T-i86

ausomobile, She had sustained a head injury snd meliphs scalp lige,
ahors, She wag several Bu miles away, and IMRSPANing be,
the surgeon’s hospital, although compidered, was thoeghe 3o be s 1y
w0 an alrendy rraummized head. 5o the n:urunﬂgmn drove 1 sy,
she was bedded. Her head was swathed in bandapes, thraugh wigy
same hlood kad eoked, making them appear Im_qmm. Bw Colay
the girl fooked green. The neurosarpecn ssid 1o ke Helln, Cathy,
You ek like 3 Christmas package, all delled up in your bandps, >
She miled and sasd, **Hello, Doctar.”” The girl's brain was intse, g,
minded, even with a sense of humor, A thorough examinarion ey,
d broken Tik and a punciune to one lung, giving her & green calor, Gy,
bandapes and a besefl vime in an oxygen t=m quickly alloaed bealis
o CoMMEnoe

PRIBRAM, K. H. (1895) Brain Models of Mind.
Comprehensive Textbook of Psychiatry,
Williams & Wilkens, NY, pp. 328-335.

The dizgnosis rested on the trwism that scrambled brajy,
result in scrambled minds. Buf the truism, because of ng pe.,
vasive validity, can blind one 10 the subtle aspects of 1he misg,
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BRAIN MODELS OF MIND

KEARL H. PRIBRAM_ MDD,

INTRODUCTION

For rwo centuries brain models of mind have fascinated scien-
tists and the lay public alike. The intense innerest began with
the pianeering coerelotions betwesn brain pathology and char-
scieristic persanalicy hisrories of patiens inaugurated by Frans
cig 1, Gall, As with every major advance in undersianding the
mind-brain refation, Gall's demansirations became 2 popular
fad in the form of phrentlogy, reading bumps on the ekull.
Today a similar fad involves the applicarion of the findings
regarding hemispheric specialization: educaiors and politicians
alike exhaom people o wse their right brains, 12 the human roce
fall forever into sinister damnation.

Brain madels of mind show 1 remarksble coherence during
the 19%h and 20th centuries, despite the ofien acrimoanious bick-
ering regarding emphasis on this or that phenomenon to the
exclusion of a comprehensive analysis. When carefully consid-
ered, each of the often opposing views capiures imporant
aspecis of the issues, and reconciliation davolves on making
distinctive definiticns and reading the propasals in theis erigmnal
form with thowe definitions in mind.

Crilbert Ryle provided a defirition of mind: mind comes from
minding, paying atention. In ald English pesyed, akin 1o
remind, was derived from lerms indicating 10 warn and 10
inlend, The Sanskrit sranas means 10 think

THE MIND-ERAIN RELATION

A cassshisaory highll

: 15 this defimilson. A revroturgean i calbed
regarding u |2-vear

girl who kad Taflen oul of = rapidly moving

brain relation. For instance, the close association of ming 5
brain may bead one 1o suspect uncritically that mind and by
are the same. That would be as absurd 25 stating that the isjes,
of Langerhans of the pancreas are the same a5 insulin regulaip
of glecase metabolism. Minding is a function of the epem,
orgamism’s Intesaciing with its envimnment, just as glupes:
metabolism is a funciion of the erganism's metabalizing envi.
ranmentally derved nuariems, Whar is comman (o brain g
miaied §s thelr organization, much as what Is common 10 4 cem-
puter's hardware and the varous levels of programiming sof.
ware s th: mfermation being processed.

Chi the whole, people accept the special relation berwes
brain and conscicus experience bat are not at all agresd on the
subtleties inherznt in the nawre of the relation or on the oo
sequences that the understanding of 1har narere may have @
their undersianding of themselves and their reletonships 1o cthe
ers. In that respect peaple have apparemly come g furber i
the philosophers of the past two mdllenma

Each of the phillosophical stances ioward the mind-brain el
tion has merit 35 long as it is restricted to the databage tha
defines the stances, Thus what becomes imponant is the specil
relziion berween varkous brain processss and 1he variety af men-
tal processes, On the other hand, whar is omologically nevsl
to the imalerial brain and menial (pswchological) processes &
order, order as mensered scientificzlly in terms of emerpy,
entropy, and information,

With respect 10 the special relarion between brain processes
and the variery of mental processes, the onological newralin
is expressed by showing thar conscious and uncaonscious pit-
eesses are coordinaae with idemifiable brain processes ooousTing
in idenifiable brain systems. Thut is, at some |evel the desonp
tions of brain processes and the descriptions of mental progess
became hamamarphic.

An ::Iiar.nph'. from compuler SCRRADE iltustrares whm 15 I'I'Hl'l‘_h
homomosphic: One uses 3 cormpaier a5 8 ward prooEasar by ppof
English wards end seriences. The word-procesing sysem sonvsm
1he kevboard irﬂ:ut 1o binary, which is the Iln[.'uilEt 1he compu
Wathirg in 1he description of English znd in the i{linﬁ of bina®
machine languoge appeors io be similar. Neverthelesi. by vifes of if
varipes rransfonmmeans produced in the :mudin&m'ld eoadieg opel
atlems of ke varous capes beading from 1ypascript to binary, [
farmarign {the fosm wiithin of the typescripe is preserved im the binat
languags of the apcralion of the compueing machins.

I & samilar fashion, linle in conecsous experience repembles 1
operations of the neural appsratus with which it has guch a spEd
relation. However, when the various iransformalsans (ihe iransfer s
licms, ar the codes thal inlervene berwaen expefiense and neural of!
ations) ore sufficienily detailed, a level af descriplion is neachec !
which 1ha 1r|:|ns.1'|:|r'rn_||:i|:|::|: od Experience are homomarphic wiih 1
Iangu;p: ased by the hum._Thm guage i the |=ng_1.|a;: of ihe "P’;
atkans of & micraprocess 1aking place in syramedendrinic fields, 3 =2 i
;Lr;L.i:al languzge similar 1o what describes progesses jn putiont

SICE.

At the rnin:n:q:ml::::i_lg level, therefare. an ideniiy ﬁ-:s.-:n!:#‘_*:f
relaian between hrain and mental procesies. AL remole sing
els that encompass large-evert structures (assemblers, operating 2%



or Chelr counterpans in compuier or brain sysiemisl, pll.nnli_:m ani
goentially Ll the ratueal banpuape fevel) dualism churacierize the
reldiin,

The special refation between beam and mental processes i
jhiss ai01 Lmitary, except in implémeniation al the microprocess-
ing level. Ar the neuronal level and even at the neural-system
jevel, several 1ypes of relations wiih psychological processes
gan b2 discermed,

First. meurochemical states of reuronal assemblies deremine
qrd are determingd by siates of consciousness. The feld of psy-
choneuraphurmucalogy is replete with evidence of relaens
perween codechol and indole anmines acning in specified briin
[pcations o produce stités of consciousaess, such as wakeful-
ness and slesp, depression and elation, and perhaps even dis-
sociared siales, such as thase seen in schizophrenia. The rela-
lioes berween relative concentraticns of blood ghlecose nnd
psrvodarity and hunger and thirs, beraeen sex hormones and
sexually characieriatic behaviors, and berween such peprides as
the endarphing and the enkephalins and the experiences of puin
e siress are all well documenied.

