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Cerebral Isocortex
K. H. Pribram

Introduction

The great strides that have recently been made in the
electrophysiological analysis of brain function has
eclipsed the fact that much of our fundamental
knowledge about the relationship between brain,
behavior, and subjective experience is almost
entirely dependent upon clinical and laboratory
investigations of brain-lesioned subjects. This
eclipse is in part due to the fact that experimental
psvchosurgical techniques and quantitative neuro-
behavioral experiments have been performed to a
great extent by neuropsychologists who publish in
psychological journals (such as the Journal of Phys-
iological and Comparative Psychology,; Psychologi-
cal Review; Neuropsychologia) which only occasion-
ally come to the aitention of scientists and prac-
titioners with biological and medical training.
Further, as’ with reperts made within any well-
developed discipline that tackles difficult problems,
the experiments and results described are often com-
plex, and an idiosyncratic jargon develops that
makes it difficult for those not working in the field to
know just what is being reported.

This chapter will be devoted therefore to providing
a framework for understanding some of the most
significant experimental psychosurgical observa-
tions regarding the cerebral cortex that have accu-
mulated in the nevropsychological literature over
the past few decades. The overview of the literature
will perforce be incomplete but at the same time,
hopefully of sufficient scope to stimulate further
interest.

The important role of cortical mechanism in mentai
function has been a focus of scientific interest for the
past century and a haif. In the early 1800s, argu-
ments raged between physiologists (e. g., Flourens,
[34]) and phrenologists, many of whom were good
anatomists (e. g., Gall and Spurzheim [37]}, as to
whether the cerebral mantle funciioned as a unit or
whethey a mosaic of cerebral suborgans determines
the complex of psychological experience. During the
intervening period, data have been subsumed under
one or the other of these two views — almost always
with the effect of strengthening one at the expense of
the other. In the recent past, the accumulation of
data has su markedly accelerated that a reevaluation
of the problem promises to prove fruitful. Specifi-
cally, the data obtained by the use of electronic
amplifying devices to study neural events has raised
questions concerning the validity of concepts gener-
afed by purely neuroanatomical techniques, and at
the same time, the adaptation to subhuman primates
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of quantitative analysis of problem-solving behavior
has stimulated discussion of the validity of concepts
derived solely from cliniconeurological material.

Problem of Cortical
Organization

First, let us take 2 look at some neural data and see
how they fit current conceptualizations of cerebral
organization. Explicitly or implicitly, most of us were
trained to think of the cortex as being composed of
receiving areas (sensory cortex) that function in
some fairly simple fashion to transmit receptor
events to adjacent areas of “‘association” cortex.
Here, these neural events are “elaborated™ and
“associated” with other neural events before being
transmitted to the motor areas of the cortex; these
motor areas are said to serve as the principal effector
mechanisin for all cerebral activity. This model was
proposed some 75 years ago by Flechsig (33} on the
basis of the then available anatomical information.
As we shall see, the neural data availabie today may
make it necessary to modify this model consider-
ably.

However, before we can come to grips with a new
conception of cortical organization, it is necessary to
clarify some definitions. QOver the years, many of the
terms used in neurology have been imbued with
multiple designations. “Neocortex™ is such a term.
Comparative anatomists use this word to describe
the dorsolateral portions of the cerebral mantle since
these portions show a differentially maximum
development in microsmatic mammals (such as pri-
mates) as compared with macrosmatic mammals
(such as cats}, In other branches of the neurglogical
sciences {e. g., see Grossman {40}), the term neocar-
tex has come to cover a/f the cortical formations that
reach maximum development in primates. The
definition as used in these sciences subsumes por-
tions of the cortex on the medial and basal surface of
the cerebral hemisphere, which, though well
developed in macrosmatic mammals, do show some
additional develepment in primates. Since this
medinbasal limbic cortex has been related (74) 10
behavior of only one part of the neocortex, it seems
worthwhile to find an unambiguous term that
delimits the dorsolateral cortex. As reviewed in an
early publication (99), the cerebral cortex may bc
classified according to whether or not it passes
through a six-layered embryonic stage. The medial
and basal fimbic steuctures do not pass through such




a stage and are called “‘allocortex™ and *juxtallocor-
tex"", the dorsclateral portions of the cerebral cortex
do pass through such a stage and are called “iso-
cortex”,
It has been fashionable to subdivide isocortex
according to cytoarchitectonic differences; difficul-
ties in classification have been pointed out (3, 54,
74) that question the immediate usefuiness of dis-
tinctions based solely on the histological picture of
the cortex. We shall, therefore, subdivide isocortex
on the basis of thalamocortical relationships since
these relationships are determined by several of the
most reliable neurohistological techniques available
to us: retrograde degeneration of neurons in the
thalamus following-cortical resection, silver stains,
and autoradiography, However, if we are to use this
criterion of subdivision of cortex because it is a reli-
able one, we are forced into looking at the crganiza-
tion of the thalamus as the key to the organization of
the cortex. Rose and Woolsey (112) have divided
thalamic nuclei into two classes: (1) those receiving
large tracts of extrathalamic afferents and (2) those
receiving the major portions of their direct afferents
from within the thalamus. The former they called
extrinsic (primary projection) and the latter, intrin-
sic (association) nuclei. Thalamocortical connec-
tions, demonstrated by retrograde degeneration
studies (17, 21, 98, 131}, make it possible to dif-
ferentiate isocortical sectors on the basis of their
connections with extrinsic (primary projection) or
with intrinsic (association) thalamic nuctei.

It can be seen from Fig. 15-1 that the portions of the

cortex labeled as “extrinsic sectors” correspond

essentially to those usually referred to as “primary
projection areas”, while those labeled “intrinsic sec-
tors” correspond essentially to those usually referred
to as ‘‘association areas'. However, the terms

“association cortex’ and “primary projection areas”

have their drawbacks:

1. “*Association cortex™ implies that in these por-
tions of the cortex convergent tracts bring
together excitations from the “receiving areas” of
the brain. As we shall see, this implication has
been unsupperted by fact.

2. Electrophysiological expenments {which will be
discussed below) have demonstrated a tope-
graphical complexity of organization of the sen-
sory receiving areas, which necessitated labels,
such as areas I and II and IIL. Should the term
‘primary projection areas” be used to denote the
areas I only or should it cover such areas as [l and
111 as well? Additional confusion arises since the
intrinsic  (assoctation) sectors do receive a

thalamic projection so that the term “secondary -

projection areas’” has been suggested for these
sectors (119), These considerations have led to
substituting the currently less loaded terms,
“extrinsic™ and “intrinsic”.
Can the subdivision of cerebral isocortex into extrin-
sic {primary projection) and intrinsic (association)
sectors be validated when rechnigues other than his-
iological techniques are used? Support for the clas-
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Fig. 15~1 Diagrammatic schemes illustrating the divi-
sion of isocortex into extrinsic (primary projection} and
intrinsic (association) sectors on the basis of thalamic
afferent connections. The ventral and geniculate tha-
lamic nuclei that received major direct aflerants from
extracerebral structures project to the extrinsic sec-
tors; the medial and pulvinar thalamic nuclei do not
receive such afferents and project to the intrinsic
sectors,

sification comes from electrophysiological data.
When receptors are mechanically or electrically
stimulated or when peripheral nerves are electrically
stimulated, an abrupt change in electrical potential
can be recorded from portions of the brain that are
connected to these peripheral structures (Figs. 15-2
and 13-3). Under appropriate conditions of deep
anesthesia, maps may be constructed on the basis of
size of the potential changes evoked and the latency
that intervenes between the time of stimulation and
the recording of the potential change (Fig. 15—4). As
can be seen from the comparison of the maps made
by the histological and electrophysiological techni-
ques, there is considerable (thdugh by no means
complete} corespondence between various delinea-
tions of the extrinsic (primary ptojection) from the
intrinsic (association) sectors of the isocortex.

Input-Output Relationships

Note that according to all of the techniques men-
tioned, input from extracerebral structures reaches
the portions of the cortex wsually referred to as
“rotor” as well as those Known as “sensory” areas.
Electrophysiological experiments demonstrate that
somatic afferenis are distributed to both sides of the
central fissure of primates. Since the afferents reach-
ing the precentral motor areas as well as those reach-
ing posteentral sensory areas originate in both skin
and muscle nerves (61), the cxitical differences be-
tween the input 1o the precentral and to the post-
central cortex must yet be determined if the differ-
ences in cffect of resection of the precentral and
postcentral cortex on behavior are to be explained in
terms of irput. What is important for us here is the




368

Fig. 152 ODiagrams of the lateral (above) and medio-
hasal (below) surfaces of the monkey's cerebral hemi-
sphere showing the divisions discussed in the test
Shading indicates allo-juxtaliocortex, hatching indi-
cates extrinsic (primary projection} isocortex; stippling
indicates intrinsic {association) isocortex. Boundaries
are not sharply delimited; this is, in part, due to minor
discrepancies that result when different technigues are
used and, in part, to difficuities in classification due 1o
borderline instances and inadequate data (e.g., how
should the projections of n. ventralis anterior and of
lateralis posterior be ciassified?).

Fig.15-3 Extrinsic {primary projection) sectors as
mapped by staining degenerating axons following tha-
lamic lesions.
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Fig. 15—4 Extrinsic (primary projection) areas as map-
ped by the abrupt changes in electrical potentials
evoked in cortex by peripheral stimulation was com-
piled from studies using antmals sufficiently anesthet-
ized with barbiturates to practically abolish the nor-
mally present spontanecus rhythms of potentiai
changes recorded from the' brain. Those potential
changes were counted that were larger than 50 iV and
showed a latency within 3 s of the minimum latency of
any abrupt potential change evoked in the particular
afferent systemn investigated. These criteria were
chosen as the most likely to indicate major direct affe-
rents from periphery to cortex. The correspondences
and minor discrepancies between this figure and
Fig. 13-3 indicate the approximate range of such simi-
larities when different techniques and brain diagrams
are used.

fact that afferents from the penphery reach motor
cortex relatively directly through thalamus, a fact
that becomes more meaningful on consideration of
the efferents leaving the isocortex.

It was commonly held during the early part of this
century that the pyramidal tract takes origin in the
motor cortex, especially that portion close to the
central fissure. This view was changed with the pub-
lication of & monograph by Lassek (55), which
thoroughly documents the evidence for a more
exiensive origin of the pyramidal tract from the
entire extent of the precentral as well as from the
postcentral cortex of primates. Another conception
held during this earlier period regarding the distinc-
tion between pyrumidal and extrapyramidal has
repeatedly been questioned in the light of these and
other data, Woolsey (141) and Woolsey et al (142)
have shown that the differences in movement
brought about by electrical stimulation of the vari-
ous parts of the precentral cortex may be ascribed to
dilferences in somatotopic relationships rather than
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to differences in the complexity of organization of
the movement. Thus, Woolsey found that stimula-
tions in the more forward portions of the precentral
region, which had formerly been called premotor,
activate the axial musculature, while those close to
the central fissure activate appendicular muscula-
ture. Since axisl muscles are larger, the movements
they produce appear grosser than those produced by
such discrete uppendicular muscular units as those
found in the hand — one need not invoke different
orders of coordination or complexity to distinguish
between the posterior and anterior portions of the
motor cortex. Therefore, the distinction between
motor and premotor cortex fades and, as a result,
makes unnecessary the classical distinction between
the locus of origin of the pyramidal and extrapyrami-
dal systems that has already been called into gues-
tion by anatomical data.

On the other hand, evidence from ablation and
stimulation experiments in both man and monkey
indicates the continued necessity for differentiating
precentral motor from postcentral sensory mecha-
nisms {49). These data called for a thorough reinves-
tigation of the organization of the input-output rela-
tionships of the extrinsic {primary projection) sys-
tern related to somatic structures. Certainly, the dis-
tinction cannot be thought of simpiy in terms of
afferents reaching the posteentral and efferents leav-
ing the precentral cortex. .

However the marked overlap of input-output is not
limited to the somatic extrinsic {primary projection)
system. With respect to vision, eye movements can
be elicited from stimulation of practically all the vis-
ual extrinsic striate cortex (132); these eye move-
ments can be elicited after ablation of the other cor-
tical areas from which eye movements are obtained.
With respect to audition, ear movements have been
elicited from the auditory extrinsic system (3). From
the porticn of the cortex implicated in gustation,
tongue and chewing movements can be elicited (2,
125); respiratory effects follow stimulation of the
olfactory “receiving” areas (46, $9). Thus, an over-
lap of afferents and cfferents is evident not only in
the neural mechanisms related to somatic function
but also in those related to the special senses. The
overgeneralization to the brain of the law of Bell and
Magendie (60), which defines sensory in terms of
afferents in the dorsalspinal and meotor in terms of
efferents in the ventralspinal roots, must, therefore,
give way to more precise understanding of the differ-
ences in internal organization of the afferent-effer-
ent relationship between periphery and cortex to
explain differences such as those between sensory
and motor mechanisms. A first step to understand-
ing comes from an examination of the functions of
the cortex immediately adjacent to and often over-
lapping that, which receives a direct input from the
SCNsory systems.

