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INTROTIUCTION

The experimental lHerature dealing with cortical mecha-
nisms of complex behavior has been largely preoceupied with
the froutal grannlar region. One rvecent writer {Halstead, '47)
has even ventured to call this sector, “*the organ of civiliza-
tion.”" Yet, if there is any charncteristic which distinguishes
man from even the highest primate, it is the posscssion of
propositional language. The fact that lesions in the posterior
arens of the hrain resull in aphasias and related disturbances
demonstrates that these regions share in the mediation of
human intelligent bhehavior.

Rescarch on the posterior part of the cortex has in most
cases been undertaken either to provide controls for frontal
ablations or to study elementary sensory capacitics. In the
former type of study, lesions in the posterior regions have
usually been tound to produce little, if any, disturbance. There
are several congiderations, however, which make it necessary
to recxamine the hypothesis of unique potency of the frontal
lobes, Although great emphasis has heen placed on the phylo-
genetic increase in the relative size of the frontal granmlar
cortex, von Bonin (’41) points out that there is actually no
signifieant difference in the rvelative size of the frontal lobes
hetween man and ehimpanzee, hut that man’s mental superi-
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ority may to some extent he explained by the relative increase
of the parietal and temporal lobes. Failure of experimental
ablations of the posterior neocortex to produce serious be-
havioral defects may have been caused by the fact that, where-
as the frontal granular areas have been considered a unit and
ablated as such, the posterior granular cortex (exclusive of
sensory projection areas) has been suhdivided into parictal;
temporal, and preoceipital parts, these being removed sepa-
rately. As a consequence, either the mass of tissue removed
may have been less, or, if the parieto-temporo-preoccipitul
complex acts as a unit, the removal of any of these subdivi-
sions may have been insufficient to derange the function of
the whole. Another consideration is that, in human cases,
bilateral involvement limited to the frontal granular cortex is
not nncommon {e.g., olfactory groove meningiomas, trauma),
whereas similar bilateral destruetion posteriorly is a rarity.
The most striking alterations of hehavior following experi-
mental eerebral ablations have resulted from lesions outside
the frontal granular cortex, e, from temporal lobectomy
{Klitver and Buey, *38). The syndrome produced by this re-
moval includes such diverse abnormalities as ‘‘psvehie blind-
ness,”’ ““oral tendencies,’’ ‘‘tameness,”” and ‘“‘hypersexu-
ality.”” It has heen suggested that the visual symptoms may
have resulled from involvement of aren 19 (TPulton, 43). It
seems improbable that the funetions implied by these symp-
toms have such a restricted locus in view of the negative
findings following extensive preoceipifal removals (Lashley,
48 ; Chow, ’560). Either a wider arca of cortex mediates thesc
funetions, or a eritical focus exists somewhere in the temporal
region. Furthermore, it seems from the deseripiions given hy
Kliver and Buey that the ““psychic blindness’” was not re-
strieted to the visual sphere, sinee tactile recognition of oh-
jects was apparenily also deficient. The finding that extensions
of parietal lestons into the posterior part of the temporal lobe
produce more scvere somatosensory deficit than posterior
parictal lesions alone (Blum, ’50) also supports the view that
the parieto-temporo-preoecipital vegion as a whole may par-
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ticipate in somatosensary, visual, and possibly other capaci-
tics, No clear eytoarehitectural boundaries can he established
within this region (Tashley and Clark, '46), exeept the differ-
entiation of allocortex from ncocortex in the temporal lohe,

All these lines of evidenee indicate the need of a comparison
of the effects of ablation of the parieto-temporo-preoceipital
neocortex as a unit with those produced by lohectomies made
according to the conventional distinetion of parietal and tem-
poral lohes, We have therefore prepared a sevies of monkeys
with lesions involving a combination of the parietal, terporal
and preoccipital areas; animals with parictal or with temporal
lobeetomies served as controls, Other studies (Blum, 'H0;
Chow, M0} of the effects of sub-total lesions in the parieto-
temporo-preoceipital region provide additional controls, which
will he considered in relation to the results of the present ex
peviment. Tn order to clarify the nature of the funclions dis
turbed, tests were selected and observations made to deteet
sensory defleit in vision, somesthesis, audition, and gustation,
disturbances of integrafive processes, or alterations in the
affeetive-reactive aspects of hehavior,

MATERIAL AND METHOMN

Six tmmature rhiesus moukevs {Macaea mulatta) were usgoed.
Their weights ranged from 2 fo 2.3 kg, They were obscrved
and trained preoperatively on visnal, somesthetic, auditory
and gustatory tasks, as well as on conditional and delayved re-
action problems. Their levels of activity and general behavior
were nofed, Im 4 of these monkeys (PTO-1, PTO-2, PTO-3,
and PTO-4), the region between the posteentral gyrus snd the
lunate suleus, including the lateral surface of the temporal
lobe, was removed bilaterally. Fov purposes of comparison, a
hilateral temporal lobeetomy was made on a Hth monkey (T-1),
and a bilateral pavietal ablation on another (P-1).0 All opera-
tiong woere done in two stages. Two weeks after the second
operation formal training and testing was resumed, After

TP letters PTO designute the paricto-temporo-preoecipital removal; T, the
temporal lobeciemy s wnd P, the parictal exeision,
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completion of postoperative testing, the animals were sacri-
ficed. Their brains were fixed and sectioned, reconstruetion
was made of the cortex, and thalamic degeneration recorded.

Subjects

PT0-1, male. Predominantly left-handed. Lateral surface
of the left parieto-temporo-preoceipital region removed, 4/15/
48. Symmetrical removal on the right, 4/23/48, Trained and
tested preoperatively and postoperatively in all problems.
Sacrificed, 8/18/48,

PT0-2, male. Predominantly right-handed. Lateral surface
of right parieto-temporo-preoceipital region removed, 2/26/
48. Symmetrical removal on the left, 3/11/48. Trained and
tested preoperatively in all problems, except auditory dis-
crimination, taste preference, and conditional reaction., Post-
operative data were obtained on all problems in which he was
preoperatively trained, except delayed reaction and patterned
gtring problems. Accidental death, 5/7/48.

PT(0-3, male. Predominantly leff-handed. Lateral surface
of the left parieto-temiporo-preoceipital region removed, 4/2/
48. Symmetrical removal on the right, 4/17/48, Trained and
tested preoperalively and postoperatively in all problems.
Subsequent bilateral removal of frontal granular cortex (be-
havieral effocts of this operation to be reported elsewhere).
Sacrificed, 3/8/49.

PT0-4, male. Predominantly right-handed. Tateral surface
of the right parieto-temporo-preoceipital region removed,? 4/
- 3/48. Removal on the left, 4/19/48. Trained and tested pre-
operatively and postoperatively in all problems, except taste
preference. Subsequent bilateral removal of frontal granular
cortex {behavioral effects of this operation to be reported
clsewhere). Sacrificed, 3/14/49.

1At operation, a1 craulo-cerebral scar, stightly greater than 1 em in diameter,
wis found in the apper pmrt of the right angular gyrus. Gressly, the scar

appeared old, and probably resulted from an injury in infaney. It was removed
as part of the planned excision.
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1-1, female, Predominantly left-handed. Removal of the
left temporal lobe, 4/22/48. Symmetrical removal on the right,
5/1/48. Trained and tested preoperatively and postopera-
tively m all problems. Sacrificed, 12/4/48.

