P:

Neucopsychotogia, 1977, Vel 13, pp. 439 1o 448, Pergaman Préss. Prinicd in England.,

THE EFFECTS OF INSTABILITY OF THE VISUAL
DISPLAY ON PATTERN DISCRIMINATION LEARNING BY
MONKEYS: DISSOCIATION PRODUCED AFTER RESEC-

TIONS OF FRONTAL AND INFEROTEMPORAL CORTEX*

B. A. Brooyt, L. G. UngercLeiper} and K. H, Prisram§
Departments of Psychology aad Psychiatry, Stanford University, Stanford, Catifornia, U.S.A,

{ Received 4 May 1976}

Abstrace—Rhesus monkeys with anterior frontal (¥ = 7), posterior parietal (¥ = 4}, or infero-
temporat Y = 4} lesions and normat ¢ontrols (N = 3) were trained on visual discrimination
problems under conditions in which the stimulus dispiay either remained in the same place
or shifted randomly over a wide range of positicns from trial to trial. Naive monkeys with
frontal lesions were significantly impaired iz learniag the discrimination problem under
the condition of shifting spatial coatext; their impairment disappeared with sophistication,
but they continued to find this copdition mere difficuit than one in which the display remained
stable. The performance of monkeys with inferotemporal lesions was markedly improved by
the random-position disptay condition.

THe crassicat deficit in monkeys with bilateral anterior frontal ablations is an inability to
perform spatial delayed response {l, 2} and spatial delayed alternation (3, 4]. On the other
hand, monkeys with such lesions are able to learn to discriminate simultaneously presented
visual stimuli as well as normal monkeys [5-8]. Hence, when a group of monkeys was
trained on a series of simultanecus visual discniminations in an automated apparatus
(Discrimivation Apparatus for Discrete Trial Analysis, DADTA) [9] simply to adapt
them to the apparatus before proceeding to a series of more complex problems [10], it was
expected that the monkeys with frontal lesions would have no difficuity with these initial
visual discriminations. Contrary to expectation, these monkeys did show a significant
deficit. An earlier study from this laboratory [11} using the same antomated apparatus had
reported that monkeys with frontal lesions have significant difficulty in maintaining high
levels of performance on a simultaneous visual discrimination problem. It therefore seemed
possible that some feature of the training in the DADTA was tapping frontal lobe function.

One significant feawure of the DADTA is that the stimuli are randomly presented on any
of sixteen response panels; that is, their locations change over a considerable range from
trial to trial. By contrast, all of the studies reporting normal visual discrimination per-
formance by monkeys with frontal lesions have used a hand-operated two-choice apparatus
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in which a pseudo-random sequence determines whether the correct stimulus will be on the

left or on the right [rom trial to trial. In this apparatus the locations of the stimuli are
relatively stable.

The purpose of the present study was to determine if the stability of the stimulus display
is a relevant factor for monkeys with cortical ablations when they are learning to discr-
mivate visual stimuli. The mookeys with frontal lesions who had shown a deficit in the
DADTA together with the original control monkeys were given visual discrimination prob-
lems in the standard two-choice hand-operated Wisconsin General Testing Apparatus
(WGTA). They were then reintroduced to the DADTA and given a problem in which the
stimufus display remained stable, as in the WGTA, and an additional problem in which the
stimulus display randomly shifted over the sixteen response panels. In addition, the effect
of stability of the stimulus display was examined in monkeys with inferotemporati lesions
since such monkeys are known to be impaired on visual discrimination problems.

Subjects METHODS

Fourteen immature rhesus monkeys (Muacaca mulattay began this study as naive subjects (weight range
at surgery was 2-8-1.6 kg). Three of these remained as normal controls (Group N}, four sustained bilateral
posterior parictal lesions (Group P), and seven susizined bilateral apeerior frontal lesions (Geoup F).
Whea twelve of these fowteen moakeys were trained as sophisticated adulis (one monkey from each of
Group N aod Group F having died of intercurrent disease) during Phase 3 of the experiment (see beiow),

four additional comparably sophisticated adult monkeys with bilateral inferotemporal lesions (Group ITY
were included.