Perifissural Cortex:
Perceptual Constancy and
Motor Skill

Immediately adjacent to and often overlapping the
sensory-recéiving cortex, there is a perisensory belt
that is complex in organization and function. Some
understanding of these complexities must be
achieved before a clear view.can emerge of the men-
tal functions of the intrinsic ¢ortex. Because research
has in some respects proceeded further with respect
to visual functions than for those of the other special
senses, the focus here will be on the perivisual, i. e.,
peristriate or circumstriate cortex.

As already noted, this cortex shares with the adja-
cent sensory-receiving striate cortex the property of
electrical excitability, i.e., éye movements can be
obtained by electrical stimulation of the peristriate
cortex (132). There s therefore good reason to
regard the peristriate cortex as a possible visual
motor cortex. What then might be the functions of a
motor cortex that is anatomically interlinked with
afferents from a special sense?

A recently completed experiment by Ungerleider et
al (129} provides a key to such analysis. In this
experiment, the peristniate cortex was extensively
resected in monkeys who were tested for their ability
to judge the size of squares placed at different dis-
tances. Normal monkeys, in making such judgments,
take into consideration both the visual angle sub-

tended by the retinal image produced by the square -

and the cues that signal distance of that square from
the eye. After resection of the peristriate cortex, the
distance cues proved no longer effective — judgments
were based exclusively on retinal image size. The
prestriate resection had interfered with the ability of
the monkeys to take into account distance cues
either because the mechanism of vergence was inter-
fered with or because retinal disparity between eyes
was no longer effective. Mountcastle et al {67) have
shown that single cells in the posterior parietal cor-
tex just adjacent to the peristriate cortex specifically
respond when a monkey reaches for a piece of food
provided that food is within reach and “wanted” by
the monkey. Hubel and Wiesel {44) and Zeki (143)
also found cells in the penstriate cortex that respond
when and only when binocular disparity in the ret-
inal image occurs.

There is, thus, sufficient evidence to ind:cate that the
peristriate cortex is involved in the perception of size
constancy, As a guiding hypothesis, one might
generalize this evidence to suggest that perceptual
constancies of varicus sorts are derived from the
operations of the perisensory belts. What then might
these operations be? As is the case in vision, they
may be of two sorts — a hierarchical abstraction of
features (such as disparity) from those more primary
in the sensory projection areas, or they may depend
on motor mechanisms, such as vergence, Perhaps
both types of mechanisms are involved. The ques-
tion remains open for future rescarch to explore.
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What is clear already, however, is a similarity be-
tween the functions of the perisensory cortex of the
special sensory systems and the perisensory cortex of
the somatosensory system. We ordinarily call the
somatoperisensory cortex the precentral motor cor-
tex, but this molor cortex shares with other perisen-
sory systems the task of providing skills in respond-
ing to invariant properties in the sensory input. Such
invariances — constancies — must be abstracted or
apprehended. We know from clinical observation
and experiment that somatosensory experience
{e. g., Kruger [49])} is predicated on the movement of
stimulating event with respect ta the sensory surface.
When that movement is passively produced, an
abstractive process can be inferred to take place.
However, in the living sentient organism, the move-
ment is almost invariably the result of an active
motor periormance that prehends rather than
abstracts. (An example of the rare exceptions 1o
such active participation is the experience of being
groomed or petted, and such experiences do not
ordinarily give tise to the perceptual constancies that
we perceive. Rather, such experiences are felt as
providing comfort with little reference to what it is
that is doing the providing.)

In the clinic, these issues come to 2 head in the syn-
drome *‘apraxia”, defined as an inability to execuie
movements (such as manipulating objects) in the
absence of paralysis. There is a long history
(reviewed by Hécaen and Albert [41]) of clinical
abservation of apractic disorders that has posed the
following question: are such disorders produced by
lesions of the frontal cortex anterior to the precen-
tral motor strip, or by lesions of the parietal cortex,
posterior to the posteentral sensory strip,. or both?
The most recent observations (e. g., Kimura, [48])
suggest that a motor apraxia can be distinguished
from a sensory apraxia and that either the frontal or
the parietal sites may therefore be involved in the
production of apraxia. The question raised by these
finding, however, is whether the motor and sensory
aspects of the apraxias are intrinsic to the syndrome
or whether they are due to involvement of the adja-
cent primary motor and sensory cortices. This ques-
tion becomes especially pertinent in view of an
anatomical observation {21}, which shows that in the
monkey the orderly projections of thalamus to pre-
central and postcentral peri rolandic cortex are the
reverse of those to the surrounding f{romtal and
parietal cortex. These histological data and consider-
ations derived from comparative neuroanatomy sug-
gest that the Rolandic central fissure originated on
the dorsal margin of the hemisphere, or even on its
medial surface, and only recently in phylogenetic
histoy, intruded and extended into the latersl sur-
face. The question is raised therefore as to whether
the apraxias are due to involvement of elaborations
of peri rolandic tissue in man, or of the adjacent
intringic cortex into which the Rolandic cortex has
intruded. This intrinsic cortex was originally a con-
tinuous strip {e. g.. in the cat, it is the suprasylvian
gyrus), which may account for the past difficulty in
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distinguishing the apraxias originating from lesions

- of the anterior portions of the strip (frontal in pri-

mates) and those originating from lesions of the
posterior portions {(parietal in primaies). When the
entire strip is removed in monkeys (Forward,
unpublished thesis), a loss of skill results in which a
previously leamed simple movement of aleverina T
slot becomes disrupted in the absence of any demon-
strable muscular weakness or paralysis.

In summary, the neuroanatomical and neuro-
psychological results reviewed in this section suggest
that the pernifissural cortex is a sensorimolor cortex,
which processes the relationship of the organism to
external space. Henry Head gave the name epicritic
to such pracessing because it results in the cffective
use of Iocal sign (locating and manipulating events
and objects in space and time). The perifissural cor-
tex forms a continuous band of tissue that surrounds
the three major cerebral fissures: sylvian, Rolandic,.
and calcarine. The continuity between perirolandic
and pericalcarine cortex is established at the apex of
the cortical convexity {in the monkey, this is at the
confluence of the intraparietal, superior temporal,
and lunate sulci). The continuity between peri-
rolandic and perisylvian cortex lies at the foot of the
central fissure.

In primates including man, the growth of the cortex
surrounding these major fissures has split the
remaining cortex into two subdivisions: (1) a pos-
terior focussed on the inferior parietal lobule on the
lateral surface and the precuneus on the medial
(connected via the med:al extension of the conflu-
ence between intraparietal and lunate sufei) and (2}
the cortex covering the poles of the frontal and tem-
poral lebes (interconnected by the fibers of the unci-
nate faciculus and adjacent to the orbitofrontal —
anterior insular — periamygdaloid cortex, which is a
part of the limbic sysiems). The functional connec-
tione of these divisions and subdivisions of the corti-
cal mantle have been most clearly demonstrated hy
sirychnine neuronography (8, 102} and have heen
confirmed histologically by the use of silver staining
techniques {45, 59).

The behavioral evidence showing that the perifis-
sural cortex processes “external space” while the
remaining cortex processes “self’ is so extensive that
only the highlights are listed here;

1. Beginning with the precentral (prerolandic) cor-
tex, Pribram et al (100) showed that the environ-
mental consequences of movement, not move-
ments or muscle contractions per se, are encoded
in this “motor” cortex (see review by Pribram
[86]).

. The postcentral and superior parietal cortex deals
with the somatosensory (haptic) discrimination of
objects in external space {10, 50, 67, 96).

3. The pericalcarine corlex deals with visual proces-
sing (see Weiskrantz {135] for review) and s
extension into the inferior tempaoral gyrus, with
making visual discriminations (see Pribram [88]
for review).

[~
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4. The posterior perisylvian cortex is involved in
auditory processing (see Neff [70] for review) and
its extension into the superior temporal gyus with
auditory discriminations (25, 26, 28).

5. The anterior perisylvian cortex in the depths of
the fissure and extending forward to the temporal
pole and orbital surface of the frontal lobe pro-
cesses gustatory information (2, 95) and is also
invelved in elfactory (12, 13) and temperature
discriminations (16).

In short, a useful hypothesis at this state of knowl-
edge, based on the experimental results and obser-
vations reviewed thus far, is that the perifissural cor-
tex of primates including man is concemed with the
construction and use of a stable relationship between
the organism and his external environment. This
stable relationship is based on the complementation
of organism and environment (35, 86), which rests
on the consideration that perceptual constancies are
achieved in a manner similar to the achievement of
motor skills. Complementation may involve the con-
stitution of a neural representation of the constant
relationship or, alternatively, the constitution of an
environmental representation as when musical
instruments, bicycles, skis and skates, or tools are
produced. The perifissural cortex of the primate
orients him outward.

This is the first tentative conclusion that can be

reached from current experimental results when the

ubiquitous occurrence of afferent-efferent overlap in
the extrinsic (primary projection) systems is taken

- seriously. ‘A second, which we shall now pursue in

detail, 1s the possibility that the intrinsic (associa-
tion} systems need not be considered as association
centers upon which pathways from the extrinsic sen-
SOTY seclers converge to bring together neural events
anticipatory to spewing them out via the motor path-
ways, The analysis of the organization of these sys-
tems relies largely on psychosurgical experiment.
Let us turn, therefore, to such experiments and those
that manipulate cerebral isocortex by electrical
stimulation and observe the effects of such manipu-
lations on behavior.

Method of Classifying the
Functions of the Intrinsic
Cortex

As noted earlier, the data that gave rise to the
impression that local brain resections do not result in
any specifiable deficiency in neural function have
been superceded. In my laboratory alone, some
1,500 behaviorally tested rhesus monkeys have been
subjected to selective brain operations over the past
quarter century. Such studies provide ample evi-
dence that specific impairments in mental functions
are produced by local experimental lesions. How-
ever, these impairments are deficiencies in process-
ing the signals occurring in the extrinsic systems iato
“information”. [Information processing critically

involves coding that organizes the events occurring
in the extrinsic cortex.

The experimental analysis of the problem-solving
behavior of primate psychosurgical preparations has,
contrary to popular copinion, uncovered a host of
very specific behavioral disturbances. The technique
by which these brain-behavior relationships were
classified is called the method of the “intersect of
sums” {74}, an extension of what Teuber named the
method of “double dissoctation” of signs of brain
trauma in man. The intersect of sums methed is
essentially a “multiple dissociation™ method that
depends on classifying the behavioral deficit pro-
duced by cortical ablations into yes and rio instances
on the basis of a criterion, then plotting on a brain
map the total extent of tissue associated with each of
the categories ablated: deficit and ablated: no deficit,
and finally finding the intersect of those two areas
{essentially subtracting the noes from the yeses-pius-
noes). This procedure is repeated for each type of
behavior under consideration. The resulting map of
localization of disturbances is then validated by
making lesions rtestricted to the site determined by
the intersect method and showing that the maximal
behaviora! deficit is obtained by the restricted lesion
(see Table 15-1 and Fig, 15-5).

Once the neurcbehavioral correlation has been
established by the intersect of sums technique, two
additional experimental steps are undertaken. First,
holding the lesion constamt, a series of variations is
made of the task on which performance was found
defective. These experimental manipulations deter-
mine the limits over which the brain-behavior corre-
lations hold and thus allow reasonable constructions
of moedels of the psychological pracesses impaired by
the various surgical procedures,

Second, neuroanatomical and electrophysiological
techniques are engaged to work out the relationships
between the brain areas under examination and the
rest of the nervous system, These experimental pro-
cedures allow the construction of reasonable models
of the functions of the areas and of the machanisms
of impairment, Two major divisions of the intrinsic
cortex have been delineated by these operations; a
posterior and a frontal.

Modal Specificity within the
Posterior Intrinsic Systems

Between the sensory projection areas of the primate
cerebral mantle lies a vast expanse of parietotem-
poroprecccipital cortex. Clinical observation has
assigned disturbance of many gnostic and language
functions to lesions of this e¢xpanse. Expermental
psychosurgical analysis in nonhuman primates, of

course, is limited to nonverbal behavior; within this

limitation, however, a set of sensory-specific
agnosias (discrimination disabitities and lesses in the
capacity to identify cues) have been produced. Dis-
linct regions of primate cortex have been shown to
be involved in each of the modality-specific
mnaemonic functions: anterior temporal in gustation
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Table 15-1 Simuitanecus Visual Choice Reaction®

Functional Organization of the Cerebral Isocortex

Operates without delicit

Operates w.it& del‘it;it. .