P-1, male. No consistent prefercnee for either hand., Right
parietal lohectomy and partial preoccipital execision, 7,27 /48,
Symmetrical removal on the left, 8/11/48, Trained and tested
both preoperatively and postoperatively only on somesthetic
problems. In addition to the somesthetic problems, he was
trained postoperatively on visunal color and pattern diserimi-
nations and on delayved reaction. Saecrificed, 2/10/49,

Operations

Under nembutal anaesthesia, the lateral surface of the
hemisphere was exposed from the central fissure to well he-
yond the lunate suleus and from the midline down to the in-
ferior temporal convelution. Inecisions were made in a
relatively avascular portion of the gyrus te be removed, and
bleeding was controlled by packing with cottonoid patlies.
The cortex of the gyrus and of the adjacent banks of the sulei
was then resected by subpial suction. Each gyrus was handled
separately in this manner so as to remove a maximum of cortex
with minimal damage to underlying white matter. In the case
of the temporal lobectomy, the excision was extended through
the white matter to ineinde the medial surface. The cautery
was used to interrupt the vein of Labbé, Wounds were suturad
in anatomic layers.

Mistological procedures

The cerebral hemispheres were fixed in 10% formalin and
sketched under eamera lucida. They were then dehydrated in
alcohols, and emhedded in nitrocellulose. They were cut into
serial coronal sections of 50 p thickness; every 10th section was
saved and stained with thionin. The surface extent of the
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lesions was delermined from sections aud translated by ortho-
wonal projection lo the original proportions of the hemi-
sphores, as shown in the camera sketches, Represeniative
seetions were selected to illnstrate the depth of the excisions.
Retrograde degenceration in thalamic nuelel was stwdied, Re-
gions where nerve cells had disappeared, or become ohviously
less numerous, or where glia had markedly iucreased, were
considered clear instances of retrograde degeneration and
were outlined on drawings of the seetions through the thala-
nus. BDegencration was called ““doubtful”’ if the neurous
merely appeared swollen or pale, or if there was only slight
gliosis. Our first eategory, that of elear or certain degenera-
tion, is defined by the most generally accepted criteria of
retrograde thalamic degeneration, The eause of the difference
hetween this kind of degeneration and that we have termed
““doubtfnl’’ is unknown. The latter may possibly e trans-
neuronal, rather than retrograde, or caused by damage to axon
collaterals.
Tests

We have divided the tests and observations into three cate-
gories: those of relatively simple sensations and perceptions
(“*iests of sensation-perception’’}, those of so called **higher?”’
mental funetions (“‘tests of ability to respond differentially
according to context’”), and those of the affective-reactive as-
pects of behavior (‘‘observations of nelivity and tempera-
ment! 'y,

Under the first category, we include tests of visual, somes-
thetie, gustatory, and auditory abilities. In the visual sphere,
ohservations and tests of visual pursnit, extent of the visual
{icld, acnity, depth perception, orientation, differentiation of
food from inedible objects and of fear-provoking from innoecu-
ous stimuli, recognition of familiar objects, color disdrimina-
tion, pattern diserimination, and abilily to solve patterned
string problems are made. The procedures used in making
these tests are deseribed tn Chow (°50), except Lor the string
patterns, which arve those used by Lashley ('48). The appa-
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rafus and general procedure used in the somesthetic tests has
been reported by Blum (°30). The disernmuuation problems
require reaction to differential sizes (circles, 3.8 em and 1.9 em
in diameler), forms (veetangle, 4.3 X 2.5 em ws. equilateral
triangle, 4.3 em high), roughnesses (grade 3 vs. grade 0000
sandpapers), or weights (170 gm »s. 30 gm). The auditory
tests have heen deseribed (Chow, 50). In the tests of gustation,
choice is offered between water and a hitter solution and be-
{ween banana and meat or fish. For the formoer, the apparatus
used 1s a modification of that employed by Patton and Ruch
(’44). Attached to the monkey’s living cage are two funnels
containing water and two containing a quinine solution. The
positions of the 4 funnels are interchanged in a random order
from day to day. The guinine solutions used ave 1%, .025%,
0062%, and .0015%, given in that order. Iach concentration
1s offered for two days, and the amount consumed in a 24-hour
period recorded (eorrected for evaporation).

The second eategory includes conditional reaction and de-
layed reaction problems. These tests ave here grouped to-
gether, hecause of the similarity of their requirements for
shift of direction of reaction in accord with another cue {color
of background in the Former and position of previous exposure
of the reward in the latter). Procedures are deseribed in Chow
("50). _ :
Observalions in the third category arc those of level of
gross activity (measured with a pneumatic recording device
attached to the living eage), and of general behavior in the
home cage and in the test sitnation.

EXPERTIMENTAL RESULTS

hinmediate postoperative eff ects

After the {irst operation theve were contralateral homony-
mous visual field defects in all animals lasting from two days
to lwo weeks; these defects had become undetectable by the
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time of the second operation. All animals reacted nol'mallyi to
interoperative tests of differcntiation of food from inedible
objeets. There were signs of contralateral decrease in {actile
sensibility in all animals except the one with the temporal
lebectorny., The contralateral limbs were weak und tended nol
to be used by these animals, or to be used in an awkward
fashion. These sympfoms were especially prominent in the
monkey with the large parictal ablation (1?1}, Inaccuracies
of reach appeared in suhjects PTO-3, PT0-4, and P-1.

The second operation caused an apparent total blindness i
subjeets PT0-2, PTO-3, and P-1. Vision began to reiurn in
the fleld ipsilateral to the second operation within the first
week and was apparently normal by the end of the second
week, There were only contralateral field defeets in the other
suhjects and these disappeared during the first few postop-
erative days. Animals PTO-2, PTO-3, PT0-4, and T-1 picked
up and orally manipulated food and incdible objects indis-
criminatelv. By the end of the first postoperative week ani-
mals PTO-4 and T-1 were normal on this test; ammals PTO-2
appeared normal on the 11th day, but later reverted to indis-
eriminate behavior. Somatosengory defects were contralat-
eral, exeept in P-1 in whom the second operation caused a
recurrence of symptoms on the ipsilateral side. Grasping with
either hand was never again normal in this animat during the
period of observation, though his gross locomoter disabilities
disappeared in the fivst few weeks.

. Test results

The results given in this seetion are those which were ob-
tained after the recovery period of 14 days. Symptoms which
disappear within the recovery peried may be reasonably
ageribed to non-specific operative tranma (edema, shock,
ete.), whereas the more lasting changes in behavior, which we
present here, are probably aseribable to speeifie and perma-
nent brain damage.
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1. Tests of sensation-perception.
A, Visual functions.
1. Controlled ohservations of visual ahilities.

Visual pursuit: None of the animals tested, except PTO-3,
showed any postoperative change in this ability, This aniinal
did not show appropriate eye movements in following food
rapidly moved into the upper half of the visual field, thongh
lateral pursuit was unchanged. (P-1 was not tesled for this
and many of the following abilities, because our principal 1u-
terest in -1 involved comparative effeets on somesthetic and
vigual diserimination learning. )

Extent of the visual field: No constriction of the field was
detected in any animal, exeept PT0-3, who neglected food in-
irodueed into his right npper visoal field.

Visual acuity: No decrease of visual acuity was found, ex-
eept in PTO-2 and PTO-3. PT0O-3 failed to respond at all to the
two finest hlack threads (.08 aud .15 mm in diameter), and on
the coarsest black thread (.4 mm), gave only three out of five
possible responses, PTO-2 responded only three times out of
five opportunities to the two finest black threads. Response to
the white threads was not altered in either subject. P-1 was
not tested,

Depih perception: The threshold value (ahout Tem at a
distance of 15 em) way unchanged. P-1 was not tested.

