
\
l~"

I
I.
I'

Neuropsyc!lo!og;a, Vol. 17, pp. I 10 10.
o Pergamon Press Ltd. 1979. Prin:ed in Great Britain.

OO~8-J9J2/79!0101-000 IS02.00/0

D-IOl

, ,

Iq

. I

. IJ;

I. ,

THE EFFECT OF INFEROTEM·PORAL OR FOVEAL
PRESTRIATE ABLATION ON SERIAL REVERSAL

LEARNING IN MONKEYS

CAROL A. CHRISTENSEN

Department of Psychology. Vassar College, Poughkeepsie, New York ]2601. U.S.A.

and

KARL H. PR.fBRAM

Department of Psychology, Stanford University. Stanford. California 94305, U.S.A.

(Received] July 1978)·

Abstract-Visual discrimination performance during serial reversal learning was studied in
monkeys with inferotemporal or foveal prestriate lesions. Bothgroups"were equally impaired
in acquisition of the discrimination when compared with normal monkeys. They also learned
the reversal series more slowly than control subjects. The reversal deficit of monken with
inferotemporallesions was more severe than their acquisitio'n deficit though over successive
reversals they :a::hieved normal performance. Monkeys with foveal prestriate lesions were'less
impaired in reversalleaming than in acquisition of the discrimination problem. These results
are interpreted in !crms of qualitative differences in tne effects of the two lesions.

INTRODUCTION

IT IS now well established that bilateral removal of inferotemporal cortex interferes with
the ability of mO:lkeys to remember visual discrimination habits learned preoperatively
and to acquire new problems postoperatively (e.g. [I, 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 monkeys \.irh inferotemporallesions to perform the serial reversal of a visual
discrimination. PRIBRA.\I [4] showed that these monkeys formed a serial reversal learning
set as rapidly as intact animals. However. other investigators have shown that infero
temporal ablation reWords reversal learning with objects [5] 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 level 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
90% criterion.

Selective impairments at various stages of learning have also been discussed in a com
parison of the effects 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 discrimination learning [7-9]. According to two stage
models, subjects acquire discrimination habits by first learning to attend to the stimulus
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METHOD

Apparat;;.J· . . . . ...
All behavioral testing was carried out iri the DADTA IV automated test apparatus [16]. The stimulus·

display of DADTA IV is a verticalIy aligned metal panel containing nine l~ in. round, plexiglass buttons
aIr:lnged 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 do\'en by a
s::an converter programmed to display stimuli behind one or more of the clear buttons. Presentation of
stimuli, delivery of food rewardS and registr:ltion of responses were controlled by a PDP-SE computer
100000ted in an adjacent room. A dim light illuminated the testing chamber and a ventilating fan masked
extraneous sounds.
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Subjects
.Twelve adult rhesus monkeys (Macaca mulat/a) were subjects in this experiment. Four animab (Group

FPS) received bilateral resections of foveal prestriate cortex intended to remove the portions of the superior
ten:;lcr:t!. inferior occipital and lunate sulci which receive projections from foveal striate cortex. This lesioo ..
corresponds to astrip 0 lesion ofIwAI and MISHKIN [JO]with inclusion ofa portion of strip 1in some animals.
Four subjects (Group IT) sustained bilateral removal of infcrotemporal corte:< corresponding to area TE
of ves 3o:-'1N and BAILEY [15]. The remaining four monkeys (Group N) served as uiloperated conleol
subjects, All animals had received visu:ll discrimination training prior to this experiment. Details of this
:raining. as well as surgical procedures and lesion reconstructions have been published previously [14].
Fig'.lrc 1 sho',vs maximum lesion size and the area of removal common to all subjects. for the two operated
groups.

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 inferotemporallesions 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 predi~ted·

. that subjects with foveal prestriate lesions would be impaired in the early stages of original
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
attaining criterion. They should also be impaired in reversal learning since the task requires
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 learning 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 portion of posterior inferotemporal cortex. CHRISTENSEN

and PRI."BRAM [14] have shown that deficits seen after removal offoveal prestriate co."tex are
less severe than those reported for lesions which include posterior inferotemporal cortex as .
well. The absence of significant qualitative and quantitative differences between the deficits
r:ported by Manning may be due to the inclusion of posterior inferotemporal cortex in the

, lesions of his foveal prestriate group. .
In this· paper we have reexamined the serial reversal.leaming of monkeys with·infero- .