Secand, the relations berween the sensory svstems of the
seain and (h= sernsacy aspects of pesception. such as the contents
ef consciousness, have been described in deail, S1ies of con-
wiksness aften decerming contznts and are olten determmed
by them. When hungry u person t2nds 1o be aware of restaurant
pgns smielling the aroma of freshly buked bread while walking
pasi a bukery whets the uppetite, The connection beiween scanes
of comsciousnads and the coments of consciousness is medialed
by 3 process ondinarily called anesrfenr (the conirol of sensory
inguat |, ineandton ihe conaral of medor cutputh, and Mol (ihe
eanlral of rememberingl. An understanding of thise processes
ef minding is critical to the understanding of the special relaten
between bruin states and The conlents of conscious experience.

VARIETIES OF BRAIN ORGANIZATION

LOCALIZATION AND DISTRIBUTION OF FUNCTION
Gall browgha the issue of Iocolization of Tunction 1o the fore by
wrelating locol brain pathalogies with the hiswories of the
radivers he puiopsiecd Altssazh often wrang in deiail. Gall was
mrect in the methods he carefully detniled, He was naive in
Eelineating the fucuities of mind for which he sought docalizs-
i, bt the systematic slassification af memal funclions ks sill
:-‘i.lsive despite hall a century of operational behaviorism. Today
Bis popular 10 discess the modularity of mind and componend
wierry of the bruan and 1 selate them, in both the clinic and
M ihe laboratory, by crafling experimentnl desizns and behaes
%zl and verbal westing procedures. The uie of these technigques
A ke rrnced directly wo Gall's enterprise.

The excesses of phrenology brought o reaction. Firsl, the
Pesnon was raised a5 10 which brain system brought 1ezether
" varigus Facultiss inlo a conscioud self. The wnity of being.
b soul, was challenged by breaking mentation inte 2 mers
Slection of faculiies. Funhermore, experimentdl evidence
fowed 1 relation berween, on the one hand, impairments in
“mplex behaviors and verbally reponed experiences and. on

Bithar hand, the amount of beain tssue destroved. repardless

Tlocarion, 1a the recent pazt Karl Lashley became the expoment

the1 mass-2Chion view.

However. if one reads Lashley carefully, one finds the seeds
“_Miliu:im In a letier 10 Fred Meuler. Lachley once siated

txasperation with being misinterpreted. He knew, of course,

the from of the brain doss something differenc from the

&k end. The visual sensory inpul [EAMiNaes in the occipisal
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lobes. Elecrrical suimuelaions of the pre-Folandic areas elicit
movements and the froal parts are mone enigmmatic in their func-
tions. But these observarions beg the isses,

What concerned Lashley was that cenain selecred mental
functigns appeared 1o be related 10 brain progessas thal are non-
lozal, Far instante, he poinied out that sensory and motor eguiv-
dlences could nat be accewnted for even by 2 duplication of
brun pathwivs:

“Oince an associdied reaction kas been estublished le.;.. o itive
rEaCion g 3 visul pafiern], ibe sume reacrion will be elicied by the
excitation of snsory cells which were never stmuluted i thal way
dutmg 1raining. Simalarly, mosor acts {e_g.. apening o Inlch box) ance
uguired. may be execuped immediulel._l.'.'.'.rhh moar negars which were
not assoeiated with the oot during irabning,

An example of motor equivalence wos reporied by AL A
Lkhtomski, A dog was condilionsd to raiss his right hind l=g
at the sound of o tone, After that conditioned respanse wis well-
established, his right molor cores fwhich conirmks the 1ef side
of the body h was exposed, Then. duning the performance of the
conditioned reaction. & paiy of sirychninized filier paper [which
chemically #xeited the comcal nasue) was placed o the anes
thar controls the 1enn forepaw. lmmediaely, (he dog swiched
the responding beg: He now raosed his left forepaw o the con-
ditional siznal. & temporary dominane focus of excitaion had
been esiablished in the cortex by the chemicnl simulwion. E
Roy John summarizad the experiments thal demanstrate such
shiflis in cerebral daminant focnn Figure 3,6-1 (1he experiment
by Lev Abramavich £al mangon o the illusicaion 5 the one
reponed by Lkomska),

The disiribued aspect of brain funcion becomes most evi-
dent in memary storigee. Even with large deletions of beain tis-
sue. such as those resuliing from cersbrovascular diseases and
ressctions for wmor. specific memanes, or engrams, are seldom
losl, When mmenesias Qo occur 1|‘1¢3.' ars apl 19 e spany dand
afficaill o elasdify, Thal facy sugeests that memory 15 scored in
2 desaribuzed and sraisticully more or less random fashion. The
storage process dis-members the input, which is then re-mgme
bered when recognition ard recall become necessiary. The
ratfiaval procesies. in conifast 1o sorape, are bocalized, at leosi
in such svetenis s those that are sensory-specific. When such
svstems are damaged, sensory-specific and even calesory-gpe-
cific agnosias rezult. Thus, with regand ro memary. both dis-
tribured and localized processes can be idemified. d2pending on
which propeny of the process is being congidersd

HIERARCHY AND HETERARCHY The fact that a tempo-
sary daminanl Tecus o the cerebral comex can take control of
the sxpression of 2 leamed behaviar indicaies thar hierarchizol
contipd operaes in the cemral nervoet system, Equally persua-
sive is (he evidense for conined aver spinal cond activity by the
braingem and 1he forebsain. Meuronal activity inthe spinal cond
displavs 4 high raie of sponiansous impulie generation. These
gEneriors are madulated by :||‘.|I'Li|:|i.ll'.'|-l'_'|' boszal cipcwin MEGrOns in
such & way that the sesulian activity can be modeled in 1emms
of coupled ensembles of oscillalory processes.

The ensembles of ascillaors become organized by brainsiem
systerns shat consistof cholinergic and adrenergic neurons. The
chalinerghe ser regulares the frequency of o wide range of fonic
rivthmic acrivities. such as those invalved n lscgmation, res-
piration, cardiovascular responses, and sleep, The chelinergic
systern 15 coupled 1o an adrenergic ser of newrons thar segment
the rlavtlimac activities imo episodes. Both systems are subjesl
to further hierarchical consral by the dopaminergic sysiem of
thi= basal r:ng'li:.

