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Abstract—Vl;ua! discrimination pcrformance during serial reversal Icammg was studied in
rmonkeys with inferotemporal or foveal prestriate lesions, Both groups were equally impaired
in acquisition of the discrimination when compared with normal monkeys. They also Jearned
the reversal serizs more slowly than contral subjects. The reversal deficit of monkeys with
inferotemporal lesions was more severe than theic acquisition deficit !hough OVEL SUCCESSIvE
reversals thzy achieved normal performance. Monkeys with foveal prestriate lesions weraless
impaired in reversal lsarning than in acquisition of the discrimination problem, These results
are interpreted in tarms of qualitative differences in the effects of the two lesions.

~ INTRODUCTION

It 1s now well established that bilateral removal of inferotemporal cortex interferes with
the ability of monkeys to remember visual discrimination habits lcarned preoperatively
and to acquire mew problems postoperatively {e.g. [1, 2]). Butter [3] has suggested that
this deficit is most pronounced when subjects are required to maintain high levels of correct
performance. His suggestion may be relevant to a discrepancy in the literature concerning
the ability of mockeys with inferotemporal lesions to perform the serial reversal of a visual
disctimination. Prisrast [4] showed that these monkeys formed a secizl reversal leaming
set as rapidly as intact animals. However, other investigators have shown that infero-
temporal ablation rztards reversal learning with objects [3] and patterns {6]. Since Pribram’s
animals were trained to a criterion of ten consecutively correct and criterion for subjects
in the other studies was 90% correct, it may be that the deficit is apparently only when a
continuously high lavel of correct performance is demanded before each reversal. If this
hypothesis is correct, operated animals would be expected to achieve a criterion of 70%
and perhaps 80% correct as easily as normal subjects, but be impaired in finally attaining
902, criterion.

Selective impairments at various stages of learning have also been discussed in a com-
parison of the efects of inferotemporal and foveal prestriate lesions on reversal learning.
MaNNING [6] hypothesized that the two lesions would differentially disrupt the two pro-
cesses thought by some to comprise discriraination learning [7-9]. According to two stage
models, subjects acquire discrimination habits by first learning to attend to the stimulus
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dimension which is relevant to solution of the problem and then establishing correct _
choice behavior based on stimulus reward associations. Several studies suggest that foveal
prestriate or foveal prestriate plus posterior inferotemporal lesions disrupt basic attentional

'mechanisms while lesions placed in the more anterior portions of inferotemporal cortex

seem. to interfere with “associational or mnemonic™ capacities [10-13]. Manning predicted’

_that subjects with foveal prestriate lesions would be immpaired in the early stages of origiaal

learning as they attempted to discern the features by which the stimuli could be discrimin-
ated, but that they would acquire the discrimination normally thereafter. They should also
be unimpaired in reversal learning since the stimuli remain unchanged throughout the
series. By contrast, he predicted that monkeys with inferotemporal lesions would show
normal performance in the early stages of original learning but be impaired in actually
attairing criterion. They should also be impaired in reversal learning since the task requices
subjects to alter their choice behavior as the reward contingencies change with each reversal.

The data reported by Manning failed to show differences in the stage of leaming dis-
rupted by the two lesions, though there was a trend in the expected direction. In addition,
the reversal deficit of the foveal prestriate group equalled that observed in the infero-
temporal group. However, it is important to note that these foveal prestriate lesions in-
cluded removal of a considerable postion of posterior inferotemporal cortex. CHRISTENSEN
and PrisraM [14] have shown that deficits seen after removal of foveal prestriate co.tex are

- less savere than those reported for lesions which include posterior inferotemporal cortex as

well. The absence of significant qualitative and quantitative differences between the deficits
reported by Manning may be due to the inclusion of posterior mferotemporal cortex in the

: lcs.ons of his foveal prestriate group.

In this paper we have reexamined the serial reversal leamning of moakeys with iafere- -

temporal or foveal prestriate lesions and characterized their performance at various stages

of lzarzing the individual problems and the entire reversal series. The foveal prestriate
lesions studied here were restricted in their anterior extent with minimal cncroachment on
postarior mf'erotemporal cortex.

