY
All these fiperipheral streamso and many ot hers
explicit central st rteentarthe centériofecgnsciomsness. Thise pot ent
experiential phenomena corresponds very closely to the research conclusions of Dehaene and
Changeux (2003). They postulate Athe existence
time, processinor mat i on nonconsciously.o(p. 9) (One di
we propose that these neuronal events emerge both nonconsciously amdhegeeriphey of
Abarely awarep cdheci wasawesbBor s a ktiseocortca vy , AnOut

representations that could become conscious, only one will receive the appropr@te/top

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

nonconscious. o(p. 4) bnwtrheier dTheclatofr e2Wd8 k-

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

time (citing Sigman and Dehaene, 2006). Thisalone invasive property distinguishes it from

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

di fferent formats may coexist. o0 (Changeux and I
Il n the clinical research of Stream |, thma very

of consciousness. O C @eripharal streafing amo te tihgug htesd, c

and thereby enter the center of consciousness. After enteriegplat center of consciousness,

each thought will then return to tivaplicit 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 tale? Becausihe 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,

12



running through the mind at one time, especially after an important and traumaticGhameux and
Dehaenegi ve a neur onal map for this situation of
vast array of unconscious specialized processarsn ni ng i n parall el . o We
parallel processes can be totallyconscious especially when they are situated in $hibcortex(see

below), but some can also be in geriphery of consciousnesghat is, in thecortex.

Let us tke arexample that frequently occurs in psychotherapy. A patient feels hurt and desperate
after a separation from her husband. The first
meaning of the event, but do not communicate the rich \@miaf 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,
lossofsele st eem, all these and many ot her fAperipher
faccess to consciousnesso means only one peript

The Sream of Consdousness Hom the Periphery
o theCenterandBack 1t the Perphay

Designtfrremam 3 Consciousness 10

Another fact to bear in mind is that surrounding the verbal description there are the many peripheral
currents that are neverbal and thereforeannot be said. To illustrate this relationship between the
explictwordandte i mpl i cit background within conscioust
metaphor. He callexplicit word sequencesfipear | s on a strings. o0 (Pink
a great deal that is elusive, indescribable, impalpable. Here is a desig8tfieam IIl.
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Language is highly limited and sometimes even
insufident and deforming when the task is to
represent the Stiream of Consdousness

In summary, if we combine this law regardimg intensity of loops required for the entry into
consciousneswith the model oparallel unconscious currents continually flowing,we can have a
basic model for centrandperipheral consciousness. This model can overcome simplications.

exampl e
seaml e
ertain
ther r
i mpass
me. 0 Al

otTO O Dt

, Gerald Edel man talks of fAthe unit
ss0 wholeeam nfregasdsousniétsbBe o0st hi

mo ment s . Al feel very much togeth

ealities in which this Aunitughisands n

eso that fragment the sense of unit

O6m being pulled in every direction,
(

much more often than people admit. ([gesfrom Stream Il1)
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