Nonoperate controls

Pra Post Pre Post Pre Post
OP 1 200 g PTO 1 120 272 ct 790 80
CcP2 220 4] PTO 2 325 F ce2 230 20
DP 3 380 it PTC 3 180 F c3a 750 20
LT 1 390 150 PTO 4 120 450 C4 440 c
LT 2 300 150 T3 840 F
H1 210 220 T2 330 F
HA 350 240 VTH 1 320 F
FT A1 580 50 ViH 2 370 F
FT 3 S0 0 VTH 3 280 F
FT 4 205 0 VTH 4 440 F
FT5 300 200 VT 1 240 F
FT 86 250 100 VT 2 200 F
DL 160 140 VT 3 200 880
DL 2 540 150 VT 4 410 F
oL3 300 240 VT 5 210 F
DL 4 120 100
MV 1 110 4}
MV 2 150 10
MV 3 290 130
MV 4 230 10
MV 5 280 120
CIN 1 120 80
CiN 2 400 €0
CiN3 115 74
CIN 4 240 140

" Pre- and postoperative scores on a simultaneous visual choice reaction of the animals whose brains are
diagrammed in Fig. 15-5, indicating the number of triais taken to reach a criterion of 80% correct on 100
consecutive trials. Deficit is defined as a larger number of trials taken int the “retention” test than in original
learning. {The misplacement of the score H t does not change the overalt results as given in the text.)

(2}, superior temporal in audition (28, 136}, inferior
temporal in vision (7, 65), and eccipitoparietal in
somesthesis (96, 139), In each instance, the ability to
discriminate learning prior to surgical interference,
is lost to the subject postoperatively and great diffi-
culty (using a “savings” criterion} in reaquisition is
experienced, if task solution is possible at all,

The behavioral analysis of these discrimination
deficits is still underway, but the current view of the
psychological process involved can be discussed.
Perhaps the easiest way to communicate this view is
to describe some of the observations, thinking, and
experiments that led to the present view.

Information Processing:
The Search, Sampling, and
Selection of Sensory
Invariants

All sorts of differences in the physical dimensions of
the stimulus, for example, size (Fig. 15-6), are dis-
criminated less after a bilateral lesion of the cortex
of the inferior gyrus of the temporal cortex (64), but
this deficit differs from that obtained from resections
of the peristriate cortex. The type of dysfunction that
oceurs is illustrated in the following story.

One day while testing monkeys with such lesions at
the Yerkes Laboratories at Qrange Park, Florida, I
sat down to rest from the chore of carrying a monkey
the considerable distance between home cage and
taboratory. The monkeys, including this one, were
failing miserably at the visval discrimination task
being administered. It was a hot, muggy, typical
Florida summer afternoon and the air was swarming
with gnats. My monkey reached out and cought a
gnat. Without thinking, I also reached for a gnat —
and missed. The monkey reached out again, caught a
gnat, and put it in his mouth. I reached out — missed!
Finally, the paradox of the situation forced itself on
me. I tock the beast back to the testing room. He
was as deficient in making visual choices as ever, but
when ro choice was involved, the mankey's visually
guided behavior appesared to be intact. This gave rise
to the following experiment (Fig. 15-7), which
Ettlinger (31) carried out. On the basis of the infor-
mal observation, we made the hvpothesis that choice
wa$ the crucial variable responsible for the deficient
discrimination following inferotemporal lesions. As
long as 2 monkey does not have to make a choice. his
visual performance should remain intact. To test this
hypothesis, monkeys were trained in a Ganzleld
made of a translucent light fixture large enough so
the animal could be physically inserted into it. The
animal could press a lever throughout the procedure
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Visual Cheice Reaction

Fig. 155 Mapping ofintrin-
sic cortex. The upper dia-
grams represent the sum ol
the areas of resection of ali of
the animals grouped as show-
ing delicit. The middle dia-
grams represant the sum of
the areas of resection of all of
the animals grouped as show-
ing ro delicit, The lower dia-
grams reprasent the intersect
of the area shown in black in
the upper diagrams and that
notcheckerboarded inthae
middle diagrams. This inter-
sect represents the area in-
variably implicated in visual
choice behavior in these ex-
periments. ~ ~ T 7

Oy Non-Operates
o=—o0 IT Operates

Mo, Correct in 100 Trials

Fig. 156 Scoresfor two oper-
ates and four controis on the
firat run of size discrimination.
Shaded area indicates the range
of pecformance of the four non- .
operate controls. IT operates- 2 p - l‘f2 1}4 1}3 1156 0
mornkeys with resections of infe- ’

rior tempaorat cortex, Diameter Difference in Inches
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204 ! Ist pre-op. run but was rewarded only during the period when
®— -~ 2nd pre-gp. run illumination was markediy increased for several sec-
o———— |5 post-op. run

onds at a time. Soon, response frequency became
» maximal during this “bright’” period. Under such
/ conditions, no differences in performance were
;'/. obtained between inferotemporally lesioned and
! control animals. The result tended to support the
view that if an inferotemporally [esioned monkey did
not have to make a choice, he would show no deficic
in behavior since in another experiment (65) the
monkeys failed to respond differentially to differ-
ences in brightness.
In another instance {104), we trained the monkeys
on a very simple object discnmination test: an ash-
tray versus tobacco tin (Fig. 15-8). These animals
had been trained for 2 or 3 years before they were
operated on and therefore were sophisticated prob-
lem-solvers; this, plus ease of task, accounts for the
minimal deficit in the simulianeous choice task.
(There are two types of successive discrimination: in
one, the animal has cither to go or not to go, and in
the other he has to go left or right.} When given the
same cues successively, the monkeys showed a

2.0 L 2nd post-op. run

1.8+

L, Animal T, ;7

<] Fig. 15-7 Single maniputandum performance curves
of a single animal in a varying brightness situation.
Shaded area indicates variability among groups of four
! animals,
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Fig. 15-8 Comparison of learning scores on three types of object discrimination by three groups of monkeys.
Note that though the cues remain the same, changing the response that was demanded increased the deticit of
the inferotemporat groups.
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deficit when compared with their controls, despite
this demonstrated ability to differentiate the cues in
the simultaneous situation.

This result further supported the idea that the prob-
lem for the operated monkeys was not so much in
“seeing”” but in identifying the wuse of what they saw.
Not only the stimulus conditions per se but the
whole range of response determinants appear
involved in specifying the deficit. To test this idea in
a quantitative fashion, we next asked whether the
deficit would vary as a function of the number of
alternative choice possibilities in the situation (76).
The hope was that an informational measure of the
deficit could be obtained with such a multiple choice
problem. Actually, something very different ap-

peared when the number ‘of errors was plotted
against the number of alternatives (see Fig. 15-9).

If one plots repetitive errors made before the subject
finds a peanut —i. €., the number of times a monkey
searches the same cue — versus the number of alter-
natives in the situation, one finds there is a hump in
the curve, a stage where control subjects make many
repetitive errors. The monkéys do leamn the appro-
priate strategy, however, and go on to complete the
task with facility. What intrigued me was that during
this stage the monkeys with inferotemporal lesions
were doing better than the controls! This was para-
doxical with respect to all previous data. As the test
continued, however, after the controls no longer
made so many errors, the lesioned subjects began to

Search During Novel Cue Presentation
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Fig. 15-8 Graph of the average

number of repetitive errors made
in the multiple object experiment
during those search triats in each
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Fig. 1510 Graph of the aver-

that are sampled (except novel
cue) by each of the groups in
each of the situations. To sam-
pie, a monkey had to move an
object until the content or lack
of content of the food weil was
clearly visibie to the experiment-
er. As was predicted, during the
first half of the experiment the
curve representing the sampling
ratio of the posteriorly lesioned
group differs signiticantly from
the others al the 0.024 level {ac-
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accumulate an error “hump’ even greater than that
shown earlier by the controls.

When a (mathematical) stimutus sampling model
was applied to the analysis of the dala, a difference
in sampling was found to account for these accumu-
lations of errors (Fig. 15-10). The monkeys with
inferotemporal lesions showed a lowered sampling
ratio; they sampled fewer cues during the first half of
the experiment. Their defect can thus be charac-
terized as a restriction in the visual field; however,
the limitation is not in the visual-spatial field but in
the information-processing field, i. e., in the number
of alternatives they can sample or handle at any one
time,

In short, the modality-specific defect that results
from a posterior intrinsic cortex lesion appears to
produce a true agnosia: an information-processing
defect best described as a restriction on the number
of alternatives (defined as the invariant properties
that characterize the problem situation) searched
and sampied (86, 88).

Modal Specificity Within the
Frontal Intrinsic System

The second major sector of intrinsic cortex is part of
an extensive set of neural systems that lic on the
medial and basal surface of the brain and extend
forward to include the poles of the frontal and tem-
poral lobes (see Pribram {75] and Nauta {65]). This
frontohmbic portion of the hemisphere though inter-
related phylogenetically and ontogenctically is
cytoarchitecturally diverse, and it thus comes some-
what as a surprise that lesions in vanous locations of
the system produce a unitary effect on behavior,
which is sharply distinguished from that produced by
lesions of the intrinsic cortex of the posterior con-
vexity.

As noted in the previous section, differential dis-
criminations are uniformly impaired by the posterior
lesions, but the defects are location specific for sen-
sory maode. In the same manner, lesions of the fron-
tolimbic cortex, irrespective of location (dorsolateral
frontal, mediofrontal, cingulate, orbitofrontal tem-
poral polar, and hippocampal) have alt been shown
to produce disruption of performance of the delayed
altermation task (101, 105, 130); though location
specificity is shown when variations of the task are
used (see below). The alternation task demands that
the subject alternate his response between cues (for
example, between two places or between two
objects) on successive trials separated by a lime
interval during which the places or objects are hid-
den from view. On any trial, the correct responsc is
dependent on the outcome of the previous response
(whether the monkey had found a peanut in the
place or under the object he had chosen).
Varations of the alternation task are numerous and
have been especially helpful in distinguishing the
functions of different portions of the frontolimbic
forebrain. A major variation, called the delayed
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response task, consists of showing the monkey where
the peanut is being hidden from view and randomiz-
ing the placement instead of alternating it. Defective
performance of the delayed response task is pro-
duced onlfy by lesions of the dorsolateral frontal cor-
tex (for review, see Pribram [69, 83]).

Another varation of the alternation task is to
demand that the subject alternate between going to
a single cue and witholding his response, i. e., not
going to that cue on the succeeding trial. Defective
performance on this “go/no-go™ vanation of the
alternation task is produced by both ventrofrontal
and arbitofrontal temporal polar resections (63,
101). However, the effects of these two lesions can
be separated by still other variations of the task. In
these, cues are presented one at a time, i. €., succes-
sively as in the “go/no-go” version, but two different
cues are used and the subject’s response is made
contingent on which cue is presented. Thus, he may
be asked to “‘go” when one cue is presented but
withold his response when the other cue is pre-
sented. Or he may have to “‘go’’ to a box on the right
to oblain a peanut when faced with one cue and
“ga” to a box on the lefr when the other cue is ten-
dered. Such successive discrimination problems have
distinguished between the ventrofrontal and orbito-
frontal temporal polar lesions on the basis of
specificity of cues. The effects of orbitofrontal tem-
poral polar resection are nonsensory specific but
have been shown to be related to the reinforcing
properties of the cues {14, 71, 124). The effects of
ventrofrontal lesions, on the other hand, are cue
specific to the point that lesions of the lip of the
frontal lobe affect successive discriminations cued by
kinesthetic stimuli, while those adjacent to the arcu-
ate sulcus involve exteroceptive (visual and audi-
tory) performance.

Taken together, these results indicate that a topo-
graphical organization can be distinguished in the
functions of the frontal intrinsic cortex. Dorsolater-
atly placed lesions affect delayed response perform-
ance, which has been shown to depend on so-
matosensory (spatial) cues; ventraily, tasks depend-
ent on kinesthetic (motor) cues are disrupted. In
between, around the.arcuate sulcus, tasks involving
exteroceptive (visual and auditory) stimuli are
affected. Adfter orbitally and medially located
lesions, the interoceptive limbic connection becomes
prepotent.