METHOD

Subjacty
“Twelve adult rhesus monkeys (Macaca mulatia) were 5ub1ects in this expenmcn: Four animals (Gmup
FP3) reczived bilateral resections of foveal prestriate cortex intended to remove the pomons of the superior

tempeoral, joferior occipital and lunate sulci which receive projections from fovea! striate cortex, This [esion. .

corrzsponds to a strip 0 lesion of Iwat and Mispxin {10] with inclusion of a portion of strip 1 in some animals.
Four subjects {Group IT) sustained bilateral removal of inferotemporal cortex corresponding to area TE
of von 3ox1y and Batiey [15). The remaining four monkeys (Group N) served as unoperated coatrol
subjects. Al animals had received visual discrimination training prior to this experiment. Datails of this
r:ammg es well as surgical procedures and lesion reconstructions have been published previously [14].
Figure 1 shows maximum lesion size and the area of removal common to all subjects for the two opcmtcd

EToups.

Apparatis
All behavioral testmg was carried out in the DADTA IV automated test apparatus [16]. The stimulys -

dispiay of DADTA IV is a vertically aligned metal panel containing nine 13 in. round, plexiglass buttons
arranged in a 3 X 3 array. These buttons serve as the site of presentation of stimuli and as manipulanda.
Stimuli are projected upon a television screen placed directly behind the panel. This screen is deiven by a
scan converter programmed to display stimuli behind one or more of the clear buttons. Preseatation of
stimuli, delivery of food rewards and registration of responses were controlled by a PDP-SE computer
located in an adiacent room. A dim light ifluminated the testing chamber and a ventilating fan masked

extransous sounds,
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Inferotemporal Lesion

£ commion Lesion
_ (] maxvum 1eson _ _ :
Fig. 1. Lateral and ventral views of the cersbral hemisphere showing the lesion common o all
- subjects and the maximum lesion for moakeys with inferotemporal lesions (nght) and lhose
wuh foveal presmate ]esnons (lert)
Procedures _ B . L SR
Since the DADTA [V was unfamitiar to these animals, they were pretrained to respond to lighted panels
by rewarding presses of the pumeral | as it appeared mndomly an two of the nine pane! positions. Pretraining
continued until the’ ss..b}cc' rssponded S0 times in one day’s sessiont At that'time the subject was presented
with discriminaiion of the sumerals 3 and 8. Subjects were tested 100 tridls/diy until a eriterion of 0%,
correct in 100 consecuiive trials was achieved. After acqu:smon of this task, the reward contmgenct-'s were
reversed and training continued until criterion was again met. Testing contmucd through a series of ten
reversals.

RESULTS

Scores for original learning™ and the ten reversal problems are presented in Table 1.
The group means of these data are plotted in Fig. 2. The data show that monkeys with
inferotemporal lesions {f = 2.04, P < 0.05) and those with foveal prestriate lesions
(r = 3.02, P < N.025) were severely impaired in acquiring the discrimination. The mag-
nitude of the impairments preduced by the two lesions was approximaltely equat (r = 0.199).

As can be szen in Fig. 2, the operated animals maintained their visual discrimination
impairments during reversal learning (F = 4.60; df = 2, §; P < 0.05}). The deficit was
especially pronounced in Group IT. Monkeys in this group acquired the first two reversal
problems even more slowly than they had learned the discrimination originally. By contrast,

*These animals had previously fzarned and been tested for retention of a 3+ -8 visual discrimination. We
chose the same stimuli for this study in order to hasten assessment of their reversal performance. As can be
seen in Tabla 1, our assumption that the subjects would rapidly reattain criterion on this problem was
eroncous, The original problzm was trained on DADTA 111 and the stimuii were slightly different from
those presented on DADTA 1V in the present study. This may be the reason that aft subjects responded to
the discrimination as if it were unfamiliar. We have described the 3+-8 discrimination leared in DADTA ¥
as original learning, though in the strict sense, this designation is inaccurate.
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monkeys with fovezl prestriate lesions were less impaired on the reversal problems than
they were on acguisition. Though they were still impaired relative to ntact animals on the
first reversal (r = 2.99, P << 0.025), their performance was significantly better thag that
of monkeys with inferoternporal Iesrons on this problem {¢ = 2.16, P < 0.05; all 7 tests

~are one-taﬂed)

Table 1. Trials accumulated by mdw:dual subjects during the serial reversal of a visual dxscnmma:mn
’ (scores are tnals including criterion)

