] - " w T"l 9-3
The Varieties of Conscious Experience:

Biological Roots and Social Usages

Karl H. Pribram

Let us ourselves look at the matter in the largest possible way. Modern
paychology. finding definite ps}'du};ﬁh}'sii:ﬂl connections to hold good,
nasumes as a convendent hypothesis that the dependence of mental states
upon bodily conditions must be thoroughgoing and complete . . - Accord-

ing to the general postulate of 5:|.'r_hulo%: just referred to, there is not a
single one of our skates of ::'u.m:lli| high or , healthy or morbid, that has

nob SOMmeE Organic process as its conditkon. Scientific theories ap -ﬂu‘?ﬁm-
cally conditiored just as much as religions emotions are: . . . 30 of all our
raptures and our drynesses, our longings and pantings, cur questions and
beliefs. They are equally organically founded. be they meligious or of
non-religiows conbent.

[However,] to plead the organic causation of a religious state of mind,
then, in rgfickation of i claim to ?usaa-.ﬂ.s superior spiritual value, is quite
illogical and arbitrary . . . Mone of our thoughts feelings, not even our
sclentific doctrines, not even our dis-beliefs, could retain any value as rev-
elatsons of the truth, for every one of them without exception flows from
the state of (18 possessor's body at te time,

William [ames, The Varieliss of Baligious Experience, 1902 /14939
INTRODLUCTION: FORMS OF CONSCIOUS EXPFERIEMCE

Crver the pagt two centuries, since the pioneering observations of Frances
Gall and G. Spurteheim {1809/ 196%), it has become clear that theme s a
special relation betwieen brain tisswe and the vareties of conscious experi-
ence. Gall indftated the procedure of comparing the loous of brain pathaol-
ogy with aberrations of behaviors of the patients whose brains he
examined—a procedure that is continued today in the sctive feld of clind-
cal newrmpsychology:

Though, on the whole, we today accept this special relation between
brain and conscious experience, we are not at all agreed on the basic nature
of the relationship nor on the consequences our understanding of this
nature might have on our understanding of curselves and our relation fo
others, In this respect we have apparently come no further than philoso-
phers of the past two millennda. | believe the Hme is rpe for an advance in
understanding because of the amount of detailed experimental and obser-
wational data mow availabbe which, when properly interpreted, can provide




specific ransfer funckons that bind the mind-matter relation into a cober-
ent science,

To begin with, the advent of computber soenoe has provided the isans-
parency that was lacking in an earlier period, [ use my computer a3 4 wond
processor b:,r 1]."|;|i,ng Engjish words and sentences. The word pcmnunns
system. by virtue of an operating system, assembler, ASCI, octal or hexa-
decimal, converts the keyvboard mput 1o binary which is the "lanpuage” of
the computer. There is nothing in the description of English and that of
hi.Tu.r!,r maching Imguage I|1:.ti.'|:-'p-::|l: b b siamiilac Eh!-.‘q:l:ib: Hhis, b':.r'l.-i.rh.lu-
of the vanous fransformations produced in the encoding and decoding
aperations of the various stages leading from ypescript to binary, the infar-
miation of the typescript is presenved in the binary language of the opera-
ticn of the I:‘I:IlT'.PI.II:i.I’!E_ macharie,

In a similar fashion, there s |itle in conscious experence that resembles
the aperatbons of the neural spgaraius with which it has such a special rela-
o, However. when the various rarsdormations, the transfer functons,
the cosdes thait invlervens betwesn EXPErLEnce sl neural operabions are sof-
ﬁcim!l}l defailed, a lewvel of des.l:rrprim can be reached n which the trans-
formations of experience are homomarphic with the “language™ used by
- thie broen. As will be reviewed in this essay, this linguage is the langsage of
the ogesations of 4 microprocess taking place in smapedendritic felds, a
mathematical language similar to that which describes processes in micro
{that is, subatomic) Ph}-'sinn Thus, the relation betwesn Bram and corscimes
exparience becomies implemented at the microprocessing level. At neu-
renal and meural system levels the microprocesses become vaniously com-
figured to produce the vamety of conscious experiences.

First, there ane efectrocheminn symaptodemdrifi stares which are coordinage
with stares of contsciousness. The opemtion of anesthetics and the very active
fiehd of psychoneurcpharmacology attest to this relationship, Anesthetics
work on a level thae pmi.‘llhﬁ-j a quanl'i.mmt rather than a qualitative
change in consciousness; wihereas catechol and indole amines act at speo-
fled brain sibes bo produce a variety of stabes of consciousness such as wake-
fulness and sleep: depression and elation; and probably even dissociated
states such as those seen in schizophrenda, Halative concentratsons of blood
phucose ardd cemolarity produce hunger and thirst, sex hormones produce
sowual fl:i:-ling:;,and pepnd.ﬂ such as Ii1.|.-trr|:1|.1r|:lhi.r|.-.'-u.r'|-|:l :rlkqﬂ'l.:l.il.i.man.-
related to the expeniences of pain and stress and their converse, well being,

Second, thers are detailed descriptions of the nelations benween the sen-
sovy swslers of the brom and the sensory aspects of percephion: (hese am
responsible for the organization of the comlens of corsciousness (see for
examphe. Pribram 1991, for a detailed account of the neural systems and
neiranal functons involved in fgpueal vision).

Third, states of consciousness often determine conterts and, a5 aften ampe
decermined by them. When hungry one tends o see restaurant signs
(Eeigarndk 1972); walking past the fresh aromas emanating from a bakery
wivets the appetite. This connection between states and the contents of con-
sciowsness is mediated by 2 process—a process ordinarily called abestur.

Y




STATES OF CONSCIHOUSMESS;
THE SYNAFTODENDRITIC MICROPROCESS

The Mubual Exclasiveness of Comscious Stales

We ordinarily di.:l:insu'uh different states of conaciommness much as does
the physician and surgeon: when someone responds o prodding {for
exampie, by grusmbling “Oh leave me alone! Can't vou see I'mi trying ho ged
strme sleep!”) we attribute to him a comscious stabe. When, an the ather
hand his respanse & an incoherent thrashing sbout, we say he s stuporous
and If' there is no response at all, we declare him comatose.