Surgery and histolagy

Prior to surgery all monkeys were tranquilized with Ketamine {1} mg/kg i.m.) and the anesth:nzcd
with iatravenous sodium pentobarbital until eyelid reflexes were abseni. An iatravenous saline drip was
maintained throughout surgery during which additional doses of pentobarbital were administered as
required. Following surgery tong-acting bicillin (300,000 U i.m.) was routinely administered. Al ablations
were performed as a one-stage bilateral aseptic procedure. For the frontal and parietal ablations the cortex
was exposed by making a full calverium Hap, for the inferotemporal ablations two openings were rongeursd
in the skull. The grey matter was removed by subpial aspiration using a 19-gauge Pribram sucker desigoed
to avoid damage to underlying white matter. Bleeding was controlled by gentle packing with cottonoid
patties or, rarely, electrocauterization. The dura was closed with individuat sitk sutures, and muscle, sub-
cutaneous tissues, and skin were closed in Jayers. Dexamethasone (2 mg) was given immediately following
surgery to the monkeys sustaining the froaial ablations.

The intended extent of the anserior frontal lesion included 21l of von Bonan and Bawey's [$2] areas FD,
FDy, and FDA. Thus, it was to extend from the midline to the lip of the lateral surface through both banks
of the sulcus principalis, and from the depth of the apterior bank of the accuate sulcus rostrally to include
the entire frontal pole.

The intended extent of the posterior parietal lesion inciuded alf of von Bonin and Bailey’s areas PF, PG,
PE, and the more dorsal portions of areas OA and TA oa the lateral surface as well as PE and OA on the
medizal surface. Thus, on the lareral surface the lesion was to include the anterior bank of the lunate sulcus
and to extend rostrally from the funate through both banks of the dorsal portion of the superior temporal
sulcus to include the posterior bank of the iatraparietal suleus. In addition, the lesion included a several-mun-
square area superior to the intraparietal sulcus at the preoccipital noteh as wetl as the anterior bank of the
intraparietal sulcus at this lgvel. The ventral limit of the lesion was defined by & line drawo from the tip
of the intraparictal sulcus to a point several mm below the tip of the Sylvian Fissure and thea direcsly
in a tine perpeadicular to the lunate sulcus. On the medial surface the [esion was intended (o extend ventzally
almost to the calcarine fissure and was to in¢clude the anterior bank of the parieto-occipital sulcus and all of
the tissue rostral ta that sulcus for approximaiely 10 mm. !

The intended extent of the inferotemporal lesion corresponded to arsa TE of von Benin and Bailey,
The lfesion was 10 extend from a point several mm anterior to the ascending limb of the inferior occipital
sulcus, wsually marked by the vein of Labbé, continuing rostrally almost to the semporal pole, dorsally to
include the depth of the inferior bank of the superior temporal sulcus, aad v:nually to the cccipito-temporal
sulcus,

Foilowing compietion of behavioral testing, the mookeys were perfused intracardiatty under decp bharbi-
turare anesthesia wirth satine and then 105, formatin, and the brains were blocked sterotaxicaily in the frontat
piane, They were then hardened in formalia and 303 sucrose-formalin and, after they were embedded in
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gelatin-albumin and frozen, 50 um sections were taken in the coronal plane. Every tenth section was mounted
and stained with cresyl violet for microscopic agalysis of the lesions. Lateral, medial and ventral views of the
lesions were reconstructed from enlarged (racings, using serial sections every one mm. The minimum and
maximum extent of damage for the fromtal, parietal and inferotemporal lesions are presented in Fig. 1.
Reconstructions of individual brains are presented ¢lsewhere (13, 14}

PARIETAL
Fra. 1. Minimum and maximum extent of lesion in monkeys sustaining anterior frontal. pos-
terior parictal, and inferotemporal ablations.