Clinically. the loss of hierarchical coniral becomes manifest
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FGURE 346-1  Merhads of condinoning thar fave bren
wied By roriour inverigarars 1o enallisn ood produre
£hiffes in perebrad dominane focl. The pvample (0 ihe aest
refers o Zal moaton' s experiment, (Fipure from K Pri-
brem: Languapes of the Brain: Experimental Paradeses
ard Principles in H:umps_l,'l;hnhgy. p M. Bandom
Hawse, Mew Yark, 1971, Used with peepsizsion. )

CONTRIBUTIONS OF THE PEYCHOLOGICAL SCENCES [ CHAFTER S

in &n exaggeration of the normally present, almost subliminal
1remiars that, under exireme conditions. kead ro spastic paralysis,
hyperrefiaxia, and uncomiroflable Ots of oscillasory muscular
4BAsI,

But the evidence From the experimems that showed jempo-
rary domenant foct can be viewsed from apother perspective; The
flexibiliny demonsirated by the shifi from one comredling leeiy
fo anather shows the erganization of the cortical svsiem 10 be
heterarchical. Any locus swithin ibe syvsiermn can become domi-
nant if sufficiznily excited. Warren McCulloch used the follow-
g story 10 Hlusirare the nawre of heterarehicsl organization

Afver the 1916 banie ef Julland during World War 1. in which the
British navy ioak a bealmg, boah ke British and American navies wage
reargan i chanee from hierarchical 1o hersrurchical comrol, Bm-
ibeships ney longer had fo awaic orders from a ceneral cammend sauree
1o engage in defenpive maneyvers

Dering Waorld "War II the Amstrican ffih fleet was stationed in an
anly sliphaly dispessed mode of aperation somewhere in the Pacific
Degan when 11 was allacked from hwo direciians by separae air gguad-
rang. abghtings of the sltackers were made from two locations in the
fleel by observers on the ships clossn 10 one or the other of 1he anpck-
ing &quadroms. In egsence, ke sailor wivg made the sighting became &
daminant focws, and his ship and those in Bie proxigainy wak ol 10
:_'ln_l:l'eni_! againsi II_\-_ stiackess, Howeser, sinee (ke aneck came fram iwe
direclioms. 1wa cominang fogh were eremed, each commandan parts af
the fleel 1o seeam away in opposne directices, Thas k=it 1he 5§'|p al ke
center &f the fleet, which housed i85 sdmeral, haplessly unpronested amd,
EINCE N ilg']'lhﬂﬁ wers made by I adeniral s shipe a1 & merneniary
foss 25 10 whas 1o do. Fervunaiely, boh ainackng squedrons were
defeaied and surmed bicic witho sny damage accrung 10 the fifik fee,

Thus, & penalty may be paid for the fexibility achieved by a
heterarchical dominance, albeit temporary, over processing.

SERIAL AND PARALLEL PROCESSING Ordiparily, hier-
archrcal comirol is conceived to b accomplished by way of a
serial process. When conirol is direct, 2 causal connection exists

Peripheral Ceeritral Peripharal Cererp|
]
frown gequarg Bewiang —-—-—E
Hasr 1L
Ship
Zalmanson —— Sakpkvg Flickes
Slrychpae alF, 3]
Flaxicn Flexioh F1
H e —
Nikglaygva il
—DC Bl
Flazion ~ Elgmon
Ferylbak [e—r, Doty I 1 &
ey -
Fy wion
HEILEI.[ e L Gl .._J-L__
Flcker % Lleges
aF, ) Pl w R
' Flamion
Eavigy

berween the controller and the comralled. Cawsality implpes tha
the origination of the comirg] sipnal precedes iie 2ffeci on the
svstem being controlled. Seriality remains when feedback loopm
are present, However, when feedforward operarions ane insened
into the process, seriabiny is no longer a5 clear-cut, In & thar
mostad or in homeostasis, if one lowers she temperature ar the
bloed sugsr, the sensod chodes & cipeuit, and the effecior
responds: a serial process. But if one places a comarol dial of
other bias on the process, the sensor can be adjusred i two o
more wavs. One can reser the thesmostai®s dial: thus the senda
has parailzl inputs one from the dial and the ather from the heat
i the room. Herman van Helmboliz is eredited with poinsing
out that voluntary processes, such as thoss by which peopl
move their eves, are constituted of such feedforwards: parallel
carollary discharges 1o the effectars. Comral can be higrarchical
ver dependent on a parallel process.

Heterarchical crganization, by éefinitkon, involves the poses-
tial for parallel processing. However, when contral is exerred
pver ather svslems, & serial process becomes implemenied. it
general, the beain is compased of hierarchiss of heterarchical
syslems.

Processing in the cerebral corex is massively parallel, 5im:
vlations of those parallel cortical processes have been imple-
mented on persenal computers 1 Sush an extent that (R
endeawoss have been dubbed a costags industry,

Compuier simulasions of neural etworks are capable of pansm o
cgnition, langunge learning. and decisice making that are renarkabl
tnze o bife, Sinple-Ravered simulations beve given way to {hree-jaye
compusibons, which involve an input laves, an output |ayer, and A
hrdden layer. AR the elesments of the neraodk ars inserconnsched, 4
clement wilh all the others. I Eeveral such aamalasms the (rpo 18 r.l_
Forward through the et end the cuiprl i3 companed wath ang that U
desiredt: ke difference between the aciual mdnEe desired 1% fﬂ. back
iz the nzi. The process is repeaied unzil the desired ouput is echi



“orialiams on 1kat theme ghound. each variapon being betier adapred
iEan T alermatives foc 2 p.1.|1:i|:ul.'r.r purpse,

Relevant 1o the issue of localization and nonlecal processing
is the fact that informasion comained in the input becomes frag-
mented and distribuied in ihe elements of the layers, The sim-
plations are snid to be parallel-disiribwied processss, That
makes them akin ta the opricol infermation-processing svstems,
such as holegraphy and romography. from which they wers
derived

ROLE OF BASAL BRAIN SYSTEMS IN
ORAGANIZING MIND

BASAL FOREBRAIN SYSTEMS  Willtam James neted tha
ihe delinsation of minding=—shat is, consciousnesi—devolves
pn processes wsually referred to a8 antennion and imention {voli-
tion}. Thought should be added, Comtrols on atention deiermine
the span of sepsary processing: coatroly on intention derermine
the span over which action becomes effective; and conirols
on thought determine the span of memories 1hat become
considersd,

The neural processes in the contna] of atention wvelve three
mechanisms: Orne mechanizm deals with shan phasic responses
i oan iapel (arowal-familianzakon), o second mechonism
relaies 1o the organism’s prolonged wnic rendiness o re-
spond selectively (activation-selection’: ond o third mechanism
{effart-comfom) ucts o coordinuee the phasic (2rousal) and tonic
{activation) processes. Separate reura] and nevrochemical sys-
fems ar: involved inthese processes: The phisit proc2ss 15 cen-
tered on the amyvedaln: the fonic process i centered on the cau-
date pucleus, whils 1he coprdinating svatem entically involves
the hippocampus, a phviagenencally ancienr par of the neural

MPPATAILS.