The mteresting thing about such states 15 their mutual exclusiveness
u—ga:rd.inﬂ; EXPRILAmT: what is exprrir:m:pd i ane state @ not oeadily avail-
abbe 10 axperience in another, Such state exclusivensss emerges in all sorts
of observations: state-dependent learning in animal and human experi-
ments; the fsct that salmon spawning pay no silenton ko food, while
when they arg in their feeding state sexual séimuli are igrored: the obser-
wakion in hypriesis that a person can be made unaware posthyvpnobcally
of sugpestions made during hyprosis {although he carmies out these
suggestions; and the dissccistion between experiences (and behavior)
taking place during "automatisms” in femporal lobe epileptics and their
ondinary stabe

The evidence obained in all of these situations suggests that the same
basic svrapbodendritie electrodhemical substrabe becomes varously orga-
fized b produoce oné or another consciows state. Hibgard (1977 has con-
cephaalized these vanous urﬁarﬁm:i.nm = 4 more ar ey Tverticsl”
earrangement of the subsirate. Cne nuE]n pin:rurr! such arrangemients. b
resermite those that fake place in A kaleidoscope: a slight rofation and an
enfirely new configurition presents iself (Pribram and Gill 1976, Chapter
51 Slight chamges in relative concentrations of chemicals in the organiza-
tion of synaptedendritic microprocesses in specific locations could. in sim-
tlar fashion, result in I'uI:JI].' different conacious stabes.

The Cartical Microprocess

To demostrate the basis upon which the organization of synaptodendritic
processing domairs aperate and o portray it i a novel ard realistic lash-
ion we performed the foll owing experiments an the rat somatosensory sys-
kem, This svslem & convensent and the relafion between whisher
stimulation and central neural pathways has been extensively studied (see
mrview b CnsstabBon and Felbam-¥ermadiss, 1977, Whiskers wene stimiu-
lated by a set of motating cylinders, each grooved with equally spaced staps,
the step woadth and adjacent grooves subterding equal angles. Theee cylin-
diers were used with their steps measuring 30 degrees, 15 degrees, amd 75
degrees, respactively, The cylinders wene rotated st =ight different speads,
varving from 225 degrees /second to 360 degrees/secand. (The motating
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cylinders were meant to mimic the drifting of gratings acmss the reting] -
mecepbar in vision}

[n most of cur expariments an entire artay of whiskers was subjected o
congact with the rotating cylinders. This was done in order b0 bring the
results of thess somatosensory experiments into register with those per.
formed in the visual sysbem where an entire armay of receptors is simulsted
by the drfting grabing.

Axonal spike trains recorded from single efectrodes can be attributed to
thres separable processes: (1) those duwe to the serdary input per se, (2} those
ikt are Intrinsic te the operations of the symaptodendritic field potentials,
and (3} those that reflect the output of the sxon hdllock [(Pribeas ef ol 1981,
Borger and Pribeam 1992). In oiir expariments, sensory influences are ges-
spacings of the grooves on the cylinders and the speed with which the
cylinders are rotated. The results thus provide maps of the number of
burses or spikes gemerated a1 each speciral location as determined by the
spatial ard temporal parametess of the sensary inpot. [Figuares 10.1a-d and
10.23-f), The activity above or below baseline that resulted from whisker
stimulation is plotted 25 2 manifold describing total number of bursts {or

spikes) per 10 seconds of stimulation. Spatial frequencies are scaled in
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Figare 10.1  (la) One secand of a fypxcal recording, with no whisker stimulition
(hasegine). (1k) Cata from the same locadion during one secand af wihisker stimu-
lation (spatial frequency=24 grooves !/ revodutions fempotal frequency =k 1E5 mpel.
Figuress (1) and (1d) show individual units duwring 50 mecs of haseling (1c) and the
saperposition of unsls dusng whisker sfimulstion,

Prbraen: The Varietios vl Corgoous Expenence
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Figure 102 Examples of receptive field manifolds and their associsted contour
maps derived by an interpalation {splene} proceduane from recorded whdsker stim-
ubagior. The coniour map was abstractid Irom the manidold by platting comtowrs
i bermns of epaal members of barsts per reconding enterval (100 seconds). Each fig-
wre shows hiseline achvity {ro whasker samulaton] s & given electmde kcaton
as a gr-plane locabed in berms of numbse of bursts per HK sscands,

Prioram: Tha Varisties of Congcloes Experience
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terms of mvolutions per second. Thus, the density of stimulation af 5
whisker o set of whiskers) is a function of both the spacings of the cyfip.
deer grooves and the speed with wihich the cylinder motates. It is this density
per s that compeses the spectral domain,

In ¥ experiments single whiskers were isolated and stimulsted,
Whiskers were idendified according to accepied nomemdanaine as described
by Simans (1978). The receptive Held pﬂlmti-il manifolds derived o
such stimulations were irregular and broadly tuned to both spatial or fem.
paral [requency, The Intrinsic operations governing the configuration of the
syraptedendritic field potentals ane constrained by parameters such as the
anatomical extent of each receptive feld and the functional inhibitory and
excitatory r‘l!lil:inl"tﬂ'l.il:ﬂ among such felds. Our analyses wene deriwved
from both bursts of unit activity and from single units, We therefore sought
o determane the relatonships between the manifolds desved from burst
and those derived from senple unlis composing the bairsts,

A mantfold {Figure 10.3) constrected from Bursts 15 shown b encompaess
thpse of the individual writs nurnpnui.nﬁ the bursts: Figures 10.4a—d 1lbus-
irate manifiokds from the four single units which compose the bursts. These
uifis wese kdentified using a template constructed from, a spike sorting pro-
cedure that discriminated the shape of the action polental (spike) on the
baszs of spike amplitude and recovery slope, The four single unat manbiolds
show a gradual change in shape comesponding to slight changes in lecation
within the burst manafold; F:gl.uq 10.4a and 104b jDustrate two Pﬂh-
which progressively become combined into a single broad peak in the man-
iolds of Figures 10.4c and 10.4d. This demenstrabon of continulty betwesn
Fwncy bevels of anul':.rsia. {(bursts and !iII.ElE wrabE) 5-+rl:||"|;ﬂ;]:|r supports e view
proposed by Pribram (1991) that extended networks of symaptodendritic
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Figure 103 Lawral (3ah view af an u1:||:-|r'-:all:.r derved burst manifold amd its
associated conbous mag: (i)
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Flgure 184 These Agures dlustrabe manifolds and their assonated canbour mags
froen fomr ingle wnits which compose the bursis ased to conseruct the smanidold m
Figare 105

fields serve as the processing medium, and therefore, single neurons are
sampling from overlapping areas of the synaptodendribic retwork.