Differentiation of food from anedible objects : After the first
week following operation, no abnormalities were noted, ex-
cept in PTO-2 and PTO-3. The performance of PTO-2 was
normal on the 11th postoperative day, but he failed to dis-
eriminate thereafter. The last test was given on the 32nd day.
PT0O-% did not diseriminate until several months after op-
agration. Suceess on this test 1in PTO-1, PTO-4, and T-1 wus
obviously achieved on the basis of visual cues, for there was
no manipulation of the objects prior to choice. P-1 was not
tested. '

Differentiation of fear-provoking from imnocuous stomuli:
Of the 5 animals tested, three (PTO-2, PTO-3, and T'-1) failed
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postoperatively to show any emotional reaction to a live suake
or to other objects which are normally avoided. T-1 even at-
tempted to piek up the snake. By the end of three months, T-1
showed the normal fear reaction; PTO-2 and PTO-3 were not
tested after 6 weeks, P-1 was not Lested.

Orientation: None of the animals was disoriented in its
home enviromuent, exeepl PTO-2 and PT0-3, espeeially the

TARLE 1

Colur diseriningfiopn

Trinls and errors required to reach o eriterion of 20 sucesssive ereorless trinls
within s 30-trial session on the diserimination of a red from a gTeen  squire
slinlus plaque on a black tray. (This diserimiwation wis wserd ns Condition A in
the eonditional reaction problem)

Seores in parentheses indivate fiilure to rencl the eriterion

EREOIERATIVE FOSTOPERATIVE

SURIELT .. _ J— - .
KO Trials Frrors Trinis Errurs
_I:I' (.)-1 - lj.U __%? ) 27 - 74
PTG 30 13 (003 {268)
il
a3 1a0 41 545 183
T4 61 20) HER) Fi-)
T-1 140 ht 41 143
B . . 150 BL:3

' Bubject P-1 was tested only postoperativelr,

former. They had to be guided into the carrying cage and
back into their living quarters. This condition persisted for
one to two months after operation but eventually disappesred.

2. Tests requiring formal iraining.

No animal required readaptation to the visual problem siin-
atton per se, except PTO-2. This animal appeared unable in
the first few sessions to find the discriminanda, although he
groped and fumbled abont the {ray on which they were pre-
sented. Both PTO-2 and PTO 3 at first had difficulty in find-
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ing the tfood rveward after the stimulus plate had been
displaced. ,

Color discrimanation: {table 1). After operaiion, all animals
lost the haliat of differential reaetion to red and green. They
were also retarded in the rate of relearning this diserimina-
tion, requiving about two to four times the number of pre-
operative trials, although, with the exception of PT(O-2, the

TABLE 2
Diserintnation of painfed patterns

Triats ol ervers required to reach a eriterion of 20 errorless successive trinls
within i 30-trial session on the discrimination of a Black diamond painted on u
white hackgrownd from blick and white horizontal striations. The stimulus plaques
were identienl in aize, sliape, and relative aren of black and white

R PREOPRRATIVE FOSTOPERATIVE
wa. Trials Errors Trints Ertors
T 120 43 ane 111
PTy-2 425 132 (500} (2238)
failed
-3 180 h4 (500} {212y
" failed
I'TO-4 120 63 450 141
T-1 120 24 BEL 182
-1t .o . G0 ak]

'SBuhject P-1 was tested only postoperatively.

habit was eventually reacquired.® -1 was the only animal not
trained preoperatively; his postoperative learning score was
not significantly different from those of normal monkeys.
Diseriminalion of painied paticrns: (table 2), All animals
lost this habit, Tlowever, with the exeeption of PTO-2 and

It might be thought that postoperative loss of the discriminative roaction
to eolors resulted from the possible confusion oceusioned by the preoperative
training in conditional reaction, of which this color discrimination was the hasis,
THowever, Chow {30} showced that loss of the color dizecrimimative hahit follows
temporal lesions, even when the monkey is not trained preoperatively on conditional
reaction.
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PTO-3, all relearned, although they required two to four times
the number of preoperative trials. P-1 was the only animal
not frained preoperatively; his postoperative learning score
wag not significantly different from those of the normals.

Patterned string problems: Two of the monkeys (PTO-2
and P-1) were not tested on these problems, All others showed
postoperative deficit, either by requiring more trials, or fail-
ing to reach the criterion on some or ull of the problems solved
preoperatively.

TABLE 1
Size Adiserindinafion {sowmesthetie)
Trials and errors required to reach a eriterion of 20 successive crrorless trinls on

the diserinination of eircles, 2.8 em and 1.8 an in dinmeter, respectively, TDost
operative seores in itnlics are those made with the postoperatively preferred hand

PREOIFKRATIVE FOSTOPERATIVE
BeReT Right Left Right Left
Trists Errors Tri.als Errors Tria:s Krrors Trials Erroms
'_PTO-I . . 185 47 ?"J Zi 52 8
PTG-2 192 50 o . jin a3
PTO-3 S . 48 15 25 45 132 29
PTO-4 &3 19 . . AT i 183 47
T-1 . . 1th 14 178 M kL ig
Pt 320 78 . .. 13 14

1 P-1 used either kand both pre- and postoperatively.

B. Somesthelic fests.

Because of shifts in the animals’ preferential use of the
hands following operation, the vesults of tests of somesthetic
functions are complicated. The second operation was in every
case done on the hemisphere contralateral to the hand trained
on the diserimination problems {except for P-1, who showed
no exclusive hand preference pre- or postoperatively). After
operation, all animals of the PTO group spontaneously used
the untrained hand in the diserimination box. PTO-2 resumed
his original hand preference during the readaptation period,
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but the others persisted in the use of the untrained hand. In
the first postoperative tests, the animals were allowed to use
their preferred hauds, even though that hand had not been
used in the somesthelic diserimination problems during pre-
operative training. Thus the first postoperative score on each
problem was, for three of these animals {(PTO-1, PTO-3, and
PTO-4), obtained with the previcusly untrained hand. P-1
continned to use cither hand, although the hand ipsilateral to
the second operation was used more than the other. T-1 did
not shift handedness,

After the criterion had been reached on cach of the problems
with the postoperatively preferred hand, PTO-1, PTO-3, and
PTO-4 were forced to use the hand which had been preopera-
tively trained by restraining the other with a shert chain at-
tached to a waist belt. -1 was also tested in thig way, but
sinee the hand he was forced to use had not been trained
preoperatively and was not preferved postoperatively, these
results are not comparable {o those of the PTO group.

Before formal postoperative training could e begun, all
animals, except T-1, vequired almost as much adaptation to
the usc of the tactile diserimination hox as they required
originally. Tn the PTO animals, there was apparently an
amnesia for the problem situation per ge, a result which con-
trasts with their Dehavior toward the apparatus for visual
diserimination training., At first, these animals had to be
taught even to reach into the hox; then, to find the food cans
visually, With vision cxelnded, they were again disoriented
as to the location of the stimulus-objecets, but all finally re-
gained adequate kinesthetie orientation. P-1 appearcd less
disoriented than the PTO group, but had difficalty in learning
to grasp the stimmlus-objects properly in order to remove them
from the food cans, T-1 required no recadapiation at all.

Size discrimination: (table 3). Using the preoperatively
trained hand, all animals, except PTO-3 and PTO-4, required
fewer trials 1o relearn thig diserimination than orviginally.
PTO-3 and PTO-4 lost the habit and were retarded in re-
learning it, the former requiving enly a slightly increased num-
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her of trials but the latier about 4 times the preoperative
number.