Apparalus

Both the automated PDP-8 computerantrolled DADTA and the hand-operated WGTA were used in
this study. For wrainiag io the DADTA the monkeys were contained in a testing cage measuring 18 x 20 x
20 in., one side of which consistad of bars spaced at 13 in. intervals. During testing the cage was placed in a
small enclosure iYuminated by a 15 W house light in the ceiling. The monkey faced a 20 x 20 in. square
panel on which there was embedded a four by four regular array of clear tound plastic push-panels 1 in.
in dia. Microswirches mounted behind each of the respanse panels signaled the presses to the computer,
and she stimuli were back-projecied through these panels by 1EE digial display projectors. The non-
colored stimuli appeared as white patterns against a dark fedd. The sequence of stimulus location, the
intertrial interval, aod rewards were ail controlled by the computer program, and the responses were re-
corded by teletype. A correct response caused the banana pellet food reward to'be delivered by a mechanical
feeder to a single foud well centered just below the array of response panets. '
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For training in the WGTA the monkeys were contained in a testing cage identical to the one used in the
DADTA. The monkey's compartment was illuminated by a 9 in. fluorescent light bulb which rendered a
one-way vision door opaque 1o the mookey. This opaque door separated the monkey from ithe experi-
menter and the testing board, and was raised by the experimenter during testing to allow the monkey free
access to the testing board positioned horizantally 6 in. above the levei of the floor of the testing cage.
The testing board was 28 in. long aand 8 ia. deep. The twa food wells were spaced 15 in. from center to center
and 3 in. from the center of the wells to the edge of the board facing the monkey. The stimuli were dicectiy
affixed to 3 in square plywood plaques painted a duii grey and attached via sirings to the <xperimenter’s
edge of the board. These plaques served to cover the food wells during testing. Two sets of stimuli, a pair of
objects and a pair of pafterns wers used. The abjects were a red and yellow plastic tugbaat, 4 in. in tength,
mounted diagonaily on onc plaque and a vetlow and white pair of plastic soap bubbie pipes, 4 in. ia length,
mounted criss-crossed together on the aother plaque. The parterns, F(pos} Mineg) were drawa in black ink
on white matboard cut to exactly cover the plaques. The three lines making up the F and ) patterns were
respectively the same lesgth and width. Raisins or apple cut into approximately raisin-sized pieces were
used as rewards according to the monkey's preference.

Pracedure
The probiems for this study were trained in three phases. Groups F, P and N participated o all three
_phases. Group IT participated in Phase 3 only.

Phase 1. The naive monkeys bezan their training in the DADTA, Preoperatively, all monkeys were
first shaped to respond selectively to lit papels on the sixteen panel array. They then learned to criterion a
green {pos)fred(neg) color discrimination and its reversal. Criterion for these and all subsequent discrimi-
nation problems was 90 correct in 10 consecutive sets of 10 trials. Postoperatively, all monkeys were allowed
to reattain criterion on the color discrimination in order to readapt themselves to the apparatus, They
then began training on two new pattern discrimination problems: (J(pos) +(neg) and 3{pos)8(ueg) in
that order. For both the color and pattern two-choice discriminations the two stimuli appeared in random
positions on the sixteen-panel array. These positions varied according to a pseudo-rzandom sequence from
trial to trial. One hundred trials with an 3 sec intertrial interval were given daily, 6 days a week, for all shap-
ing and discrimination training in the DADTA.

Foilowing completion of Phase 1 ali 14 monkeys continued us subjects ina 3 yr study (10, 13] during which
time they became sophisticated with both the apparatus and complex visual sequence and spatéat problems.
Aflter campleting the intervening study the monkeys were given one week’s vacation and then Phase 2 was
begun.