O.L. 1 2 3 4 5 67 3 9 10

MNormal Ss. ' o a '
337 254 479 4350 441 343 350 250 318 236 200 250
338 . 550 850 2478 1471 1050 1350 oG 800 350 400 300
339 © 200 295 250 00 250 200 250 250 150 156 . 200
342 - 200 325 289 463 514 423 494 521 434 300 in
X 301 _ 481 = 867 669 539 581 474 472 293 263 . 281
Foveal prestriate Sg - . . ' _
308 1323 822 352 . 550 550 550 1443 1615 1247 1180 1600
310 2433 1314 1301 1053 1100 781 1198 1600 1250 1800 2150
315 1400 2150 3545 2809 2650 2000 350 - 930 1050 952 130
369 4200 1300 1150 750 1250 750 700 800 1850 500 250
X 2339 1397 1712 1290 1338 1020 923 1241 1349 1038 1325
- Inferotemporal Ss . ’ '
340 1698 2550 2433 2590 2200 1500 300 150 1050 150 300
193 © 5647 6000 3350 3250 4200 1900 1500 1400 550 200 700
407 400 1600 1400 900 466 550 650 I455 344 1039 . 1000
9 2650 (7062) (9745) (10204) ' : :
r 2599 © 3383 3061 2247 2289 1317 817 1002 815 463 667
Parentheses indiczts that S391 was not included in group means. )
' 3500 T
3000 3
c 2500k + -\ . e——GroupN
g . . «===» Group FPS
@ - o —
= 2000+ GrOUp T
C L . ' '
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= o \\ . ,l \\ ’/
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Reversal

Fi6. 2. Meap number of trials to 909 criterion for normal monkeys and those with iofero-
_temporal or foveal prestriate Jesions during original l2arniog (OL) and ten reversals,
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Analysis of the scores for all ten reversals reveals that while both operated groups were
impaired relative to normals, (Fp,, = 9.29; df = 1,6; P < 005; F, = 6.56; df = 1, 5:
P < 0.05), only Group IT improved signiﬁcantly over the reversal seues (F = 3.97;
df = 9, 45; P < 0.01). No significant reversal effect was noted in the comparison of Groups
N and FPS. The performance of monkeys in both of these groups was relatively constant
across the ten reversals with the scores of Group FPS elevated above those of Group N.

Even though the operated animals achieved criterion very slowly during the early re-
versals, they were frequently observed to make long strings of correct responses. They
performed well above 707, correct performance for many days before actually achieving
criterion suggesting that the magnitude of their deficit was due in part to the high level of
correct performance demauded of them. The reversal data were therefore reanalyzed with
criterion set at 80%, correct. This analysis failed to show a significant lesion effect; the
leamning of monkeys with inferotemparal or foveal prestriate lesions could not be dis-
tinguished from normal when criterion was less stringent. Though this analysis cannot be
taken as an independent manipulation of level of criterion, it does suggest that the dis-
~ crepancy between the data from inferotemporal subjects studied here and those reported
earlier by Pribram is related to this variable.

In order to further characterize the learning of subjects during the final stages of learning,

backward learning curves of the data from Table | were plotted according to the method of
HaYes [17). This procedure more clearly represents the perforrnance of subjects near
* criterion than when learning curves are plotted conventionally. Backward learning curves
for acquisitios and reversals 1 and 5§ are presented in Fig. 3. This representation elaborates
findings already described. The acquisition impairments of the two operated groups are
apparent in Fig 3 (a). Figure 3 (b) shows that on the first reversal the performance of
Group FPS improved while that of Group IT deieriorated. These representations also
show that animals ia both operated groups acquired the discrimination and the first reversal
by gradually ackizving higher levels of correct performance. The slopes of their learning
curves differ maskedly from the steeply accelerated function of the normal subjects. In
addition a prelongation at chance is apparent in the original learning of Group FPS and
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Fa. 3. Backward learning curves for normal monkeys and those with tnferotemporal or foveal
prestniate lzsions for {a) original leaming {b) first reversal and (¢} fifth reversal.




_Percent Correct ™ -
o o
o
i

o - GowN
T : Group FPS -

20l -~ Group IT

LM ' - '

100 20 30 40 50 - 60 70 -
IB[Qcks of Trials :

100 r
i =80
E o
o M :
0 S0 ! ;
- v -~ Group N .
@ 40f T Group FPS
G AR
E - Group_ IT.
~ 20¢
(o))
16 20 30

Blocks of Trials

in the first reversal performance of Group IT. The actual number of trials accumnutlated in
the period of 40-60% correct performance for original learning and the first revessal is
presented’in Table 2. Monkeys in Group FPS accumulated more trials during the pre-
solution period of original learning than did normal subjects {f = 3.66, P < 0.02) or
those with inferotemnporal lesions (¢ = 2.90, P < 0.05). Monkeys in Group IT did not
differ from normal subjects during original learning on this measure (2 = 1,83). However
the length of chance performance of monkeys with inferctemporal lesions was significantly
protonged on the first reversal when compared with Group N (¢ = 7.51, P < 0.00]) and
Group FPS (+ = 5.63, P < 0.01}. (All ¢ tests are two-tailed.).

