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EFFECTS ON VISUAL DISCRIMINATION OF CROSSHATCHING
AND UNDERCUTTING THLE INFEROTEMPORAL
CORTEX OF MONKEYS
KARL H. PRIBRAM, SANDRA R. BLEHLRT, ax» D. N, SPINELLL

Stanford Univarsity

Original learning and postoperative retenlion of 12 rhesus maonk:
on & visual pattern diserimination before or afier bilateral cross

sz, braineed
atebing or

undercutbing of their inferotemporal cortieey, were compered with that of
normal 8s, Crosshatching produced no deficit in learning or retention cven
on a difficult 3-alternative diserimipalion, while vueercniting led o n deficit
in both, The results reopen the 1szue as to whether the various sootovs of the

nosterior inirinsie “association” cortex concribute to o d
formanee by acting on information o
eclive prunary sensory areas, or whelbher
corticofugally ta modify activity in the primary sens

the

It has been repealedly demonstrated that
partial ablations of posterior intrinsic “as-
soclation’ cortex result in sensory-modal-
ity-specific defieaits 1in the performance of
discriminations. The particular sensory
modality affected 15 dependent upon the
loeus of the lesion. For example, visual dis-
crinnnations arc disturbed by inferotem-
poral lesions, auditory diseriminations by
midtemporal lesions (Pribram, 1954), and
50 OIL

QOuc conception of the function of these
areas 1s that they cach receive input from
one primary sensory arca and that they per-
form some operation on jt which is erncial
for diserinunation. Pribram (1958) has sug-
gested an alternative to this view, namcly,
Lthat the various posterior intrinsic “associa-
sion” areas aet via corticofugal, efferent
fihers which alter the activity of the pri-
mary sensory pathwavs. The inferotemporal
cortex in this case would selectively affcet
the primary vizual svetem. Evidence for
this position comcs from the finding that
eircumscction of the primary wisual striate
cortex or interruption of thulamoe-cortical
input to the inferotemporal area does nol
generally disrupl visual dizerimination per-
formance [Chow, 1952, 1954). In addition,
Spinelli and Pribrain (1966 have reeently
gshown that stimulation of the infcrotem-
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dved througs:

Haeriminalion por-
anzeortieal fibers from
INLIINEG argds act
ry pathwavs,

poral area ean selectively alter the recovery
funtetion of cvoked responses in the striate
cortex to pairs of flashes—recovery of the
response to the second flash was slowed by
concurrent clectrical stimulition of the m-
ferotemporal cortex. Conversely, recovery
of the response in the primary auditory svs-
tem to the second of iwo chicks ig speeded
up [(as far peripheral ss the cochlear nu-
eleuz) by ablation of the auditory intrinsic
assoctation area {Dewson, Nobel, & Pri-
bram, 1968). These findings demonstrate
the existence of an efferent effect of intrinsic
USs0CIAtlon COTLeX On Incoming sensory sig-
nals.

If the essential operation of the infero-
temporal cortex depended on the organiza-
tion of trunscorfical fibers over which in-
Tormution could be relaved from striate and
prestriate locations to inicrotemporal cor-
tex, interruption of tlese fibers should be
as cffective as ablation in dizrupting dis-
erimination performance. A cortienfugal
mechanism, however, would not be dis-
rupted by this manipulation. The existence
of transcortical fibers 18 not 1n dispute here;
multisynaptie connections have been found
by many investigators, wost recently hy
Kuvpers, Szwarcbart, Mishkin, snd Ros-
vold (1965). The auestion asked is whether
they are essential for diserimination,

Iu the present study, therefore, rhesus
monkeys were preparcd with thin vertical
cuts throughout their inferotemporal eor-
tices. In another group, ithe same cortex
was “nndercut,” ihat iz, the fibers coming
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and leaving perpendienlar to 1t were
severetl. These surgically prepared Sg (and
a control group of monkeys) were lested
postoperatively for oryginal learning as well
as for perfornance of a previously learned
visual diserimination. The results of similar
experiments were reported by Chow (1961).
In this study Chow concludes that, con-
trary to the implications of his earlier work
(1952, 1954), the tranzcortieal organization
of fibers 1# important to vizual diserimina-
tion. This diserepaney has not been ade-
guately explored and was deemed sufli-
ciently 1mportant fo warrant reinvestiga-
tion.