With the preoperatively untrained hand, PTO-3, PT0-4,
and T-1 required more trials than orviginally, but PTQO-1
showed saving. It is significant that in the latier case, the
habit was transferred to the previously untrained hand,

Form discrunmmation: (table 4). Using the preoperatively
tramed hand, all amimals, exeept PTO-1 and PTO-4, showed

TABLE 4
Fari diserintinelion fsomesthetin)

"Trizls aud crrots required to reach a criterion of 20 successive errorless trials on
the diserimination of a rectangle from a triangle, of equal surfuce areu. Post-
operative scores i itnlies are those nude with the postoperatively preferred lind

FREOPERATIVE PUSTOPFERATIVE
HUBIRET Right Lt Right Lieft
Trials  Trrors Trials Errors Trinls  Brroe: Teiuls  Frrors
P . . KYE-] 160 oy Tid HE| "7
PTo-2 126G 45 - - 128 a4
P03 . A Al 20 2R 7 arh 144
P-4 28 285 (840 (480 hidls 77
failed
T-1 - - Riz2 vy a5 En 218 54

P-1 G4 284 S S 359 12

' I-1 nsged either hand both pre- and postoperatively.

saving in trials to relearn. PTO 1 and PTO-4 lost the habit. In
the former animal, the habit was regained (although atl a some-
what slower rate than preopecatively}, while in the latter,
there was failure to relearn within the limits of training.

With the preoperatively untrained band, all animals tested
required fewer trials than originally to learn this diserimina-
tion. Thus, in this problem all three subjeets who shifted
handeduess gave evidenee of transfer of the learned diserimi-
native reaction to the other hand.
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Rowghness diseraminetion: (table 5). Using the preopera-
tively trained hand, 4 of the 6 animals logt the habit (T-1, P-1,
PTO-3, and PTO-4), T-1 was able to regain it at a normal
learning rate, hut the latter three animals failed to velearn,
In contrast, PTO-1 and PT0-2 showed saving.

With the preoperatively untrained hand, T-1 failed to learn
within the limits of training, bat the three animals of the PTO

TARLE &
Fonglaass diseviniinetion (roniesthetie)

Trialy and ervors required {o resch o eeiterion of 20 specessive etrorless riols
on the diserimination of grade 3 and grade D000 sandpaper. Postoperative seores
initalies are those made with the posteperatively preferred hand

FHREOTPRRATIVIE PRONTOPERATIVE

BUBI DT

N Right . Ii['_'._ o Right [igft o
Tridls Korinrs Trials Frrors Trinls Freoes Triala Frrovs
1T o - a2 243 S idl 36 164 A
PT(-2 R iA+ 321 A
Por s . aut g2 158 £ (5100 {223
failad
PO RE} o7 (A10)  (2271) 155 @i
Tiiledd
T-1 . . 27 R4 (7507 (246) 240 81
tailal
P BhE] 11l . a6y (272)
failed

UL mmed either il bocl pre oand postoperatively,

group who were tested aequired the habit in fewer trials than
originally. Herc again i¢ evidence of habit trangfer in the
animals who shifted handedness.

Weight discremination: (tahle 6). Using the preoperatively
trained hand, three of the six animals Jost the habit {PTO-3,
PTO4, and P-1). PTO-3 was slightly retarded in relearning
it, and the latter two animals fatled to relearn. In eontrast,
PTO-1 and PTO-2 showad saving., 11 failed to meet the
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eriterion both pre- and postoperatively, hut his level of per-
formance (about 70% correct) was not significantly altered
after operation, B

With the preoperatively untrained hand, PTO-3 and P1'0-4
requirved about 23% more trials than originally to learn this
digerimination, hut PTO-1 showed saving.

TAHLE 6
Weight diserintination (somexthetic)
Friuls and errory required to reach a criterion of 28 successive errorless trials oo

the diserimination of ¢ 170 gm weight from 30 pm weight. Postoperative seores in
italies ure those wade with the postoperntively preferred hand

FPHROFERATIVE FOSTOVYERATIVE
HUBIKCT s B
NO. Right Laft Right Left
Trinis  Krrors Trials Errors Trisls  Errers Trisiy  Errors
Proa .. A 619 164 B2Rg a4 253 71
T 463 43 S S 16E 27
PTO-3 . o 442 145 558 150 GET 189
PPO-4 61 87 . . {760} (330) 475 145
failed
T-1 - o (1189) (441 L . {(a60)  (167)
failed failed
71" hig 126 CL s (7500 (247)
failed

L11 used cither hand both pre- and postoperativety.

Summary of results: Considering the somesthetic tests as a
group, il appears that PTO-4, PTO-3, and P-1 were the ani-
malg most severely affected by the operations. With the pre-
operatively trained hand, PTO-4 was retarded, or failed, on
every problem; PTO-3, on three of the fonr problems; -1, on
two of the four problems. PTO-1 lost one habit and was re-
tarded in relearning it; T-1 lost onc habit and regained it at a
normal rate; PT0-2 showed some refention, as measured by
saving, on every fest.
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nucleus, except for a narrow strip along the medial margins
of the posterior part of n. pulvinaris.

Parietal lesion: The posterior extent of the lesion in P-1
{figs. 13 and 14) included both banks of the lunate sulci, but

Fig. 15 TRecord of lesion in the left hemisphere of P-1
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mvaded the striate coriex only mmumally. Aunteriorly, the
lesion included most of the postcentral gyrus, invelving the
posterior bank of the eentral fissure bilaterally. Superiorly,
the ablation cxtended to about 1 em ubove the eallosomarginal

Fig. 14 Reeord of lesion in the right homisphere of P.1.
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suleus, and inferiorly, to about the level of the tip of the central
fissure.

N. ventralis posterolateralis was almost completely degen-
erated throughout. The posterior part of n. lateralis posterior
showed retrograde changes in both thatami. The anterior part
of n. pulvinaris lateralis was degenerated and a small dorsal
portion of n. pulvinaris inferior. The lateral geniculate hody
showed degeneration in its medial portion througheut all
layers for the whole length of the nucleus. No changes were
obscrved in any other nuclei.

ANALYSIE OF TEST RESULTS TN RELATION TO LESIONS

The thalamic degeneration and the principal experimental
results are summarized in table 5. Combined removal of the
lateral surfaces of the temporal and posterior parietal lobes
(the parieto-temporo-preoceipital region) was cousistently
followed hy alterations of behavior only in visual discrimina-
tive learning, in patferncd string problems, in a conditional
reaction, and possibly in taste prefevence. Other deficits, not
shown by all aniinals, were present in visual acuity and extent
of the visual field, object recognition, tacto-kinesthetic ahili-
ties, auditory localization, and delayed reaction. No change
was found in any animal in an auditory association problem,
in food selection, or in general activity.

