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CHAPTER 7

THE ISOCORTEX

Karl H. Pribram

(11 o pouTant BOLE of neocortical mech-
winsing i cognitive behavior has been
a freus of ¢ iontifie interest for the past

ceatury aad o half, In the early 1800s, argu-

aents reced  between  physiologists (eg.,

Flourens> i+ and  phrenologists, many of

vl were good anatomists (eg., Gall and

Spurzhicin™ as to whether the cerebral man-

" functions as a unit or whether a mosaie of

cerchral suborgans determines complex pyy-

chologicai  events. During  the  intervening
poriod data have heen subsumed under one or
the other of these two views—almost alwiys
sith the effect of strengthening one at the ex-
nense of Hie other. In the recont past, the ac-
sumudation of dare has so markedly accelerated
that a 1o waluation of the problom promises to
prove fruitful, Soecifically, the data obtained

v the nee of elevizonie amplifving deviees to

“udy nearal events has rassed ruestions con-

~eraing the validity of coneepts generated by

uenriziclomical teehniques; the adaptation to
sunhuman primates of measures of choice be-
havior o stimuladed discussinn of the validity
< concepts derived from elinical neurological
rateriad

{' Problems of Neural Organization

First, et us take a look at some newural data
and sec how they fit current conceptualiza-
tions af cerebral organization. Explicitly or
impleitly, most of us tend to think of the
brain as being composed of receiving areas
{sensory cortex) that function in some fairly
simple fushion to transmit receptor events to
adjacent areas of “association” cortex. Here,
these neural events are “elaborated” and asso-
ciated with other neural events hefore being
transmitted to the motor arveas of the brain:
these motor areas are said to serve as the prin-
cipal effector mechanism for alt cerebral activ-
ity. This model was proposed some seventy-
five vears ago by Flechsig™ on the Lasis of
the then available anatomical information. As
we shall see, the neural data available todav
make it necessury to modify this model con-
siderably,

But. before we can come to grips with a
new conception of brain organization, it is
necessary to clarify some definitions. Over the
vears many of the terms used in neuralowy
have heen imbued with multiple designation..
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Neocortex is such a term. Comparative ana-

tomists use this word to describe the dorsolat-

eral portions of the cerebral mantle since

these portions show a differentially maximum
development in microsmatic mammals (such

_as primates) as compared with macrosmatic

mammals (such as cats). In other branches of
the neurological sciences (see Grossman®®)

the term neocortex has come to cover all the

cortical formations that reach maximum de-
velopment in primates. The definition as used
in these sciences subsumes portions of the cor-

tex on the medial and basal suwrface of the

cerebral hemisphere, which, though well “de-
veloped in macrosmatic mammals, do show
some additional development in primates.
Since this mediobasal limbic cortex has been
related™90 to behavior rather different from
that which cencerns us in this paper, it seems
worthwhile to find an unambiguous term that

delimits the dorsolateral cortex. As reviewed.
in an early publication,®® the cerebral cortex -
may be classified according to whether or not -

it passes through a six-layered embryonic
stage. The medial and hasal limbic structures
do not pass through such a stage and are
called allo or juxtallocortex; the dorsolateral

portions of the cerebral cortex do pass through

such a stage and are called isocortex,

It has been fashionable to subdivide isocor-"
tex according to cytoarchitectonic differences;

difficulties in classification have been pointed
out* 3280 that question the immediate useful-

ness of distinctions based solely on the histo--

logical picture of the cortex. I should prefer,
therefore, to subdivide isocortex on the basis
of thalamocortical relationships since these re-
lationships are determined by the maost reli-
able neurohistological technique available to
us: mamely, retrograde degeneration of neu-
rons in the thalamus following cortical resec-
tion. But, if we are to use this criterion of
subdivision of cortex because it is a relinble
one, we are forced into losking at the organi-
zation of the thalamus as the key to the or-
ganization of the cortex. Rose and Woalsey™
have divided thalamic nuclei into two classes:
{1) those receiving large tracts of extrathala-
mic afferents and (2) those receiving the
major portions of their direct afferents from

- sectors. . N
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within the thalamus. The former they called
extrinsic_(primary projection) and the latter,
intrinsic {association) nuclei. Thalamocortical
connections, demonstrated by retrograde de-
generation studies®2877% make possible the
differentiation of isocortical sectors on the
basis of their connections with extrinsic {pri-
mary projection) or with intrinsic (associa-
tion) thalamic nuclei. -

VENTRAL AND ;
b GEMICULATE '

MEDIAL NUCLEI S
NUCLEUSY,

Figure 7-1. Diagrammatic scheme illustrating
the division of isocortex into extrinsic (primary
projection) and intrinsic {associaticn) sectors, on
the basis of thalamic afferent connections. The
ventral and geniculate thalamic nuclei which re-
ceive major direct afferents from extracerebral
structures project to the extrinsic sectors; the

.medial and pilvinar thalamic nuclei do not re-

ceive such afferents and project to the iutrinsic

3

It can be seen from Figure 7-1 that the

portions of the cortex labceled as “extrinsic sec-

tors” correspond essentially to those usually

& . . . ™
referred to as “primary projection areas,”

while those labeled “intrinsic sectors” corre-
spond essentially to those usually referred to
as “association areas.” However, the terms as-
sociation cortex and primary projecton areas
have their drawbacks: {1) Assoeiation cortex

“implies that in these portions of the cortex

convergent tracts bring together excitations

“from the “receiving areas” of the brain. As we

shall sec, this implication is unsupported by
fact. (2) Electrophysiological ~experiments,
which will be discussed below, have demon-
strated a topoegraphical complexity of organi-
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zation that necessitated labels such ns Areas [
and II. Should the term primary projection
areas be used to denote the Arcas [ only or
should it cover such areas as 11 as well? Addi-
tional confusion arises since the intrinsic {as-
socintion) scctors do receive a thalamie pro-

juction, so that the term "secondary projection

areas” has been suggested for these sectors.
These considerations have led me to substitute

the currently less loaded terms, “extrinsic” and .