Evidence fram the onalvss of chamgpes im ther elecirical aclivaly of
Ihe Ermin evaked By Biiel eencoey sniwdlanen hus skown that ke
irousal and SvEhdm SR QpEralc an 3 B1siE process ceniered on
the deesal thalamus, the way ssation ol sensary inpul w0 the cerehnl
tones, Brain elecirical aciivity evoked by sénsory stimuliion cam B
enolyged imp com panents, Early companents reflect processing b gy s-
leerid ghas diremily qiheouigh the |h.|.1rm|.u-:'|-r-|:|nn:n:|.nrni-:|r;.' smrfaced wiih
ofical surfnees. Later mmﬁ:mml-:. refect processes imilizied in ke

ofnigal wnd related basal QII'IFFi.‘I EVRIEMG 1Al DpeTaEe dowme
ward anie the brainstern (lecial re'_giunj. which miluerces 2 et
Fate thm fodulobes activity in ihe direct sensary pathways. The sty
reflecued in thase Liser comipesenis consiiluies activation,

t thalamic gpast b5, howgver, aleo regudmsd by input frem the
MruEm cemgred an (ke amygdala, the arousal gysiem. Ry AL
% hen simalnied, prosluces 40 effect on the gape thae is the opposite of

effect of the activation susiem,

evidence alao indicales that 1the coordinaion of phusc {2rousall
ang B (stivation) attentioma] processes alien demands efion, When
HEMEN Mizst bz paid the hippocaompal system bicames invelved: il
'“n'-ﬂl'lﬂul.'l'rt:m.ls:ll gwgrzm rosarallv thromph frantal cormections with
""_ amypdaly syerem and the aciviulen syslem |:n|.||:_|alt_'.' :hmugl'!. COfe
I"“'ﬂﬂi in this braindiens. A1 tha junsiuse the relation of anension 1o
MR fLior eyt is. 1o volition (wilk—comes imlo fogus, Willm James
P=Rted gui thal 0 good deal of what is called voluntary effon s ke
{:“'"'-:'II:I":-:I: ol arenticn or the repzated retuming of abiention 0 a prob-

™ wngil i) wiglds 3 gnlegion,

f‘"ﬂ}i-:'n and motivation William James appoted will 10
l"'h:lnun &nd mativasion {which he called fusriner). Beginning
m’; Walter Cannon's experimentally based crtique of James
Tallowed by Lashley's critique of Cannon, the anatemseally

o= Buggestiong of James Papez. and their made current ver-
"% By Paul MacLean. brain seiennists have been deeply con-
,m'!‘bd wilh the processes that organize emaodional and mati-
il experience and espression. Two major discoveries
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have aceelerzied the abilily 1o cope wiih the issues and have
placed the early speculative acoounts inte perspeccive. One of
the discoveries is the rols of the reticular formation of the brain-
stern and its chemical svstems of brain amires that regulate
states of alertness and mond, Danald Lindsley propased an acti-
vation mechanism of emoion and motivatieon on the basis of
the imitial discovery and detailed the pashways by which siech
activarion can exert contnal gver the brom processes, The other
discavery is the system of brain tructs that, when elecisically
excited, resulis in remforcement (that 15, &0 increase i the prob-
abihty of recurrence of 1he bzhavior that has produced the £lac=
trical brain wimutation) or dzierrence (that is, 2 decrease in the
probabiliny tha swch behavios will recur).

To organize these discoverses wnd oiher dacn thar relaze brakn
mechanisms 1o emarion. one must distinguish beiween tose
dara that refer 1o experience (feelings] and those tha: refer 1o
expression and must distingeish emolion from moivation. Feel-
ings encompass both emotional and medvationn] experience—
emationi] as affective processes and mativation as readiness,
The affeciive procesies of emotion ard based on arousal, the
ability 19 make phasic responses 10 inpul 1hat srop the metvas
nional processes of activarion 1hat maintain selective resdiness.
Feelings are based on newrochemical siotes (disposilions or
miocads) that become organized by appetitive (mivational, go)
and affeciive lemadecomal, Lap) procedses,

Jumes is akmest wniversally misinegrpreted 25 holding 2 peripheral
sheces of ematen and mind, Thoughour his wrilings he ﬂ'n|i|hnm:¢d
the elfects that peripheral stivnli iincluding shese of visceral orgin)
exert an bruin proce ssed. Nowhone did bt ideniily emotions with bodily

rocesced. Ermpcions are nlwavs the resileum EH:EI:I ol TiraEn §iones,
wever, whal Jumees fabled 10 vake inno accoum is the 1ole of expec-
txtions (the represencatianul rode af the organazation of amousal-famil-
jarity’ and povsinn-gelection] in she nrgrmi:lrni-:n ol feelings. Those
repeesentations. o newuronal modsls of prioe xperience £mail the fune-
tives ol the bosal panzlio. insloding the amvgaala,

Maonethales, James was E::l:llr.-ll when he discusied the nature of the
Npial 1o the brasn froin the viscera, He poinicd oul fwo ibilities:
ginolions nre proceizad by oo separate broin ayslem, ar ey ame Eru
cersed b the same cvsiems as are percepiions. Today, boih possibilis
nies 3ee ke m 1o play & robe; pamns of the fromelimbic _1'|:|r:i:|1:|i.n {::pg-
caily the amygdala and relmed sverems) prOCERs VasCETONIIRROMIC
bodily inputs, ard the results of processang e conveyed m brainsiem
systems shal duwimibute 1o aned diffusely infience whe percepieal
EYELEMS.

s addisien, Jumes defined ihe diffzrence beiween ensdticns and
enpnivinone  Emorinnal processes mie place primarily within the
arganism: motivalions resch i the r.rg.misrrl's. En!.'irnmrrum:. .llam.e:
miy have overemphasiznd the viscernl detsrmiranion of emniional
experznce, but be did ocenwnally mclude umitudingl Tociors as
ﬂ:[ﬁ)ﬂin; an senaory feedhack fromn b somalic rmusculatsme,

¢ dunncnnn Perween che brain mechamsmy of malivation and
aiill wene lese clearky enunciabed by Famwes. He geapaled with (he paod-
Bern and o1 the guestions that mexl be ardwenad. Il didl AcE Coe
whlal the Lae 19605, when severad theorisis began 10 posnl out the dif-
feremee berwesn feedbuck. homeosiatic mativalional processes on the
one hand and voluniaey programs—uwhich are !'u-d:l'm_wxﬂ. homenrs
rhetic processes=—an the other harsl, Feedback meshaniims depend on
error processing amd are. therelome. sensshive 50 perustations. Pro-
gramgs. uslegs completely deraibed. run themagives off 1o complecion,
regardless ol the oostwkes pluced in ibeir way

Walunlary and Involuntary behavier Clinical neurclogy
classically dustinguished the mechanisms involved in voluntary
behavior from thode in involumary behavior. The disinction
rests on the observalion that lesions of the cerebeliar hemi-
spheres impair inteniional {volurtary] behavior, but basal pan-
glia lesions rzsult in disturbances of involumary movemients.
Damags 1o the cerebellor circuits are invalved in a feedlorward
ervechanisa, rasher than a feedback mechamism.

The cerebeliar hemispheres moy operae by performing cakculoions

(81 teme—ihar 15 excrapolale where 3 partifular movement wiould
end il it were to conninee and serdd the results af such & calculatios o
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the cerebral malar conex, where they cun be comaared wirh the 1arget
1o which the movemen ic direcied. Experinsesnal analysis of the fume-
tkong of the molos comex has dsawn that such tangets are composed of
:irnh,gqs- all athigvemenl, corsirecied in P an b hasis of pasi
EXpErieTCE.