. tCI:lporal or foveal prestriate lesions and characterized their performance at variouS stages
of !earzling the individual problems and the entire reversal series. The foveal prestriate
lesions smdied here were restricted in their anterior extent with minimal encroachment on
posterior inferotemporal cortex.



:..;.------

'NFEROTEMPORAl. OR fOVEAL PRESTRIATE ABl.ATION ON SERIAL REVERSAL LEARN'I'C IN MONKEYS ·3

.Foveal Presti-jete Lesion Inferoternporal Lesion .'

i..

:i

15

':. \
;

:"\

.':

'.
!

EillI CCMMON LESION

[ill MA.XIMUM. LESlON

Flo; I. Lateral and ventral vie....'S of the. cerebral hemisphere showing the lesion common to'all
.. subjects and the ma.-dmum lesion for monkeys with inferotemporallesions (right) and those

with foveal prestriate lesions (left). .

P;ocedifres . . _. ..
Since the DADTA IV was unfamiliar to 'these animals. they were pretrained 'to tespondto'lighted panels

by rewarding presses of the numeral 1 as it appeared randomly on two of the nine panel positions. Pretraining
continued until 'i~e'st:bjec: r:sponded SO times in one day's session'. At thaftime the subject was presen!ed·
y,ith discrimination of the numerals 3 and 8. Subjects were tesied 106 trials/diy until a criterion 'of 90%
correct in 100 COr!~-=';::'ie :r:i:l!5 was achieved. After acquisition of this task. the reward contingencies were
reversed and tr.!inir..g ccc:inu::d until criterion was again met. Testing continued through a series of ten
reversals.

RESULTS

Scores for origi'lal iearning'" and the ten reversal problems are presented in Table 1.
The group mea:tS of these data arc plotted in Fig. 2. The data show that monkeys with
inferotemporal lesions (t = 2.04, P < 0.05) and those 'with foveal prestriate lesions
(t = 3.02, P < 0.015) were severely impaired in acquiring the discrimination. The mag
nitude of the impairments prcduced by the two lesions was approximately equal (t = 0.199).

As can be see::l in Fig. 2, the operated anima.ls maintained their visual discrimination
impairments during reversal learning (F = 4.60; df = 2, 8; P < 0.05). The deficit was
especially pronoui!ceci 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 anim:l13 had previcusly learned ana been tested for retention of a 3+-8 visu'al discrimination. We
chose the same stimuli for this study in order to hasten assessment of their reversal performance. As can be
seen in Table 1, our assumption that the subjects would rapidly reattain criterion on this problem was
erroneous. The original problem was trained on DADTA III and the stimuli were slightly different from
those presented on DADTA IV in the present study. This may be the reason that all subjects responded to
the discrimination as if it were unfamiliar. We have described the 3+-8 discrimination learned in DADTA IV
as original learning, though in the strict sense, this designation is inaccurate.
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monkeys with foveal prestriate lesions were less impaired on the reversal problems than
they were on acquisition. Though they were still impaired relative to tDtact animals on the
first reversal (t = 2.99, P < 0.025), their performance was sigriificantly better than that
of monkeys with. inferotemporallesionS on this problem (t = 2.16, P < 0.05; all t tests
are one-tailed).
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Table 1. Trials accumulated by individual subjects during the serial reversal of a visual discrimination
(seores are trials including criterion)
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Parentheses indicate that S391 was not included in group means.

Normal Ss
337
338
339
342
X

3000

Foveal prestriate S3
308 1323
310 2433
31S 1400
369 4200
X 2339

Inferotemporal 5s
340 1698
393 5647
407 400
391 2550
X 2599

O.L. 1 2 3 .4 5 6 7 8 9 10

Reversal
FlO. 2. MeaD number of trials to 90% criterion for normal monkeys and those with infero