Tintrinsie”

Can the subdivision of cerebral isocortex
irito extrinsic (primary projection) and intrin-
sic (association) sectors be validated when

Figure 7-2. Diagrams of the lateral (above} and
mediobasal (below) surfaces of the monkey's cer-
ebral hemisphere showing the divisions discussed
i the text. Shaded indicates allo-juxtallocortex;
lined indicates extrinsic {primary projection) iso-
cortex: dotted indicates intrinsic {association}) iso-
corlex. Boundarics are not sharply delimited; this
is, i1 part, due to minor discrepancies which result
when different technigues are used and, in part, to
difficulties in classification due to borderline in-
stances and inadequate data {e.g., how sheuld the

. projections of n. ventralis anterior and of lateralis

posterior be claafied?)
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techniques other than retrograde thalamic de-
generation are used? Figure 7-3 shows the
extent of the cortical conmections when my-
cinated fibers wre traced by the Marchi
{osmic-acid ) staining technique from periph-
eral structures, such as optic tract and dorsal
spinal roots, through the thalamus to the cor-
tex. As ean be scen by comparing Figures 7-2
and 7-3, there are, thus, at least bwo anatomi-
cal techniques that permit approximately the
same subdivision of isocortex: one derived
from cell body stains; the second, from nerve
fiber stains. Further support for the clissifica-
tion romes. from electrophysiological data.
When rcceptors are mechanically or electri-
cally stimulated or when peripheral nerves are
electrically stimulated, an abrupt change- in
electrical potential can be recorded from por-
tions of the brain that are comnected to these
peripheral structures. Under appropriate con-
ditions of anesthesia, maps may be con-
structed on the hasis of size of the potential

Figure 7+3. Extrinsic (primary projection) sec-
tors us mapped by steining degenerating axons fol-

lowing thalamic lesions,




changes evoked and the Iatency that {ater-
venes-between the time of stisnbation and the
recording: of the potential change (Figure
7-4). As can be seeu from the compdrison of
the maps made by the histological and elec-
trophysiological techniques, there is consid-
erable, though by no means complete, cor-
respondence between various delineations of
the extrinsic { primary projection ) from the in-
trinsic { association ) sectors of the isocortex.

Figure 7-4. Diagrams of the monkey cerebral
hemisphere as in Figures 2 and 3. This map of the
abrupt eleetrical changes induced in cortex by
peripheral stimulation was compiled from studies
using unimals sufficiently anesthetized with bhar-
biturates to practically abolish the normally pres-
ent spontaneous rhythms of potential changes
recorded from the brain, Those potential changes
were counted which were larger than 50 pv. and
showed o lntency within 3 millisee of the minimum
laitency of any abrupt potential change evoked in
the particular afferent system investigated, These
eriterin woere chosen as the most Hkely to indicate
major direet afferents from periphery to cortex.
The eorrespondences and minor diserepancies he-
tween this fgure and Figure 3 indicate the ap-
proximate range of such similarities when different
techniques and brain diagrams are used.
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¢ Input—Output Relationships

LEnough of definitions. 1 am sure vou are con-
vinced by now that the cerebral isocortex may
usefully be divided according to whether its
major input derives, via the thalamus, directly
from the periphery or whether that input is
largely intracerebral. But have vou naticed
that, aceording to all of the techniques men-
tioned, input from extracerebral structures
reaches the portions of the cortex usunlly re-
ferred to as motor as well as those known as
sensory areas? [Llectrophysiological  experi-
ments demonstrate that somatic afferents are
distributed to both sides of the central fissure
of primates. Since the afferents reaching the
precentral motor aveas as well as thuse voach-
ing postcentral sensory areas originate in both
skin- and muscle nerves,® -the critical «dilfer-
ences behween the input to the precentral und
to the postcentral cortex must vet be deter-
mined if the differences in effect of resection
of the pre- and posteentral cortex on behavior

are to be explained in terms of input. What is

important for us today is the fact that affer-

“ents from the periphery reach motor cortex

relutively directly through the thalamun, a fact
that becontes more meaningful on considera-
tion of the efferents leaving the isocortex,

It has been commonly held for the past half .

century that the pyramidal tract origheates in
the motor cortex, especially that portion close
to the central fissure. A monograph by fas-
sek® thoroughly docnments the evidence for
a more extensive origin of the pvramidal oact
from the entire extent of the precentral as well
as from the postcentral cortex of primutes: a
return to an earlier held anatomical pusition
that had become submerged during the fivst

half of this century. Another canception held

during this latter period, the distinction he-
tween pyramidal and extrapyramidal, has re-
peatedly been questioned in the light of these
and other data. Woolsey®*™ has shown that the
differences in movement brought about by
clectrieal stimulation of the vavious pavts of
the precentral cortex may be aseribed to dif-
ferences in somatotopic relationships rather
than to differcnces in the complexity of or-
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aanization of the movement. Thus, Waoolsey
finds that stimulations in the more forward
portions of the precentral region, which had
formerly been called premotor, activate the
axial museulature, while those close to the
central fissure activate appendicalar musenla-
tre, Sinee axial mustles are Targer, the move-
ments they produce appear grosser than those
produced by such diserete appendicutar mus-
cular units as those found in the hand——one
need not invoke different orders of coordina-
tionr or complexity to distinguish hetween the

pusterior and anterior portions of the motor

cortex. Thus, the distinction between motor
and premotor eortex fades and, as a result,
makes unnecessary the classical distinetion he-
tween the locus of origin of the pyramidal and
extrupyvramidal systems, which has already
heen called into guestion by anatomical data,

On the other hand, evidence from ablation
and stimulation experiments in both man and
monkey indicates the continned necessity for
differentiating precentral motor from posteen-
tral sercory mechamsms.® Certainly the dis-
tinetion ¢anmot be thought of simply in terms
of afferents reaching the posteentral and effer-
cnts Jeaving the precentral cortex. Thus, with
these dafa in mind, a thereugh reinvestigation
is needed of the organization of the input-
ontput relationships of the extrinsic {primary
projection) system related to somatie strne-
tares.

The marked overlap of input-output is not
limited to the somatic extrinsic {primary pro-
jection) system. With respect to vision, cye
movements can be elicited from stimnlation of
practically all the strinte cortex;™ these eve
movements can be elicited after ablation of
the other cortical arcas from which eye move-
ments are obtained. With respect to audition,
ear movements have been elicited; ™™ res-
piratory cifeets follow stimulation of the olfac-
tory receiving areas ¥ Thus, an overlap of
afferents and efferents is evident not only in
the newural mechanisms related to somatic
fimetion bot alse in those related to the speeial
seuses. The overgencralization tu the hrain of
the law ot {Bell and} Magendie,™ which de-
fines sensory in terms of afferents in the dorsul-
sponal and miostor in terms of cfferents in the
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“ventral-spinal roots, must, thercfore, give way

to a more precise investigation of the differ-
ences in internal organization of the afferent-
cfferent relitionship hetween periphery and
cortex in order to exphain differences such as
thase between sensory and motor mechanisms,
As yet only a few experiiments toward this end
have been undertuken, 1.4 .