The similarity of these manifolds obtained from recordings made from the
somatosensory cortex 1o the receplive feld charscterstics demonstrated i
the primary viswal cortex (DeValos and DeValois 1988, Pollen and Tayior
1974, Pribeam and Carlbon 1986, Craugman 19 sug ety it this Process.
g mesdium s ubiguitous in the cortical syrepitodendritic netaork.

The manifolds derived from our dats are constructed of two ﬂmngnml
dimensiors: one dimension reflects the spatial frequency of the stmules
and the other its temporal frequency, Because spatial and temporal vari-
ables comstrain the spectral -d-q,ll'll,'il':.l nesponse, 4 Gabor-like rather than a



a.imple Fourier represeniation describes our régulén Thus the results af g i
experiments can be interpreled in terms of an mformation field composg|
of Gabor-like elementary functions, that s, of runcated twio disensiongg
sinikisoids.

THE CONTENTS OF COMNSCIOUSNESS
Oilsjective Consciousness; The Pasterior Carebral Conwexlty

The Projection of Sensory Esperience—The Perifissural Cortex  Sur.
rounding the magor fissures of the primabe brain |k th terminations of the
sensory and meotor projection svstems, Rose and Woolsey (19490 and
Prsteram {19600 have labeled these sysbems extrinaic because of their dose
Hes (by way of a few synapses) with peripheral structures. The snsoTY
surface and muscle arrangements are mapped maore or less isomorphically
onio the perifissural cortical surface by way of discrele, practcally pacallel
I_nﬁ.;ﬂ'mnnemngﬁbu tracty. When & local irjury oecurs within these
Systems 4 Sensory sciloima, ar 3 soodomia af action, ensues. A scoloma 5 3
spatially circumseribed hole in the “feld™ of interaction of organism and
environment a blind spot, 4 hearing defect lmated 1o a frequency range, a
locarion of the skin where tactile stimuli fail b0 be responded o These am
the systems where what Henry Hesd {19200 called epicritic processing
takes plin;e, Thiese exirinsc SENSOrY-mador Fn:'p-:l:inn systems are 50
mﬁa_ni,:ed that movement allows the ana.n.i.'l.m to pm-il:rr the results of
processing away from the sensory fand muscular) surfaces where the
interactions take place, out into the world external 1o the organism, This
processing within these extrinsdc systems consitucts an objective reality for
the organism,

In l=tween the penfissural extrinsic regions of cortex lie other regions of
cortex varsusly named assockation cortex (Fleschig 19000, uncommitted
cortex (Penfield 1968}, or intrinsic corbex (Pribram 19601, These names
eefbect the fact that there = no apparent direct connection bebween |:r|:1.1:|:|!'|-
eral struchures and these regions of corbex that make up most of the con-
vexity of the cerebrum,

The PersonalExtrapersonal Distinction—The Basal Ganglia and the
Right Hemisphere Lesions of the intrinsic cortex of the posteror cerebral
convexity result in sensory-specific agnosias in both monkey and man
Research on monkeys has shown that these agnesias are not due to fathee
mdﬁqulguudlnmhum o another, but due o mnj:i.nE e af those
distinctions in making choices among altlermatives (Pribram and Mishkan
1955, Pribram 1969%. This ability is the essence of information precessing i
the sense of wncertzinty peduction (Shannon and Weaver 15495, and the
posterior intringic cortex determines the range of alternatives. the sample
size which a particular informative element must address. A patient with




agnosia can fell the difference betwesn two objects but does not know what
the difference means. As Peirce (1934) once noted, what we mean by
something and what we mean o do with B are symonymoes. [0 shart,
albermabives, sample size, dholee, cognition, indormaioen in the Shannan
serse, and meaning are closely interwaven conceps. Fnally, when agnosis
= severe it is often ul:u:unpa.nil:d I:-:r what & lermed “neglect” Thep-men:
appears pof anly not ko know that be dogsn't know but to actively deny the
agnosia. Typical is a patient | once had who repeatedly had diffeculty in
gitting up in bed, [ pointed out to her that her arm had becoms enlangled in
the bedclothes—she would acknowledge this momentarnily, ondy o “lose”
that arm ance more in a angled environment. Part of the perception of her
hcd}'. I'r:rErets-n:rm] Carsciozsness seems to have become E‘Gh.l'lgl..l.lﬂ'll!'d

These results can mndi]:r b :mphuli.wd in terms of extrapersonal and
peesenal objective conscsousness. For a lme if was thought that personal
body space depended on the idegrity of the frontal inkrnsic cortex and that
the posteriod convesal cortex was critical o the corstnuctson of extraper-
sonal reality (see F:}re:l:.l.mpl:,. Pahl 1973). This scheme was bmn.lp_;h'l B fest
in ey laboratory in experiments with monkeys {Brody and Fribram 1978)
s patients (Hersh 1980, Buff, Hersh, and Pribram 1981) and fownd want:
ing. In fact the personal/exfapersanal distinction invaives the pacietal
cortey; in humans, most often the rght parietal cortex and related Stuc-
tures, Shudses by Mountoastle and his group (Mountcastle «f af. 1975} in
mionkeys demonstrate how cells i the convexal intrinsic cortes respand
when an obgect 5 within view, but onby when it 1@ also within resch, In
short, our atiadies an patient and those of athers have besn unable o
clearly separate the brain locations that produce agnicsia from those that
p-:'ndu:-e I'IEE]E'EL Fierthermioone, the studies an mnnl:t'_:.r: as well as those on
humans (Mol arthy and Warringion 1990, Chapeer 2) indicate that agnosia
is refated o meaning a5 defined by corponeal wuse.