. temporal or foveal prestriate lesions during original learniDg COL) and teo revBrsals.
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Analysis of the scores for all ten reversals reveals that while both operated groups were
impaired relative to normal3, (Fcps = 9.29; df = I, 6; P < 0.05; Fil = 6.56; df = I, 5:
P < 0.05), only Group IT improved significantly over the reversal selles (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 70% correct performance for many days before actuaUy achieving
criterion suggesting that the magnitude of their deficit was due in part to the high level of
correct performance demanded of them. The reversal data were therefore reanalyzed with
criterion set at 80% correct. This analysis failed to show a significant lesion effect; the
learning of monkeys with inferotemporal 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 I were plotted according to the method of
HAYES [17]. This procedure more clearly represents the performance of subjects near
criterion than when learning curves are plotted conventionally. Backw~d learning curves
for acquisition 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 deteriorated. These representations also
show that animals iil both operated groups acquired the discrimination and the first reversal
by gradually achieving higher levels of correct performance. The slopes of their learning
curves differ ~ked.ly from the steeply accelerated function of the normal subjects. In
addition a prolongation at chance is apparent in the original learning of Group FPS and

100
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u
~
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c 40
~
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(a)

Group N
Group FPS.
Group IT

10 20 30 40 50
Blocks of Trials

FlO. 3. Backward I:::lming curves for normal monkeys and those with inferotemporal or foveal
prestriate lesions for (a) original learning (b) first reversal and (c) fifth reversal.
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in the first reversal performance of Group IT. The actual number of trials accumulated in
the period of 40-60% correct performance for original learning ind the first reversal is
presentc:ci'in Table 2. Monkeys in Group FPS accumulated mor~ trials during the pre
solution period of original learning than did normal subjects (t = 3.66, P < 0.02) or
those with inferotemporal lesions (t =2.90, P < 0.05). Monkeys in Group IT did not
differ from normal subjects during original learning on this meris~~e (t = 1.83). However
the length of chance performance of monkeys with inferctemporallesions was significantly
prolonged on the first reversal when compared with Group N. (t = 7.51, P < 0.001) and
Group FPS (t = 5.63, P < 0.01). (All t tests are two-tailed.).
" A different learning pr<:>file is apparent in Fig. 3 (c). By the fifth reversal the performance

of both operated groups had improved, yet they continued to be retarded in actually
achieving criterion. Although most operated monkeys immediately pc:rformed above 70%
correct, they required many days of training to complete the problem. For example, the
!!lost impaired subjects. IT-393 and FPS-315, required approx 2000 trials to r~ach criterion
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(C) I'

I"
I
I
I
I
!

\
!
'.

,--

Group N _
Group FPS
Group IT

100 .'- &K/:'I . : _

t 80 .JV';j :..1 '.'
~ ··:···:1 ........
L.. I"d 60 :. ,

,I

10 20 30
Blocks of Trials



...../

Il'o'FERQnMPORAL Oil. I'OVEAL I'RESTRIATl! ABLATION ON ~RJAL REVERSAL L'EAIU'>H\G IN W.Ol\KEYS

Table 2. Trials accumulated in moving from 40 to 60% correct performance
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even. though their performance on the first block of 50 trials was 72 and 80%· correct
respectively. Impairments which were observed on subsequent reversals followed this same
pattern.

DISCUSSION

The results reported here confirm. our earlier findings cop,.f.er,~pg~e effects of foveal
prestriate ablation [! 4] and elaborate the natUre of the dysfunction produced by this lesion.
In addition tcese results more completely characterize serial reversal learning in monkeys
with inferotemporallesions. The data. show that both lesions impair the ability of subjects
to acquire a visual d.iscrimination and retard formation of a reversal learning set provided.
a criterion of 90~~ correct in 100 consecutive trials is demanded. When the data are re
analyzed with a less stringent criterion of 80% correct, the reversal deficit is not manifest.
The learning set deficit appears to stem from an inability of the lesioned subjects to steadily
maintain a high level of correct performance. Discrepancies among earlier reports are thus
resolved.

The rem.aining deficits produced by the two lesions appear to be due to different dis
orders, although 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
learning in th~se subjects. ZEAMAN and HOUSE [18} h:l.ve reported that prolongation: at
chance characterizes th~ visual discrimination learning of retarded children who are im
paired in disceITlirig the stimulus dimension relevant to solution of the problem. Mon.l(eys
with foveal prestriate lesions did not display the effect on the first or any subsequent re
versal which s1.lggests that their deficit is related to initial detection of the relevant attribute
of the stimul1.ls con.ligu.ration 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 are cqn
sistent with the hypothesis that the disorder is related to adisruption of associative capaci
ties. Monkej's 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 leveh of
correct performance during the first reversal though they had shown no such prolongation
in learning the problem originally. The following explanation may account for this result.