The alterent-cilcrent overlap in the extrinsic
{primary projection) svstem suggests the pos-
sibility that the intrinsic (association) systeins
need not be considered as association cenlers
upon which puthways from the estrinsic sen-

-sory sectors converge to bring together nenral

events unticipatary to spewing them out via
the motor pathwavs. Unfortinately, there are
few reliable anatomical data concerning the
connections of the intrinsic sectors so that our
analysis of the organization of these svstems
relies largely on newropsychological data. Let

“us turn, therefore, to experiments that manip-

ulate cerebral isocortex either by stimulation

or resection, and observe the effects of snch

manipulations on hehavior,

(i Classification of the
Amnestic Syndromes

I want to take this opportunity ta dispel the
myth that experimentally produced local hrain
lesions (especially ablations) do not alfeet
memary functions, that is, learning and re-
membering. This conception, like so many in
neuramythology, derives its strength from the
fact that it is a half-truth. In this instance, the
idea rests hargely on Lashley's® contribution,
Bruin Alechanising and {ntellizence, and de-
rives support from his fater publication,® “In
Scurch of the Fongram.” Lashley presented
evidence and made interpretations. I shall
show here that his data have been snperseded
——thus the Fucifu! aspect of the current inyvth
—hut that his interpretations were extremely
shrewd—thus the myth's persistence. To make
the connterargument | will deseribe data fram
experiments made over the past twenty-five
veary. Inomy Iaboratories alone some twelve
hundred hehaviorally tested vhesus monkeys
have been subjected to selective hrain opera-
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tions during this period. These studivs provide
evidence Lhat makces me think that the impatr-
ments in memory functions prodoced by local
experimental Tesions are best subsumed as de-
ficiencies in input processing, and 1 will de-
seribe the cevidence that demonstrates that
memory  traces hecome  distributed  widely
within a sensory projection system. I will then
arguec that the mechanism of remembering
ceritically involves input coding, both during
storage and retrieval.

As noted earlier, the experimental analysis
of subhiiman primate, psychosurgical prepara-
tions has, contrary to popular opinion, uncov-
ered a liost of memory disturbances. The ini-
tial technique by which these brain-hehavior
relationships were established is called the
method of the “interseet of sums,™' an exten-
sion of what Teuber named the mcthod of
“double dissocintion” of signs of brain trauma.
The intersect-of-sums method depends on
classifving the behavioral deficit produced by
cortical ablations into yes and no instances on
the basis of some arbitravily chosen criterion;
then plotting on a hrain map the total extent
of lissue associated with cach of the categories
—ablated:dcficit; not ablatcd:no deficit—and
finally finding the intersect of those two areas
{essentinlly subtracting the npes from  the
yeses-plus-noes).. This procedure is repeated
for each type of hehavior under guantitalive
consideration. The resulting map of localiza-
tion of disturbances is then validated by mak-
ing lesions restricted to the site determined by
the intersect method aud showing that the

“maximal behavioral defieit is obtained by the
restricted lesion (sec Table 9-1 and Figure
7-5).

(Juce the neurobehavioral correlation has
been established by the intersect-of-sums tech-
nigque, two additional experimental steps are

undertaken. First, holding the lesion constant,

a series of variations is made of the task on
which  performance  was fonnd  defective.
These experimental mamipulations determine
the Hits over which the hrain-behavior dis-
turbance comelations hold and thus allow rea-
sorruble constmetions of models of the psycho-
logical processes impaired by the varions
surgical procedures.

Second, neuroanatomical and electiophysio-
logical techniques are engaged to work out the
relatiouships between the brain areas under
examination aud the rest of the nervous svs-
tem, These experimental procedures allow the
construction of reasonable models of the furc-
‘tions of the areas and of the mechanisms of
impairment. .

Two major classes of memory disturbance

“have been délineated by these operations:

specific and contextual amnesias.

Tante 7-1. Simultancous Visual Choice
Reaction ®
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?Pre- and postoperative scares on a simultaneons
visual choice rerction of the animals whose brains are
diagrammed in Fig. g, indicating the number of tiials
taken, to reach a eriterion of go% comrect on 100 con-

- secutive trials, Deficit is defined as a larger number of

trials taken i the “retention™ test than in original
lIearning. { The misplacement of the score H 1 does not
cliange the overall results as given in the rext.)

(| The Specific Amnesias

Between the sensory projection arens of the
primate cerebral mantle lies a vast expanse of
parieto-temporo-preoceipital cortex.  Clinical
observation has assigned disturbuance of many
gnostic and language Functions to lesians of
this expamse.  Experimental  psychosurgical
anddvsis in subhuman primates, of course, is
limited to nonverbal behavior; within this Tin-
itation, however, a set of sensorv-specific ag-
nosias {discrimination disabilitics and losses in




WISUAL CHO'CT REACTION

Figure 7-5. The upper dingram represcnts the
vt of the areas of resection of all af the animals
crpaped as showing deficit. The middle dingram
represents the sum of the urens of resection of all
a1 the animais grouped as showing no defieit. The
lower diagram represents the intersect of the area
shown in black in the upper dingram and that not
checkerbourded in the middle diagram. This inter-
sect represents the arca invariably implicated in
visizal choice belavior in these experiments.

the cupacity to identify cues) have been pro-
duced. Distinet regions of primate cortex have
heen shown to be involved in each of the
modalitv—specific mnenjonic functions: ante-
vior temparal in gustation,® inferior temporal
i vision® midtemporal in audition,”™'7 and
- oeeipitoparietal in somesthesis** In each in-
stunce, diseriminations learned prior to surgi-
cal interference are lost to the subject post-
operatively and great diffieulty (using a
“savings” criterion) in reaquisition is experi-
enced, if tusk solution is possible at all. '

The behavioral analysis of these “specific”
ammesias is still underway, but an outline of
the psyehological process involved can be dis-
enssed, Perhaps the easiest way to communi-
ety this authine is to detail the obscrvations,

The Isovcortex
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thinking, and experiments that led to our pres-
ent view of the function of the inferior tem-

“poral cortex in vision.

(" Scarch and
Sampling

All sorts of differences in the physical dimen-
sions of the slimulus—for example, size (Fig-
ure 7-6)—are distinguished less after the le-
sion,*® but there js more to the disability than
this as illustrated in the following story.

106
&
[ © Mon Operates
O |7 Cperatias

L B
w
]
=
o
g
z
.
o
w
o
= -
=2
]
o
=z

T

LB

T T T T 1 1
1 [Fr) (2] 11 Vi a

DAKMETER DIFF LRENGE IN INCHES

Figure 7-6. Scores for two operales and four
contrals on the first run of size diserimination.
Shaded area indicates the range of performance of
the four nonoperate controls, IT operates monkevs
with resections of inferior temporal cortex,

One day while testing monkeys with such
lesions at the Yerkes Laboratories in Orange
Park, Florida, I sat down to rest from the
chore of carrying a monkey the: considerable
distance between home cage and laboratory.
The monkeys, including this one, were failing
miserably at the visual diserimination task
beingd administered, It was a hot wuggy, typi-
al Florida suminer afternoon and the air was
swarming with gnats. My monkey reached out
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und caught a gnat. Without thinking T alse
reached for a gnat—and missed. The monkey
reached out-again, caught a gnat, and put it in
hiis mouth. T reached out—missed! Finally, the
paradox of the situation forced itself on e, 1
took the beast back to the testing room: He
was as deficient in making visual choice as
ever. But when no choice was involved, the
monkey's visually guided behavior appeared to
be intact. This gave rise to the following experi-
ment (Figure 7-7), which Ettlinger?® carried
out. On the basis of this particular observa-
tion, sve made the hypothesis that choice was
the crucial variable responsible for the defi-
cient discrimination following inferotemporal
lesions. As long as a monkey does not have to
make a choiee, his visual performance should
remain intact. To test this hypothesis, mon-
keys were trained in a Gantzfeld made of a