However, these relationships ta modality are very
different from those of the intrinsic cortex of the
posterior convexity. Note that the relationships arc
all established by the use of variations of the alterna-
tion procedure, Lesions of the posierior intrinsic
cortex produce no deficit whatsoever on any alterna-
tion task. Thus, the modal specificity of the frontal
intrinsic cortex is superimposed on some more basic
unitary function shared by and restricted to the fron-
tolimbic forebrain. Let us next examine this function
in the following section.
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Attaining Assurance:
Organizing Responses to
Variations in Experiences

The most direct explanation of the basic disturbance
produced by lesions of the {rontal intrinsic cortex on
delayed alternation, delayed response, and a variety
of successive discrimination Lasks is that short-term
memory is disrupted. The term “short-term mem-
ory" is ambiguous, however, since it has been used
in a variety of ways. For instance, clinical evidence
shows that a type of short-termm memory usually
referred to as iconic, echoic, buffer, or immediate
memory is impaired by lesions of the extrinsic and
intrinsic systems of the posterior convexity of the
brain (133). The deficit produced by lesious of the
frontal intrinsic cortex (and related systems) is dif-
ferent and has been labeled a disruption of “working
memory” (79, 84, 86, 87). The alternation task
demands that the subject alternate. his reponses be-
tween two cues {for example, between two places or
between two objects on successive trials). On any
trial, the correct response is dependent on keeping in
memory the outcome of the previous response. This
suggests that the critical variable that characterizes
the task is its temporal organization. In turn, this
leads to the supposition that the disruption of aiter-
nation behavior produced by frontolimbic lesions
results from an impairment of the process by which
the brain achieves the temporal organization of
behavior, This supposition is, as we shall see, in part
confirmed by further analysis, but severe restrictions
on what is meant by “temporal organization’ arise.
For instance, skills are not affected by frontolimbic
lesions, nor are disciminations of melodies.
Retrieval of long-held memores also is little
affected. Rather, shorter term mnestic processes are
singularly involved. In animal experiments, these are
demonsirated especially clearly when tasks demand
matching from memory a cue (as in the delayed
response variation of the problem) or ocutcome of
the prior trial (as in the classical delayed alternation
task) that in the past has shown some complexity in
the regutarity of its recurrence. Rather than identify
an invariznt property, the organism must keep track
of recurring repularities in the variability of the situ-
ation. This is best demonstrated by manipulating the
delayed alternation task in a special way. Instead of
interposing equal intervals between trials (R-5" —
L-5" - R-5" - L-5" — R-5" - L-5" ..)) as in the
classical task, couplets of RL were formed by
extending the intertrial interval to 15" beforeeach R
trial {R-5" - L-15" - R-5" - L-15"! - R-5" — L-15"
... Immediately, the performance of the frontally
lesioned monkeys improved and was indistinguish-
able from that of their controls {106, 1G9). 1 inter-
pret this result to mean that for the subject with a
bilateral frontal ablation, the alternation task
becomes something like what this page would seem
were there no spaces between words. The spaces,
and the holes in doughnuts, provide some of the

Tabte 15-2 Percentage of Altarnation as a Function of
Response and Qulcome of Preceding Trial®

Precading triai®

S A-R A-NA NA-R NA-NR
Mormal
354 53 56 40 45
396 54 53 35 49
353 45 69 27 48
384 61 as a3 72
Total 55 68 34 52
Frontai
381 a3 51 41 43
437 42 46 27 26
361 49 48 38 as
433 43 39 AN 32
Total 48 45 33 3

& Comparison of the performance of frontally ablated
and normal monkeys on alternations made subse-
quent to reintorced {R) and nonreinforced {NR} and
an altarnated (A) and nanalternated (NA) responsa.

b A atternated; NA. did not aitema'te: R, was rewarded;
and NR, was not rewarded.

structure, the parcellation, parsing of events {dough-
nuts, alternations, and words) by which they become
codable and decipherable (93).

More has been learmed about the reasens for the
deficiency in working memory by carefully and
extensively analyzing the performance of monkeys
with resections of frontal intrinsic’ cortex in the
delayed aiternation task.

Thus, Wilson (140) and Pribram et al (106)
examined the occasions on which ermrors were made
by the monkeys ~ did more errors result from a fail-
ure in alternation or from an inability to process the
outcome of previous behavior, i. e., whether the triai
had brought reinforcement or nonreinforcement? In
one experiment, both lids over the food well opened
simultaneously, but 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. In the other experiment, an auto-
mated computer-controiled apparatus (85) was
used. The results were analyzed according to
whether the response of the monkey depended on
the prior correct ot incorrect résponse or whether
the monkey alternated his behavior independeatly
of the location of the peanut. In this manner, the
relationship between an error and the tnal preceding
that error was determined. Notice (Table 15-2) that
for the normal monkey the condition of reinforce-
ment and nonceinforcement of the previous trial
makes a difference, whereas for the frontally
lesioned monkey this is not the case. Both normal
and frontal subjects tried to alternate about equally,
but frontal subjects are vninfluenced by the reward-
ing or nonrewarding consequences of their behavior.
A similar result was obtained with the mukiple
choice experiment discussed earlier {76). Here also,
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Fig. t5~11 Graph of the aver-
age number of triais to criterion
taken in the muftiple object ex-
periment by each group in €ach
of the situations after search
was completed, i. e, after the
first correct response. Note the
~, difference between the curves

\\ “ e for the controls and for the
. e D
~ - —

Da frontally operated group, a
difference that is significant at
the 0.05 level by an analysis of
variance (F = 8. 19 for 2 and

6 df) according to McNemar's
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this inefficacy of outcomes to influence behavior is
demonstrated; it is illustrated (Fig. 15-11) by an
increased number of trials to criterion after the mon-
keys have first found the peanut. The procedure calls
for the strategy of return to the same object for five
consecutive times, i e., to criterion. The frontally
lesioned animals are markedly deficient in doing
this. Again, we see that the conditions of reinforce-
ment are relatively ineffective in shaping behavior
once the frontal intrinsic cortex has been removed so
that the monkeys' behavior is relatively random
when compared to that of normal subjects (94).
Behavior of the frontally lesioned monkeys thus
appears to be minimally controlied by its {repeat-
edly experienced and therefore expecied) conse-
quences.

In still other clinical and animal experiments, it was
shown that the autonomic components of the orient-
ing reaction are wiped out by jesions of the frontal
intrinsic cortex (47, 58). Further, in the absence of
such visceroautonomic boosters, the orienting event
fails to register and the subject remains reactive to
its “novelty” — the origin of the distractibility and
hyperreactivity associated with the frontal syn-
drome.

Finally, a series of computer-controlied experiments
(1D, 11) has shown that monkeys with resections of
frontal cortex are impaired whenever any aspect of a
task becomes variadle. In short, the fronta] intrinsic
cortex is involved in attaining assurance by keeping
track of and computing regularities that recur in var-
iables whether they be of external or internal (e. g.,
appetitive) origin. More or less regularly recurring
variations in experience are called “‘episodes,” and a
great deal of evidence from experiments on human
memory has accumulated (90, 114, 115, 127) to
show that “episodic” leaming and knowing can be
clearly separated from the more automatic learning
and knowing involved in perceptual and motor skills.
Episodic learning demands a visceroautonomic
boostier or controlled, concentrated effort; the learn-
ing of skills demands repetitious persistence and
practice to apprehend the invariances that charac-
terize the situation. The psychosurgical and neuro-

praocedure performed on nor-
malized (by square root trans-
formation) raw scoras.

psychological evidence reviewed here has shown
that episodic or “working” memory involves the
frontal and that the attainment of automatic skills
involves the posterior intrinsic systems.

Dimensions of lsocortical
Processing

These operations of intrinsic cortex become mod-
ulated and differentiated further by corticipetal
influences from the brainstem core: mesencephalic
reticular, diencepbalic (hypothalamic), and fore-
brain (basal ganglia) in particular. The experiments
that demaonstrate these influences were inspired by
the abservation in man that certain lesions of frontal
and parietal cortex result in “neglect.” Humans and
animals who show negiect fail to respond toward
contralateral stimuli especially when the stimulation
is bilateral (amorphosynthesis). Similarly, neglect
can be observed when two stimulations are produced
in the contralateral field — only the more rostral of
the two elicits a response (extinction). In monkeys,
~the specific sectors of cortex involved in neglect sur-
round the inferior limb of the arcuate sulcus of the
frontal cortex (visual neglect) and the inferior
parietal lobule (somatosensory neglect), Recall that
in the discussion of apraxia (p 308} it was noted that
the Rolandic fissure extends into a region that in
nonhuman primates extends continuously from front
to back. The cortex that is involved in neglect in
primates apparently partakes of this origin and has
been split by the intrusion of the central fissure.
In their extensive experimental attack on this prob-
iem, Heilman and his associates have demonstrated
a relationship between the orienting reaction (an
indicator of arousal) and the neglect syndrome
obtained from the inferior parietal cortex (reviewed
by Heilmap and Watson, §43}]) and a relationship
between intention (as indicated by readiness) and
the neglect syndrome obtained from the frontal cor-
tex (42, 134). Heilman's data taken together with
thase reviewed by Pribram and McGuinness (103)
indicate that these frontal and parietal sectors are
intimately related to the controls on attention 1hat
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orginate in the basal ganglia and limbic formations
of the ferebrain. This relationship has an anatomical
substrate as was shown by Pobram and MacLean
(102} using strychnine neuronography and more
recently with horseradish peroxidase (HRP) by
Mesalum et al (62). The relationship is both with
subcortical formations that project to the limbic
forebrain (such as the mesencephalic reticular for-
mation — locus cernleus, raphe nuclei, and pretectal
region — and intralaminar nuclei of the diencephalic
thajamus) and with the limbic cortex per se (cingu-
Jate gyrus). Heilman's group has shown neglect to
follow lesion of atl of these structures.

How are we to conceptualize these data on neglect,
which relate limbic cortex and corebrain structures
to a select portion of the cortical convexity? One
possibility is to distinguish an extrapersonal from
intrapersonal dimension. Recall that the perifissural
cortex dealt primarily with the organism’s construc-
tion and use of constancies developed from its
interaction with the environment. These constancies
are ordinartily projected and attributed to the envi-
ronment by a process similar to that, which allows
the projection of sound to occur forward of and be-
tween two speakers in a stereophonic music system
(6, 86).

By contrast, the neglect syndrome points to a pro-

cess by which interactions between organism and-

environment are referred back to the organism - or
at the minimum, that the distinction of an extraper-
sonal domain is not made. In support of this
interpretation are the patients with limbic lesions in
the anterior temporal (and inferior frontal?) region
who write interminable voluminous descriptions of
their subjective experiences —~ a syndrome that
appears to be the opposite of neglect. Tentatively, at
least, the delineation of an extrapersonal-intraper-
sonal (or esthetic-ethical) dimension may provide a
suitable heuristic for further study.

The existence of such a dimension has previously
been postuiated to account for the differences in
effects of frontal and parietal lesions (126}. A care-
fully designed experiment (executed by Brody and
Pribram [10]) to test this proposal showed, however,
that only its extrapersonal-parietal portion could be
confirmed. The studies on neglect that were
described above suggest that the locus of the
intrapersonal portion had been misplaced in the dor-
solateral frontal cortex and indicate a more ventral
and posteror frontal and inferior parietal locus for
the intrapersonal process.

[n summary of these data on the localization of func-
tions in the cerebral isocortex, mention must be
made of the striking assymmetry of effects of lesions
of the two cerebral hemispheres in man. This assym-
metry has recently captured the attention of neuro-
scientists ancl behavioral scientists to such an extent
that evidences of other localizations have been
almost totally ignored. Good reviews of the assym-
metry literature are available (e.g., Dimond and
Blizard [30], Dimond and Beaumont {29]} so here,
only a few comments will be tendered.
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1. Assymmetry in function between the hemispheres
can be shown to be present in the auditory mode
even in monkeys when suffictently complex tasks
(auvditory delayed matching from sample) are used
(23, 26).

2. There is general agreement that in most right-
handed persons elaborate speech is primarily a func-
tion of the left hemisphere and that visuospatial
manipulations are more impaired when lesions occur
in the right hemisphere.

3. There is less agreement as to what might be the
basis for this assymmetry of function, but in the
immediate past those working most intensively in
this area of investigation have been concluding that
the left hemisphere (in ordinary right-handed per-
sons) is an analytic executive that programs action. It
is this executive function that provides serality to
psychological processes since to act it is necessary to
perform sequentially.

4. By contrast, visuospatial processing is more par-
allel in nature. Furthermore, evidence has recently
begun to accumulate that affective feeling is assym-
metrically involved by lesions restricted to one or the
other hemisphere. Lesions of the right hemisphere
often lead the patient to become more analytic and
therefore dysphoric while lesions of the left hemi-
sphere, though often considerably more debilitating,
leave the patiemt euphoric. Parallel, simultaneous
processing, experiencing more holistically, appears
to generate positive feelings while analytic process-
ing appears to generate negative feelings. oo
Once again, to provide a basis for further inquiry, let
us encapsulate this huge and varied body of evidence
by tentatively suggesting that hemispheric assym-
metry in man reflects an effective-affective dimen-
sion.