In monkeys the disherbances produeed by restricted lesions af the con-
vexal intrinsic cortex are also produced by lesions of the parts of the basal
gangiia to which those parts of the cortex project. This linding takes an spe-
cial meaning from the fact that lesions of the thalamues (which controls the
relaving of sensory input to cortex) fail to produce such effects. Further,
reCEnl EXpPEmmEnts Itive shuown that thee nnglr.-l:rs}mdmm:fm ba prcdqn:-nd
in mankeys by lesions of the dopaminergic nigrostriatal system (Wright
19801, This special connection berween intrinsic {recall thal thes is also
citlled associntion) cortex and the basal ganglia further supports the con-
ception that these systems make podsible, an the basis of use, the distine-
tion between an cbjective personal self (the "me") and, an extrapersonal
realiry. {See Pribram 1991, Lecture & for a detailed exposition of how this
process eperates.) An exoellent review of the history of differentiating this
objective “me" from s historical “0" can be found in Hermans, Kempen, and
wan Loan {1992), The next sections develap the relation besween brain pro-
cesging and the "L



Episadic Consciousness: The Limbic Forebrain

Instinct a5 a Specles—Shared Propensity  When resections wem nsirictad
to the amvgdala and adjacent pole of the temporal lobe, the marked taming
of the monkeys that had followed resection of the entire

lobe (Samger-Brown and Schiefer 1888, Kliiver ard Bucy 1937} aps
reproduced (Pribram and Bagshaw 1953} Just what might thas behaviora)
change signify”

First it was determined that not anly were the mankevs tamed, but they
also put everything in their mouths, galned weight, and [noreased thir ses-
il behavior—all effects that had also followed the odal besnporal bobec.
tarmye Thess changes in behavior were summarized wnder the fubinc of thy
“four Fs": Aghting, fleeing, feeding, and sex (Pribram 196

Historically these apparently disparate behaviors were classifipd
together as “instinct” (a term still used to describe the processes anderfy-
ing such behaviors in the psychoanalytic lilerature), More recently this con-
cept came into disfavor (see for example. Beach 1955) and ethologists
subshtuted the categorny "speciet specific™ behaviors for instindt becawse
these behaviors can be shown to have & common genetic component. But
this substitution loses much of the meaning of the clder terminalogy:
Human 1:L'I'I.S_'I.IEEE E-IPEI:II‘.'E-!'.-PECI'.FIE bt mat instinctive in the earkier sefise.
My preference is to metain the concept of instinct as descriptive of the four
F's: What these behaviors have in common is the fact that their patiems are
shared by practically all species. What makes the shudy of gesse snd ather
kirds so interesting is that we I.'Eﬂﬂgmuw.r vwn behavior Flal.'lzn'u: in the
descriptions provided by ethologists (see for exampie, Lorenz 1969). It s
therefone sperirs-shamd behavior-patternes that are of interest in tracking the
effects of amygdalectomy

The Boundaries of an Episede  The apparently disparate behaviors that
characterize the four Fs were shown by careful analysis to be influenced by
& eommmon process. 1§ s worth summarnizing the highlights of this analysis
because identifying 2 common process operating on apparently disparate
behawviors is n;wu::wpu‘d:lluﬂ in behavioral neuroscience. [n bekaviaral
genetics the same problem entails identifying genolypes from phenotypical
behaviors. Thus, qualitative and quantitabive determinations wene made in
exch of the four Fs with the following results,

In & social hierarchy fghting and fleeing wene both diminished provided
there was a sufficiently skillful antagonist (Rosvold, Mirsky, and Pribram
1954). In the study reported by Sanger—Brown and Schiefer (1888), when 3
monkey was returned to the social colony after amygdalectomy, be “vol-
untarily approaches all persons—and fellow monkeys indifferentiy.” Alsa,
I'Luvu'.-g just inferacted wath his fellpw monkey, and pcrhupi hl"-ﬂﬂﬂ:tﬂf'
trounced, “he will go through the same process, as if he had entirely for-
giten his previous expersenoe.”

fan




This |;I'|.a.n|5: m 'p-:ml:mmﬁ what wouwld u:'dl-ni.ﬂlf by & diaterront putooms
of behavior was dramatically demonstrated by displaying a lighted match
to swch monkeys. They would invariably grab the match, put it into theis
mvouth, dowsing the flame, only to repeat the grab whien the next fit match
was presented. This behavior could be elicited for a hundred consecistive
trials unbess either the monkey or the experimentes became bared befone
the session was ended (Fulton ef al 1945),

The increases in feeding that follow amygdalectomy were alza shown
to be due o a failure placing limits on actions. For instance. as reported
by Sanger-Brown and Schiefer, monkeys with such resections appear to
be indiscriffinate i what they pick op, giet i their mouths, and swal-
bow, But when tests were performed and a record was kept of the order
in which the food and nonfood objects were chosen, it furmed owt thai
the arder of preference was undisturbed by the brain operation; only
now the monkeys would continee to pick up additional cobjects beyand
those that they had chosen first (Wilson 1939). [n fact amygdalec-
temized animals may be a bit slow to start eating bul contimue eating
Lar pa'sl: the Fninl when their controls stop eating {Fuller, Rasvald, and
Pribrasm 1957}

These disturbances in feeding after amygdalectomy were shown 1o be
dise fo conmections with the sadiety mechanism centered i the venitome-
dlal regian of the hypothalamus. For instance, a precise relationship was
eitallished between the amount of carbachod injected into the amyvgdala
and amaount of feeding (or drinking) ance these behaviors had been inats-
ated (Russel et al. 1968, Injections into the ventromedial hypothalamic
reglon simply lerminabe feeding,

Modulstion of & stop process was also shown responsible for dhanges. in
Rghting behavier. Fall in a dominance hierarchy after amygdalectomy,
when it ocowrred, was melated fo the amount of ﬂEEI‘Hﬂi.‘I.'E interachon
between the dominant and submissive anamals of the group, After amye-
dalectpmy such inferaciions were overly prodonged leading fo a resogani-
zatbon of the dominance hierarchy, It was as i the amygdalectomized
maonkevs approached each interaction as novel. Prior experiences, which
modulated the behavior of the control subjects, seemied to have Litte influ-
ence after amygdalectomye This finding characterizes many of the expen-
mentzl results fo be described shoetiy