. A different [zarning profile is apparent in Fig. 3 {¢). By the ifth reversal the performance
of both operated groups had itmaproved, yet they continued to be retarded in actuafly
achieving criterion. Although most operated monkeys immediately performed above 709
correct, they required many days of training to complete the problem. For example, the
most i'm_p:'.ircd subjects, 1T-393 and FPS-315, required approx 2000 triuls to reach criterion
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Table 2. Trials accumulated in moving Irom 40 to 60%; correct performance

“Qriginal [eaming First reversal
Group N ;
337 0 100
338 150 250
319 1] ps0
342 o 50
x R 11z
Group FPS . ’
308 673 50
310 1783 o 293
315 6350 200
369 . 1750 300
x 1214 : bAs|
Group IT T
340 1 550
3 © 300 © 789
393 : 500 600
407 0 750
x 243 672

even though their performance on the first block of 50 trials was 72 and 807, “correct
respectively. Impairments which were observed on subsequent reversals followed this same

pattern.

. DISCUSSION

The results reported here confirm our earlier findings concermng the effects of foveal
prestriate ablation {14] and elaborate the nature of the dysfunction prodiuced by this lesion.
In addition these rasults more completely characterize serial reversal learning in monkeys
with inferotemporal lesions. The data show that both lesions impair the ability of subjects
10 acquire a visual discrimination and retard formation of a reversal learning set provided
a criterion of 0% corvect in 100 consecutive trials is demanded. When the data are re-
analyzed with a iess stringent criterion of 80% correct, the reversal deficit is not manifest.
The learning st dafcit appears to stem from an inability of the lesioned subjects to steadily

maintain 2 kigh level of correct performance, Dlscrepancws among earher reports are tlms

resolved.

The rercainieg dedcits produced by the two lesions appear to be due to diﬁ'ercnt. dis-
orders, althoush the data do not provide evidence for a complete dissociation of function
between these areas. The deficit produced by removal of foveal prestriate cortex results in
prolongation of the presolution period during original learning and only during original
{eatning in thsse subjects. Zeasan and House [18] have reported that prolongation at
chance characterizes the visual discrimination [earning of retarded children who are im-
paired in discerning the stimulus dimension relevant to solution of the problem. Morkeys

with foveal presiriate lesions did not display the effect on the first or any subsequent re-

versal which suggests that their deficit is related to initial detection of the relevant attribute

of the stimulus configuration during original learning. Disappearance of the prolongation
of the presolution period is in large part responsible for the improvement of Group FPS

on the first and subsequent reversals.
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- Do these data also clarify the nature of the inferotemporal deficit? The results ace con-
sistent with thz hypothesis that the disorder is related to a disruption of associative capaci-
ties. Monkeys with this lesion were disrupted by alteration of reward contingencies, All
four subjects were more impaired on the first reversal than in original learning as might be
expected if they were particularly vulnerable to the change in choice demanded by the task.

Monkeys in Group IT were also retarded in moving from chance to higher levels of
correct performance during the first reversal though they had shown no such prolongation
in learning the problem originally. The following explanation may accouat for this result.

WiLsown, Kaurmay, Zieter and Lize [19] have suggested that the inferotemporal deficit
in a match to sample task is related to intrusion of errors associated with past reinforce-
ments. Vulnerability to intrusion errors should also disrupt reversal learming. Ia effect
these intrusions from the previous problem would change the reward contingencies to a
partial reinforcement schedule for inferotemporal subjects. MaNNING, Gross and Cowey
[20] demonstrated that monkeys with inferotemporal lesions are greatly disrupted by

partial reinforcement schedules and it has been demonstrated that partial reinforcement -

retards reversal learning [21]). The prolongation of performance at chance abserved in
inferotemporal subjects may be explained by this effect.

This explanation is also relevant to the data reported by Bouster and Crowne [22] for
monkeys with lesions of antefior inferotemporal cortex. Like the monkeys with infero-
temporal lesions studied here, their subjects appear to show prolongation at chance in
reversal learning though not in coriginal acquisition. These findings suggest a similarity
between the dysfunction by lesions of area TE and smaller lesions placed in the anterior
segments of this area. .