These tentative identifications of “dimensions”
allow us to conclude these sections on the localiza-
tion of functions of the cerebral isocortex. A fron-
toposterior dimension is reflected in the distinction
between the processing of episodically related events
to attain assurance on the one hand (frontal), and
image and information processing on the other
(posterior). This distinction becomes refined in the
interaction between frontolimbic and convexal cor-
tex into an intrapersonal-extrapersonal dimension
where extrapersonal processes are a function of the
intrinsic cortex surrounding the perifissural cortex
and intrapersonal processes devolve on the intrinsic
cortex more closely related to limbic and corebrain
formations. In man, these dimensions become
further differentiated by an effective-affective (left-
right) dimension invelving hemispheric assymmetry.
Effective action is perforce serial because of the
[imited central and motor competency of the organ-
ism. Serial ordering is not limited to action on the
environment, however. Speech and conceptual
action (analysis) also partake of sequentiality. Thus,
both extrapersonal and intrapersonal processcs are
regulated by the effective-affective dimension. The
affective aspects enter by virtue of the fact that the
more parallel, simultareous processing performed
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by the right hemisphere apparently results in
euphoria while analytic processing is apt Lo result in
dysphoria,

So muchk for localization per se. We need now to
examine more ctosely the mechanisms by which
these localizable processes come into being.

An Alternative to the
Transcortical Reflex

Models of cerebral organization of the functions of
the intrinsic cortex heretofore have been based to a
large extent on clinical neurological data and have
been formulated with the “reflex’” as prototype.
Such models state that input is organized in the
extrinsic ‘'sensory,” elaborated in the intrinsic
“associative,” and from there relayed to the extrinsic
“motor” sectors. According to this view, deficits in
function result from disconnections of these sectors
from one another. As already pointed out, the affer-
ent-efferent overlap in the extrinsic (primary projec-
tion) system makes such notions of cerebral organi-
zation suspect, A series of neuropsychological
studies by Lashiey (53), Sperry (118, 119), Chow
(18), Evarts {32), and Wade (130), in which the
extrinsic (primary projection) sectors were surgically
cross-hatched, circumsected, or isolated by large
resections of their surround with little apparent
effects on behavior, has cast further doubt on the
usefulness of such a “transcortical” model. Addi-
tional difficulties are posed by the negative elec-
trophysiological and anatomical findings whenever
direct connections are sought between the extrinsic
{primary projection} and intrinsic {association) sec-
tors (9, 102). These data focus anew our attention
on the problem faced repeatedly by those interested
in the relationship between cerebral functions and
mental processes. Experimentalists who followed
Flourens in deaiing with the hierarchical aspects of
cerebral organization — e.g, Munk (68) von
Monakov (66), Goidstein (39), Loeb (57}, and
Lashiey (51) — have invariably come to emphasize
the importance of the extrinsic (primary projection}
sectors not only in “sensorimotor” behavior but also
in the more complex mental processes. Each inves-
tigator has had a slightly different approach to the
functions of the inrfrinsic {association) sectors, but
the viewpoints share the proposition that the intrin-
sic secters do not function independently of the
extrinsic. The common difficulty has been the con-
ceptualization of this interdependence between
intrinsic {association) and extrinsic (primary projec-
tion) systems in terms other than the transcortical
“reflex” model — a model that became less cogent
with each new expeniment,

Is there an altermative that meets the objections
levied against the transcortical “reflex” yet accounts
for currently available daia? I believe there is. The
hierarchical relationship between intrinsic (associa-
tion) and extrinsic (primary projection) systems can
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be attributed to a convergence of the owpus of the
two systems at a subcortical locus rather than to a
specific input from the extrinsic cortex to the intrin-
sic. A considerable body of evidence supporting this
alternative. is already avaifable. Data obtained by
Whitlock and Nauta (138) and Reitz and Pribram
(111}, using silver staining and electrophysiological
techniques, show that borh the intrinsic and extrinsic
sectors implicated in vision by neuropsycholopical
experiments are efferently connected with the motor
structures, such as the basal panglia and superior
colliculus, Lesions -of these motor structures have
produced effects very similar to those obtained when
the comparable intrinsic cortex is resected (113,
123). On the other hand, lesions of their inpul chan-
nels through the intrinsic thalamic nuclei fail to
interfere with discriminative behavior (19, 63, 72,
129). Thus, the specific effects on behavior of lesions
of the intrinsic (association) systems are replicated
when the owipur is to a subcortically located neural
mechanism. This output, in tumn, affects input to the
extrinsic (primary projection) systems either directly
or through the efferent control of the receptor (e. g.,
in vision, Spinelli and Pribram [121}, Lassonde et al
[56]). According to these new data, the “associa-
tive” functions of the central nervous system are to
be scught at convergence points throughout the
central nervous system, especially in such motor
structures as the basal ganglia and not solely in the
intrinsic {association) cortex.

The Brain Controls its Input

Much effort has been channeled into an attempt to
specify the nature of such efferent control mecha-
nisms. To this end, a series of experiments was
undertaken to find out how the intrinsic cortex might
affect the processing of visual information, It is
appropriate to begin with some facts — or rather lack
of facts — about the neuroanatomical relationships of
the inferotemporal cortex. There is a dearth of
neurclogical evidence linking this cortex directly te
the known visual system, the geniculostriate system.
There are no direct pathways to the inferotemporal
cortex from the visual cortex or the geniculate nu-
cleus, Connections can be traced via fibers that
synapse twice in the preoccipital region, but connec-
tions also exist between the visual cortex, and the
parietal lobe, the excision of which does not result in
visual agnosia {as shown above). In addition, mas-
sive circumsection of the striate cortex does not per-
manently impair visual discrimination (19, 22, 97,
129), although as noted, size constancy becomes dis-
rupted (128). Further evidence that these "‘cor-
ticocortical” connectians are not the critical ones can
be seen from the following experiment (Table
15-3). A crosshatch of the inferotemporal cortex
was performed (much as Sperry [119] had done ear-
lier for the stnate cortex), and no deficit was found
either in visual learning or in performance. On the
other hand, undercutting the inferotemporal cortex
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made a vast difference: it precluded both learning
and performance in visual tasks. This result indicates
that the relationships critical to performance of the

visual discriminations are most likely to be cor-

ticosubcortical (108, 129). That this is indeed the
case has been shown by making lesions (15) within
the basal gangliz in the region of the projections
from the inferotemporal cortex as determined elec-
trophysiologically (111} and reproducing the visual

Table 15-3 Comparison of the Effacts of Undercutting
and Crosshatching infero-Temporal Cortex of Mon-
keys on Their Performance in Severai Discriminations
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discrimination deficit ordinarily obtained from
resections of the inferotemporal cortex.

The proposal that the critical relations of the intrin-
sic cortex are centrifugal, or efferent, has been tested
by electrophysiological experiments. Instead of
resections, chronic electrical stimulations of intxinsic
cortex were performed (121). Records of electrical
responses evoked by paired flashes were made from
the striate cortex in awake monkeys {Fig. 15-2), The
response to 50 such paired flashes were accumulated
(averaged) on a computer. The flash-flash interval
was varied from 25 to 200 ms. The top traces were
recorded prior to the onset of stimulation and the
lower ones after electrical stimulation of the frontal
or inferotemporal intrinsic cortex had begun. Note

Animal 3vs8 RvsG 3vs8 . . \ Lt P
that with cortical stimulation the recovery function is
Crosshatch 158 380 az 0 depressed by inferotemporal stimulation, i.e.,
159 180 100 0 recovery is delayed. During stimulation of frontal
161 580 50 0 intrinsic cortex, the opposite effect is obtained,
166 130 0 o Figure 15-13 shows the average of such effects in
Undercut 163 [1014] 100 300 five subjects. Thus, chronic stimuiation of the
164 fro30] 200 (5601, inferotemporal cortex produces a marked increase,
167 704 0 and stimulation of the frontal cortex a decrease in
168 [1030] 150 (500} R - , :
. the processing time taken by cells in the visual
Normal 160 280 106 0
system,
162 180 100 0 . . .
165 280 100 0 A parallel experiment in the auditory system was
170 150 100 o performed. In this study, made with cats, removals
of the auditory homolog of the inferotemporal car-
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tex were performed. Dewson {24) has shown that
resection of the cortex impairs complex auditory dis-
crimination (speech sounds), leaving simple auditory
discriminations {pitch and loudness) intact. In addi-
tion, resection shortens paired-click recovery cycles
recorded as far peripherally as the cochlear nucleus.
Control resections of the primary auditory projec-
tion cortex and elsewhere have no such effect. Thus,
there is evidence that chronic stimulation of the
posterior intrinsic cortex selectively prolongs, while
ablation selectively shertens, the recovery time of
cetls in the related primary sensory projection
system.

These results have been extended in both the audi-
tory and visual modes. Microelectrode experiments
have shown alterations of visual receptive fields
recorded from units at the optic nerve, geniculate,
and cortical levels of the visual extrinsic system when
the intrinsic cortex is electrically stimulated (56,
122).

The anatomy of the corticofugal pathways from the
intrinsic cortex that are responsibie for such control
OVEr Sensory input was also examined. In the audi-
tory system, the fibers lead to the inferior colliculus
and from there (in part via the superior olive) ta the
cochiear nucieus (27). From the inferotemporal cor-
tex, fibers lead to the putamen as already noted, and
to the pretectal-collicular region; frontzl intrinsic
cortex projects to the candate nucleus. The pathways
to the exirinsic sensorimotor systems from the basal
ganglia are currenily under study with autoradio-
graphic techniques. Preliminary results show that the

in the various experiments. Itis
thus 2 summary of the findings.

175 200

extrinsic systems are influenced through connections
from the globus pallidus (which receives the input
from caudate and putamen} to the reticular nucleus
of the thalamus, which in turn influences the extrin-
sic thalamus muclei (116).

In general terms, the results of these experiments
show that the efferents from posterior intrinsic cor-
tex tend to reduce, and those from the frontal intrin-
sic cortex tend to enhance the number of sensory
input channeis simultaneously engaged. This is prob-
ably accomplished by inhibition and distnhibition of
the ongoing intermeuronal regulatory processes
within the afferent channels (56)., When the number
of sensory channels simultaneously engaged is few,
the channel can be conceived as multiplexed, i.¢.,
each channel can carry different patterns of signals
and thus more information can be conveyed at any
moment. Thus, the effects of the operations of the
intrinsic cortex may be conceptualized as increasing
or decreasing the information processing compe-
tency of the extrinsic sensorimotor systems (78).

Distribution of iInformation and
the Functions of Extrinsic
Systems

This is not the first time in the history of experimen-
tal brain research that daia have led investigators of
mental functions to focus on the primary projection
systems. Munk (68), von Monakov (66), and Lash-
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ley (52) pursued this course from an early emphasis
on the “association” to a later recognition of the
importance of the erganization of the input systems.
Qf special interest in this pursuit are the experiments
of Lashley that demonstrated that pattern vision
remains intact after extensive resection — up to 85%
— of the visual extrinsic cortex. Such experiments
have been frequently repeated (e. g., Galambos et al
[36]. Chow [20]}. The results make it imperative to
infer that input information becomes widety distrib-
uted within the visual system. This inference is
amply supported by direct evidence that distribution
indeed does occur.

For example, in one experiment, monkeys were
trained to discriminate between a circle and a set of
vertical stripes by pressing the-right or left half of a
plastic panel upon which the cues were briefly pro-
jected (for 0.01 ms). Transient electrical responses
were meanwhile recorded from small microelec-
trodes. Electrical responses were related by compu-
ter analysis to the stimulus, response, and reinforce-
ment contingency of the experiment (107). Thus, we
could distinguish from the record whether the mon-
key had looked at a circle or at the stripes, whether
he had obtained a reward or made an error, and
whether he was about to press the right or the left
leaf of the panel. Interestingly enough, not all of
these brain pattemns were recorded from all of the
electrode locations: from some, input-related pat-
terns were obtained best; from others, the reinforce-
ment-related patterns were derived; from still others
"the patterns were response related. This was despite
the fact that all placements were within the extrinsic
visual system, which is characterized anatomically by
being homotopic with the retina. Therefore, not only
are optic_gvents distributed widely over the system
but response and reinforcement-related events are
reliably encoded in the extrinsic cortex. The
mechanism by which such homotopic organization
can be utilized to distribute input has been detailed
by electrophysiclogical experiments on single units
in the visual and other primary sensory areas and has
been extensively reviewed elsewhere (86, 88, 91,
92). Therefore, not only are optic events disiributed
widely over the system but response and reinforce-
ment-related events are reliably encoded in the
extrinsic cortex,

What then is the function of the extrinsic cortex,
which has encoded this wealth of experience? Once
again, the answer comes from the combined use of
psychosurgery and guantitative neuropsychological
examination (137). In this instance, a careful resec-
tion was performed on a patient to remove a heman-
gioma, which invaded the cortex. Adjacent cortex
appears to have been spared. The result, as
expected, was a contralateral homonymous
hemiznopta. Much to everyones surprise, however,
when the patient was tested for possible residual vis-
ual function, he performed well above chance in
painting to the location of large objects and even in
identifying such coarse grained patterns as large
triangles, squares, and circles, the very tasks that are
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impaired following intrinsic cortex damage. Despite
continued excellent performance (to date over a
pericd of several years), the patient insisted that he
could not “see™ anything, that he was totally blind
on the affected side, and that he experienced nothing
visual. Several other patients have by now been
reported on whom similar ocbservations have been
made.