Phase 2. Phase 2 consisted of discriminasion testing tn the WOTA. Following a siagic day's shapiag all
monkeys were trained (o a criterion of 90 correct out of 10 consecutive sets of 10 trials on two two-choice
visual discrimination problems, using fArst the objects and then the parteris as stimuli. The abject dis-
crimination problem. boat{pos)pipes{nee), was trained for 30 wials a day, 7 days 2 week. The pattern dis-
crimination problem, Flpos)/ M(meg), was trained for 30 trials a day, 7 days a wegk. For both problems
the experimenter mainmained an intertrial interval of approximatety 7 sec, The position of the stimuli was
varied psendo-randomly according 1o a GeLLERMANN {15] sequence. A modified correction procedure was
used in which an incorrect trial was followed by another trial with the stimuli in the same position. However,
oqn the fourth incorrect carrection trial the monkey was permisted 1o self-correct and the following trial
continued the Gellermann sequence.

Phase 3. The monkeys were reintroduced to the DADTA with one day of training on a shaping program.
They were then given one discrimination problem using a stable display; that is, she stimuli, *(pos)y
*(neg), always appeared in ths same two panels on the response pang! acray. These two panels were the
center pansls of the second row from the top. As in the WGTA (Phase 2) the position of the two stimuli on
the two panels was varied pseudo-randomly according to a GerLERman {15) sequence, but a non-correction
procedure was used. The monkeys were given 100 rials a day with an 8 sec interirial tnterval until they
attained the 909 criterion previously described. The monkeys were then given a second discrimination
probicm, 9(pos)¥6(neg}, using the random-position display: that is, as ia Phase 1 the stimuli could appear
on any two of the 16 panets, The same program that controlled the discriminations in Phase 1 was used
for this final discrimination and the monkeys were trained to the same 50%; criterion. This order of training
applied to Groups F. P and N. Group IT learned the two problems in the reverse order, but in all other
respects the training procedures were identical.

RESULTS
Phase | ,
The monkeys with frontal lesions demonstrated a striking and uaexpected impairmeny,
when they were trained as naive subjects on their first two pattern discrimination problems
in the DADTA (Fig. 2, Table 1). A Kruskal-Wallis one-way analysis of variance by
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Fig. 2. Mean trials to criterion on visual discriminaiion problems trained in an automated
{DADTA) and hand-operated {WGTA} apparatus by monkeys with frontal lesions (F
posterior parictal lesions (P), and normal controis (N).

ranks {16] for three independent samples yielded an # = 79, P < 002 for the [}/ + and
an H = T3, P < 005 for the 3/8, indicating that the groups differed significantly on both
discrimination problems. Paired comparisons using the Mann-Witney U Test two-taited for
independent groups demonstrated that the significant differences were entirely due to the
poor performance of Group F on both problems. For the first pattern discrimination,
{3/, a comparison between Group F and Group P gave a U = 3, P = 0:021 and between
Group F and Group N gave a I/ = 0, P = 0:008. For the second pattern discrimination,
3/8, the same respective comparisons gavea U= |, P = 0006 and a U = 3, P = 0-058.
The performance of Group P was equivalent to that of Group N on both probiems.

Phase 2

The mookeys with frontal lesions rapidly acquired both the object and pattern dis-
crimipations trained in the WGTA (Fig. 2, Table 1). In fact, the extremely good performance
of these monkeys was in sharp contrast to their poor initial performance during Phase |
in the DADTA. There were no significant differences between any of the groups on either
the object or the pattern discrimination problem. The fact that Group F performed so
well on the F/ discrimination in the WGTA was all the more surprising because both
Groups N and P actuaily found this discrimination somewhat more difficult than the ones
in the DADTA,
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Table 1. Trials Lo criterion on visual discrimination prablems trained in an auwtomated (BADTA) and hand-
operated (WGTA) apparatus

DADTA (Naive subjects)  WGTA {(Sophisticated subjects)

Lesion group Bartern {{/-~) Pattern (3/8)  Object (boat/pipes) Pattern (Fi)
Normal
N-Zld 0 230 &0 400
N-Lns o 170 20 220
N-GIid S0 240 100 620
% 63 ETH) 60 03
Frontal*®
F-Clb 180 ERiH 10 150
r-Dsc 120 160 0 230
F-Srmn 3150 160 30 380
F-Al 250 320 +0 120
F-Mdb 30 180 0 380
F_Pip 560 1560 - —
F-lss 320 340 —_ e
% 3% 581 20 250
Partetal
P-Ths 150 6d 50 a0
P-Tag 40 kL) 10 210
P-Bre 30 10 20 330
P-Gif 230 130 40 250
i 1i8 135 30 288

*F.Pip was not trained in the WGTA. F-Iss died due 1o a metabolic disease before
beginning Phase 1.