204
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Figure 7-7.  Single manipulandum performance
enrves of a single animal v a varving brightness
situation, Shaded area indicates varialilily among
groups of four animals. ) '

translucent light fixture large cuough so the
animal could be physically inserted into it
The animal could press a lever thraughout the
procedure but was rewarded only during the
period when illumination was markedly in-
creased for several scconds at a time. Soon
response frequency becume maximal during
this “bright” period. Under such conditions no
differences in performance were obtained be-
tween iuferotemiporally lesioned and control
animals. The result:tended to support the view
that if an inferotemporally lesioned monkey
did not have to make a choice he would show
no defieit in hehavior, since in another experi-
ment™ the monkevs failed to responud difter-
entially to dilferences in brightiess.

In another instance™ we trained the maon-
keys on a very simple object diserimination
test: an ilshtmy versus tobaceo tin (Figure
7-8). These animals had been trained for two
or three years hefore they were operated on
and werc therefore sophisticated problem-
solvers; this, plus ease of task, accounts for the
minimal deficit In the simultaneous choice
task. {There are two types of successive dis-
crimiuation: In one the animal has either to go
or not to go, and in the other hie hus to go let:
or right.) When given the same cucs succes-

“sively, the monkeys showed a deficit when

compared with their controls, dospite this
demonstrated ahility to_ differentiute the cues
in the simultaneous situation.

This result further supported the idea that

the problem for the operated monkevs was not

so much in “secing” but in uscfully manipulat-
ing what they saw. Not only the stimulus con-

_ditions per se Imit the whole range of response

determinants appear involved in specifving
the deficit. To test this idea in o quantitative
fashion we next asked whether the deficit
would vary as a function of the number of
alternatives in the situation.* The hope was
that an informational measure of the deficit

-could- be obtained. Actually something very

different appeared when the number of errors
was plotted against the number of alternatives
{see Figure 7-g}.

If aue plots repetitive ervors made hetare
the subject finds a peanut—that is, the numn-

" ber of times a monkey searches the sane cue
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Comparison of learning scores on three types of object diserimination by three groups of
monkeoys, Nate that theugh the cues remain the same, changing the response which was demanded
increased the deficit of the inferotemporal groups.
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—versus the number of alternatives in the sit-
nation, one finds there is o himp in the curve,
a stage where control subjects make many
repetitive errors. The monkevs do Jearn the
appropriate strategy, however, and go on to
complete the task with facility. What in-
trigned me was that during this stage the
monkeys with inferotemporal lesions were
doing better than the controls! This seemed a

- paradox. As the test continued, however, after

the controls no longer made so many errors,
the lesioned subjects began to accumulate an
errov hump even greater than that shown ear-
lier by the controls.

When a stimulus sampling model was ap-
plicd to the analysis of the data, a difference
in sampling was found (Figure 7-10). The
monkeys with inferotemporal lesions showed a
lowered sampling ratio; they sampled fewer
cues during the Brst half of the experiment.
Their defect can be characterized as a restric-
tion in- the visual field; however, the limitation
is not in the visual-spatial ficld but in the in-
formation-processing  feld. That is, in the

SAMPLING PERFORMANCE EXCEPT NOVEL CUE
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number of alternatives they c¢an sample or
handle it any one time. '

In short, the modality-specific defect that -

results frim a posterior “assochution” svstem
lesion appears to produce an information-
processing defect best described as a restrie-
tion on the number of alternatives searched
and sampled.

{{ The Contextual Amnesias

The second mujor division of the cerebral
mantle to which mnestic functions have been
assigned by clinical observation lies ou the

medial and basal surface of the brain and ex- .

tends forward to include the poles of the fron-
tal and temporal lobes. This frontolimbic por-
tinn of the hemisphere is cytodrchitecturally
diverse, The expectation that diflerent parts
might be shown to subserve different func-
tions therefore is even greater than that wutet-

tained for the apparently uniform posterior
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cottex. In the case of the posterior cortex, the
diversity of lesion effects nonetheless allowed
clussification: diffeential diseriminations were
alwavs velved, aud the defects turned out to
be sensorv-mode specific, In the same munuer,

Clesions of the frontolimbie region, irrespective

of location (dorsolateral frontal, cinmulate-
medind  frontal, orbitofrontal-caudate, tem-
poral  polar-amygdala,  and  hippocampal)
have been shown to produce disruption of
“"delaved alternation” behavior. The alterna-
tion task demuands that the subject aliemate
his responses hetween two cues {for example,
between two places or hetween two objects)
on sucressive trials. On any trinl the correct
respunse is dependent on the outcome of the
previeus response. This suguests that the criti-
cal variable that characterizes the task is its
ternpornl organization. In turn, this leads to
the supposition that the disruption of altermna-
tion behavior produced by frontolimbic le-
stons results from an impairment of the pro-
cess bewhich the brain achieves its temporal
organization. This supposition is in part con-
frmed by further analysis, but severe restric-
tions on what is meant by temporal organiza-
tion arise, For instance, skills are not afected
by frontelimbic lesions, nor are diserimina-
tions of melodies, Retrieval of long-held mem-

~ories also is little affected, Rather, shorter term

mnestic processes are singularly involved. In
aninnl experiments these are demonstrated
espectatly clearly when tasks demand mateh-
ing from memory a cue {as in the delayed
response problem) or eutcome {as in the al-
ternation task? that in the past has sheawn
some complexity in the regularity of its recur-
rence. Ruther than i_(l(_’niif’\_-' an item, the organ-
ism ust fit the present event into a context of
prior occurrences, only some of which relate
directly to the situation at hand.

As noted, different parts of the frontalimbie
complex would, on the basis of their different
structures, be cxpected to function somewhat
differently within the category of short-term
muestic processes. Indeed, different forms of
contextual amnesin are produced Ly different
tesions, But these relationships between the
structires of the limbic forchrain and behav-
ior are heyend the scope of this paper. Let us
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therefore examine maore closely the elfeets of
frontal isocortical resection on problem solv-
. 1

e
lﬂf__."