METHOD

Subjects

The: Sz wern: 16 presdolozeent rhesus monkeys
weighing 2.5-3.8 k. at the start of triining,

Apparntus

Al tosting was carried oot in the automated ap-
paratus for discrete trial analysis (Pribwvam, Gard-
ner, Pressman, & Bagshaw, 19623, an apparatus for
programmed stimubus prosentation and sufomatie
responge recording, The S sat in o transport cuge
faeing a4 ¥ 4 array of 16 plastie panels onto which
up Lo 12 stinulus patterns could be projeciod from
the rear. When 8 pressed any poane] displaying a
pattern, n nderoswileh was activited aned the stim-
uli vanished for 6 sec., after which they reappoeared
on ancther randomly chosen set of panels. 1 the
stimulng chosen was tho correct one, a0 poanul was
deliversd inio a cup in the eonter of the array, 10
an ineorrecl respohze was niule, no peanut was
given, Responses 1o nonilluminated panels eansed
no change in the display. Presentation of stim-
ubt was controlled fromw an adjacent rooin and the
responses (posttion, vlentity, and correctness of the
gtimulus chosen) were reeorded on puneched tape,
An overhead light provided illumination 1 fhe
testing cape, and the noae of g Dlower misked ex-

Lraneons S[Jlll]‘l.—
Pretraining

The 8= were tramed Lo enter rransport cages
from thedr homne cyges amd were gradually shuqued
wr the tesiing apporadus Lo pross any paacl on
which an tlhoninated pattern appeared. The pat-
tern wsed for pretraining was the nuwneral 10 The
nunmtber of Lghied 1's wag gradually reduend from
12 to 1, and shaping continued until S responded
about 60 times over 2 consceutive days tooa sngle
l.

Thronghout festing S were Iod 85-10 standard
lab pellets per duv and an oeeasional ormnge inod-
dition to the peaputz thes obiained during testing,
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Trawing

Fifiy trials were given per day in all phases of
the experiment, with the exception of the first day
ol original learning :onl the few dayvs oo whicl an
& refused to complete lesting,

Ovriginat learning. Twelve of the N2 were divided
into tleee groups, equated as nearly as possiblie
on the basis of pretesiming seores: noreal Ss, Ss
whoze inferotemporal cortex was  crozshatehed,
and 8 in whom it was underent, Following pre-
operative testing of their pretnining responses,
surgery was performed on 8 of thoe S Alter o re-
covery period of at least 2wk, ol 12 S: were
wrained Lo diserimimate batween the numbers 3 and
& (3 being rewarded) to a eriterion ol 90% cor-
roct over 2 conzeculive davs or 1o o maximum of
1,000 inals, They were then swilebed o a simpler
ihserimination between a red and o green spot,
Linon diameter, and trained to the zame 90% cri-
lerion, Hed was rewarded.

Felention., The remaining 4 Sz were lrained
preapetatively to eriteoion an 3 va, 8 amd then were
divided into two groups equated as newrly s pos-
gsible on the basiy of learning scores Ciean trials
to criterion, inclusive, were 450 wnd 250, respec-
tively ). In 2 8s the inferotemporal cortex was cross-
htehed aod n 2 00 was undercut. Just before
aurgery Ss were again tested on the 3 ve 8 diserimi-
nntion and all required anly the ininimum of 1K)
trinls necessary (o pass the eriterion,

After the 2-wk. recovery periad, Ss were tested
for retention of the proviously fearmed 3 ve 8 dis
eriminadion, by being tan to the sune criterion of
Y% correct over 2 davs or to o maaximum of 500
truilz. Al 4 S5 were then switehed to the red-green
probden and trained ta eriterion.