Phuse 3

As sophisticated subjects the monkeys with frontal lesions learned the discriminations
rapidly and with learning scores that completely overlapped those of the control subjects
{Groups N and P) under both the stable and random-position display conditions in the
DADTA (Tabie 2). However, despite this good performance there was still evidence that
the randoni—position display disturbed the performance of Group F more coasistently than
it disturbed that of the control groups. Alf six monkeys in Group F took longer to reach
criterion on the discrimination with the randomiy positiored stimuli than on the dis-
crimination with the stable display (¢ = 2:735, P < 0-025; one-tailed  test for correlated
means). By contrast, the six monkeys in the contrel groups divided their preferences
equaily between the two discrimination problems; two of the four monkeys in Group P and
one of the two monkeys in Group N learmed the random-display discriminaticn even more
quickly than they did the stabie-display discrimination. The probability that all six mon-
keys in Group F would learn the random-display discrimination more slowly while half
of the monkeys in the control groups would learn that discrimination mere quickly is
only 0-090 (Fischer Exact Probability Test, one-tailed; [16]).

The vanable of stimulus positicn stability had a significant efect on the performance
of monkeys with inferotemporal lesions which was opposite 1o the effect on monkeys
with frontal lesions. As expected, the monkeys in Group IT were impaired in learning both
pattern discrimination problems. But, in sharp contrast to the performance of Group F.
each of the four monkeys in Group IT learned the discrimination with the random-position
display considerably faster than the discrimination with the stable display (Table 2); the
probability that this would occur by chance is 3-0625,
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Table 2. Trals ta criterion on two—cholce patlern-discrimination problems preseated in the DADTA under
stable-position and random-position conditions by sophisticated monkeys

Stable-position  Random-paosition  {Stable-positian)—
(Random-~position}

Lesion group {Patterns®*) {Patterns 9/6) Performance

Normali®

N-Lns 130 70 -

N-Gid 70 120 —
: % 55

Fronial

F-Clb 60 0 -

F-Dsc Y a0 -

F~8mn 30 1o -

F-Ali 70 150 -

F-Mbd 70 260 -

F-Pip 110 370 -
i ) &1 175

Parietal :

P-Ths 210 150 -~

P-Tag 20 180 -

P-Bre 40 110 —

P-Grf 160 120 -
% 108 140

Interotemporalt

1T-340 TR3E 1380 -

IT-391 2692 _ 1300 =

IT-393 386 400 -

[T07 1203 100 -
] 3160 788

*N-Zld died with stomach bloat before beginning Phase 3.
+Duta from these monkeys have been reported eisewhere (14, 17, 18].

LISCUSSION

The results from this study indicate that naive monkeys with lesions of the anterior
{rontal cortex have a deficit on visual discriminations in which the stimuli are presented
in randemly shifting positions from trial to wuial. After they become sophisticated the
deficit relative to normal monkeys disappears, but they still find a4 discrimination with the
stimuli presented in stable positions easier than one with stimuli presented in randomly
shifting positions. Thus, the data provide evidence that the lack of spatial stability in the
DADTA disptay was affecting the performance of the monkeys with frontal lesions,
These results are consistent with those from several other studies using the DADTA.
GARUENINGER and Prigram [19] reported that monkeys with frontal lesions were more dis-
tracted than normal monkeys by a distractor cue which shifted location from trial to trial,
Furthermore, when the monkeys from the present study were trained on a series of com-
plex spatial problems [0, 13}, monkeys with frontal lesions were significantly impaired,
specifically when the relevant stimuli shifted spatial position from trial to trial, but were not
impaired when the stimulus display was constant from trial to trial.