([ The Parsing Problem

Classically, disturbance of immediate memory
has been aseribed to lesions of the frontal pole.
Anterior and medial frontal rescetions were
the first to be shown to produce impair-
ment on delaved response and delaved altor-
nation problems. In other tests, frontul lesions
also take their toll: lmpairment of the orient-
ing galvanic skin response {GSIR) is found,
and of conditioned aveidance hehavior, as
well as of clussical conditioning. Furthermore,
error sensitivity was tested in an operant con-
ditioning situation (Figure 7-11]. Alter sev-
eral vears of training on mixed and multiple
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Figure 7-11. Craph of performance of three
aroups of monkeys under conditions of extinetion
in a mixed schedule operant conditioning situation.
Naote the slower extinction of the froatally lesioned
monkeys,
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schedules, four hours of extinction were run,
that is, the reinforcement (peanuts) was 10
longer delivered, although everything else in
the situation remained the same. Note that the
frontally lesioned animals failed to extinguish
in the four-hour period, whereas the control
monkeys did. '

This failure in extinction accounts in part
for poor performance in the alternation al-
ready described (Figure 7-12): the frontally
lestoned animals make many more repetitive
errors. Even though they do not find a peanut,
they go right back and keep looking.**

This result was confirmed and amplified in a
study by Wilson.™ He analyzed the occasions

Basic AvPROACITES TO THE UNBERSTANDING OF HumaN Benavion  {rr. 1}

vised a situation in which both lids over the
food well opened simultanconsly, hut the
monkey could obtain the peanut only if he
had opened the baited well. Thus the monkey
was given “complete” information on every
trial and the usual correction technique could
be circumvented. With this apparatus the pro-
cedure was followed with four variations: cor-

rection-contingent, correction-noncontingent,

noncorrection-contingent, and noncorrection-
noncontingent. The contingency referred to is
whether the position aof the peanut depended
on the prior correct or incorrect response of
the monkey or whether its position was alter-
nated independently of the monkey’s behav-
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for error; did errors follow alternation or non-  ior. Wilson then analyzed the relationship |
reinforcement? To determine which, he de- between an ervor and the trial preceding that {

error. Notice (Table 7-2) that for the normal ;
monkey the condition of reinforcement and ;
- : _ -
nonreinforcement of the previous trial makes a P
T T T T T T T T T T 1 1T T T T - . . N
4 difference, whereas for the frontally lesioned ;
200 4 mounkey this is not the case. Alternation affects
- 4 both normal and frontal subjects about '
B 1 equally. In this situation, frontal subjects are L
: ] . . A : . . '
: - Harrmals simply uninfluenced by rewarding or nonre- ;
| o eeee r . . - t
4 160 Temporals 1 warding consequences of their behavior, :
- i - == Frontals - . - .
£ - ] Now let me return to the multiple choico ex- f
2 o 4 periment discussed earlier.’® (p. 114). Here
= alse this incficacy of outcomes i influcace .
o . . . . . . ;
w 1 behavior is demonstrated; it i illustrated. .
&
'
[
o
= .
3 - TaBLE 7-2. Percentage of Alternation as a
' ‘Function of Response and !
Outcome of Preceding Trial® ‘
T
Preceding mal | l
5 LA A-NR NaH NANR J
Rawrnal _
Jd fix} =R Rt 45 t
4R ) s kT 4 i
iy 44 fird 27 45
4 ol IS x| T '
Ttal 55 5] M a1l
‘ . Fruntal . i
h : BLY 44 51 ol 41 v
% Figure 7-12.  Graph showing the differences in = 47 a2 . oz i i
. L 361 44 4 B
i the number of repetitive errors made by groups.of 55 $ 3 3 3 -
i monkeys in a go, no-go tvpe of delayed reaction  Tow 1A 18 H B :
i experiment. Especially during the initial trials, . .
i ! E . £ ® Comparison of the perforinance of frontatly ablited

frontally operated animals repeatedly veturn to the - \
" ! Y w and normal monkeys on alternations mace subsequent

ta winforeed (R) and nemreinforced (NR) and an
alteruated (A) and nonalternated (NA} response.

AL, alternated; NA, did not alternate; R, was re-
warded; and NR, was nat rewurded.

food well alter exposure to the “nonrewarded
predelay cue. Note, however, (hat this variation
of the defuy problem is mastered easily by the
frontally operated group.
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Fiyure 7-13.  Graph of the average number of
triats o criterion faken i the multip]c alijeet ex-
perinent by cach group o each of the situations

Calier vearch was completed, that is, after the first

correct respiaee, Nolte the difference between the
evrves for ibe controls and for the Druntally oper-
group, i differenee
03 leve! Toearcanulvsiy of varfance (F = Bag for
2 oand 6 dl} oacoording to MeNemar's procedure
perinrmed beoparmulized {hy square root trans-
Tormadinn s searey,

el

(Virure =150 by an nervased number of
trialy to criterion after the monkeys have fiest
found the peanut. The procedure calls for the
strategy of return to the same object for five
consecttive tmes, that is, to criterion. The
frontally lesioned animals are markedly de-
ficient in doing this. Agiin, we sce that the
eonditions of reinforcement are relatively in-
ctieetive i shaping behavior ouce the frontal
cugranulior cortex has been removed, so that
the monkevs” behavior is relatively random
when eaompaored to that of normad subjoects.™
Behavior of the frontally lesioned monkeys
thus appeirs to he minimally controlled by its
{repratedly expericneed  and  therclore ex-
pected ) consequences,

Frontal lesions work their havoe on vet an-

othor contextual dimension. This is best dem-
onstrated by manipuliting the alternation task
in oospecial way: Instead of interposing equal
intervals ( Right-5"-Licft-5"-
Right-3"-Left-5"-Right-5"-Left-57 ., L) as in
the clssic task, couplets of RL were formed
Dy extending the intertrial interval ta 15 sec-
onds before cach B trial (R-g7-1-157-R-57-L-

botween  trials

that is sipnificant at the
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15"-R-5"-L-15" . Immediately the per-
formunce of the frontally lesioned monkeys
improved and was indistinguishable from that
of their controls.™ T iuterpret this result to
meart that for the subject with a hilateral [ron-
tal ablation, the alternation task becomes
something like what this page would seem
were there ne spaces hetween words. The
spaces, and the holes in doughnuts, provide
sore of the structure, the parcellation, parsing
of { douchnuts, alternations,
words) by which they became codable
decipherable.