Mudtiple-stimndus iserimination, The 4 normal
and 6 crosshutehed 8s from bath carlier phases
wern Lonined to o eriterion onoa mwultiple-stinulg
dizerimination: S& were asked to  diseriminate
between the letters AL M, K, N, and M, with the M
rewnrded

Surgery

All operations were single-stage, bilateral suegi-
eal procedures carried oun under intravenously ad-
mimstered habwial anesthesia: they roquired 2.3
hr. eaeh, Entraner 1o the inferalemporal dren wis
made by removing porilons of the temporal bane.
Briore opening the socomd side 30 10-co injec-
riom of 0% sucroze was given to reduee the possis
Lility ol edoman on that side, which was cspecinly
likedy ag a resull of the wulereutiing proecdure, To
undlereut the cortex, the superior temporal fissure
wig gently opened and g fne curved ophrhaloie
knife was inserted into ity ventral bank, lowered
to the hase of ihe skull in the region of the vein of
Labhé, withdrgwn about 2 mm., and pivated an-
leriorly and posteriorly to cut the fibers reaching
the midddle wnd inferior temporal gyvri. To make
eaiebe of the erosshatehes, the knife was jnserted at
oni: point throwgh the i and then deawn st a
depth of 3 mom, witlin the corbes under the pial



dz, Thres or four sulsz were made numing the
length of Lhe inferotemporal arca and shocter cuss
crossing these at about 2 -3-mu. intervils.

Postoperative recovery wis gencrally imevend-
ful, except for the first underent, % (No. 181 re-
nuining cormatos: for 24 hre, alfoc surgery and ve-
guiring spewsl eare and Gube fecding Jor nhowt
wowoerek, For 1=3 wkoin appoared 1o he unable 1o
see, bus this disability disappesved gradusally unedl
wb the time of festing there was no evidenes of n-
ability to see the simoli. This complication was
artributed to the marked edema wlich developed
immediately afrer *he frst undereniling and be-
game nore actte witler the second, The wound
could e closed only afrer congideralile damiee o
the inferatemporal cortex iad ocenrred.

Histologieal Procedures

All Lrains wern perfueed, fised, cut, and stained
sceording to Lhe procedure deseribed by Eherer and
Pribramt {1962). Serial recoustruetions of the lo-
slong were then made oo graph paper. Figure 1
shows 11e erosshalehes; however, these wore difli-
cul? to establish with anyv exactness sinee scarring,
degenerarion, or other untoward permanent effects
were muninl. Tignre 2oshows the undereuts; 8

K. H. PRIBRAM, 8. R, BLEHERT, AND I N, SPINILTT

181 ned o Tnege Bibceral coctical defeck and s i3
nnl showr, wnd & 138 died from interorrent gastro-
intestinal discase hefore saevifice aorl ndeoguute por-
fungion could be oastitodiel, Figure 2 also zhows
o conepnsle of the =ums of cight of the under-
cids amd the mterseet befween them; the braiusg
ol a1l Ns who Caled w diseriminate the 3 from the 8
within 1000 trials and hadd rnindmal cortieal damnge
were eiosen fooovike s diagrom, Pigwe 3 con-
Lins representiiive cross scellons from a favpiesl
undereut animal:  thalawie  degeneeation was
Eiited ro the pogferior extremity of the inferior
sulvinie in these brains,

Resrnrs

Ortginal Lewrmg

The eroshalehed and normal groups did
not differ sigmficantly (Mann-Whitney U
fest) n the munber of trials faken to reach
criterion ;

on the 3 wvs. & diserimination
(Table 1. Of the undereut Ss only No. 167
reacheld eriterion m the maxinmuem of 1,000
trals, and thiz S required 120 trials more

Freo L.
(retention?. (Fine lines mdicate the lesions.;