Analyses of the effects of amygdabectomy and electrscal stimulstions of
e dmg.rgda!u on avoidance I:ﬂH'i.'I'I-E:I behavior bmuﬁht a simalar conclus
svon. Escape behavior is unaffecied and sensifivity to shock s not diman-
ished (Bagshaw and Pribram 1968). Mor @ there & change in the
generalization SIII:“HJI: 10 aversive stimulation {Hearst and Prbram 1964a,
1964b). What appears to be affected primarily is the memory aspect of
svaidance-—the expectabion based on familiarity with the sihsabion that
aversive simalabon will ceeur. Such expechitions are ordinarly referred o
45 teelings of fears that constrain behavion



Tl themse recurs when the effects of amyedalectomy on sexual behavig
are analyzed. The hypersexuality produced by the mesections & foind is be
due b an incressed bersibory and range of situations over which the behay.
lor is mandfest: Ordinarily cats perceive unfamiliar territory 23 mappreon-
ate fof such behavior (see Pribram 1960, for review], Sexual behavior fs
fimited to familiar sétuattons and situations become familiar as & conse.
quence of rewarding sexual encounbers,

The importance of the amygdala in mone generally determining the spa-
tial and temparal boundaries of a series of experiences or a behavioral rou-
tine—in short, an episode—is anested by the results of another ot of
pxperiments. Kesner and DiMattia (19%7) presented a series of cues to ani-
mals #o allow them o become familiar and then paired the inital, interme-
diades, ard ferial cwed of the serves with novel cues in o discrimination. When
simular tasics are administered b humars, they recall the inshal and final
rues of the senies more readily than they recall the intermediate ones. These
are termed the primacy and recency effects. Unogerated monkeys showed
both effects in Kesrer's experiments. However, after amygdalectomy, enone
kevs failed to show either a recency or a primacy effect. IF the series is taken
to be an episade, the effects of amygdalectommy can be considered to impair
the dermrarcation of an episode. As described shorily, after resections of the
far trontal cortex, ordering within an episode becomes deficient.

Familiarization: Episode as Context  The demonsiration of an episode is
effected by an orienting reaction. What is oriented to, the novel. depends on
the familiar, which ssrves as the context within which an event becommes
appreciated a5 povel

Familiarization is fragibe. The process is readily disrupted by head injury
or distraction. Some of the factors governing distractibality such &5 pro-
and retrosctive infederence are well known. Amygdalectomy and resec-
tiors of forebrain systems. related to the amygdala have been shown o
increase susceptibility to diskaction [Douglas and Pribram 1963, Gro-
eninger and Pribram 19%69) Fesistance (o distraction i3 furnished by a vis-
cercawtonomse “boocater” that places a value on the expesience and thus
leads to a fegiinyg of familiarity, [t is this booster process in which the amyg-
dala is irvalved (Pribram, Douglas, and Pribram 1369),

Familiarity is 3 conscious feeling regarding an experence. In the clinic,
patients wha have a lesion in the region of the amygdala (and the adjscent
hamn of the hippocampus) describe experiences that ane called “jpmais vu”
and "déja vu"—the patient will enter a place such a5 his living room and
experience a “famais vu,” 4 feeling of "never having seen.” of complete unfa-
miliarity. Others will come inte a place they have never been and feed that
they have "already seen,” are alresdy, “déja,” compieteldy familiar with &

[n the laboratory, familiarity has been shown b be related b redoroe
ment hestory. Monkevs were frained toselect one of twio cues on the bass of
a M percent reinforcement schedule thar is. sebection of one cue was
revwarded on FiFperoentof the trlals: selection ot the vther cue was nvarded
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on 30 percent of the trials. Then the cue that had been most rewarded was
paired with a novel cue. Control monkeys selected the previously rewarded
cue. Monkeys who had their amygdalas removed selected the novel cue.
Familiarization by virtue of previous reinforcing experience had little effect
on monkeys who lacked the amygdala (Douglas and Pribram 1966). These
monkeys were performing in a “jamais vu mode.”

The process by which the history of reinforced episodes leads to con-
scious emotional and motivational states can be described as follows:

Consequences are the outcomes of behavior. In the tradition of the experi-
mental analysis of behavior, consequences are reinforcers or deterrents that
influence the recurrence of the behavior of which they are the conse-
quences. Con-sequences are thus a series of events (Latin ex-venire,
out-come), outcomes that guide action and thereby attain predictive value
(confidence estimates). Such con-sequences, that is, sequence of events that
form their own confidential context become, in humans, envisioned even-
tualities (Pribram 1963, 1971, 1991, Lecture 10 and Appendix G).

Cur;ﬁdence implies familiarity. Experiments with monkeys (Pribram et al.
1979) and humans (Luria, Pribram, and Homskaya 1964) have shown that
repeated exposure to a stimulus habituates, that is, the orienting reaction
gives way to familiarization. Familiarization is disrupted by limbic (amyg-
dala) and frontal lesions (Pribram et al. 1979, Luria, Pribram, and Hom-
skaya 1964). Disruption leads to repeated distraction and thus the
outcomes-of-behaviors, events, become inconsequential. When intact,
familiarization is segmented by orienting reactions into episodes within
which confidence values can become established.

In such an episodic process the development of confidence is a function
of coherences and correlations among the events being processed. When
coherence and correlation spans multiple episodes, the organism becomes
committed to a course of action (a prior intention, a strategy) which then
guides further action and is resistant to perturbation by particular orient-
ing reactions (arousals). The organism is now competent to carry out the
action (intention-in-action; tactic). Particular outcomes now guide compe-
tent performance, they no longer produce orienting reactions (Brooks 1986,
Pribram 1980). This cascade which characterizes episodic processing leads
ultimately to considerable autonomy (an emotional or motivational state)
of the committed competence. This state is not some vague feeling, however:
Contents specific to the reinforcement history are addressed.

NARRATIVE CONSCIOUSNESS: THE FAR FRONTAL CORTEX
AND THE LEFT HEMISPHERE

As is well known, frontal lesions were produced for a period of time in
order to relieve intractable suffering, compulsions, obsessions, and endoge-
nous depressions. When effective in pain and depression, these psychosur-
gical procedures portrayed in man the now well-established functional



relationship betwen frontal nfrinsic cortex and the limbic ferebradn whick
was undertaken in nonhuman primabtes as & result of this dinbal experi-
ence {Fribram 1930, 1954, 1958a, 1958k}, Fusther, frontal lesions can besd
either o perseverative, compulsive behavior or o distractbility in mon-
keys, and this is also troe of humars (Pribram o af, 194, Oscar-Berman
1975} Extreme forms nt'di;rncr.'hiliq- and obssigion aré dwe to a lack of
“semsibiviry” o fewdback from conssquences. Both the resulls of expen.
ments with monkeys (Prbram 1960, 1%62) and dinical obsereations atesi
by the Fact that subjects with fromtal lesions, whether surgsaal, baumatic, or
meoplastic, fail to be guided by conseguences (Luria, Prbram, and Hom-
skava 1964, Konow and Prbram 1970).