The temporal lobceiomized antmal showed defieit in visual
diserimination learing, patterned string problems, condi-
tional reaction, delayed reaction, and changes in taste prefer-
ence, in food selection, and in tractability. There was also lack
of retention of a roughness discrimination. No change ap-
peared in visual aculty and exfent of visual field, objeet recog-
nition {except transiently}, other somatosensory tests, or gen-
eral activity. The parietal lobectomized animal showed deficit
in ronghness and weight diseriminations, but none in tactile
size and form diseriminations, nor visual diseriminations.
Oiher tests were not made. ’



the right and left hemispheres; for the tactile tests, they refor to the hand contraluteral to the designated hemisphere,

Thalamie degencralion and experimentel resnlls

TABLE ©

The extent of rvetrogride degenerntion in sclected thabamie nuclel g expressed by O (noved, 4+ {small}, 4+ + {(moderute},
+ 4+ = {large). Defieit on the tests listed is indieated by 0 {none} or v {present}. R and L, for thalamic degeneration, refer to

Visunl

Tactile

THALAMIE PTO-1 rEO.e BT Pro-4 T-1
DELEXBERATION B : N N _;; N _R . '“_ _ N w L
: \PI_, 0 o ¢ o f1 I8 {t [§] 1] 1] & +++ =+
Ly +=+ + + + + + o+ 0 0 + =4+
P_. ++  + ~++ ++ +4+4+ ++ +++ ++ + + +++ ++
[‘(r. [ +4+ =+ 4+ 4+ + L { ++ ++
MG + + + + ++ =+ + ++  F+++ S+ 0 U
Faxperimental
results
Primary visunl
eapactties & v v O &
Objeet roe-
ngnition i v Y W W
Color habit hY Y v i v i
Pattern hahit \% v v W v f
Couditional
renction W Vv W Y
Pretayed
reaction a v {3 Y 0
1 Size habit 0 5 v \4 v v 0 i ft =
| Form habit Vo0 0 0 0 v o 0 0 0
l Houglnoss Labit a0 3} v 1 0 v V v
Weight it ! 0 VAR VAR v

P Omly one seore is given

for P-1, hocanse he nsed cither hand vandamly during bath pre-

and posteperative trajuning.
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We shall atteript to integrate the anatomic and hehavioral
data with reference to the following gnestions:

1. Ave the observed defeets eaused by logs in primary sen-
sory capacities resulting from involvement of sensory arcas
or interruption of radiations?

2. Can the defeets be ascribed to disruplion of a thalano-
cortical system? Within the cortieal region studied, is there
a move restricted area, destruction of which is eritical for the
production of all or sone of the symptoms?

Belation of symptoms fo scnsory losses

The site of the lestons involves risk of damage to the visual,
auditory, and somesthetic sensory systems. Figure 2 shows the
degeneration in the lateral geniculate nuclel for those animals
i whom it could be established. Since in all these anhinals the
only damage to the striate cortex was very slight and immedi-
ately adjacent io the Tunate suleus, it is probable that aceiden-
tal partial interruption of the optic radiations is the cause of
the degeneration. Demonstratled redoctions in acuity aund re-
strictions of the visnal field are less than might he expected
from the extent of nuclear degeneration. Only PTO-3 gave
clear evidence of field defects (upper right quadrant), vet the
nuelear degeneration indicates that he had a wearly complete
right hemianopia together with a peripheral defect im the left
ventral quadrant. In the other cnses the degenerations indi-
cate that some viston remained in each quadrant, and the field
tests ave inadeguate to deteet sueh smaller seotoulata. The
amimals with the moest extensive involvement of fhe caudal
(macular) portion of the nucleus were PTO-2 and PTO-3.
Both these animals gave evidence of reduced acuity.

These primary sensory defects, however, are not sufficient
to nccount for the defierts in visual diseriminative learning, in
palierned «tring problems; and in the conditional reaction. In
PT0O-1 and T-1 the lateral geniculates were intact bilaterally,
and in PTO-4 the degeneration was relatively slight and lim-
ited to peripheral parts, vel the latier three animals were also
handicapped in the tests mentioned. Furthermore, IP-1, despite
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extensive bilateral degeneration in the lateral geniculate, in-
volving the macular portion, readilv learned the visual dis-
erimination problems.

On the other hand, 1t mav he significant that in our cases, n
relatively perunanent loss of the ability to recognize ohjects
{a1s shown by failure to diseriminate food from inedible ob-
Jeets) occurred only in those animals (PT0O-2 and P10-3)
with defieits in acuity and greatest amount of degeneration in
the lateral genienlates. That such degeneration is not, how-
ever, a4 sufficient condition for the appearance of this svmp-
tom 15 suggested by Lashley’s enses (748) with comparable de-
generation n the macular portion of the genienlates and no
failures of recognition.

Objeet agnosta hag previously been said to follow temporal
lobe lesions ( Kliver and Buew, "38). Tn the only case reported
anatomicenlly (Buey and Kliiver, 40}, there was degeneration
both in the lateral geniculate and 1o the posterior nuclear
group. Our temporal lobectomized subjeet (T-1) did not fail
to recogmze food except for the few davs immediately follow-
g operation, Tn this animal we found no degeneration in the
lateval geniculate and only minimal degeneration in the medial
pulvinar, Conscquently it may be that coneomitant damage to
both the temporal neocortex and the geniculo-striate svsten is
necessary to produce fatlures i abjeet recognition, Tt is note.
worthy that von Monakow (7’14, pp. 481-488) expressed the
view that permanent visual agnosia results only from a com-
bination of damage 1o the vizual cortex together with pathol
ogy 1m other cortical parts.

The symptom of spatial disorientation has been interpreted
by Jacobsen ('36) as hased npon “dissociation of visual and
kinesthetie gpaee.” Lashley (’48), on the contrary, believes
it nore plansible to assume that primary visual defeets, ve-
sulting from iuvasion of the optic radiations, are responsible.
Only two of our animals (PTO-2 and PTO-3) were disoviented,
Although these animals had feld and acuity defects, it is
probahle I'vom the anatomical vesnlts that P1, who was not.
dizoriented, had primary visual detects of comparable se-
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verity, This vesult makes Lashley’s interpretation question-
able. Our results are likewise suggestive with regard to
Jacobsen’s explanation. The fact that PTO-2 was among
those minimally affeeted on the somesthetic tests indicates
that kinesthetie distnrbance played no signmificant part in hisg
disorientation. Our findings snggest that disorieutaiion in
space s rvelated to primary visual defeets combined with
disturbanees of complex visnal processes, rather than merely
to primary visual disability or to simultancous visual and
kinesthetic defoets.

Disorientation in visual space probably accounts for the
absence of localization of sounds in PTO-2, owr most severely
disoriented animal. This alteration of bhehavior did not ap-
pear to be speeifically an anditory deficit, for, excluding
gsound localization, hoth his native and aequired reactions
to sound were nnaffected, [t is notable that all subjects in
the parieto-temporo-preocerpital group and the temporal lo-
bectomized animal had degeneration in the medial geniculate,
which in some of the subjects was more extensive than that
in PTO-2. None of them however, except PTO-Z, showed
deficit on any of onr auditory tests, '

With regard to somatosensory status, P-1 was the only
animal in whom the relay nucleus (n. veniralis pesterola-
teralis) inclnded arcas of degeneration. Yet all the subjects
showed some deficits (exeept PTO-2, who was 1ecompletely
tested). Furthermore, the degree of deerement in P-1 was
similar to that in PT0-3 and not as great as in PTO-4. There-
fore, priumary sensory mpairment resulting from interrup-
tion of the ascondiug afferent pathways offers no veasouanble
explanation of the deficits found.