It is clear from these observations that an intact
extrinsic cortex is critical to self-awareness, the seif-
conscious processing of experience. The term a
“self-consciousness™ or self-reflective consciousness
is more appropriate than simply “coasciousness”
because the latter is ordinarily inferred from the
behavior (pointing, identifying) spared in the
patients with resections of the visual extrinsic cortex.
In animals, self-consciotsness is difficult to test
{although the ability to recognize oneself in a mirror
has been taken as an appropriate indicator — which,
by the way, fails with species below the great apes)
(see Pribram [89] for review). This may account for
the paucity of effects of extrinsic cortex resections
when made on nonprimate animals.

Processing Mechanism

Such resuits surely shake further one’s confidence in
the ordinary view that input events must be trans-
mitted to the “association” areas for associative
learning to be cffected. The experimental findings
detailed here allow one to specify a possible alterna-
tive to account for lesion-produced deficits in mental
function. This alternative (78) states that the intrin-
sic cortex by way of efferent tracts leading to motor
structures {such as the basal ganglia) controls and
preprocesses the events that occur in the extrinsic
systems. Much of this contral must, on the basis of
the observations on patients described above, be
exercised subcortically. In neurophysiclogical terms
(86), when the recovery time of neurons in the sen-
sOry projection system is increased by posterior
intrinsic cortex stimulation, fewer cells are available
at any given moment to receive the concurrent input.
Each of a successive series of inputs thus will find a
different set of cells in the system available to excita-
tion. There is a good deal of evidence in addition to
the ablation experiments noted earlier that there is
plenty of reserve capacity — redundancy ~ so that
information transmission is not, under ordinary cir-
cumstances, hampered by such “narrowing™ of the
channel (1). Ordinarily, a particular input excites 2
great number of fibers in the channel, ensuring rephi-
cation of transmitted information. Just as lateral

-inhibition in the retina has the effect of reducing

redundancy (4) so the operation of the sensary-
specific  posterior  intrinsic  {association) cartex
increases the density of information within the input
channel.

Conversely, the functions of the frontal intrinsic
mechanism enhance redundancy, making more cells
available at any given moment to concurrent input.

i
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This diminshes the density of information processed
at any moment and enhances temporal resolution.
The model has several important implications. First,
the nonrecovered cells, the ones that are still
occupied by excitation initiated by prior inputs, will
act as a context or short-term memory buffer,
against which the current input is maiched. A match-
mismatch operation of this sort is demanded by
models of the process of recognition and selective
attention spelled out on other occasions by Craik
(23), Sokolov (117), MacKay (59), and Pribram (77,
80, 81, 86, 88). These “‘occupied” cells thus form the
matrix of “uncertainty’ that shapes the pattern of
potential information, i.e., the “expectancy” that
determines the selection of input signals that might
or might not occur. The normal functions of the
posterior cortex are assumed to increase the com-
plexity of this context, while those of the frontal sys-
tems would simplify it and thus allow readier tem-
poral organization and registration.

Second, in a system of fixed size, reduction of redun-
dancy increases the degree of correlation possible
with the set of external inputs to the system, while
enhancement of redundancy has the opposite effect.
The number of alternatives or the complexity of the
itemn to which an organism can attend is thereby con-
trolled (38). This internal alteration in the functional
structure of the classic sensory projection system
thus allows attention to vary as a function of the
spatial and temporal resolution that excitations can
achieve, with the result that events of greater or les-
ser complexity can be attended to. The sharper the
spatial resolution, the greater the “uncertainty” and,
thus, the more likely that any set of inputs will be
sampled for information. Conversely, the greater the
temporal resolution, the more likely that attention is
focused, and that events become grouped, memor-
able, and certain. In the extreme, the sharpening of
the appelite for infermation becomes what the clini-
cal neurologist calls stimulus binding. Its opposite
is agnosia, the inability to identify events because
they fail to fit the oversimplified context of the
moment.

Third, this corticofugal model of the functions of the
intrinsic {association) systems relieves us of the
problem of higher and higher order infinite regress —
an association area “homunculus™ who synthesizes
and abstracts from inputs, only to pass on these
abstractions to a still higher “homunculus,” perhaps
the one who makes decisions, etc. Former ways of
looking at the input-output relationships of the brain
invariably have come up against this problem
{(mplicit or explicit) of “linle men” inside “little
men”.

According to the model presented here, there is no
need for this type of infinite regress. The tmportant
functions of perception, decision, elc., are going on
within the extnnsic {primary sensery and motor pro-
jection) systems. Other brain regions, such as the
posterior sensory-specific and the frontal intrinsic
systems, exert their effects by altering the functional
organizalion of the extrinsic systems. Thus, these

intrinsic systems are not sensory-sensory assaciation
systems; they alter the configuration of input-ouiput
relationships processed by the sensory-specific pro-
jection systems with which they are associated. In
computer language, the intrinsic systems function by
supplying subroutines in a hierarchy of programs,
subroutines contained within and not superimposed
from above on the more fundamental processes. In
this fashion, the infinite higher order .abstractive
regress is avoided. One could argue that in its place a
downward regress of subroutines and sub-sub-
routines is substituted. However, this type of regress,
through progessive differentiation, is the more
understandable and manipulatable of the two.

A final advantage of the model is that the sensory
signal itself is not altered by the associated intrinsic
processing mechanism. The invariant properties of a
signal are unaffected. It is only the organization of
the channe] itseif ~ the matrix within which the sig-
nal is trapsmitted — that is altered. Thus, the same
signal carries more or less information, depending
on the “width” of the channel. The signal carries
different meanings, depending on the particular
structure or organization of the redundancy of the
channel.

Concretely, the intrinsic cortex is conceived to pre-
process, to program, and to structure an input chan-
nel. This is tantamount to saying that the input is
being coded by the operation of the intrinsic cortex.
In its more fundamental aspects, cornpuler program-
ming is in large part a coding operation. The change
from direct machine operation through assembier to
one of the more manipulatabie computer languages
invalves a progression from the setting of binary
swilches to conceptualizing combination of such
switch settings in ““octal” code and then assembling
the numerical octals into alphabetized words and
phrases and finally parceling and parsing of phrases
into sentences, routines, and subroutines. In essence,
these progressive coding operations minimize inter-
ference among like events by identifying and regis-
tering unique structures among the configurations of
occurrence and recurrence of the events.

Thus, the evidence presented here makes it likely
that the posterior and frontal intrinsic formations of
the forebrain code events occuring within the input
systems. The distribution of information {dismem-
bering) within the extrinsic systems implies that the
distributed events can become orgamzed and reor-
ganized (re-membered), a process similar to that
used by computers when a program organizes events
addressed in a random access memory stare.

Summary

The advent of electrophysiology has obscured the
rich yield of information reparding the cerebral cor-
tex that has been obtained by way of clinical and
experimental psychosurgery. Many neurologists and
neuresurgeons do not have ready access to the
wealth of quantitative neuropsychological data that
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has accumulated during the second half of the 20th
century, which has often been published in
psychological journals. This chapter has attempted
1o briefly review some highlights of this wealth that
bear on the question of cortical function in men.
Isocortex is distinguished from the allocortex and
juxtallocortex of the limbic forebrain. Isocortex is
then divided according to thalamic input into extrin-
sic and intrinsic divisions. Extrinsic cortex comprises
the classical sensorimotor projection areas. Intrinsic
cortex covers the posterior convexity between the
projection areas and also the frontal pole,
Evidence is-presented that the motor portions of the
extrinsic cortex are critical in prehending the con-
stancies, the invariant relationship between organ-
ism and environment that characterize not only
motor but also perceptual skills. Although the issue
is by no means resolved, there are data that suggest
that such invartances are indeed prehended by virtue
of the actions guided by these motor systems rather
than abstracted by some more passive mechanism.
The posterior intrinsic cortex has been shown to
consist of sectors, each of which is associated with a
specific sensory mode, Paradoxically, however, radi-
cally disconnecting the input from the associated
sensory mode has surprisingly little effect on the
functions ascribed to the intrinsic cortex. By con-
trast, lesions of structures receiving the output from
the intrinsic cortex {(such as the basal ganglia) pro-
duce effects remarkably similar to those that follow
removal of the related cortex. This paradoxical
tesult led to the inference that the intrinsic cortex
sends efferents to the input systems, an inference
that has been substantiated by a series of electro-
physiologtcal experiments.

The functions of the posterior intrinsic systems
center on_the ability to identify, i.e., choose one
invariant organism-environment relationship (i. e.,
an informative cue) as opposed to another. Evidence
was presented that indicates that this function is
effected by organizing the neural events taking place
in the input systems.

These events reflect not only the input from recep-
tors but also relevant outcomes of actions and prop-
ertics of the action themselves. The events are
encoded in a distributed fashion with no apparent
overall organization. Organization is assumed to be
achieved by the operation of the efferents from the
intrinsic cortex, which emphasize now one constella-
tion of events, now another.

The frontal intrinsic cortex can also be subdivided
according to modality. However, the subdivisions
are not as clear cut, and some portions {the medial
and orbital) are especially closely linked to the lim-
bic forebrain.

The entire frontolimbic sector of the cortex is
involved in the processing of recurning regularities in
variable relationship between organism and envi-
ronment, such as eating, dnnking, perceiving the
appropriate  social situations for a particular
behavior, and solving problems where external cues
present at the time of response are insufficient in
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themselves to indicate what needs to be done. The
mechanism whereby variables are processed appears
to be the reciprocal of that by which the processing
of invariants is achieved.

Finally, evidence was presented to suggest that the
extrinsic cortex is critical to the attainment of sell-
awareness -- self-consciousness. In the same vein, the
posterior intrinsic cortex i$ necessary to cognition ~
agnosias result when the postedior intrinsic cortex is
damaged or resected. As already noted, cognition
invalves the ability to identify (leam and remember)
invariances and to choosé among them for a pur-
pose. By contrast, the frontal intrinsic system is criti-
cal 1o the procession of the recurrent regularities of
variables that comprises motivated and emotional
learning and remembering.

Thus, although psychosurgery yields to electrophy-
siology when questions of mechanism are asked,
more has been learned about brain-behavior rela-
ticnships from patients Iaw:l animals with brain
lesions that from the apphcaucm of other disciplines.
The opportunities contmue to be present especially
in the clinic as attested by|the recent reports on the
role of the visual cortex in consciousness and the vast
literature that has aocum;mu!ated on hemispheric

specialization. However, tlhe experimental psycho-
surgical laboratory also has its contribution to make

- take as example the current report that attributes

visual constancy to the perlwlsual cortex. Promise of

€ven greater power isin the offing — the combination
of experimental psychosurgery and electrophysml-
ogy has as yet not been expioited.