In a continually changing situation where episodic demarcation of con-
sequences becomes diffteult, of when ransfer among the everdualities that
compre contexts 8 blocked, other resouwroes must be mobilized. Swch sit
uatiors demard exscutive intervention if action is to be consequensial, This
part of the essay addresses the issee of an executive processor, a brain svs-
bern that directs and allocates the rescurces of the st of the braln, Oedi-
narily, mput from sensory or mternal recepbors preempts allocation (for
discussion see Milker, Galanter, and Pribram 1960) by creating a “bempoearny
dominant focus” of activation within one or another brain system (for
review, see Pribeaem 19714, pp. TB50), Hosever when exira demands ans
plm:r:.:l on the roufing {apﬂal:ir.iu of allocatron, coherences AMONE prOpri-
ettes and priortes muest be organized, and practical inference initiated,
Proprietbes must shructure competendcies, priorifies must be ondered and
practicalities assessed.

Proprieties, Priorities, and Practicalities The far fontal corlex is
serrrended by systems that, when ebecmically excited, prodiuce movement
and viscerpautonamie effects. On the lateral surface of the frontal lobe les
the clasaical precentral motor cortex (for review see Bucy 1944, Pribram
1991, Lecture &). Un the mediobasal surface of the lobe lie the mpee eoenily
discovered “limbic” motor areas of the orbital, medial frondal, and
cingulate cortex (Kaada, Pribram, and Epstein 199, Pribvam 1961} t s
thenefore L'ik.E]:.r that the functbions of the far frontal cortex are, in some basic
serse, mialed 1o these somatomodor and viscersautonomic effects,

Al thee sadmi tima, the far froatal cortex derves an input from the medial
portion of the thalamus, the r medialls dorsalis. This part of the dien-
»;u-phuhn shares with those From anterior and mudline nucles {ihe nri:;ilu of
thiz input io the fimbie cortex) an erganization different from that of thi pro-
jections from the ventrolateral group of nucled o the cortex of the convexity
af the hamisphen: (see Chow and Pribram 1956, Pribram 1991 for review).

The clase anatomical rl'hl:iu;nn::l'up af the far frontal contex to the Bmbic
mudiial forebrain is also shown h-:,l J;vm'rlpml:i\.'-: anatomical data. In caks and
otiher nonprimates, the gyrus proreus is the homologue of the far fromal
coftes of primates. This gynas receives |15 propection from the madline mag-
necellular pornon of the r mafilis dorsalis. This projection covers a good



share of the anterior partion of the medial frontal cortex; gyTus proreus on
the Laberal surface is lmited 1o a narrow sliver, There appesrs o have been
arotation of the medial frontal cortex laterally (just as there appears to have
gorurred a rotation medially of the scclptfal cortex—especially between
monkey and man) during fhe evolution of primates,

From tvese physiological and anatomical considerations it appears
[ekely that the far frontal cortex is concermed with relating the motor func-
ticns of the limbic 1o those of the dorsalateral convexity. This relabonship
has been expressed by Deecke of o, {1585) in terms of the what, when, and
how of action

Creecke et al. (1985) concluded in an extensive review of their studies using
electrical recordings made in humans that The orbital cortes becomies
volved when the question is what o do; the lateral cortex becoanes actve
when the question is how something i o be done, and the dorsal portions
af the bobe mediabe when bo do it. According o the anabomacal connecibons
of the far-frontal portions of lobe, described below, "what™ can be translated
into propriety, “how” into practicality, and “when” into prioriry

O an anatomical basis, the far rontal systems have been shown fo com:
prise thies major divisions (see Pribram 1987, 1990 for review): One. an
arbital, 8 derrved from the same phylogenetic pond as, and is reciprocally
cormected with, the amygelala (and other parts of the basal ganglia such as
thir . scrumebens, which have been shown to be invalved in limbic process-
ingh Az might be predicted from the role of the amygdala in familiarizing,
in déja and jamais vu phenoeena, this orbatal system augments and
enhances sensitivihes as towhat 8o da, E-nprupr.'rul‘g,r Based &h E'pl&ud:{ piro-
cessing (see below)

The secord, a dorsal system, & derved from the same mod as, and has
conmections with, the hippocampal system which mchedes the hmbic
medial frontal-cingulate cortex. As might be expected from the rmalve-
ment of the lappocampas in recombinant processing—in innovation—the
dprsal far frontal system controls Bexibility when scibons ane to be engaged,
in nnir'r'.-n_g '|'.-|'i|:|r11'i.ﬂ by epsune effecine action.

The third, a terally located system has sirong reciprocal connections
with the postersor cerebral comvexiny. [t is this system that involves the far
frontal cortex ina vamety of sensory-motor modalibies when sensary input
From the consequenices of action incompletely specifies the situation. In
such situakions pn-rri.n:al: inference becomes MECEREAT.