The possible alteration of taste preference, 1.c., that rela-
tively more of the hitter solution was accepted postoperatively
in the three subjeets, 1s also unrelated to primary sensory in-
volvement, for none of our subjects showed any degeneration
0 n. ventralis posteromedialis (Paiton, Ruch, and Walker,
44),
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Thus, the question of whether the observed deficits neces-
garily resulted from primary sensory hupairment can be

answered in the negative. These disturbances enn be produoced
without demonstrable changes in thalamic relay nuoeclei,

The role of “associative’” thalomo-cortical wystems

If involvement of the relay nuclei can be ruled out as a
neeessary condition for the production of defict, can the
observed symploms be ascribed to inferference with an ““as-
socintive”” thalamo-corlical system? What cortical areas ap-
pear fo be espeelally concerned with the functious tested?
Retrograde degeneration in thalamic nuclel was consigiently
found 1 all members of the parieto-temporo-precceipital
sroup only in 1, pulvinarig lateralis and in the medial genicn-
late body. Tu the temporal lobectomized animal, however,
there was no degeneration 1n any thalamie nucleus excepi
the medial peniculate and a narrow strip of n. pulvinaris
medialis. It is unreasonable to suppose that the common
thalamie degeneration, Le,, that in the medial geniculate body,
was involved in the production of the deficits whieh were
common to hotll the parieto-temporo-preoceipital group and
the temporal lobectomized animal. Therefore, these abnor-
malities cannot be aseribed to interference with o thalamo-
cortical systenn, but rather to damage to the corfex itself,
Since the deficits on the visual problems occurred after both
the parieto-temporo-preoceipital and the {emporal lobe ex-
cistong, but not afier the parietal lobe removal, an obvious
possibility is that the temporal neocortex, the area of overlap,
is eritically imvolved, This hypothesiz was confirmed in a
subsequent study (Chow, *50), in which visual defteits similar
to the ones fonud in this study resulted from lesions confined
within the lateral swrface of the temporal lobe.

The signtlicance of an ““associative’’ thalamo-cortical sys-
tem for tacto-kinesthetic diseriminative ahilities remalng in
doubt. Degeneration in n, lateralis posterior and in n. pul-
vinaris ig present in the parieto-temporo-preoceipital group
and 1n the partetal ease, vet the degree of imparrment in these
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snbjeets was quite dissimilar. The extent and location of
degeneration in these two nueclei varies widely after appar-
ently similar cortical removals (note especially the two sides
of PTO-1). Magnitude of degeneratiou is not cleavly related
to somesthetic deficit. A previous study (Blum, *50) indicated
that extensions of parietal lesions into the posterior temporal
lobe resulied in a greater somatosensory deficit than posterior
parietal removals alone., Comparison of the results on P-1
with those of the hand contralateral to the larger lesion in
PTO-4, where the major difference in the ablations was the
inclusion of temporal neocortex in the latter, confirms the
suggestion that the posterior temporal covtex participates in
somesthetic discriminatory funetion. That this region is not
focally concerned in this funetion, however, is shown by the
shght effect of ftemporal lobectomy on somatosensory dis-
crimination problems (T-1).

The traditional importance of the posteentral gyrus and
superior parvietal lobule 1In somatosensory diseriminative ca-
pacity is not borne out hy our findings. Of the two animals
of the parieto-temporo-preoccipital gronp with most exten-
sive involvement of the posteentval region (PTO-1 and
PTO0O-4), the former was minimally affected, whereas the lat-
ter showed niarked deficits; moreover, PTO-3, with less post-
central damage than PTO-1, was more severely handicapped.
The results of Rach and Fualton (’35) showed that the post-
central gyrus and superior parietal lobule are not the sole
cortical locus of somatosensory proeesses. Our data further
suggest that, for somesthetic diseriminative learning, {his
region is not even a primary focus. Tt is true that inelusion
of the posteentral gyrus in a parietal ablation causes more
severe impairment of locomotlor and manipulative capacities,
but these mereased disabilities are not reflected in correspond-
ingly poorer performance on formal somatoscnsory diserimi-
nation tests.

The role of any thalamo-cortical system in mediation of
more complex psvehological funetion, such as the conditional
reaction and delayed reaction tests presumably requive, ap-
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pears to be of little significance. Severe disturbance in 4
conditional reaction and in delayed reaction results from an
operation which leaves the thalamus almost completely intact
{temporal lobectoniy in T-1). The resull on the latter problem
18 complementary to that of Jacobsen and Walker (unpub-
lished data, cited by Walker, '40) who found that direel
damage 1o n, medialis dorsalis failed to produce the same
ineapacity on this test as that which results from prefrontal
cortical lesions. The failure of T-1 on delayed redetion con-
trasts with Jacobsen’s resalls on partial temporal lobec-
tomized and other control cases ('36), which indicated striet
localization 1n the frontal granular eortex.

L answer fo our second question, therefore, the defects do
not appear to be highly correlated with disruption of thalamo-
cortical syvstems. For visual diseriminaltive learning, there
13 & strong suggestion in our data that a critical focus exists
i the temporal neocortex, an avea recelving few or no tha-
laniie projection fibers, In somesthesis, no cortical focus has
as vet been demonstrated. The dependence of deficit on ex-
tenl of degeneration in “*asgoeiative” thalamic nuelel is gues-
tionable. Loss of more complex associations also seems to
he atiributahle to removal of femporal corviex, withoul re-
trograde changes in “associative’” thalamic nuelet,

DISCTISSION

It hay been generally held that the cortex adjacent to each
primary sensory projection arvea coustitutes a specialized iu-
tegrative or associative nrea for the corresponding sense
modality., The present study contributes evidenee against the
tradifional conception that the posteentral gyrus {exclusive
of the projection field of n. ventraliz posgterior) aud the pre-
oceipital region are of sole or prime tmportance fo somato-
gensory and visnal integrations, respectively. Not only does
damage to the aveas mmediately adjacent to the sen=ory
projection flelds cause at most only slight and transient de-



PARTETO-TEMPORG-PREQCCLPITAL CORTEX 93

ficits (Ruch and ¥ulton, '35; Lashley, 48), hut lesions clse-
where which spare these areas may produce severe impair-
ment. In vision, snel a region probably exists within the
temporal lohe. Fov somesthesls, this and other studies
(Kvans, '35; Ruch, Fulton and German, ’38) have suggested
that the posterior parietal lobule is probably of greater im-
portance than the couvexity of the posteentral gyvrus. Somato-
sensory diseriminative function appears to he widely repre-
sented In posterior association cortex, ineluding temporal and
preoceipital regions. These considerations suggest that there
15 no functional basis for postulation of wholly discrete visno-
psychic and somatopsvehic areas, (Onr results in audition and
gustation arc nol sufficiently conclusive to snpport extension
of the couception 1o these senses.)

Additional data relevant fo the problem of organization in
the posterior association avea is supplied by a consideration
of the natnre, or pattern, of the disturbances following the
ablations we made. Tt Is significaut that our subjects did not
show a general confusion.or deterioration, sneh as wonld
result from involvement of a general factor. Performance
on the visual and somatosensory tests was not affected
equally, and moreover, during the same period that some
of the subjeets were failing on the visual discrimination
problems, they were sueceeding on the somatosensory fests,
At least for the pariefo-femporo-preoceipital group, we can
also say that there was no impairment of some general
“intellectunl” function, in so far as our two tests of ahility
to respond differentinlly according to coufext are valid meas-
ures of such capacity. If sueh a funetion had heen disturbed,
we should have expected a defieit on both these tests, whereas
these animals showed impairment on only one.