Reference

. Altneave F: Some informational aspects of visual percepiion.
Psychol Rev 61: 183193, 1954

. Bagshaw MH, Pribram KH: Cortical organization in gustation
(macaca mulatta). ] Neurophysiol 16: 499508, 1953

. Bailey P, von Bonin G: The isocartex of man. University
Illinois Press, Urbana, Lt [951

4. Barlow HB: Possibie principles underlying the translormations

of sensory messages. In: Rosenblith W, {ed): Sensory com-

munication. MIT Press, Cambridge, Mass 1961, 217-234

Bechterev von W: Die Funlmonen der Nervencentra. Fischer,

Berlin 1911, LB59

6. Bekesy G v Synchronismy of neural discharges and their

demultiplication in pitch pergeption on the skin and in hear-

ing. J Acoust Soc Am 31 (3} 338-349, 1959

Btum J5, Chow KL, Pribram KH: A behavioral analysis of the

organization of the parieto~temporo-occipital cartex. I Comp

Neurot 93: 53-100, 1950

. Bonin G v, Bailey P: The negoortex of macaca mulatta, Uni-
versity Illinois Press, Urbana 11 1%47

- Bonin GV, Garol HW, MeCullock WS: The functional organi-
zation of the occipital lobe. Biol Symp 70 165-192, 1942

10. Brody BA, Pribram KH: The role of frontal and parietal cor-
fex in cognilive processing: tests af spatial and sequence func-
tions. Brain 10H: 607-633, 1978

. Brody BA, Ungerleider LG, Pribram KH: The ctfects of insta-
bility of the visua! display on pattern discrimination leaming
by monkeys. produced after resections of frontai and infero-
temporal cortex. Neuropsychologia 15: 439448, 1977

12. Brawn T5: (Hfactory and visual discrimination in the monkey

after selective lesians of the tempoeal lobe, ] Comp Physiol
Psychol 56: 764768, 1943

13. Brown T5, Rosvold HE, Mishkin M: Qifactory discriminatian

after temporal lobe lesions in monkeys. 1 Comp Physiol

Psychol 56: 190195, 1963

Ea ]

("]

b

bl

&=

=]

1

p—

- SO

H
H
i
5
¥
5
T
H
1

O ity e o AT 5 YRR S

e

)




ELRE N e L

’ 326

14.
15.
16.
7.
i8.
1%.
20.
21.
22.

23
24

23.

26,

28

29,

30.

1.

32.

33

a4

35

36.

38.

39,

40.

P

Rrutkowski S: Prefromal cortex and drive mhibition. In: War-
ren JM, Akect K (eds): Frontal granular cortex and behaviar.
McGraw Hill, New York 1964, 219-241

Buerger AA, Gross CG, Rocha-Miranda CE: Effects of ven-
tral putamen lesions on discrimination leaming by monkeys. J
Comp Physiol Psychol 86 (3): 440-446, 1974

Chin JH, Pribram KH, Drake K, Greene LO, Jr: Disruption of
temperature discrimination during limbic forebrain stimuta-
tiont in monrkeys. Neuropsychologia, 14: 293-310, 1976
Chow KL: A retrograde cell degeneration study of the cortical
projection field of the pulvinar in the monkey. J Comp Neurol
93: 313-340, 1950

Chow KL: Further studies on selective ablalion of associative
cortex in relation (o visually mediated behavior. } Comp Phys-
iol Psychol 45: 109-118, 1952

Chow KL: Lack of behavioral effects following desinzction of
some thalamic association puclei in monkey. Arch Newrcl
Peychiatr 71: 762-771, 1954

Chow Ki: Integrative functions of the thalamocortical visual
system of cat. In: Pribram KH, Broadbent 1) {eds): Binlogy af
memory. Academic Press, New York 1570), 273-292

Chow KL, Pribram KH: Cortical projection of the thalamic
ventrolateral nuclear group in moakey. J Comp Neurol 104:
5775, 1956

Christensen CA, Pribram KH: The effect of inferciemporal or
foveal prestriate ablation on serial reversal learning in mon-
keys. Neuropsychologia 17 (1}: i-10, 1979

Craik KHW: The nature of explanation. Cambridge Univer-
sity Press, New York 1943

Dewsan JH. 11}: Speech sound discrimination by cats. Scienee
3619: 555-556, 1964

Dewson JH [1I: Preliminary evidence of hemispheric asym-
metry of auditory function in monkeys. In: Harnard §, Daty
RW, Iaynes J, Goldstein L, Crauthamer G (eds): Lateraliza-
tion in the nepvous system. Academic Press, Mew York 1977,
6371,

Dewson JH, 111, Cowey A: Discrimination of audilery se-
quences by monkeys, Maruge 222: 695-697, 1969

- Dewson JH 1H, Noble KW, Pribram KH: Corticofugal influ-

ence a1 cochlear nucleys of the cal: some effecis of ablation of
insular-temporal cortex. Brain Res. 20 151159, 1966
Dewson JH 11, Pribram KH, Lynch J: Effects of ablations of
temporal cortex upon spesch sound discrimunation in the mon-
key. Exp Neurol 24: 579-591, 1969

Dimond $J, Beaumont 1G (eds): Hemisphere fungtion in the
buman brain. Wiley, New York 1974

Dimond &), Blizard DA (eds): Evolution and lateralization of
the brain. Ann NY Acad Sci 299: 1977

Euliager G: Visual discrimination with a single manipulandum
following temporal ablations in the monkey. 3 1 Exp Psychol
XI(3): 164-174, 1959

Evarts EV: Effect of ablation of prestriale cortex on auditnry-
visual association in monkey. J Newrophysiol 15: 191-200,
1952

Flechsig P: Die Locelisation der geistigen Vorgénge ins-
besondere der Sinnesemplindungen der Menschen. Leipzig
1896

Flourens I*: Recherches expénimemales sur les propri€iés et
les fonctions du systdme nerveux dans jes animaux verlébres,
Crevol, Paris 1924, 26-332

Fowler CA, Turvey MT: Skill acquisition: an event approach
with special relerence to searching for the oplimum of a func-
tion of several variables, Paper presented ar CIC Symposium
on “Information processing in mowor control and learming”,
Madison, Wise, Apnl, 1977

Galambos R, Norion TT, Frommer CP: Opiic tract lesions
sparing patlern vision in cats. Exp Neurel 18: 8-25, 1967

-Gall FJ, Spurzheim G: Research on the nervous system in

general and on that of 1the brain in particular. In: Pribram
K. H. [ed}: Brain and behavior 1. Penpuin Books, Middlesex
1969, 20-26

Garner WR: Lnceriainty and structure as psychological con-
cepts. Wiley, New York, 1962

Goldstein K- Die Topk der GroBhimrindc i threr klinischen
Bedeutung. Disch Z Nervenheilk 770 7124, 1923
Grossman SP: A textbnok of physiclogical paycholopy, Wiley,
New York, 1967

.

Functional Organization of thé Cerebral Isocortex
41.
42,

43,

44,

45,
46.
47,

48
49.

50.

5

—

5

hd

53

54,

35
36.

57

58,

59

6.

a

&

w

65,

a6

LS [EEE -

Hécaen H, Albert ML Human Neuropsychalagy. Wiley, Mew
York 1978

Heilman KM, Valenstein E: Fromal lobe neglect in man,
Neurology 22: 660664, 1972

Heilman KM, Watson RT: Mechanisms underlying the
unilateral neglect syndrome. In: Weinstein EA, Friedland
RP (eds): Advances in ncurolugy, vol 18. Hemi-inatien-
tion. and hemisphere specialization. Raven Press, New York
1977

Hubel DH, Wiesel TN: Receptive fields and funciional
architecture of monkey striate coniex. J Physiol 195: 215-243,
1968

Jones EG: The anatomy of extragemiculostniate wvisual
mechanisms. In; Schmitt FO, Worden FG (eds): The neurosci-
ences third study program. MIT Press, Cambridge, Mass 1973,
215-227

Kaada BR, Pribram KH , Epstein JA: Respiratary and vascu-
lar responses o monkey fram temporal pole, insula, orbital
surface and cingulate gyrus; a prefiminary report. T Newro-
physial 12: 347-356, 1949

Kimble DP, Bagshaw MH, Pribiram KH: Tic GSR of monkeys
during orienting and habituation after selective partial abla-
nans of the cingulate and frontal cortex. Neuropsychologia 3:
121-128, 1965

Kimura D: Motor conttol: a multidisciplinary look. Paper pre-
sented at Bth annuwal mecting of the imernational neuro-
psychological society, San Francisco, Calif, Feb, 1980
Kruger L: Observations on the organization of the sen-
sorimalor cerebral cortex, unpublished Fh.D. dissertation.
Yale University School of Medicine, 1954 .
Kruger L, Michel F: A single ncuron anatysis of buccal cavity
represeniation in the sensory trigemunal complex of the cat.
Arch Gral Biol 7 491-503, 1962

. Lashiey KS: Brain mechanizms and inteiligence. University of

Chicago Press, Chicaga 1929

. Lashley KS: The problem of cercbral organization in vision,

Tn: Visua! mechanisms. Biological symposia. Jacques Canell
Press, Lancaster 1942, vol 7, 301-332
Lashley K5: The mechanism of visian, XVIII Effects of de-

straying the visual ““associative areas” of the maonkey. Genet

Psychal Monogr 37: 107-166, 1548

Lashley KS, Ciark G: The cytnarchitecture of the cerebral
cortex of Ateles: a critice! examination of architectonic
studies. J Comp Neorol. 85: 223-305, 1946

Lassek AM: The pyramudal tract. [ts status i medicine.
Charles €, Thomas, Springfield 1954

Lassonde M, Pritec M, Pribram KH: Intracerebral influences
on the mictostrugiure of visual cortex, in preparation

Loet I: Comparative physiology of the brain and comparstive
psychalogy. I Murray, London 1901,

Luria AR, Pribfum KH, Homskava ED: An experimental
analysis of the behavioral disturbance praduced by a lefs fron-
1al arachnoidal endothelioma (meningioma). Neuropsychalo-
gha. 2. 257-280, 1964

MacKay DM: The ¢pistemological problemt for sutomata. In:
Automata Studies. Princeton University Press, Princelon
1956, 235-252

Magendie F: Expcriences sur les lonctions des racines des
nerfs rachidiens. | Physiol Exp 20 276279, 1822

.Mahs LI, Pobram KH, Kruger L: Action porentials in

“mator” cartex evoked by peripheral nerve stimulation. J
Neurophysiol 162 161-167, 1953

- Mesalum MM, Van Hoesen G, Pandya DN, Geschwind N:

Limhic and sensory connections of the inferior parietal lohule
(area PG) in the thesus monkey: a study with a new method
for horseradish peraxidase hisiochemistry, Brain Res 136:
393414, 1977

. Mighkin M: Cortical visual areas and their interaction. o

Karczmar AG. Eccles JC feds): The brain and human
behavior. Springer. Berlin 1972, 157200

. Mishkin M, Hall M: Discriminaiions along a size continuum

following ablation of the inferior 1emparsi convexity in mon-
key. J Comp Physial Psychol 48; 97101, 1955

Mishkin A, Pribram KH: Visual discrimination performance
following partial ablations of the 1emparal lobe. B Veniral vs
lateral. J Comp Physwl Psychol 47; 14220, 1954

Morakov von C: Dhe Lokaiisation in Grodthirm und der Abbau

& e i gty il B o 1 A Vot — it SR A S S R e )

e B, el

:




G e

e

67.

68,

69,

70.

7L

72.

73.

4.

75,

7.

7.

78.

80.

81.

82

B4

a5.

85,

§7.

RR.

RY.

B0

 Pribram KH: A f{urther cxpenmentai

der Funktion durch Korticale Herde. JF Bergmann, Wiesba-
denr 1914

Mounteastle VB, Lynch IC, Georgopoulos A, Sakata H,
Acuna C: Posterior parietal association cortex of the monkey:
command functions far uperalions within extrapersonal space.
I Neurophysiol 38: 871-908, 1975

Munk H: Uber die Funktionen der GroShirnrinde: ge-
sammelie Mitteitungen aus den Jahren. Hirschwald, Berlin
1881 ’

MNauta WIH: Some efferent connections of the prefrontal cor-
tex in the monkey. In. Warren I'™M, Akert K (eds): The frontad
granular cortex and behavior, MoGraw-Hill, New York 1964,
397

NeH D: Neural mechanisms of auditery discrimination. In:
Rasenblith W, A, (ed): Sensory communication. Wiley, New
York 1961, 259-278

Qscar-Berman M: The effects of dorsolateral-frantal and ven-
tro-lateral oebitofrontal lesions on spatial discrimination
learning and delayed response in two modalities. Neuro-
psychologia 13 (2): 237246, 1975

Peters RH, Rosvold HE: The effect of thalamic lesions upon
spatial deluyed alternation performances in the rhesus mon-
key, unpubtished M D thesis. Yale University, 1955

Pohl WG: Dissociation of spatal and discriminalion deficits
following frontal and parietal lesions in monkeys. J Comp
Physiol Psychol 82: 227-239, 1973

Pribram KH: Toward a science of neuropsychelogy: {method
and data) In: Patton RA (ed): Current trends in psychology
and the behaviural sciences. University of Pittsburgh Press,
Pitisburgh 1954, 115-142.