QOur findings regarding the deficits produced by inferotemporal and foveal prestriate
lesions confict in part with those reported by ManninG [6]. In both studics the subjects of
both groups were equally impaired in original learning. However in Manaing’s study the
magnituds of tha reversal deficit of the two groups was also indistinguishable. His subjects
were severely impaired in the early reversals but they attained normai performance ridway
in the series. Iz our subjects the early reversal deficit of the foveal prestriate group was less
severe than thar of the inferotemporal group and, unlike Manning's animals and our
inferotemporai rroup, the foveal prestriate subjects maintained an irnpairment throughout

_all the reversal problems.

Differences in the magnitude of the initial reversal deficit. abserved in the two groups oF
foveal prestriate subjects is probably attributable to inclusion of posterior inferotemporal
cortex in the lesions of Manning's subjects. The effects appears to be due to the size of the
lesion rather than to the distuption of twe distinct processing capabilities in the region of
foveal prestrizte and posterior inferotemporal cortex. The presolution prolongation
observed in the original leaming of monkeys with foveal prestriate lesions in this study is
also evipznt in the original learning of monkeys with posterior inferotemporal lesions
studied by BorLsTer and CrOWNE [22] suggesting some functional equivalence of these.areas.
The maintenance of a reversal deficit by monkeys with foveal prestriate lesions in this

. study may be due to task difficulty. As judged by the number of trials to criterion in original
learning, the discrimination presented here was more difficuit than that taught by Manning.
The inability of monkeys to maintain high levels of correct performance is especially
pronounced when they are required to learn difticult tasks [23]. As already discussed, the

. reversal defizits observed here are attributable to instability of performance during the
finat stages of learning.

S
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In conclusion, the results of this study have resolved some of the discrepancies among
earliec reports concerning the effects of inferotemporal resections on discriminations
reversal learning set. The results also support earlier suggestions that two separate {unctions
are disrupted by inferotemporal and foveal prestriate lesions, albeit in the current study, as
mwwmmHMmtmdmmMmmmmcmmm;ﬂwWMmmmmmma¢WMWm
detecting relevant stimutus attributes in monkeys with foveal prestriate lesions. The exact
nature of the inferotemporal deficit is less clear, though the dysfunction results in increased
susceptibility to interference effects and intrusion errors across problems.
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REsuzd 3
- .lg parformance de discrimination visuelle pendant un appreatizsape da
resveraeseat en série a &8 Etudife chez dea singss avee léaions inféro-temporales

tu pré=~gtrites fovéales. Laa 2 groupes &tazient également dificit;irea dany 1"agqui-
sition de la discrizination s'ila Eraieac caoparés aver de3 sianges narmacs. Ila
apprenaient aussi plus lentement les sérien dn.renversameu: que lep singes de contrd~
le. Les déficita de renversement das singas avec lézions inféro-temporales #calenc
pluy sévires que leur déficit d'acquisition encore qua sur des repversaments succes-
sifa, ils parvenaient 1 la performance oorzale. Les aiﬁsﬂa aves lisions pre-strides
fovéales £raient moina déficitaires dans 1'apprentissags de renvarsement gue dana
l'acquisitinﬁ du problime de discriminacion, On interprdte ces zésultats en termes

de différences qualitatives entre les effers det 2 lésions.

Deutschsprachige Zusammenfassung:

Das optische Unterscheidungsvermigen wéhrend:des Reihen-
Riickwirtslernens wurde beli Affen mit inferotemporalen
oder foveal-pristriiren Lisicnen untersucht. Beide Gruppen
waren gleicher mafien beeintrichtigt beim Erlernen der Un-
terscheldung im Vergleich zu normalen Affen. Auch lernten
sie die Rilckwirtsreihen langsamer als Kontrolltiere. Das
Rilzcitwdrts-Lern-Defizit von Affen nmit inferotemporalen
Lisionen war schwerwiegender als ihr einfacnes Lern-
Defizit, obwonl sie iber mehrfache Rlickwirtsreihen nor-
r2ie Leistungen erzielten. Affen mit foveal-préstridren
Lisionan waren wenipger beeintridchtigt bheim Rickwirtslernan

s boim MNormallernen des Unterscheidungsproeblens. Diese
“rgetnisse werden intérpretiert i. 5. qualitativer Unter-
schiede der Auswirkungen der beiden Lisicnen.