The defieits in visnal tasks were also obviously not mere
ammnesias or Josses of specific engrammata, The animals re-
quired many more frials than preoperatively to reaequire the
habits, although ceventnally all the subjeets except PTO-2
relearned the eolor diserimination, and all except PTO-2 and
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PTO-3, the pattern diserimination.t The capacily for reac-
quiring such habits was impaired, but not totally lost. The
fact that PTO-1 and PTO-4 relearned the pattern discrimina-
tiont demonstrates that this eovtical sector is not essentiol for
an eventual high level of performance ou such diseriminations,
but suggests rather that it exerts a facilitatory influence on
the learning process,

That the deficits shown on the somesthetic problems were
also not ammnesias is indicated by the transfer of the diserinmi-
nalive reactiong to the untrained hand after operation. In
most cascs, the animals who changed hand preference re-
quired fewer trials than preoperatively to relearn the prob-
lems. The different posteperative status of the two hands,
e.g., where defieit was shown with the trained but not the
untrained hand, suggests that the disturbance involved rela-
tive inaccessibility of the sensations received from the more
severely impaired side to the diseriminatory process, rather
than amnesia for the learned habit,

The constellation of symptoms thug might he interpreted
ag a perceptual disorder without bhasis in general confusion,
sensory defeet, or loss of particular memories. Sueh per-
ceptnal funetion hag generally been assigned to specialized
“infegrative’ or “‘assoclative’ aveas, the organization of
the brain being cast into a mold derived from an atomistic
psvehology. It is diffienlt, however, to subsume the resnlts
of ablation of the “‘associative’ areas under sneh a rubrie,
Our data suggest that the basic disturbance is not moest aptly
characterized as one of integration of sensations. Diserimi-
nations such as those of colors or weights, in whieh the neces-
sity of integration of sensations appears ¢ priori to he

4 Although it may seem significant that the irrecoverable Tasses of the diserini-
nation habity oceurred valy in those animuls with extensive degeneration In the
mzeular portion of the geulenlate, the ready lenrning of these habits by P-1
(who had similnr bilateral degengration in the geniculate) wile out such de-
generntion as the sole explanation of the “permarvent?! symptoms, It s possible

that an explunation similar to the one we have proposed for objeet agnosia and
spatinl disorientation applies here,
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minimal, arve as mueh affecied as more complex ones involving
cues derived from forms or patterns.

A clue to the level at which disturbance exists iy furnished
by the performance on the somesthetic diserimination prob-
lems of the animals who changed hand preference postopera-
tively. The fact that they were 1n most cases able to relearn
with the antrained hand i a smaller number of trials than
originally taken indicates that the learned diseriminative ve-
action was not lost. Moreover, this transfer from hand tlo
hand demonstrates that the habit was not sepavately or-
ganized for cach hand. The defective performance with the
trained hand cannot, therefore, be ascribed to ablation of »
separate center for organization of sendations from that mem-
ber. Rather, it appears probable that the disturbance is at
a high level of the receptive chain, such that the afferent
impulses, although still entering into the thalamo-cortical
arcs which are concerned in so-called primary or simple sen-
sation, are ne longer so readily available to cortico-cortieal
cireuits capable of mediating the modes of perception which
certain forms of diseriminative behavior reqnive. We may
speculate as to the reason for this decrease in availability
of the incoming impulses to higher-order civenits. To activate
these cireuits readily, possibly a tonie substrate of fucilitatory
impulses is required to join with the afferent excitations from
the primary sensory areas,

The present study sugeesls that the parieto-temporo-pre-
occipital cortex includes a number of foel of prime im-
portance in facilitating discriminative learning and also
presumably ‘‘higher’” mwmental abilities. For both the processes
mediating diseriminative reactions and for the eapaeities de-
manded by more complex problems, analogons anatomic bases
appear to exist within associative cortex, i.e., areas of maxi-
mal significance for eacl, together with less highly involved
peripheral regions. The evidence strongly sugpests that these
foel are not coincident, with the qualification that the tota!
regions concerned in the various capacities probably overlap.
These peripheral regions appear to be capable of participat-
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ing in qualitatively different functions. It is possible that
they form common nearonal pools which can be reetprocally
activated in the service of one function at one time and a
different one at another.

SUMMARY

1. Extensive cortical ablations in the parieto-temporo-pre-
occipital region were made in 4 monkeys (Macaca mulatta);
the temporal lobe was excised in a th monkey and the parietal
lobe in a 6th.

2. Tests and observations of sensory perception 1n vision,
somesthesis, audition, and gustation; of abilily to vespond
differentially according to context; and of aciivity and tem-
perament were made both pre- aud postoperatively.

3. The paricto-temporo-preoceipital ablations were con-
sistently followed by changes of behavior only in visual dis-
eriminative learning, in patterned string problems, in a con-
ditional reaction, and possibly in taste preference. Other
deficits, not shown by all animals, were present in vignal acuity
and extent of the wvisual field, object recognition, tacto-
kinesthetic abilities, auditory localization, nnd delayed reac-
tion. In three of these animals, there was postoperative trans-
fer of somesthetic diseriminative reactions from the trained
to the untrained hand, vet subsequent inferior performnance
with the preoperatively trained band. No change was found
in any animal in an anditory association problemn, in food
selection, or general activity.

4. The temporal lobectomized animal showed defieit iu
visnal diseriminative learning, patterned string problems,
conditional reaction, and delayed reaction, and changes in
taste preference, in food selection, and in tractability. There
was also lack of retention of a roughness diserimination, No
change appeared in visual acuity and extent of visual field,
object recognition (except transiently), other somatoseusory
tests, or general activity.

5. The parietal lobectomized animal showed deficit in
roughness and weight diseriminations, but none n tactile size
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and form discriminations, nor visual diseriminations. Otiher
tests were not made.

6. After completion of tests, the animals were sacrifieed
and the cortex and thalamus veconstructed from serial
sections,

7. The test results are analyzed with reference to the locus
and extent of cortical lesion and thalamic degeneration. (a)
Interruption of relay thalame-cortieal cireuits is not essential
to the production of deficits in viswal and somesthetic dis-
criminative learning, in conditional reaction, or delayed re-
action. (b) Deficits in visual diseriminative learning, in con-
ditional reaction, and delayed reaction can be produced with
ninimal damage to ‘‘associative’ thalamo-cortical systems.
In somestletic discriminative learning, the importance of
such systems is questionable.

8. Thus, the observed deficits cannot be ascribed to pri-
nmary sensory impatrment. Analysis of the test results fur-
ther show that these defects resulted neither from general
deterioration nor from losses of specific engrammata.

9. On the basiz of the results, it is proposed that the
parieto-temporo-preoceipital region, exclusive of sensory pro-
jection areas, contains separate foci, concerned with facilitat-
ing diseriminative learning in vision and somesthesis, and also
acquisition of more complex habits; within this sector, it
appears probable that there are also ecommon neuronal pools
which are capable of participation in a variety of funetions,
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In all three animals who shifted handedness, there was evi-
dence off spontancous habit trausfer from the trained to the
unfrained hand (on all problems in PTO-1, and on two of the
four problems in PTO-3 and PTO-4),

C. Auditory lests.

Sturtle: The startle veaction to a loud sound was not af-
fected in any animal by the operations. P-1 was not tested.

Localization: P-1 was not tested on this problem, All aun-
nials retained the ability to localize lond sounds, except P'IO-2.

Awdilory association: PTO-2 and P-1 were not trained. All
other animals showed alimost perfeet retention of this associ-
ation in the postoperative tests.

). Gustatory tests,

Taste preference: (fig. 1), Only three animals, PTO-1, PTO-
3, and T-1, were tested. At the quinine concentrations usged, all
three antmals were preoperatively within the normal ranges,
as estahlished by Patton and Ruch (44}, for proportion of the
bitter solution aceepted in total Auld intake. Postoperatively,
PTO-1 was outside the normal range at the lowest concentra-
tion. PTO-3 and T-1 accepted shightly more of the bitler solu-
tian than preoperatively at all or most concentrvations, and
were outside the normal ranges at the two highest concentra-
tious.

Food selection: IP-1 was not tested. Of the others, the only
animal who showed an alteration in food habits following
operation wus T-1, who ate meat and ligh avidly for the first
postoperative month, less enthusiastically for another two
months, and finally refused Lo accept them.,

I Tests of ability to respond differentially
according to context.