Organizing Coherence In addibion to its demarcation by successive
orienking reactions, a defining attrbute of an episode |s that whai = being
processed coheres—processing must deal with covariathan in befms of
Earniliarity, squivalence, and novelsy Covasiation can bead to interference,
thus I'EIJHIHE in the ina]:i]i.'r:r o order the pi'nnu-ui.ng; of evenis. Recall that
prmacy and recency effects were impaired abter amvgdala and
hippocampal damage, With far fontal damage, mankevs show
impairment o procesaing the latter part of the middle of a seres, Thes



I,mp.ai:m:nl 15 attrbuted o Encreased pro- and metroachve mtecference
armang ifems in the series (Malmo and Amsel 1948

The lmpaireeent |5 also shown by patients with damage i their froatal
cartex. These patients fadl to remmember the place in a sequence in which an
iterm gccurs: The patients lose the ability to “temporally tag” events, that is,
b place them within the episode. With such patients, Milner {1971, see also
Petrides and Milner 1982} performed o series of experiments demonatrat-
ing b e procédsing impairment affects the middle portions of an
episade, In her studies, it = rlative recercy, the seral position of covarying
experiences, that becomes muddied. Other patients with frombo-limbic
damage are described by Kinsboume and Wood {1973), [n keeping with the
proposals put foreard in this essay, they interpret the bnpairment in pm-
cessing serial posibon as due o a derangement of the context that struc-
tures an episoda,

Fuster (1988) conceptualized the far frontal processing of combexi in
terms of oosi-temporal conbmgencees, Kelative recency, for s bince,
meliﬂ'! that a I-Em'pm.ql oontext exists within which recencies can be rela-
Hve w one another, However, as indicated by experimental resulis in
which spatial context is mandpulated. as in varants of obpect conslancy
tasks (Anderson of al 1976) the contextual nfluence can be spabistempo-
ral as well as temporptemporal. [n fact, in other experiments (Bredy and
Pribram 1978, Pribram. Sptnelli. and Kamback 1967) data wens obiained
indicating far frontal mvolvement whenever processing is influenced by
o or more distinct seds of COVATYIng contextual i:nnl:i.ngqncu:—.s, |
when both are spabal,

The computation of this covariation demands that croas-temporal,
spatictemparal, and cross-spatial contingencies be processed. In classical
and operant cnnd.iti.-pﬂ.ing, thae consequences aof behavior are contiguous
in Hrse and place with the stimulus conditions that inifiate the behavior.
Contiguity determines the episode or conditioning “trial.” When conti-
guity is lomsened, stimulation that intervenes between inibiation and
consequence has the potential to distract and thus to prevent the pro-
c-aﬁing of covaration. FWEHEiHE is destabilized. Perfurbabon is con-
erofled only if a stabje siate, established coherence, instructs and directs
the process,

B virtue of He mediabnd b:r the maddle part of the far frontal
cortex covarying episodes ane woven inte a story expressed (n language
when the keft hemisphers becosmes engaped. This story can became a nar-
rative, the myth by which “1" live. This nammative composes 2nd is com-
pesed af an infention, a strategy that works for the individual in prachoe, a
practical guide fo actian in achbeving (lemporary} stabiline in the face of 2
atngpering range of varations of events (Pribram 1991, 1992). When the
narrativie becosmes dimfunchonal, as during endegenous depression of the
persistence of obseminns ar compulsions, all=viation of sympeoms can be
pm:tu-l:-ud by :hﬂnging the noural substrate of sech persistence, that is
uha.n;_zl.n-_g_ the newral subsirate of the “1L°




Consciousness is manifest (by verbal report] when familianzation is per-
turbed, an epistde 5 updated and incorporabed o the narmative (Pribram
1991, Appendices C and M. Conscipusness becomes sbenuated when
actiors and their guides cohere—ihe sctbons become skilled, graceful and
automatc {diller. Salanter, and Pribrasm 13960).

TRANSCEMDENTAL COMSCIOUSNESS: THE FAR FRONTAL CORTEX
AMD THE RIGHT HEMISIMHERE

A5 noted in the epigram that introduces this essay, [ames did not limit his
exploration (o erdinary states of consciousngss, The esoteric fradition in
Western culture and the mystical fraditions of the Far East are replete with
instances of unoommon stabes that produce uncomitoen contents. These
stabes are achieved by a vamety of techiniques such as meditation, Yoga, or
Zen. The contents resulting from processing in such stales appear to differ
Fromm n:di:\ar}' Eﬂ'li:n.gsnrpﬂﬂms. Amang others, pxpErenoes such as
the following are descetbed (Mosse, Venecia and Milstein 1989 and Steven-
san 1974, for review): (1) oceansc, that 5. a merging of corporeal and
qﬂhaci}rpnrq.al n:niil;g.r. and m.lt--:ri-'hud}'. that i, corpareal and el ac o
real realltbes continue to b2 clearly distinguished but are experienced by
atill another reality: "a metz-me,” of (2) the “T" becomes a @nspanent
throughput experiencing everything evervwhere, there &5 no longer a seg-
mienEaticn -nf{':llpﬂ'im into r-pimdq; rios doevents beoome enmeshed in
& narrnfive siructure, All of these saperiences can be mduded by drugs
including anesthetics that are known 1o 200 on the neural cytoskeleton and
the synaptodendritic microprocess. As 1o conbents, they are offen attrib-
wwhed o some enmmpu.s:.irrg ctructure. It & these rarecendental conbents
which address domains that are ordinarly termed ":-plri.iua!." As will be
developed below, these spiritual aspects of consclousness can be
aceounted for by asuming that there is an overriding effect of excitation
of the frontolimbic forebeain {e-spe{iail:r that of the nﬂhl h.t:l'l:‘li.'lFI‘H'rl.':l on
the dendritic microprocess that charactenzes cortical synaptodendriic
domains in the sensory exirinsic systems {involved in the construction of
objective realiby).

In addition to the gross cormespondence between cortical symaptoden-
dritic domains and the erganirstion of sersory surfaces which gives fise (o
the overall characteristics of processing in the extrinsic sydtems, a micro-
process which -:Ieprndsm the evernal mg:l.ni::.'ul:im of each domain comes.
info pllay As moted in Part 1 this imemal crganization of domains embod-
b5, among other charsctenstics, a speciral dimension: Synapiodendritie
domains are tured to Emited bandwidths of frequencies of radiant srengy
{wision), seund and tactile wibration. [ have meviewesd this evidence exten-
sively on a number of cocasions (Prbram 1966, 197 1a, 1982, 1991, Pobram.
Muweer, and Barean 1974).