Just ag the cerebellar circuit sérves inteniional behavior, the
besal panglia are importanl o mvoluntary processes, such as
the readiness of the organism 10 respond sebectively (acniva-
tien), Lesions in the basal ganglia grossly amplify tremors at
resi and markediy resrics expressions of motivational feelings.
Meurclogital theory has long held thar these disiurbances ane
due to the lesion’s interference with the pormal feedback rela-
tions beiween the basal ganglia and 1he cerebeal corex, In faci,
surgical remioval of the motor comiex has been performed on
patients with basal ganglia lesions 10 redress the mbalance pro-
duced bw the initial lesians. Such resectiond have besn suc.
eegsful i alleviating the often disiressing continumg dismug-
bapees of involuniary movement that characierize basal ganglia
diseanes,

CEREBRAL CORTEX AND MINDING

Reflective censciousness and unconsclous processes
The dissction between (he sysiems thar comral imeniomal
behavior and thede that conirol involuntary behavior exrends 1o
the comirol of sensory inpul and the pracessing of memory, Wih
régard 1o sensory input, the distinetson berweet the conten of
awarenesd and 1he person who is aware was delinesied by Franz
Brentano and called ivenriannd inevizrence. The dualism of a
minding self and obpcuive mater (the brain) was already pres-
ent im the writings of Ernet Mach and Rend Descanes. Although
Canesion dualicm it perhaps the first overt nontrivial expression
of the issue, the dualily berween subject and object and sarme
causal conpection between them is inkerem in language once &
emerges from simple noming o predication, Ere Newmann and
Julian Jaymes suggested that 3 changs in conschousmess (that is,
m distingwishing an aware 521 from what the self is aware af)
occurred somewheare berwesn the time of the Nied and the time
of the Odvrrey, That occumence may be linked to the invernan
and promulgaion of phanemically based writing. Prehistory
wias transmitied orally-ausally, Wrtien hisiory is visual-verbal.
In an oral-aural culore a gprear share of resbiy 15 camied in
memory and s personal; ance writing becomes 3 ready means
of recording events, they becarne a part of extrapersonal objec-
tive realicy. The shifi is especially manifest in a elearer 2xjer-
nalization of the spurces of conscience. the pods no longer
speak personally 1o puide individuzl humans,

The process of everclearer distincrions beiween personal
reality and extrapersonal abpeslive reality culminaces in Cane-
sian dualism and Bremsano’s imentional inexistence, which
Edmund Husser] shortened Lo inrensionaliny. That reading of the
subjeci-alject distinction is what philasaphers ardinarily mean
when they speak of the difference beiween canscious processes
&l UNCONSCIOUS ProcEsses.

EIEﬂr:IWHd Freud had traiming in baith medical pragrice snd philaso-
phy- "When he emphasized the im ce ol uncepssicus TEEn,
was hF gl g the medical d=iimnign or the phikosgphical defimitian?
Mos) inlerpretations of Freud SUFEsE 1Ml U CEIAE 10US PIDCEsEEs Dpsr-
ge wilhout dwareness in the senss thal by opsmaie ausomaaically,
much s da rexpirmicry and pastrdintestinal processes in someome wha
15 Suparoes or comaiass, Freud Rimself ssems o have promulgased
thiat view by cuggesimp & harizonasl splil between conssius, precon:
fchous, and WncenESu processes wilh repression aperading 1o push
mEmOTY-Malive SIreiures mio desp layers, whers they no Janger E.I'Ht
BOCERS BD Anafeness. Sl in ' Progect for @ Scieniihc Prvchalegw,”
mamedy-Malive Mruclores ore neurad programs locaed inthe cooe por-
tions of the brain that gain access 10 awafeness by their connectsons 16
the conex, which determines wherher a memon-raiivaled wish comes
b cangsbiyaness, When ibe neural praprum betomes a secondery pro-

oe5s i comes wnder volursery control, which mvalves reality 1esimg
and conscicusnesd, To use lingaspe a5 an example. ome may wel] know
twa langoapes bl ai any ane lime comnedt only one language 10 the
carex; ihus the mper language remzing uncofuiices and valuntarily

unexprasced.

The linking of reftective conscrousness 10 1He CoMEx 15 Tal as
naive as i first appears, As recemly réparted cases have shown,
blind-sight results when panents are subjected 10 umilaseral
removal of the visual cortex, Such pauents insiss that they cin-
nor see anyihing in the feld concralaters] 1o their Jesion, bus,
when 1zned, they can, by guessing, locare and enmify |arge
objecis in therr blind kemifiekd with remarkable accuracy. Fur-
thermare, some patients have unilateral neglect after suffering
parigtal lobe lesions. Meglect patients can ofien get around by
eging their neglecied limbs appropristely. A stll different syn-
drome giving 1he same type of resull was observed in 2 patiem
who susizined an amyvgdala-hippacampal resection; when he
was frained in operant 1asks the effects of the araining persisied
withou decrement for years, despite proestations from the
patient thar be did nov recognize the siusion and tho he
rernembered noihing of ihe iminmp. Monksys with such lesions
have shown almost perfect retention of 1raining afier 3 1wo-vear
period, and the retention was bewmer than that shown by contrels.
Those monkeys and the blind-siaht petients are clearly con-
sedous in the medical insrumental senss, YWhat wend wiong was
their ability 1e reflect on their behavior and £xperience, an
imability within the impaired sphere of clearly distnguishing
persanal from exirupersonal reality. They were lefi with
impaired consciousness in the philosopher’s sense; Behavier
and expericnce were na fonger intenticnal,

The thrust of mest recent tunking by psvchoanalvsis and
experimenialisis 35 in the direcistn of inlerpreiing the conscious-
uncomsciows distimetian in the philosophical sense. For ingance,
Ignacio Mane Blanco proposed thal consciousness be defined
by the ability 12 make clear distmetions, 1 oadenify alisrnatives
Making clear distinetions includes being able 1o sell personal
reality from exirapersonal realicy. By contrass, unconscious pro-
cesses, aocording to Mae Blanco, are compased of infiniie se1s
“where paradox reigng and opposies merge NN fAmensss,”
When infinities are being compured 1the ordinary rules of logic
da ot hold. Thus dividing & ling of infinite length resulis in
two lines of infinite length=—hat is, one = two, Being desply
arvalved allows love and ecstacy bur alse suffenng and anger
1o occur. In keeping with this, Carl Gustay Jung defined uncon-
sciows processes a8 (hose invalving feelings. Bringing the well-
springs of behavior and 2xperience 10 cONSCIOUSAESS MEANS
meking distinciions, providing aliermnaives, making choices,
becoming informed in the denge of redicing uncenainty,

Unconseious processes as defined here are thus nen cont-
pleiely submerged and wnavailable 1o experizmce. Raaher
unconscions processes produce feelings tha are difficult 50
localize in dme or in space and difficult w idemify correctly.
The unconscious processes construct the emational dispositions
and mativational comext within which extrapersonal realiy and
personal reslity are constructed. As the classic experiments of
Seymare Schachier ard Jerome Singer showed, feelings ane 10
a large extent undifferentinted; praple tend 10 know and label
Lhem secarding 1o the eircumitances in which the feslings werd
meanifesied.