Conditional reaction: {(table 7). PTO-2 and P-1 were uot
tested. The vesults for condition A have already been given
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Fig. 1 Taste preference eurves for PTO-L (flled cireles), PTO3 {lollow
circles), and T-1 (triangles). The solid lines represent preoperitive consuwnption;
the interrupted lines, postoperative consumption.
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under “*Color diserimination.’”” All animals required more
trials than preoperatively to relearn condition B (reversal of
preference established in condition A). All animals lost the
habit of responding according to the conditional cue, and all of
the PTO group required more trials to relearn it than origi-
nally, PTO-1 and PTO-4 were only slightly retarded, but
PTO-3 took about 4 times the number of preoperative trials.
T-1 failed completely within the limits of training.

TABLE T
Conditional reaction

Trials, errors awl reversals regquired to reach a eriterion of 4 consecutive in
mediate reversals, determined by the conditional eue, with no wmore than one ervor
in the subsequent 9 trials following reversal

PREOIERATIVE FOSTOFERATIVE

SUBJIECT .

NO. Trials Frerors Heverzals Trials Errors Reversals
To-1 438 147 16 543 150 20
rTO-2
P1G-3 194 a7 8 819 208 13
PTO-4 206 51 12 275 a0 13

T-1 601 194 10 (1039)  (433) (3)
failed

1

Delayed reaction: (table 8). PTO-2 was not tested post-
operatively, and P-1 was not tested preoperatively. The other
animals of the PTO group did not lose the ahility to do this
problem; in fact, PTO-1 and PTO-4 required fewer trials to
mcet the criteria than preoperatively. In the case of PTO-3,
however, there was apparently increased difficulty after op-
eration when a screen hid the food cans during the delay in-
terval., T-1 failed within 500 trials to meet the eriterion at 15
seconds without the sereen, and also failed in an additional
500 trials at D seconds with the sereen. The postoperative
scores for the initial experience of P-1 with this problem ap-
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pear much worse than those of any of owr normals, However,
in a subsequent series of normal animals (cf., Chow, '30),
similar poor scores were obtained.

III. Observations of activity and temperament.

Ouly insignificant changes in the level of gencral activity
were seen postoperatively. The activity of P-1 was unot re-
corded, but he did not appear te be more or less active than

preoperatively.
TARLE 3

Detayed reaction
Totnl trials and ervora required to reeh o eriterion of 90% correet within a 20-

trial session at 3, 10, and 15 seeonds delay both with aud without interposition of
an opagle sereen during the delay interval

SURJECT PREDERATIVE PMOSETUHPRERATIVE
N Trinls Errors Trinls Prenoes
PTO-1 580 ]ES 270 __ ‘
PTO-2! 540 0 o
PIO-3 HEN 104 650 164
I*T0-4 1020 174 540 00
T-1 330 32 (1000 h]
1t . o 1430 330

' Subject P-1 was not tested presperatively: subject PTO-2, not postoperativels,

None of the animals exeept T-1 and PTO-2 showed any de-
teetable changes in temperament. T-1 became nmuch more
traclable and less feartful. She permitied herself to he picked
up and handled, even by strangers, and eould hardly be pre-
vented from eclinging to the experimenter. However, no he-
havior which could be interpreted as specifically hypersexual,
such as has heen reported In other monkeys with temporal
lobectomies (Kliver and Buey, '38), was observed, possibly
beeanse of her immaturvity, PTO-2 reacted in a tranee-like
manner, with erection and pscudo-catatonie malleability, to
petting. This condition began after the first operation and
persisted until his death.
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ANATOMIC DATA
Parieto-temporo-preoceipilal legions
The lesions in all the animals of the PTO series included
the entire lateral surfaces of the posterior parietal and tem-
poral regions, extending for variable distances on the infevior
surface of the temporal lohe. The allocortical structures were

PTO~4 P~

Fig. 2 Extent and location of Jegenecation (hdicated o biack) in the fateral

o

genicnlate bodies of the 4 animals in whom those nuclei showed retrogeade changes.
Section numbers indieate the gerinl order from anterior to poasterior.
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spared or only slightly damaged. The posterior extent of the
lesion reached the lunate sulens along its entire course in all
cases, and the unterior extent, the intraparietal sulcus.
Superiorly, the lesions extended to about 1em above the
vallosomarginal suleus. The depths of the sulet were in gen-
eral incompletely destroyed. The precise boundarics of the
lesion differed somewhat among the various animals. Figures
3 to 10 show reconstructions of the cortical lesions, cross see-
tions through the lesion, and retrograde thalamic degencra-
tion.

Subsequent to completion of postoperative tests, ablations
of prefrontal granular cortex were made in PT0O-3 and PTO-
4. Description of these lesions and of the thalamic degenera-
tion presumed to have resuited therefrom will be reported
elsewhere.

In the thalamus retrograde degeneration was consistently
found in all cases only in n. pulvinaris lateralis and in the
nmedial geniculate body., Howcever, the position and extent of
the degeneration within these nuelei varied, as indieated in
the plates. No degeneration was found in any monkey in n,
ventralis posterior or in n. lateralis dorsalis. {The degencra-
tion in n. medialis dorsalis, the anterior group of nuclei, and
n. ventralis lateralis in the thalami of PTO-3 and PTO4 is
presumed to have resulted from the subsequent frontal abla-
tion.} There was bilateral degeneration of variable location
and cxtent in the lateral geniculate hodies of all monkeys

Fig. @ Hecord of lesion in PTO-1. In thix and the following reconstruetions
of the cortical surfuee, complete exeision is indieated Ly hatehing and partis
destruction by stippling. Preservation of the deptls of sulel is indiented by
interrupted lines. The position of the cross sections through the lesien are shown
by the numbered lives on the surface drawings. Ta these cross scetions the
cortex is represented in Dhlaek. Scctions through the thalamus, from anterior
to posterior, are shaown below, Cowmpletely degenerated regions sve lintched;
regiony of “*doubtful’’ degencration are stippled. MD, n. medinlis dorsalis:
VPL, n, veniralis posterclateraliz; VPM, w. ventrulis posteromedialis; LP, n.
Tateralis posterior; CM, n. centrum wmediannm; PL, n. pulvinaris lateralis; PM,
n. pulvinaris mediatis; PI, n. pulvinaris infertor; LG lateral genicuiste hody:
MG, medinl geniculate body.
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Fig. 4 Reeord ol loston in the right hemisphere of PTO-1.
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Fig. 6 Record of lesion in the right hemisphere of PTO-2,

[

Rty @



PARIETO-TEMPORO-PREQCCIIITAT CORTEX 79

£

Al S

Fig. 7 Record of lesion in the left hemisphere of PTO-3.

{ Reexamination of the thalamus shows that degeneration noted in nucleus L.P.
in drawing C should be reeorded as *fdoubtful’? rather than ©f definite,”’)
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Fig. 8 Record of lesion in the right hemisphere of PTO-1.
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Fig. 9 Record of lesion in the left hemisphere of PTO-4,
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(fig. 2), except in PTO-1 and T-1, where this nucleus was in-
tact on both sides.

Temporal lesions: In T-1 (figs. 11 and 12), the temporal
lobes anterior to the vein of Labbé, including allocortical

87534321
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Fig. 10 Record of lesion in the right hemisphere of PTQO-4.
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Tig. 11 Reeord of lesion in the left hemisphere of T-1.
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structures, were excised, excepl for a swall portion of the
posterior part of the hippocampi. In addition, almost the en-
tire superior temporal gvrus was removed.

The medial genieulate was almosi entirvely degenerated bi-
laterally. There was no degeneration in auy other thalamic
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Fig. 12 Record of lesion in the right hemisphere of 10