Reconstractions of the crosshateh lesions of Ss 150, 161, 1506

foriginal Jearningd, and 178
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COMPASITE

Fra. 2. Reconstructions of the undercud lesions of 8s 163, 164, 167, 168 (original learning), and 179
{retention). {Black indicites superfieial cortical damage; siripes indicate the deep lesion )

than the nearest 8. Chojees of the 3 by those
Sz which did not reach eriterion remained
at 50% over the entive 1,000 trials. When,
following training on the red vs. green dis-
erimnnation, Ss were returned to the 3 vs.
& problem, those Ss who had learned witlim
the imitia]l 1,000 trials maintained criterion
performanee without further training. An-
other undercut S {INo. 163) learned after an
additional 400 trials, while the remaining 2
Sz continued to respond randomly for the
entire 500 trials,

The undereut Ss were not significantly
retarded compaved to the normal 8z on the
red ve, green diserimination, a resnlt which
15 not unexpecied since inferotemporal abla-
tion has been found to impair digsernmination
proportional to the difficulty of the task for
normal animals, and here these required
only 100 trials prior to criterion to master
the diserimination. Those Ss whose cortices
had Leen crosshatched were not signifi-
enntly different. from the normal Ss.

The multiple-stimulus diserimination, on
which only the normal aned crosshatehed Ss
were tested, produced no significant differ-
ence between the two groups.

Although there was no significant, differ-
ence in trials to eriterion between the nor-
mal and erosshatehed Ss, we were interested
in determining whether there might he dif-
ferences in the strategy by which the dis-
eriminations were abttained. The analvsis
performed is reported in full in Blehert
{1966}. Briefly, 1t was found that hoth nor-
il and crosshatehed Ss respounded ran-
domly among the stimuli for many trials
(an average of 234 on the 3 vs. 8 diserimina-
tion and 206 on the multiple-stimuluy dis-
crimination} and only then began (o elini-
nate one or more of the negative stimuli. In
the multiple-stimulus problem, the A, H,
and K were always eliminated as a group
with no apparent diserimination between
them. Respouses were then divided ran-
domly hetween the remaiming stimuli for an



362 . H. PRIBRAM, 8§ R. BLEHERT, AND 10. N, SPINELILL

57 6l

Fic. 3. Cross sections from o representative underent (8 168) showing cortical and deep lesions in

black,

average of 207 trials, after which the final
stimulus, N, was dropped. It generally
required about 100 trials for a stimulus to
be eompletely eliminated once this began.
There was no consistent difference between
the two groups in either the length of the
periods of random responsc or the rate at
which stimuli were eliminated.

Retention

The 3 vs. 8 diserimination which had
been learned preoperatively was retained
perfectly by the two crosshutched Ss (Nos.
178 and 180). The undercut Ss failed fo
relearn the diserimination in 1,000 addi-
tional trials. Neither of the two lesioned
groups was signifieantly retarded on the
red-green diserimination. Subject 180 was
within the normal hmits for the multiple-
stimulug  problem. Subjcet 178 required
more trials than any other S, but was also

the slowest § on original learning of the
3-8 discrimination prior to surgoery.

Discussiox

The results of these experiments are
clear-cut: crosshatching the inferotemparal
cortex does not affect visual diserimination
learning or retention; undercutting the same
cortex hng devastating effects on such dis-
eriminations,