anl
anel

events

(' ‘An Alternative to the
Transcortical Reflex

Models of cerebral organization in cognitive

processes have, herctofore, been based to a
lavge extent on clinieal nearological data and
have been formuluted witl the reflex as proto-
tvpe. Such models state that input is organized
in the extringic sensorv, claborated in the -
trinsic assaciative, and from thore relayved to
the extrinsic motor scctors, T have  already
pointed out that the alterent-efferent overtap
in the extrinsic {primary projection) svstem
makes such notions of cerebral orginization
suspeet. A series of neuropsychological studies
by Lashely ™ Sperry 878 Chow'* Fvarts,*
and Wade™ tn which the extrinsic {primary
projection ) CTUSS-
hatched, eircumsected, or isolated by lurge re-
seetions of their surround, witls little apparent
cifects on Dehavior, has cast further doubt on
the usefunbiess of such a transcortieal model.
Additional difficulties are posed by the newa-
tive electrophysiological and anatomicad find-
ings whenever direct connections are sought
between the extrinsic {primary projection ]
and ingrinsic {association) sectors.™™ These
data focus anew our attention on the problem

sectors  were  surgically

fuced repeatedly by those interested u cere-
bral functions in cognitive behavior. Experi-
mentalists wha followed Flourens in dealing
with the hicravehieal aspects of cerebral o
canjzation—ce.g., Munk,*' Monakow, " Gold-
stei, ! Loch and Lashley®™—have imvari-
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ably come to emphasize the nuportance ot the
exirinsic {primary projection) scetors not anly
in “sensorimotor” behavior but also in the
more complex “cognitive” processes. Each in-
vestigator has had a slightly different ap-
proach to the functions of the intrinsic {asso-
ciation) scctors, but the viewpoints share the
proposition that the intrinsic sectors do not
function independently of the extrinsic. The
common difficulty has been the conceptualiza-
tion of this interdependence between intrinsic
{association) and extrinsic (primary projec-
tion) systems in terms other than the trans-
cortical reflex model—a model that became
less-cogent with each new experiment.

Is there an alternative that meets the objec-

~ tions leveled against the transcortical reflex yet

aceomits for currently available data? 1 be-
lieve there is. The hierarchical relationship be-

tween intrinsic  (association) and  extrinsic’

{ primary projection} systems can be attrib-
uted to a conmvergence of the putput of the two
systems at a subeortical locus rather than to a
specific input from the extrinsic cortex to the
intrinsic. Some evidence supporting this no-
tion is already awailable. Data obtained by
Whitlock and Nauta,™ using silver slaining
techmicues, show that both the intrinsic and
extrinsic sectors implicated in vision by neuro-
psvehological exporiments are efferently con-
nected with the superior colliculus. On the
other hand, lesions of the intrinsic thalamic
nucled fail to interfere with discriminative be-
lavior 14 Thus, the specific offects in be-
havior of the intrinsic (association) systems
are explained an the basis of output to a sulb-
cortically located ncural mechanism that func-

tions specifically (e.g., superior colliculus in.

vision ). This outpnt, in turn, alfects input to
the extrinsic {primaiy projection) systems ei-
ther directly or through the efferent contral of
the receptor (e, in vision, mechanisms of
eve movement, accommodation). According
to this coneeption, the associative functions of
the central nervous system are to be songht at
convergence puints throughont the  central
nervous svstein, especially i the braan stan

and spinal axis, and not solely in the intrinste
{ associntion} cerebral sectors.
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{{ How the Brain Controls
Its Input

Recently much of our effort has been chan-
neled into an attempt to increase the evidence
for such elferent control mechanisms. Ta this
end, a series of experiments was undertaken to
find out how the brain cortex might affect the
processing of visual information. It is appro-
priate to begin with some facts—or rather lack
of facts——about the neuroanatamical relation-
ships of the inferotemporal cortex. There is a
dearth of neurological evidence linking this
cortex to the kno_wn visual svstem, the genicu:
lostriate system. There are no definitive ana-
tomical inputs specific to the inferotemporal
cortex from the visual cortex ar the geniculate
nucleus. Of course, connections can be traced
via fibers that synapse twice in the preoccipi-
tal region, but conmections also exist between
the visual cortex and the parietal lobe, the ex-
cision of which results in no change in visuai
behavior (as shown above}. In addition, mas-
sive circumsection of the striate cortes does

not impair visual diserimination.!t* Further

evidence that these “corticocortica]l” connee-
tions are not the important ones can be seca
from the following experiment. 1 perfonned
{Table 7-3} a crosshatch of the inferotem-
poral cortex, much as Sperrv™ had done ear-
lier far the striate cortex, and found na delicit
cither in visual learning or in performance. On

TaBLe 7-3.  Comparison of the Effects of

' Undercutting and Crosshatching
Inferatemporal Cortex of
Monkeys on Their Performance
in Several Discriminations
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the other hand, undercutting the inferotem-
poral corlex made o vast difference: it pre-
cluded both learning and performance in vis-
wal Gk, This suggests that the relutionships
essential to visual behavior must be cortico-
subcarticud,

This proposal can be tested, viz that the es-
sential relations of the posterior association
cortex are centrifugal, or elferent* There is
phivsiological evidence to suggest and support
such o notion. In addition to an output to the
superior cotliculus { mentioned above), a large
svstem of connections leads from the infero-
temporal cortex to the ventral pat of the
putanen, a basal ganglion usually considered
mator in function® How would an efferent
mechanism of this sort work? To find out we
perinrmed the following experiment.

Instead of making ablations or implanting
an epileptogenie lesion, we now chronically
and  continnously  stimulate  the brain, Dr,
DN Spinedll (o myv laboratory designed the
stimulator (Figure 7-14) and the recording
conipment.”™ The stimulator i sufficiently

Figure 7—-14.  Stimulator and batteries for chronic
inain sthoulvion, Batteries  wre rechargeable
nickel-cadmian and are available in different
sizex Froon the manufaeturer,

100

{cu. 7}  The Isocortex 121
small so that it can be implanted under the
scalp. Tt puts out a square-wave bidirectional
pulse, 1 msee. in duration and about 3 v in
amplitude. The frequency of stimulation is:
approximately 8-to 10 pulses/second. The bat-
teries that drive the stimulator are recharge-
able. ;

Records were made in the awake monkey
{Figure 7-15).. Paired {lushes are presented
and recordings are made from electrodes im-
planted in the cccipital cortex. The response
to fifty such paired flashes are accumulated on
a computer for average transients, The flash-
flush interval is varied from twenty-five to two
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Figure 7-15. A plot of the recovery functions
ubtained in five monkeys before and during
chronie cortieal stimulation:  relative amplitude
of ther secomndd response us a function of inter-
flush interval,
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hundeed msee. All are records frome strinwe
{visuul) cortex. The top traces were recorded
prior to the onset of stimulation and the lower
unes after stimulation of the iwterotentporal
region had begun. Note that with cortical
stimulation the recovery function is depressed,
that-is, recovery is delaved.