It is in this sense that behavior comes under the canrel of
the uncangsrous processes, When peaple burst gul ip anger, theY
gre gware that they have done so and are awsre of Lhe effect
of the anger on others, They may or may not have anended the
buildup of feeling belore the blowug, And they may have pre
jected the buildup omg others or introjecied it from them.



they could have been aware of all thar (with the guidance of 2
friend or & therapist) and still found themselves in uncentrolled
gnger. Only when the events leading 1 the anper become
ehearly separatied into abemarive or harmoniously relaed dis-
ginctions 1% wnconscious control convened ine consciods eomn-
ared. People with obsessions of compelsions are aware, in the
ingtrumental sense. of their experience or behavior. and they
fegl awiful, Bur they cannot, withoui aid. cope. thas is, differ-
eriinte conieads on the behovior peneraied by their feelings,

Cerebral dominance and the unity of consciousness As
poved ahove, the wopic of hemispheric specialization is cumently
fashiamable me only in the behavioral newrosciences but alse
among the public uy large. Three imporant dizcoveries fueled
this amarest Firsn the rediscovery during the Inmer half of ihe
19th century of the fact thay, in most righi-handed persons,
spegch is- conrolled by the left hemisphere. That fact was
atready known o Hippocrates and may well have been leamed
by him from the Egypians. Running from back 1o fronl, com-
prehension, grammar, and fluency are affected by lsions cen-
gering on the sylvian fissure, But dominance 15 nar a3 complege
T WAOrmEn &6 1) RS an oman, noe is e pen-n:ive m eultures thae da
nol use phanemic wriling,

Second, what 1 néw n the appreciation of hemispheric spe-
cialization is rhe realization that the non-speech-domanen
hemisphere has i1s own charneneriszic madeas of processing, The
lefi hemispheres of rizhi-handed persons being taken over by
am awral-aral dimension may have been due to the face that the
right hemisphers wos used by prinuues to procass visual-spatial
relationg lepving the right hand free for further manipulations,
Spetiel Bere m2ang the space defined by the boady i motiop—
ggacentric and allocensric. s differemtinced from ooculocenini
and ohject-cemerad spaces,

These specializations in processing mades refer primarily 1o
the emantic and svniacuic aspects of language. Wih rezard 10

e emiolional ane of language (prosody). righe-sided fromal
lesions resulo in monorone speech. Righi-siled posterion lesions
leave the patient unable 10 understiand those aspects of com:
miualeaiion that depend em inananon and emplasis (hese svn-
dromies are Knowi a8 ' aprosodias” )

The third and most pervasive ond persistent focus of mienest
has been a them: that also nrg..'lnia::d n dehate r'bg:.rdmg lozal-
ization of function in the 19th century! the unity of conscious-
ness. When the corpus calledum was severed in paienis who
had suffered severe unilueral epileplic ssizures 1o prevens the
involverment of the healihy hemisphere, tesiing revealed thar
what was sensed by the right hemisphere could be exprassed
anly nomverhally by thar hemisphere, The lefi, verbal, hemi-
sphere appenred to be ipnonnt of what had srunspired, |1 seemed
4 though comscionsness lad been spli when the hemispheres
were sundered. The assumpiion that there i osdinanly a wnity
I3 CORSCiousnass received suppar 1 that 1hs unil}' had F=en
nupdured.

These abservanaons led 1o the conceprion that civilization suf-
fers from lefi-broin dominance and thas rraining for brain bal.
Ince would restore bolance to civilizasion. OF course. that 15
pure fod. All but the mod nudimentary processing invalves bach
hemispheres, a5 inaurmerable studies have demonsirared. Even
n langusge, the appreciation and ihe expression of emational
Sammunkcation invplves the right hemisphere, and exireme spe-
cislizasion is limited to rAghi-handed men raised in 2 phonemic
liverary spvirenment,

_ Although the popular overgeneralizalion is 10 be deplored {as
5 the overgensralization that fed 12 pheenologyl. the original
Oheervatigns did renew interest in ihe guestion of whether con-
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schousness can be divided. Sir John Ezcles has argued that con-
serusness is tied 10 language, an argument also made by Freud,
and that the nght, speechless, hermisphére 15 essentially uncon-
wcious. However, the right hemisphere clearly communicaces
with lefi-handed. nonwerbal instrumental responses 10 the input
presented to il The nonverbdl hemuphere abviously has a mind
of its own, Byt conseious minding 15 of two $orts: instrumenzal
and inEnnonal, Ecclex's propotal ks enable if what is meant is
intentignal cansciousness, Brom facts as they selatz 10 behavior,
mind, and consciousness often spring surprises on the unwary.

VARIETIES OF CONSCIOUS EXPERIENCE
OBJECTIVE CONSCIOUSNESS

Postericr cersbral mr‘l‘l.l'B:Fh'L Surrounding the major fissures
of the prinae cenebral conex lie the cerminmions of the seasory and
medor p:n}-:rlmn sysiems, These swsiems Pave been labeled extrinsic
trecause of their close ties (by way of o few sy es] with peripheral
sructures. The sensory surface ond he musche arangements ane
mapped fane oF |4Es ispmerphically aneo the perifiseurad conicsl sur-
Tace by way of discrele, practicaliy ﬁ.ll'll“f'] lings of conneciing fber
tracts, When 3 local injury oocurs within these swseems, a_u.-n-:ullj.' 50-
wmE OF 3 Reoinena of ponon ensues, A sooanne B 2 spatialiy circum-
seribed hiobe in the field of dnercison of the orgamism and The envis
monmeni==or exumple. a blind =pol. a heanng defect limited 1o 2 fre-
Guency Tanpe, or & secrinn of the skin where iaciele stimuli faif so eliglc
o fesponse, Those are the sysiems where whar Henry Hesd calied epi-
crisic processing ke place, The extrinsic sensory-molcr projection
syil=ms are 50 prganized that movemen allaws the organism 1o progect
the recules af processing awey from the seneary and miuscular surfeces
where the inlgracnicns take D[F'I-'E#Id aut insg the werld extermnal 1o the
orpanism. much as 4 sieree effect = abrained by Idjushnﬁelh: phasa
begween the qutpet ol two speakers. Processimg within the eximinsic
SYELSMS CONSLructs an chjective n::ll'u_:r for the orpanism.

It bevween phe pertfisserad exirimsic regaans of the conex le olber
regans af Uhe cortes vafoisly named J55pcianom comes, uRcammiTied
coctex. and inirinsic corten, Thes: pames eeibeer the fact that thene is
ne apparent direct connection berveen peripheral Sirucrures amd thoss
] of ke conex thm muke up masi of the comveany of e
cenelrum,

Corporeal reality and extracorporeal reality  Lessions of
pans of the inrinde cortex of the 'pﬂ-sttr'm'r cerebral convexiy
resull o sensory-specific agnosias in both monkevs and
huians. Research on monkeys has shown thai the aznaging are
due non o a failure o distinguish cuet from one onedher but o
failure 1o make wse of the distmcions in making choices
among aliematives. The ability i moke use of those distinctions
ix 1he essence of information processing in the s=nze of reducing
uncerizinty, The sensorv-ipecific posierior intringic comex
decarrnines the range of allernatives, the sample size that 3 par-
ticular informative elemen mus address. A patient with agao-
siz con tell the difference between ao objects bul does mo
knoow what the difference means. As Charles Peirce once noced,
whal people mean by something ang whal they migan vo do with
it are synanymeous. In short, ahernatives, sample size. chodce,
cognition, informanon, and meaning ore clossly interwaven
concepts. When apnosia ir tavere, 1l % often accompanied by
what is termed neglect, The patient appears nol only ot 19
knoow that he does not keow but 1o actively deny the aonosia.