Although each monkey in Group F learned the discrimination with the stable display
faster than the one with the random-position display, they all learned both problems at a
normal rate despite the fact that as naive monkeys they had shown a stoking deficit in
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learning similar pattern discrimination problems. Appareatly the sophistication they gained
from the intervening study [10] enabled them to compensate for whatever difficulty was
causing the earlier deficit. That study aiso had shown a significant effect due to sophistica-
tion. Only the naive members of Group F were impaired relative to the contrdl monkeys
on visual sequence problems. The sophisticated monkeys in Group F demoastrated rapid,
pormal learning of the same problems.

The resulis of the present study are consistent with the conclusion of several concurrent
studies [13, 20]: the frontal area seems to be particularly essential to the monkey’s ability
to impose organization on its stintulus input whea the spatial aspects of the cues are unre-
liable. However, when the spatial position of the cue is only a distractor rather thaa a
relevant cue to be discriminated, sophistication enabies the animal to learn to ignore the
shifting spatial context. Thus, when the unreliable spatial factor is a relevant part of the
cue, as in delayed response, monkeys with frontal damage have a permanent impairment
(4, 217 while the difficuity they have in leamning visua! discriminations in an irrelevant
unstable spatial coatext decreases markedly with training.

In contrast, damage to the inferotemporal region does not impair the monkey's ability
(o impose organization on an unrelinble spatial array, Rather, the continuously shifting
spatial context seems to attract the attention of the monkeys with inferctemporal lesions -
to the stimuli, resulting in improved performance. Some earlier data also tend to support
this hypothesis. Unlike normal monkeys, monkeys with inferotemporal lesions were unable
to learn (o fixate the positive stimulus in a display composed of two visual patterns [22].
However, after the stimuli were mounted on a disc and rotated, additional training enabled
these monkeys 1o track the positive paftern at least 759 of the time each session.
Data from one of the earlier studies [17] using the same four monkeys in Group IT of
this study suggest thac flickering stimuli as well as moviag stimuli increase the ability
of monkeys with inferctemporal lesions to attend to patterned stimuli, In that study
a 60 Hz flicker was created by rapidly turning the stimulus bulbs on and off. All four mon-
keys in Group 1T learned a 3/8 pattern discrimination faster under the flicker condition
while all four normal controls learned the discrimination faster under the steady illumina-
tion condition. A Fisher Exact Probability Test indicates that this distribution of scores

- between Group N and Group IT is unlikely to occur by chance (P = 0-028, two-tailed).

In summary, monkeys with anterior frontal lesions find it difficult to compensate for a
shifting spatial context during visual discrimination problems, but the same shifting coatext
serves to attract the attention of monkeys with inferotemporal lesions and paradoxically
allows improved performance.
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disparaitssait 1 mesure 7e'ils fralent Haprioeds 4 kla tizhe Tais

Li5 continudlent de Trouver cecte condition glus diffiglile gue

celle Jans laguelle 13 grézentation restait fixa. La performance

dus ginges aves lizions infdcd temporales &taient nectunient imé-

liorde pay la -zndit:zen <e ordgentacion Ivars posicion aldacoire }
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Deutschaprachize Zusammenfassung:

Rhesusaffsn mlt vorderen frontalen (N a 7), hinteren parietalsn
(4 « 4) und inferctemperalen (Il = &4} Lisionen sowls normala
Kontrolltisre (¥ = 3} wurden darauf trajinlert einen aptischen
Diskriminationatest zu ldaen unver den Bedingungen, dad der
Aalz santwader am gleichean Ort bliab eder wvon Versuch zu Yersuch
seine laga finderte., Hicht trainierte Affesn mit frontalen Lislo=-
nen waren signifikant unfihig das Diskriminationsproblem zu
1%sen, wann der riumlicha Context wechsalte. Dieser Mangel ver=-
schwand nech Training, »3 blieb aber auch ih diesen Falla eine
gréfare Erachwarung als wenn der Relz am gleichen Crt blieb,
Dla Leistung von Affen alt inferotemporalen Lidsionen war dsut-
lich basgser unter zufilliz verschiledenen Relcpositionen.
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