As lane as the 19505, how the brain operated fo make perception possible
amel hiowe the effecks of perceived expemences could be stored semained



enigmabic For the most part, this was due bo the fact that no one could
inquire how distributed processes could eperate tp produce a palpable reaj-
i.1:_|.'. Thus Karl I..uhlz:,r {1950} emclaimed that kis ll.fﬂu.n.g seatch for an
encoded memoTy frace had besn in vaan, ad Ea.r:.l Bnn'rlE (1979} mwdicated
in hds Histowy of Experimental Paychology that litthe was to be gained, at thig
stage of knowledge, by pavehologists studying braim function

As noted i the [ntrodoction o this essay, all this was dramatically
changed when engineers, in the early 19608, found ways to produce opthcal
holograms using the mathematical formulation proposed by Dennis Gabor
(1548). The mathematics of hnlnsini:h}' and Fh].'rinl properties of ek
grams provided a palpable instanbation of distributed memory and how
percepts (Images) could be mtreved from such a distributed store. Engi-
neess [Van Heerden 19483), psychophysicists (Julez and Pennington 13a5),
and neuroscientists (Prbram 1966, and Pollen, Les, s Taylor 1971) saw
the relevance of holography io the hitherto intractable issues of brain func-
tian in memory and perception (Barrett 196%a, 1963b, Camphbell and REob-
son 1968, and Pribram, Muwer, and Barron 1974),

This timeless/spaceless /causeless aspect of processang is instigated by
frontalimbic exctation that |:||-.||;I:H:.:|ll1_.' elimimates the inhubitory surmounds
of recoptive fields in the sensory systems (Spinelli and Pribram 1975) allow-
ing these svetems to function holistcally, It & this holistic type of process-
i.nE that is r|:|-|:|-|.'_|ns-|.hi= for the appan:nrj'gr extrasensoTy dimensions of
experience which characterize the esoteric traditions: Because of their
enfolded property these processes tend 1o swamp the ordinary distincbons
such as the difference bebween cnrpml and rxlr.mr.-rpm'e-aJ realiby

Thie ardinary distinctions result from an enhancement of the inhibitory
surrounds of the receptive felds when the systems of the posterior corti=
cal convexity become activated (Pribram. Lassonde, and Phbo 19681). A5 &
CONSEURnE thae SENELIY System becomes an nformation prl:u:-l:l.:li.ng 5y4-
fem in Shannon's sense; intentional choices amang alternatives become
possable. This i comparable 1o the process called the “collagse of the wave
function” in quanmum physics. By contrast, in the esoberic iraditions. con-
sciousness s not limited o choices amdang alternatives and @ therefore
“infuitive.”

An inirigudng and related development (because il deals with the speci-
fication of & mone encompassing, “cosmmdc” onder ) has cocurred i quandam
physacs, Over the past 50 years it has become clear that there is 2 lisat §o the
accuracy with which cerfaim measurements can be made when others am
being takern. This limit s expressed a5 an indeterminacy Cabor in his
lilﬂrripi'i.un af a quanbum of mdormaton, showed that a simdlar indéferma-
nacy descnibes telecomumiunication: this leads toa wnit of minimwm unoer-
tainty, & unit describing the maximem amount of iInfermation that can be
packed for processing.

These contributions have resulied in a convengence of owr understand-
ing of the microstruchure of communication—and thersfore of observa-
fon—and the merosivuceure of matler. The necessity of t_!'h;-n.'iﬂ:.-'lnt; et

o T i T P T e ke



abservations that Jead bo inferring the properties of marter has led noded
physicists to write a representation of the observer into the description of
the abservable. Some of these physicists have noted the similarity of this
specification by the esoleric deseriptions of corsciousness. Books with such
tithes as The Tao of Pl (Capra 1975) and The Dance of Hee Wi (3 Mesters
(Zukav 1971) have resulted,

There is therefore in the making a real revolution in Western tought. The
scientific and esoteric traditions have been clearly at odds since the tGme of
Galileo. Each new scientific discovery and the theory developed from it
has, up antil now, resulted in the widening of the rift bebween objective so-
ence and the sbjective spiritual aspects of man’s nafure, The nft reached 2
maximum bowarnd the end of the ninetesrth ceniury: mankind was asked
to choose between God and Darwing heaven and hell were shown by Frewd
to ressthe within ws and not in our relationshig o the natural universe. The
discoveries of twentieth-cenfury scence briefly noted here, but reviewed
extensively elsewhere {Pribram 1986, 1991) do not fit this mald. For onee
the recent findings of science and the spiritual experiences of mankind are
carsanant. This augwrs well for the upcoming rew millennium—a science
which comes to terma with the sparitual nature of mankind may well out-
strip the technological science of the immediate past i is contrbution to
hiarman w ik,

SUMMARY AND CONCLUSION

The varieties of conscious experience prviewed can be acoounted for within
the purview of scence. Bram science has contributed sizably fo this
accounibng,

Stabes of consaousness are linked o electrochemical EI:I'I.ﬁ.E’l'.I.'.:Ih'.II'I.'I- af
synaptodendrite domaing: consclous processing fo attention, wolinom and
thought. The contents of consciousness fall inbo three major cabegories: (1)
the consimuction of 'Pr'rs-nrul and E:ldnp:r:-unai objective reﬁtil:!.' |:'_l.' wirtoe aof
procesaing by systems of the posterior ceseiral convexity; [2) the construc-
bon of marrative composed of episodes and eventualities a5 processed by
the fronkolimbic forebrain. Finally, (3) we distinguish s ranscendental var-
ehy of conscimesness that Boes beyond narmative by I'rﬂ-.'i.n[l; the cormical den-
drittc microprocess entirely  froem the spatiobemporal constrainds 5o
essenial 1o the construction of personal and extrapersonal pealaty,

As with S0 many crbegorical constructions that we take o be uniur_g.' far
example. time, complexiby, mind, brain), understanding demands decon-
structian inbo companents that appear to be eoly loesely connected. The
Fu:;:ir. is why Hese component ane S'rnuprd I'ﬂg{'ﬁer in the Rrst FI|].|:I:'.
There is some infuition that fails to be addressed by analysis. With regard
b o iousTess, thas inbubion may rest simply on the wdty of experienc-
mg=not what is experienced or how experience & generated. Rather it is
that experiensing cerurs. The dictionary definition of experrencing is to
i iest. This definifion accounts for the ar'fn'.iq.- bebween comaciousness and



caracience which in some languages ane not distinguished. In a deep sense,
therefore, consciousness ooours when some destabilizing “trying ™ event or
series of events occwrs: An inberrupied action or plan; an earthiuake o
other unanticipated environmental challenge; o newrochemical disequiti-
bration of 3 homecstatic process, Thus, to be conscious is to experience, o
b tried and bo try. To paraphease Descartes: L am tried and | try, therefore |

A corEsious.
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