Tupical i v patiem whe repeatedly had diftbeulty in sining wp in
bed. Her physpcian pounted oul 1o her 1hat ber arm had becorss enlan-
ghed i il bedeborhes, She acknowledped that fact mamentandy, anly
o “'lose’ thal asm onee maors in a mangied snviranment Pam af her

rception of her body, ber componead consciousness, seemed to have
E:r.n exonguished

Such observations can readily be conceprualized in terms of
an extracorporeal ond corporeal ahjeciive reality, For 2 ume i
wis thought that corporeal {egocentric) realicy {personat body
space} depended on the inregrity of the frontal InErinsic ey
and that the posterior convexal cortex was critkcal v the con-
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structhon of extracorporsal (allocentric) reality. That scheme
was fested i experiments wath mankevs and human paiems
and was found wanting, In facl the corposesl-exiracorporeal
digtincuion involves the parieial conex. Perhaps the most clear-
cut example comes from stwdies showing tha cells in the pan-
etal cortex respond when an object ks within view bl galv when
it is also within reach. In essemce, sludies have besn unable
clearly 10 separaie the brain locations thal produce agnosia from
these that produce peglect, Funhermore, the sudies indicare
that agnosia is reiated vy meaning as defired by corporesl use,

In mankeys ihe disurnanced prodoted by resincled Jesions of the
comvexal insrinsic comex sre also pmdm':ed ":1_'.' lesioms of 1he paris af
the ngsal ETF“' timphemed ks agieanion, seleqive radimess e which
thote pans of the contex project. Tha Anding akes on special meaning
framy the fact thal lesions of the thalanyus (which conerals (e relaving
of sensary inpur 1o ke pones) i 1o produce such effens The special
CORRECEICN Delwiees the poserion snlinsig (S0 @om) oarney and i
basal ganglia Turiher charifies ke mentiona] procesy (hal Those svilems
make possikl he dimimciian berween an chjective egocentnc cars
poreal seIf (ibe me) wnd ap exiraconpores] allocemric I'E.:Iﬁl]' irhe caherl,

NARRATIVE COMNSCIOUSHESS

Fronfolimbic forebrain  Fromal lesions were produced for a
fime in an effort 10 relisve iieciable suffering, compulsions,
ohsescions. and endogengus depressicns. When effecuve in
pain and depression these psychosurgical proceduses ponisayed
in humnans the now well-gsablished functional relation berween
the fremial snirinsac comex and the limbic forebrain in nomhuman
primaizs. Funthermore, froneal lesions can lesd eiher 10 pergev.
erative, compulsive behavior or 10 disraciibiliey in monkeys
and in humans depeading on sovirnmmental corcumaiance, A&
failure to be guided by the consequences of dbeir behayvior can
eccount for both effects. Extreme forms of disrractibility and
ohesesion are due (o o lack of sensithvity of the aciivation (u=lec-
tive readmess] process 1o feadback from conseguences. Boah
the results of experments wath memkevs and clinical abserva-
tians antes to the facy char those with froneal lesions—uw hether
surgical, traumatic, or neoplastic—{ail 1o be guided by the con-
seguences of their behavior,

Constiouwsness as conduct and narrathve  Coniegrences
are 1he guteames of behuvior, In the wsdnion of the experi-
mental analysis of behaviar. coniequences are reinforcers that
influence the recumence of the behavies. Consequentes ars thus
& series of events (Lain ev-vemire. oul-comme]. owoomses that
puide action and thereby atiain prediciave value (05 d=iermined
by confidence estimares). Such con-seguences—ihal 14, se.
guence afl evenis—fonm their own confidence levels 1o provide
contexts thai, in humans, become envisioned event-ualities,

Confidence implies famihariy. Experiments with monkeyvs
and humans have shown that repeased arousal 10 an arieming
slimulus habitwates—thar i&, ihe orenting reaction gives way
to farniliarization, Familiarization is disrupeed by limbic {amyg-
dala) besions and fromal Jetons. {]:d'il:l.pril:u. familiamzation
allows consmmued activation of selective readiness: dissuptian of
familiarization leads 10 repeated distraction dorenting) and thus
a failuse 1o allow con-sequences 1o form. When the process of
familiarizaiion is disrupled, 1he cutcames-of-behaviors. events,
become inconsequential. When intact, the familiarization pro-
Ce5E 15 segmEnted by orieming reaclions inte episodes within
which confidence values can become established.

In such an episodic process the development of confidence
is & fumetion of coherences and correlations ameong the svents
being processed. When coherence and comelation span muliple
episodes, the organiem becomes commiied 10 3 courss of aciion

{a prior intention, a Sizacegy), which then guides funther action
and is reststant 10 periurbation by panicular orienting reaciicns
(arpusals). The grganism is now Compeiear o Camy ol the
pction (mlentions-k-action, 1actic], Pamicular cutcomes now
puide compelent performance; they no longer produce orienting
reactions. In humans coherenl competence provides the basig
for ethical behavior, Thus in severad languages the meantng of
consciousness and conscignce are conflared.

The cascade that charzcterizes episadic processing leads uli-
masely 1o considerable 2utanoniy of the commined sompeience,
Envisioned evenls ars woven inie coherent subjectivity, an [
whose story 15 a marraiive. the myith by which the persan lives,
The narmative compeses 8 prachcal gurde W aciion in AchiEving
{(temparary) stabiliy in the face of a staggening range of vamn.
anang of evenls.

Consclousness is manifest (by verbal repan) when familiar-
ization is perturbed, when an episode is updated and incorpo-
rated into o Jarper contexival scheme (the parrarive) thag
inchedes both the Familiar episodes and the novel episndes. Cone
sciousness beoomes arenuated when scuons and their goides
cohers; the actions become skilled. eroceful. and aucomane.

TRAMSCEMDENTAL CONSCIOUSMESS The contents of
consciousness are nol exhausiively deserbed by the giabice of
feelings of familiarity and noveliy that are the basis for episedic
and narrative conscibusness nor by those of exiracorporeal alle-
cemric and corporenl egocentric consciousness, The egeteric
iradition in Wesiemn cubiure d@nd the mysucal raditions af the
Far East ars replete with insiances of uncommion Sates tha
produce uBcammon conients, Those stotes are achieved by a
variety of techniques, such a5 medicarion, voga, and Zen. The
comtents of processing in such siates appear io differ from ordi-
nary feelings and perceprions. Experiences are described as oce-
anic, a merging af corporeal reality and exizacorponeal reality,
o7 28 oul-of-body—har is, corporeal realivy and exiracorporneal
realiy continue 1o be clearly distinguithed buf are expenenced
by still another reality, 4 mers-me. Or an 1 that becomes
rrandparent: a throughput experiencing everyvibing everywhere;
there is no fonger the segmenlaion e episodes; nor do evenms
become enmeshed in & narrHive SITLCTUE,

Allthese experiences have in commen a transcendenial rele
ticn between ordinary experignce and an éncompassing arga-
nizimg pranciple. That relanon s ordinarily termed ' spiritoal.”
The spiriteal conlens of consciousness can be accounted far |:!_'-'
the effects of excess excituiien of the fremtelimbic forebrain
{ardinarly invalved i narrative construction) an the dendritic
mieropeocess that charscoerizes comical recepiive fields in the
SERSOTY ExiTinsic sysiems (ordinarily ivalved in the cangirucs
tion of abjective reaity].