Pribram KH: Neocortical function in behavior. In: Harlow HF
{ed): Wewcortical function in behaviar, University of Wiscon-
sin Press, Madison 1958, 151-172

Pritbram KH: On the neurclogy of thinking. Behav Sci 4:
265-187, 1959

Pribram KH: A review of theary in physiological psychology.
Ann Rev Psychol: 1-40, 1960

Pribram KH: The intrinsic systems of the forebrain. In: Fieid J,
Magoun HW (eds): Handbook of physiology, neurophysicl-
opy. American Physiological Society, Washington, DC 1960,
vol 2. 1323-1344

analysis of the
behavioral deficit that [ollows injury to the primate Frontal
cortex. Exp Neurol 3: 432-466, 1961

Pribram KH: The new neuralogy: memory, novelty, thought
and choice. In: Glaser GH (ed): EEG and behavior. Basic
Boaks, Mew Yoark 1963, 149-173

Pribram KH: Reinforcement revisited: a structural view. In:
Janes M {ed): Nebraska symposium on mativation. University
of Nebraska Press, Lincoln 1983, 113-159

Pribram KH (ed): Brain and behavier Il perception and
action. Penguin Ltd, London 1969

. Pribram KH: Four R's of remembering. In: Pribram K H

(ed): The binlagy of learming, Harcourt, Brace, and World,
New York 1960

Pribram Ki: Toward a science of neurapsychelogy: (method
and data). [n: Patton BA (ed): Corrent trends in psychology
and the behaviaral scicnces, University of Pittsburgh Press,
Pittshurgh, 1954, 115-142. Reprinted in Penguin 1969
Pribram KH: DADTA HI: an on-line computerized system for
the experimental ahalysis of behavior. Percept Mot Skills 29:
3949-AN3, 19489

Pribram  KH: Languages
Englewood Cliffs, NJ 1971
Pribram KH: The primate [rontal cortex-executive of the
Brain. In: Luria AR, Pribram KH {eds): Frontal lobes and the
regulation of behavior. Academic Press, New York 1973
Pribrum KH: How is it thut sensing s much we can do 50
little? In: The neurosciences, IT1. MIT Press, New York 1974,
249261,

Pribran  KH: Self-consciousness and  intentinnality.  Tn:
Schwartz GE, Shapira [ (cds): Conscinusness and self-regula-
lion: advances in research. Plenum Publishing Carp, New
York 14740

Prihram KH: Modes of central processing in human learning
and remembering. Tn: Teyler TJ {ed): Brain and leaming.
Greylock Press, Stamford Couna 1977

of the brain. Preotice-Hall,

.9

92

93

24,

95,

98.

97,

9.

95,

100.

101,

102,

103.

104,

105,

106.

107,

108,

109,

110,

111,

112,

113

114,

115,

116.

Kl
E
1
b
»

Refarences 327

. Pribram KH: Consciousness and neurophysiology. Fed Proc

37 2271-2274, 1978

Pribram KH: The place of pragmatics in the syntactic and
semantic arganization of Janguage. In: Temporal variables in
speech, studies in honour of Freds Goldman-Elsler. Janua
Linguarum, The Hague, Mouton, Paris 1980.

Prabram KH: The role of analogy in transczading limits in the
brain sciences. Daedalus, 198D, in press

Pribram KH, Ahumada A, Hartog J, Roos L. A progress
report on the neurological processes disturbed by frontal
lesions in primates. In: Warren IM., Akert K (eds): The frontal
granular cortex and behavior. McGraw-Hill, New York 1964
Pribram KH, Bagshaw MH: Further analysis of the temporal
lobe syndrame utilizing frontotemporal ablations in monkeys.,
I Comp Neurol 5% 347-375, 1953

Pribram #H, Barry I: Further behavioral and analysis of the
parieto-temporo-preocdpital  cortex. J Neurophysicl 1%
99-106, 1956

Pribram KH, Blehert 5, Spineili DN: The effects on visual -

discrimination of crosshatching and undercurting the
inferotemporal cortex of monkeys. J Comp Physiol Psychol
62: 338-364, 1966

Pribram KH, Chow KL, Semmes I: Limit and organization of
the cortical projection from the medial thalamic aucleus in
monkey. J Comp Neurol 98: 433448, 1933

Pribram KH, Kruger L: Functions of the “olfactory brain.”
Ann NY Acad Sci 58: 109138, 1954

Pribram KH, Kruger L, Robinson F, Berman AJ: The effects .

of precentral [esions on the behavior of menkeys. Yale ) Biol
Med 28: 428143, 1956 .
Pribram KH, Lim H, Poppen R, Bagshaw MH: Limbic Lesions
and the temperal structure of redundancy. ] Comp Physiol
Psychul 61: 365-373, 1966

Pribram KH, MacLean PD: Neuronographic analysis of
medial and basal cerebral cortex. I1. Monkey J Neurophysiol
16 324-340, 1953

Pribrarn KH, McGuinness D: Arousal, activation and efiort in
the control of attention, Psychol Rev B2 {2}: 116-149, 1875
Pribram KH, Mishkin M. Simultaneous and successive visual
discrimination by monkeys with inferetemporal lesions. J
Comp Physicl Psychot 48: 198202, 1955

Pribram KH, Mishkin M, Rosvold HE, Kaplan 5J: EHercts on
delayed-response performance of lesions of dorsolateral and
ventromedial frontal cortex of baboons. ] Comp Physiol
Psychol 45: 565-575, 1932

Pribram KH, Plotkin HC, Anderson RM, Leong D): informa-
tinn sources in the delayed altermation task for normal and
“frontal’” mankeys. Neuropyychologia 13 329-340, 1977
Fribram KH, Spinelli ON, Kamback MC: Electrocortical cor-
relates gf stimulus response and reinforcement. Science 3784
94-96, 1967

Pribram KH, Spinelli DN, Reitz SL.; Effects of radical discon-
nexion of pecipital and temporal cortes on visual behaviour of
monkeys, Brain $2: 301-312, 1969

Pribram XH, Tubhs WE: Short-term memory, parving and the
primate frontal cortex. Science 156: 1763, 1967

Pribram KH, Wilson W4, Connars I: The cffects of lesions of
the medial lorebrain on altermation behavior of rhesus mon-
keys. Exp Neurol 6: 3647, 1462

Reitz SL, Pribram KH: Some subcortical connections of the
inferotemparal gyrus of monkey. Exp Neuwrol 25: 632645,
1969

Rase JE, Woolsey CN: Organization of the mammalian
thatamus and s relationships to the cerebral cartex. Elec-
troencephalogr Clin Neurophysiol 1; 351404, 1949
Rasvold HE, Mishkin M, Sewarchart MK Effects of subcorti-
cal lesions in mankeys on visual-discrimination and singie-
alternatinn  performance. I Comp Physiol Psychol 31t
437-444, 1958

Schneider W, Shiffrin RM: Controlled and automasic human
information processing. i Detection, search und atiention.
Psychol Rev B4 1-86, 1977

Shiffrin BM, Schneider W: Comrolled and automatic human
infurmation  processing. Il Perceptual learning, automatie
attending. aad a peneral theory. Psychol Rev 840 127-190,
1977

Skinner JE, Yingling CD: Regulation of slow potential shiftsin

e



T T A, Lm i

328

117

118.

119.

120.

12

122

123.

124,

125.

126.

127

128.

129.

130.

13).

132.

133

R T Ay =i g

Flow oo s PR e n b e

nucleus reticularis thalami by the mesencephalic reticular for-
mation and the frontal granular cortex. Electroencephaloge
Clin Neurophysiol 40: 288-296, i976

Sokolov EN: Neuronal models and the orieniing reflex. In:
Brazier MAB (ed}: The central nervous system and behavior,
Jusiah Macy, Jr. Foundation, New York 1960, 187-276
Sperry RW: Cerebral regulalion of motor coordination in
monkeys following mullipie transection of sensorimotor cor-
tex. J Neurophysicl 10: 275-294, 1947

Sperry RW: Preservation of high-order Junction in isolated
somatic coriex in caliosum-sectioned cats. J Neuzophysiol 22-
78-87, 1959

Sperry RW, Miner N, Meyers RE: Visual pattern perception
{ollowing subpial slicicg and 1antalum wire impiantalions in
the visyal coriex. } Comp Physiol Psychol 48: 50-58, 1955

- Spinelli DN, Pribram KH: Changes in visual recovery func-

tions produced by temporal lobe stimulation in monkeys.
Electroencephalogs Clin Neurophysiol 20: $4-49, 1966
Spinclli DN, Pribrarn KH: Changes in visual recovery function
and unit activity produced by frontal and remporal cortex
stimulation. Electroencephologr  Clin - Neurophysicl  22:
143-149, 1967

Sprague JM, Meikle TH, Jr: The tole of the superor colliculus
in visually guided behavior. Exp Newrol I1: 115-146, 1965
Samm J5: Consequences of prefrontal lesions on locomotor
delayed alternation by monkeys. In: Luria AR, Pribram K. H
{eds): Frontal lobes and ihe regulation of behavior, Academic
Press, New York 1973

Sugar O, Chusid }JG, French JD: A second molor cortex in the
monkey (Macaca mulatta). J Neuropathol 7; 182189, 1948
Teuber HL: Somalosensory changes after penetrating brain
wounds in man, Harvard University Press, Cambridge, Mass
1950

Tulving E (ed), Donaldson W: Organization of memory.
Academic Press, New York 1972, 423

Ungerkeider L, Pribram KH: Inferotemparal versus combined
pulvinar-prestriate lesions in the rhesus monkey: cifects on
color, object and pattern discriminanon. Newropsychologia
15: 481498, 1577

Ungerleider L, Ganz L, Pribram KH: Size constancy in Rhesus
monkeys: effects of pulvinar, prestrisie and inferotemparal
lesions. Exp Brain Res 27: 251-269, 1977

Wade M: Bchavioral effects of prefrontal lobectomy,
lobotemy and circumsection in the monkey (Macaca mulatia).
J Comp Neurol 96: 179-207, 1952

Walker AE: The primate thalemus. University Chicago Press,
Chicago 1938

Walker AE, Weaver TA, Jr: Ocular movements from the
occipital lobe in the monkey, } Neurophysiol 3: 353.357,
1940

Warrington EX, Weiskranmiz L. An analysis of short-term and

Functiona! Organization of the Cerebral Isocortex

long-term memory defects in man, In: Deutsch J. A {ed): The
physiological basis of memory. Academic Press, New York,
bLonden 1973, 365-395

134, Watson RT, Miller BD, Heilman KM: Nonsensory neglect.
Ann Neuwrol 3: 505-508, 1978

135, Weiskraniz L: Suriare and posterior association corlex interac-
tions. In: The neurosciences MiT Press, Cambridge, Mass
1973, val 3 ’

136 Weiskraniz L, Mishkin M: Effects of temporal and fronial
corticat lesions on auditory discricnination in monkeys, Brain
81: 406414, 1958

137. Weiskrantz 1., Warringtan EK, Sanders MD), Marshall ). Vis-
ual capacity in the hemianapic [lield following a restricted
acoipital ablation. Brain 97 {4): 709-728, 1974

138. Whitlock DG, Nauta WIH: Subcortical projections from the
temporal neocortex in Macaca Mulatta. § Comp Neurol 106:
185-212, 1956

139 Wilson M: Effects of dreumseribed conical lesions upon
somesthetic discrimination in the monkey. J Comp Physiol
Psychol 5Q: §30-635, 1957

140. Witson WA, Ir: Alternation in normal and frontal monkeys as
a function of response and outcome of the previous trial. |
Comp Physiol Psychol 55: 701-704, 1962

141, Woolsey CN: Qrganization of somatic sensory and motar
arcas of the cerebral conex. In: Hurlow HF, Woolsey CN
(eds): Biological and biochemical bases of behavior. Univer-
sity of Wisconsin Press, Madison 1958, 63-81.

142, Woolsey (N, Setilage PH, Meyer DR, Spencer W, Hamuy T,
Travis AM: Patterns of Jocalization in pregentral and “sup-
plementary” motor areas and their relation ta the concept of a
premotor arca, Kes Publ Assoc Res Nerv Memt Dis 30:
238-164, 1952

143. Zeki SM: Represenauon of central visual fields in prestriate
cortex of mankey. Brain Res 14: 271-281, 1969

“Since this manusenpt went to press new work fram Heil-
man's group and that of Wright in Austrzlia has shown that
in monkeys the neglect syndrome can be reproduced to a -
large extent by lesions made in the far lateral region of the
hypothalamus, lesions which interrupt the nigrostriatal
tract. It seems therefore most likely that the neglect syn-
dromes are more closely related 1o readiness mediated by
the basal ganglia system than to arousal which is a function
of the amygdala and other anterior limbic structures. The
definittons used here are those suggested by Pribram and
McGuinness in which arousal is considered to be a phasic
response to input while readiness is defined in terms of the
tonic behavioral companent of the orenting reaction.”