WILSON, KAUFMAN, ZIELER arid LIED [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 r~versal learning. In 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 or performance at chance observed in
inferotemporal subjects may be explained by this effect.

This explanation is also relevant to the data reported by BOLSTER and CROWNE [22] for
monkeys with Je'iions of anterior 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 original acquisition. These findings suggest a similarity
between the dysfunction by lesions of area TE and smaller lesions placed in tbe anterior
segments of this area.

Our findings rega.rding the deficits produced by inferotemporal and foveal prestriate
lesions conflict in part with those reported by MANNING [6]. In both studics the subjects of
both groups were equally impaired in original learning. However in Manning's study the
magnitude of tb.ereversal deficit of the two groups was also indistinguishable. His subjects
were severely impaired in the early reversals but they attained normal performance midway
in the series. In our subjects the early reversal deficit of the foveal prestriate group was less
severe than. tl'.2..· of the inferotemporal group and, unlike Manning's animals and our
inferotemporai group, the foveal prestriate subjects maintained an impairment throughout
all the reversal problems.

Differences in the magnitude of the initial reversal deficit observed 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 tr.an to the disruption of two distinct processing capabilities in the region of
foveal prestriateand posterior inferotemporal cortex. The presolution prolongation
observed in the oi-iginallearning of monkeys with foveal prestriate lesions in this study is
also evipent in the original learning of monkeys with posterior inferotemporal lesions
studied by BOLSTER 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 origin:!.1
learning, the discrimination presented here was morc difficult 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 difficult tasks [23]. As already discussed, the
rcversal defi::its observed here are attributable to instability of performance during the
final stages of learning.
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In conclusion, the results of this study have resolved some of the discrepancies among
earlier reports con.cerning the effects of inferotemporal resections on discriminations
reversalleaming set. Toe results also support earlier suggestions that two separate functions
are disrupted by inferotemporal and foveal prestriate lesions, albeit in the current study, as
in previous studies, the dissociation is not complete.. The eviden~e poin~s to a,difficulty. in
detecting relevant stimulus 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 inlrusion errors across problems.
AckflDwledgement-We would like to thank ANGELA C. DIBERARDINO and R. BRUCE RULE for valuable
assistance. This research was supported by NIMH Research Grant No. MH 12970 and NIMH Research
Career Award to\Dr. PRmRA."I.
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~:

La. performance d~ discrimination visuall. pendant un appreati••age de

re::veUa::Ient en s~ri. a ~~e ~tudiee che" des singes avec lesions. infero-te"'llorales

ou pr~-atri~es foveales. Le. 2 groupesetaient egalement deficitairea dans I'acqui

sition de la discrimination s'ils eCaienc CQmpare5 avec des singes normaux. 11,

. apprenaiene aussi plus lentement les serias de renversement que lea singe. de contro

leo Les d~ficits de renversement des .inge. avec la.ioos infero-temporale. etaient

plus savares que leur deficit d'acqui.ition encore qua sur de. renversament. succes

aila, ila .parvenaient ~ la perfo~nce norcale. Les .inges avec lesions pre-striees.

laveale. etaient moins deficieaires dans l'appreotis~aga da renversement que dan.

l'acqui.ition du problem. de discrimination. On interpret. ces resultats en terme.

de differences qualitative. entre les effets de. 2 lesions.

Deutschsprachige Zusammenfassung:

Das optische Unterscheidungsvermogen wahrend·des Reihen
nUC~!art~lernenswurde bei Afien mit inferotemporalen
oder foveal-prastriaren Lasionen untersucht. Beide Cruppen
waren gleicher manen beeintrachtigt beim Erlernen der Un
terscheidung im Vergleich zu normalen Affen. Auch lernten
sis die Rtickwartsreihen langsamer als Kontrolltiere, Das
RliC~darts-Lern-Defizit von AIIen mit inferotemporalen
Lasionen war schwe~lie&ender als ih~ einiaches Lern
Defizi~t obwohl sie tiber mehrfache RUckwartsreihen nor
r1:!leLeistungen erzielten. AfIfm mit foveal-prastriaren
Lasionenwaren weniger. beeintrachtigt beim Rtickwartslernen
als b~im Noroallernen des Untcrscheidungsproblems. Diese
Srge~nisge werden interpretiQrt i. S, qualitativer Unter
sc~iede der Auswirkungen der beiden Lasionen.
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