These vesults are opposite to those re-
ported by Chow (1961), who wns kind
emough to make available to us some of hig
histological preparations; it 1s elear that the
undercuts in his cxperiments were con-
silerably  less extensive than those per-
formed in the present experiments. The ex-
tent and depth of the crosshateh procedure,
on the other hand, was not essentially dif-
ferent in the two studies ag far as we could
determine. This  leaves unexplained the
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TARLLI 1
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production of & defieil by erosshatehing in
Chow's study while in our experimentz no
such effect wag obtamable. However, our
resulis dare more in consonance with those
obtalned in an earvlier study in which the
crosshaiching  teehnique  wug  employed
(Sperry, Miner, & Meyers, 1953].,
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We interpret, our resulits lherefore as
demaonsirating the huportance to visual dis-
erimination of fibers entering or leaving the
wicrotemporal cortex, The loeation of the
crucinl fibers is shown n stippled black in
IFigire 2, the composite of the undercut
lesions, TT these fibers or any major portion
thereol are spared, the effect s mininzed
{as Ior example in No, 167). The pathwiys
in question may rcach the mferotemporal
cortex from the hramstem or, by way of U
fibers, Trom other parts of the cerchral
mantle including the striate cortex. In like
manrner, these pathways may contam {ibers
leaving the inferotemporal corlex to reach
the hralnstem or ather cortical regions. Be-
eituse of these multinle possibilites, the pos-
itive results of the preseot experiient do not
eritically answer the question as to whether
the importance of the inferotemiporal cortex
to vision is due to its input or Lo its ontput,
or both, But at least the question s
reapencd for investigation.

REFERENCES

Bierewt, 3. R Pattern diseriminalion lenening with
rhesus monkeys, Psyeliol, Feq, 1966, 19, 311-
424,

Cuow, W L. Further studies on selective ablation
of assoviative coriex in relidbion o visually
mediated behavior. J. comp. physinl. Psychol.,
1952, 45, 109-118.

Crow, K. L. Luck of behaviar effects following
desternction of some thalamie assocition nucle
in mnnkeyv. Areh. Neurol Pagcliat, Clicago
1954, 71, 762-771.

Crow, K. L Andomical and  eloctropraphical
analvsig of ferupora]l neocortex o orelation to
vistul disecrimination learning in monkevs In
JF. Delafrasnaxe, A, Fessard, & J. Konorski
(Fds}, frein wmechonisins wnd learaing. Ox-
Tord: Blackwell Setentific Poablications, 1961
Py, 375302

T H. ML Nosrn, W, & Puiess, KOH.
wofugnl mfuence an coclilesr mncfeus of

o NHame effects of ablation of insalae-

aoril cortes. Rrain fes., 1966, 2, 131-154.

Woveess, H. G M. Sawarerant, M. W, MisH-
kIN, 3., & Rosvern, 110 E. Qeopitotemporal
vortegrtical connoctions in the rhesus mon-
wev, g Newrol, 1965, 11, 245-262,

Prigras, Ko H. Toward o soenee of neuropsyehol-
ney (methad and data), Tn 1AL Paiton (Fd.),
(lwrrent frends dn omsgediology owd the he-
herniernl scteweces. Piitshurch: University  of
Piitsbnrgh Pross 1954, P, 115 142,

Prinbay, . H. Neocoriien] functinn in behaviar.

2




364

In H. Turlow & C. Woolsey {(Fds.), Bislegical
and biochemical boses of behavior, Madizon:
University of Wisconsin Press, 1958, Pp. 151~
1i2.

Prrsran, K. H.,, Garnxer, K, W, Prussaax, G L,
& Bacsiaw, M. An awlomaied diserimination
appraratus for discrete trial analysis (DADTA).
Prychol. Rep., 1062, 11, 247-250.

Brenen, (G, & Prusgay, K. WL Senal frozen section
of whole brain, Psyehol. Rep,, 1962, 11, 209~
210,

K. H. PRIBRAM, 3 R. BLEHERT, ANID D, N, SPINELLI

Sprmy, TROW, Muver, N & Mevess, T Visual
pattern  pereepfion Tollowing subpal  slicing
and tontalom wire implantations in the visual
corlex, J. comp, plgsiol, Peychol 1955, 48,
50..58.

Srseent, 10N & Pripras, IO Ho Chunges in vis-
uil recovery functions produeed by temporal
labe stunulation in monkeyvs. FEG olin. Neuro-
pysiod., 1966, 20, 44-49.

{Heceived Ducomber 21, 1965)