Figure 7—16 shows the average of such ef-
feets in five subjects. Chronie stimulation of
the inferatemporal eortex produces o marked
increase in the processing time taken by cells
i1 the visual svstem,

A paralle]l experiment in the auditory system
was done in- colluboration with -Dr. James
Dewson. In this study, made with cats, re-
movals of the auditory homologue of the in-
ferotemporal  cortex were performed. This
homaologue is the insular-temporal region of
the cat. Dewson' had shown that its cemoval
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Figure 7-106, This fivure  plots the  percent
chunpe in recovery fur ull subjects o the various
experiments, It I8 thus a summaey statement of
the Andings.
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impairs  complex  auditory  discrimination
{speech sounds ), leaving simple auditory dis-
crimimations {pitch and loudness) intact. e
woval, in addition, alters paired-click recovery
eyeles recorded as far peripherally as the coch-
Jear nuelens, Bikateral ablation shortens the

deeovery ovele markedby. Of course. contiol

ablations of the primary auditory projection
cortex and elsewhere have no such cliced
Thus, we have evidence that chromic stimula-
tion of-the iutrinsic (association} cortex selee-
tively  prolongs, while ablation sclectively
shortens, the recovery time of cells in the re-
lated primary sensory projection systen.

These results have been extended in both
the auditory and visuad modes. Electrode stud-
ies have shown alterations of visual veceptive
fields recorded from units at the opiic nerve,
geniculate ind cortical levels of the visual pro-
jeetion system produced by clectriend stimula-
tion of the inferotemporal corten. The anat-
omy of the corticolugal pathwavs of these
controls over seusory input also is under study
In the auditory systen the fibers lTead to the
inferior colliculus and from there {(in part via
the superior olive) to the vochlear nucleus!
Definitive results as vet huve uot been
achieved in our studies of the viseal pathwavs,
but prelimitary indieations lead to the pou-

~men, ax dready noted, and to the pretectad-

collicular region as the site of interaction be-
tween the corticolugal control mechunism and
the visual input system.

The contextual amnesias only recently have

~ beenmne subjeet to neurophysiological analvsis,

Again, as in the case of the specific amnesias,
corticatugal efferent control mechuanismy have
been demanstrated. Results obtained inoany
luboratory show that in many iustances these
cantrols are the reciprocals of those involved
in the sensory-mode specific processes™
Others (Brain Res”) have shown that the
most likely pathways of operation of the
frontoliimbic mechanisms involve the brain-
stent reticnlar formation. Here, however, ws in
the cuse of the Npcciﬂu wnnesias, cottrol e
be exerted as Tar peripherally as the primary

NCLINOTY lIUl]I'{)[l.T e

In general tenms, the model derived from
these experiments states that the operation of




cfferents from sensory-specific posterior intrin-
sic (association) systems tends to reduce and
from the frontolimbic systems Lo enhance re-
dindaney i the mput channels, that s, the
extringic {primary projection) svstems. This
presunmably is accomplished by inhibition and
disihibition of the ongoing interncuronal reg-
ulatory processes within the afferent channels,
both those by which neurons regulate the ac-
tivities of their neighbors and those which de-

Crease a neuron’s own activity,

(" The Distribution of Information
in the Brain

As uoted, this is not the first time in the his-
tory of experimental brain rescarch that data
have Ted investigators of complex muestic dis-
urders to foens on the primary projection sys-
tems. Munk * ovon Monakov,"™ and  Lash-
Tev®™ pursucd this course from an early em-
phasis on the “association” to a later recogni-
tivsy of the iimportance of the organization of
the input svstems. Of special interest in this
pursait are the experiments of Lashiey that
demonstrated that pattem vision remains in-
tact after-extensive resection—np to S5 per-
cont—of the optic cortex. These results muke
it Hnperative to assume that mput information
beeomes widely distributed within the visual
swstem, Two tvpes of mechanism have heen
proposed by account  for  such  distribu-
Here 1 'want to present evidenee
that it indeed does ocenr,

We trained movkeys to discriminate he-
tween a circle and o set of vertieal stripes by
pressing the right or left half of a plastic panel
upon which the cues were briefly projected
(for 0.01 msee). Transient electrical re-
sponses aere meanwhile reeorded from small
wire clectrodes, The electrical responses were
then related by computer analysis to the stim-
ulus, response, and reinforeement contingency
of the experiment® Thus we could distin-
enish from the reecord whether the monkey
had looked at a circle or at the stripes,
whether he had obtained a reward or made an

”[J”IZ‘_‘.;’-I

error, and whether he was about to press the
right or the left leaf of the pancl. Interestingly
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enough, not all of these brain patterns werce
recorded from all of the celectrode Tocations.
From some input-related palterns were ol-
tuined best: from others the reinforcement-
related patterns were dervived; and still others
gave us the patterns that sere response-
related. This was despite the fact-that all
placements were within the primary visual
system, which is characterized anatomically
by being homotopic with the retina. It ap-
pears therefore not only that optic events are
distributed widely over the system but that
respomse and reinforcement-related events re-

liably reach the input systems. Such results

surely further shake one’s confidence in the
ordinary view that inputb events must be trans-
mitted to the “association” areas for associa-
tive learning to be effected. )

{ The Mechanism of Remembering

The experimental findings detailed here allow
one to specify a possible mechanism to ac-
count for the lesion-produced anmmesins, On

the basis of the newrobehavioral and neuwro- .

anatomical data, 1 had suggested calier'™
that the posterior association cortex by way of
clferent tracts leading to the brain stem {most
Tikely to the colliculi or surrounding reticular
formation }** partitions the cvents that oceur
in the scnsory-specific system and classifies
these events. Dwring the course of our joint
work, Dr. Spinelli would repeatedly  ask:
“Whut de you mean by “partitioning? What is
partitioning in newrological terms?” Until we
had accomplished our electrophysioclogical ex-
periments, 1 really had no idea just how to
answer: But once we saw the results of these
experiments, the neurophysiological explana-
tion became evident: partitioning must wark
something like a multiplexing eircuit, Tu neu-
rophysiological terms, when the recovery time

- of newrons in the sensory-projection system is

fnereased by posterior intrinsic (association )
cortex stimulation, fower cells are available at
any given moment to reccive the concurrent
inpit. Each of a-successive series of inputs
thus .will find a different set of cells in the
svstem available to excitation. There is a good
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deal of evidence that, in the visual system at
leust, plenty of reserve capacity—redundaney
—exists so that infermation transmission s
not, uuder ordinary circumstances, hampered

by such “varrowing” of the channel” Ordi-"

marily, @ partienlar input excites a great num-
ber of fibers in the channel, ensuring replica-
tion of transmitted mformation. Just as lateral

inhibition in the retina -has the effect of reduce- -

ing redimdaney,” so the operation of  the
sensory—speecific posterior intrinsic  {associu-
tion) cortex inereases the density of informa-
tion within the input channel,

Conversely, the functions of the frontolim-
Lie mechanism cuhance redundaney, making
wore cells available at any given nioment to
comcarrent inputy This diminishes the density
of information processed at any moment and
enhunces temporul resolition.