In addition ia ihe grass iopobogical cormespandence between camical
receprive fhelds and the -:rgamz.l.l:Elm af tensary serfaces thar pives gise
w0 the overall charaoeristics of processing in the exirinsic Sysseess, &
micToprocess 1har depends on the intzma nq.:.ru'ul:'run af =ach repep-
tive feld cames inm ECI.I.-. The iniemal coganizaicon of receptine figks
embadies, smang coher characierinics. § specral desmoin: receplive
fields of neusang m ihe susrinsic conex are 1wned 59 limited banduaddnd
af frequencies of radiant encrgy (vision), sourd, and 1acatle vibrmion

The enedl dramistic G463 are 1haRe (i parman 16 vision, The coricel
newrans af the visual syiem are arranped, &8 Gre 1he aiher sensory
sysbems, to 3% 1o reflect more of less pomerpiicelly 1he arrangemén
of the recepior surf2ces io which they ane cormected. [ Thus, the hamife
culi that YWilder Penfield and aikers have mapped coio the conical
surface of the exeringic prajection syseeme. ) Howeves, withen kag groks
arrangement lie the recepave felds of each of the peurpng—a recepin®
fiekd derermined by the dendritic arberization of 1he neuron har make
caniact with the peripheral paris of the svaiem. Thus. ike receptive fel

af a newron s that I':m of the environmenl processed by the partt @
the sysiem o which the neuron is connecizd. Each receptive fisld #



tuned 15 approximastly an ocrave of spaid freguency. The fregqueney-
g=dective microprocess thus operatex m a holopraphiclite manner.

Processing can be conceivad oo fanciion somewhis Bke the produc-
pioer of msic by a paane. The sensary Auffuge |3 shalopous 10 4 kev-
aard. The L;r_:,- znd the sirings are 5-p.l1|.1.l|_} reluted o provade
ouerall prganizstion of the iuru-;'rst. When individuad sirings ane acti
wated, they resonaie over a limited bundwidah of freguency. The pome-
mination of 1he -ipu:l.l:iul arrangemend and the ﬁ'eq_ur.'n-:;-:-: cific reso-
mance of the sirinps miakes 1he prosfucisn nfma_n.l:.-: peassd

The gross orgenization ond the micreorganizurion of the conical
surans in che exirnsic systems resemble the arpamzion of a mok
tiplex balopram. A mwliplex holegram o charscierized by 2 Gabor
glemneniry funcion, which Dennis Galbar called 3 quanmim of iafar-
falian A Gawssien envelope cansiraing the aiberwise uniimired sinu-
sobd described by b Fourier iransform g make up the Gabar funciion
Experiments have shown thal elecirical excitgion of the franisd and
limbie struchares pelaxes the Gawssian consaraimls thal are manifesied
a4 inhibispry somounds or flapis im the receplive fisld anchitecture.
When ihe relaxarion of the consiring i fsodesine 35 durng ordinury
ercitation of 1k fronsolimbic svsiems of ihe forebrain. procesdmg leads
1o parmative eondiruction. When Monwlmibic excinrion becomes aver.
whelming, experience is determined by o wlly ungonsirsined holo-

£ia, y
mgﬁu of the pype invedved m beain processing are campoded
by convening (for exsmple. by Fourier Irns[armalion] successive sem-
sory imrdped ifoe example, Fr:.me:-..nr a mavie Rlm iesoe e specordd
mepresentalions and palching the picrorepreseniations imo orderly Spa-
nial arrampeneras that represent the ariginal 1eimparal order of the suc
ceisive Imapes, When such conversiond ane lindar (a8 when they =52
the Femritr tamsform), they can readily be reconverted (for example,
iy the inverdg Foufier 1sansommation) ing moving [Loccessive) Sen-
sory images. The spectral domain i peculbiar i thar information {in the
Gabar seese ) beconmes boch disiribuled over the € xiem of gach receplive
feld (g2 quaniien] and enfolded withim it Thus Ssensory-image reoon-
srruciion can cecur from any pan of she ol nggrezate of receptive
fields, Thal pives the xzgrepsle i hn&'li!r:llll'lil:.-h'l'rbill\: uspect, All
inpia becomds dissribened ond enfalded. me wilmg the dimsnsaons of
space and lime snd, whergfors. cawspling, That apparertly imstless-
spapeless-camselesd aipeel of processing. which can be insticaled by
pverahelming fronealimibic excinmion. is resppasshle for the exrnsens
mrg dinsensians o experience tha choracienize the eiolcnic irRainons,
ecause al their enlolded propeny, thess processes toml ko swamp
diminctipns, such as corparsal reality amd ¢strsorporeal reality. In the

esnieric eradifans conscipesness is nol mited 1o e iype of realioy,

A related develpponsnt [hecuse in dealls with the specificaison of on
Enfampsting. fodmie ardert has rocwred in quaniom plyssss, Cher
i pasl _‘ﬂ':-t.ﬂr,' it mas beconse clear tho ihene 13 2 bl 6 1he JCCuracy
wih which cerian measamements can be mods when ather measune-
ments are heing faken. The himil 15 eapresssd as an indstermiinacy.
Gabar, in his description of o quasivm of Informotion, showed that 1
similar indetzrminacy describes cammminication, 1hes leaxding o2 unit
af minimiam uncertiimy, 2 Linit an the masaennn amoent of iefar
mation that can b packied for processing. As o consequence there is a
convergence ol thi undersianding of the micrvsinastiure of comnimuns-
catiof—and. therefoee. of ohiervalshn—and the l-mlllersu-:mllinE:l_| af 1kt
migrairuciare of matier. The need 1o speelfy the observativas thal beud
1o fslerring 1he properties of magier has bed nosed phasiciss mowriee 2
represerquticn 0f (he absercer mnio ihe descriplioe af e plservable.
Some of thase physicisis have noted the similaricy of that speeifigasion
1t the espieme descripdions af eonsciousmees,

A revalusion in Weserm chooght i therefione in the making The
5-'.'-|h'_r||f|r tradition avd the espiers wradizion have been 2t oxlds fince
ihe time of Gulilen. Each new sssentsibe discovery and the theory devel-
nped from i have, wp umtil now, resiled in ahe widening of the rilt
Beiwesn ohjective srisnce and the subjective spiriual 1specis of human
NEdure. The eifl gesched o muximuam sovand the ¢nd af the 158k cemury:
E’-‘ﬂph were askerd 10 chnose hevween God and Charke Durain, and

teud shaw g (k= hedven and b2l reside within peaple. nal sn their
rehation io the ool wilvesse, The dispoversss of Wik cemtury science
de ned fir ghin mold. For ance, ke recent ﬁndins.jﬁ_rn; saience and the

ual eaperiences of hamaniiy are eonsanant,  ougurs well for
L ':'!'THIHE millennmium, A science thal ¢omas s terms wiih the spiritual
Blite of Aumianity may well oaisirip the lechapkogicl scicnce af the
immedigle pzsi 0 its conmibuting 1o human wellame
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