The model has several important implica-
tions, First, the nourecovered cells, the ones
that are still oceupied by excitation initiated
by prior inputs, will act as a context ov short—
term memory buffer dgaimst which the current
imput is matched. A match—mismatch opera-
tion of this sort is demanded by modcels of the
process ot recoguition and selective attention
spulled out on other oceasions.® These “occu-
pied” cells thus forin the matrix of “uncer-
tulnty” that shapes the pattern of potential
information, that is, the “expectancy” that de-
termines the sclection of input signals that
might or might not oceur. The nornal fune-
tions of the posterior cortex are assumed to
increase the complexity of this coutext while
those of the frontalimbic systems would sim-
plify and thus allow readier registration and
parsing.

Secomd, in a system of fixed size, reduction
of redundaney increases the degree of corre-
fation possible with the sct of external inputs
to the svstem, while enhuncement of redun-
dancy has the opposite effect. The number of
alternutives or the complesity of the item to
which un organism can attend is thereby con-
rolled ™ This interval alteration in the fone-
tiaal structure of the classic sensorv—praive-
tion svstem thos allows attention o vary as a

® See references 13, 606, §, 35, 47, 50, and 51,
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function of the spatinl and temporzi resolution
that excitalions can achieve, with the result
that cvents of greater or lesser compleaity can
he attended to. The shurper the spatial vesolu-
tion, the greater the uncertainty and, thus, the
mene Likely that any set of inputs will be saum-
pled for information. Conversely, the greater
the temporal resolution, the more likely that
attention is focused and that events hecome
grouped, memorable, and eertain. In the ex-
treme, the sharpening of the appetite for -

formation becomes what the elinical neurolo-

gist calls stimulus-hinding. Tt opposite s
agnosia, the inability to identify events be-
cause they fail to fit the oversimplified context

of the monent.

Third, this corticofugal model af the fune-
tions of the intrinsic {assoclation systems ve-
lieves us of the problom of infindte regress—an
assoctation arex “homunenlus”™ that svothesives
and abstracts from inputs, only to pass on
these abstractions to a still higher homnnculus,
perhaps the one that makes decisions, cte.
Former ways of looking at the input-ouiput
refationships of the hrain invariably have
come up against tis problem (imnlicit or ex-
plicit) of little men insicde Tittle e,

According to the mode]l presested here,
there is no need for this tvpe of infinite e
gress. The important functions of perception,
decision, ete., are going an within the extrinsic
(primav-sensory and motor—projeetion) svs-
tems. Other Lrain vegions such s the posterior
sensury-spoeetfic intrinsic  (CassociutedT) svs-
tems and the rontolimbic svsteny eaert their
elfects by altering the functional erganizatiom
of the primary systems. Thus these asyncitod
intrinsic svstems are net association svsiems:
they simply ulter the comfignration of input-
output relationships processed by the projec-
tion systems. In commuter hwmguage, the asso-
ciated intrinsic systems finetion by supplyving
stehroutines in o hicrarehy of progrioms, sub-
rputines contained within and not snperim-
posed from above on the morve fundiunental
proacesses. In this fashion the infinite higher
‘order abstractive regress s avoided. One conld
argne thad ity phace o dovesiward reress of

sub- and subsub-subroutines 1s substitated.

I would wnswer that this type ot regress,




through  progressive - differentiation, is the
more understandable and manipulable of the
twn,

A Bod sdvantape of the maodel is that the
st itsell is not altereds the invariant prop-
eriivs of wsizeal are umadfected nnless chinme]
capaeity iy overreached, Tty omly the organi-
zativn of the channel itself—the matrix within
which the signal is transmitted—that is al-
tered. Thus the same signal carries more or
less information, depending on the width of
the chamel I am here tempted to extrapuolate
s different mean-

ancd sy that the signal carr
“inus, depending on the particular structure or
ornization of the redundaney of the chan-
tel.

Congeretely, the intrinsie {association) cor-
tex s conceived to program, or to structure, an
input chunvel. This is tantumount to saving
thut the fnput must he caded by the operation
of this cortex. In its more fundwmental as-
pecls. computer prograniming is in large parnt
i eoding operation: The change from direct
muachive pperation through assembler to one
of the more manipulable computer languages
imvolves o pregression from the setting of
binary switches 1o conceptualizing combina-
tioms of such switeh settings in “octal” code
and then assembling the numerical octals into
alphabétizved words and phrases and finally

Cparecling and parsing of phrases into sen-
tences, rautines, and subrovtines. In essence,
these nrogressive coding operations minimize
interference aineng like events by identifying
and registering unigque stroctures among the
canfigirations of ocemrrence and recurrence of
the cvents.

The evidenee presented here makes it not
unlikely that ene funetion of the posterior and
fromtelimbic formations of the forebrain is to
code eveuts ocewrring within the input sys-
tems, As already noted, the distribution of in-
formation {dismembering) implies an encod-
e process that can 1‘_(3dui}]icntc events without
recourse to widespread random uenral con-
nections. Regrouping the distributed  events
{remambering) alio implies some sart of cod-
ing np(ﬁr;iti:m—(-}mz similar to that used in
decoding binay switeh settings into an octal
forimud.
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Animpaired eoding process therelore wontd
be expeeted to produce grive memory distur-
bhances. The question is thus raised whether
leston—produced wmnesiay, specific wd con-
textual, primarily reflect maliunctions of the
mechanism of coding and vot the destruction
of localized engrams. { Sec Pribram.™)

{| Conclusion

Conceptions  concerning  neocortical mecha-
nisms 1o cognitive behavior have been re-
evaluated in terms of recently accumulated
data. Since the designation neocortex has be-
come ambiguous, isocartex is substituted; rela-
tioms to cognitive processes are inferred from
discriminative and problem-solving behavior.

Tsocortex has been classified according to
the input it receives fram the thalamus, When
a sector of isocortex receives fibers from a
thalamie “refay” nucleus that,in turn, receives
its major afferents from outside the thalamus,
the sector is called extrinsic. When a sector of
ispcortex receives fibers from a thalamic nu-
cleus that receives no such extrathalamic affer-
ents, that.cortex is classified ay intrinsic.

Neurally distinet portions of the extrinsic
{primary projection) isocurtex are known to
serve distinet classes of behavior, The distine-
tions are in part related to differences in input
from different peripheral receptor mechanisms
(e, seuse argans ). Other distinetions such as
Letween motor and sensory cortex cannot be
attributed to such gross anatomical differences
(c.g., that only afferents rcach sensory and
elferents leave motor cortex). Rather, differ-
ences in detail of the organization of the over-
Japping imput ta and output from each of the
extrinsic {primary projection) sectors must he
tnvestigated.,

Infrinsic {associution) isocortex can also be
divided according to demonstrated relation-
ships to one ar another class of bebhavior, Dis-
eriminative behavior (response to invariants)
in specific modalities is affected when particu-
lar subdivisions of the posterior intrinsic cor-
tex are removed, When the anterior intrinsic
{frontolimbic) eortex is ablated, those dis-
criminations are allected which are bhased




126

primarily on recurring variable events wiich
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