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The initial study of this series {5) Lested the
hypothesis that frontal operates fail both
delayed alternation and  delayed  response
hecause they have difficulty with the lef-right
respumse choice which these 1asks require.
Specifically, after (he defay period of cither
1ask, the monkey is confronted with twn con-
tainers which are distinguishable anly hy their
positions-one cup appears en {he lef(, the
nther on the right. In delayed alternation, for
example, the correct mode af response is
simply to alternale befween the two cups; vel
Lhe performance of fromlal operates rarely rises
above chance. In the earlicr study, thevelore,
frontal operales’ performance on traditianal
lefl-right alternation was commared with their
perlormance on Lwo variants of afiermation. In
one variant, monkeys were trained to displace,
alternately, two cups arranged one abave the
other—an up-flown alternation; in the nther,
they were Lrained to allernatle between dis-
Placing and not displacing a single centered
cup (i.c., displace the cup on ane trial, leave
it alone on the next, displace it on the third
trial, and so on}—a “go-no-gn” allernation.
Results on  the up-down problem, which
showed that frontat operates perform this lask
as poorly as they perforny the traditional left-
right allernation, disproved the original
hvpothesis. -

On the “gn-no-ga” problem, however, the
same nperales achieved a performance level of
tearly 90 per cent correct, The first of the
present. experiments was tlertaken 1o deter-
mine whether simtlar improvement would re-
sull.in frontal nperates’ defayed-response per-
formance, if delayed response were varted from
the traditional “left-right" task (0 a “go-no-
go" lask. Positive results would permit an
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analysis, using additional delayed-response
varialions, aimed at isnlating the faclors re-
spansible for the frontal operales’ inproved
prerformance. The second experiment proceeds
wilh (his analysis.

METHOD

Subjects

Fight immature macagues were used {hraughout
this stuedy: Four (LLF 2, 3, %, sl 11) had hilateral anee-
rolateral fromtal alilations, and four {1 4, 15, 26, and
37) had hilateral inferotemporal ablations. Al but one
{I'T 37) hadl served as Ss in the earlier experiment (5).
The data for (he present experiment were galhered in
the interval four manths to nine months after operation.
Anatamical data on 1he foue frontal and lour teniporal
contral nperates may he found in refercirces 5 and 9,
respeclivety.

Apparatus

The apparatas consizler]l of an enclosure divided inlo
Lwn seclions-—an unlit chamber for the animal cage and
an illuminnted section far the lesting tray, tn which
either ane ar two cups were attached. A sliding plyweoml
panc! was fowered helween the two sections to hide the
cups from the animal during the delay perind. A one-
way- visinn screen concealerdl £ when the sliding pancl
was raised,

EXTERIMENT I

Al animals were trained on classical detfayed
respronge and on the variation. Each task was
presenied by both the direct method of cueing,
in which the animil is shown the correct cup
being baited with food, and by the indirect
method, in which the animal is shown an ob-
ject signaling the haited cup.

Proceture

Traditional, direct method. For the traditional pra-
cedure the sliding pancl was raised, a peanut was hekl
for an instant aver the lcft or the right cup (these were
12 in. apart aned hevond the animal’s reach}, the peanut
was dropped into it, and the cupr covered with a fid. The
rnet was lowered for 5 sec., the tray pushed foeward,
aivl the panet raised again (o permit the anfmal to re-
spondd. 11 the animal dispdaced the fid of the haited cop,
it ohiained the reward.

Variation, dircct methed. "Fhe variation on delayed
response, analogous to the variation on delaved alteraa-
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tion used in the previous study, was preseated in the
foltowing way: The sliding panel was riised, a peanut
was held for an instant over a single centered crp (placed
heyond the antmal's reach}, droppsed tito the cupy, and
covered wilh the lid, "Flwe pancl was fowered for 5 see.,
the cup pushed forward, and the panel was raised to
permit response. This was a “go” triat; e i the animal
displaced the fid it found the reward. On a “no-go”
trial, the panet was raised, £ displayed an empty hand,
antt closed the lid of the empty cup. The panet was
lowered! for 5-sec. delay, the tray was pushedl forward,
aml the panel wes raised again, 171t dispdaced the Hid on
dhis drial, § found the cup was empty, ‘This “no-ge”
trial was scored correct ondy if the anjmat «did not manip-
utate the lid in the 5 sec. permitted for response.

The “go" and "no-go'’ triats were presented in a pre-
delermined, badanced order, as were the “left”’ and
“'right” trials in the traditional procedure. Fifty trials a
day, with defayed self-correction Tor crrors, were pre-
sentedd for 500 trints on each task, unless the animal
attained the criterion of 90 correct in 1) triats hefore
this training limit was reached, Two animats from each
operzle group received Ure traditiona) procedure first,
and {wo received the variation firsl. In hoth lests the
intratrial delays were 5 sec., with Lhe pancel interposed,
and § sec, was permitted for response.

After compteting these bwa tusks, wll sninmls were
given further teabndng oo the variation presostud by (e
direel method with fonger intriatriat detays. Pach animat
received 30 trinls a day (with delayert self-correction fur
errors) for three dayes. Witlin each daily session an
cquai number of 3., 10-, anel 15-sce. delays were pre-
sented in n predetermined, balanced order; at cach de-
fny, half the presentations were “go’' Lriats and hall were
‘no-go’’ trials,

Traditivnal, indirect method. For traditional delayed
response presented hy the indirect methwd, the stimu-
lus ehijeet employed for huil the animals was a round
gray ash tray and For the other half, a square, colored
tobaceo the. In the predelay periad, the abject appenred
on Lop of one of the twn covered cups, indicaling which
ane cantzited the reward,

Variotion, indirec! meifind. For the variang procedure
hoth ohijeets were ugsed with euch animal. When one
object {the same as that used in the traditivmat proce-
dure} appeared on top uof the single cemtered cup, it
indicated that the cup did contain fomd and that the
carrect response was "'go’’; Lhe uther object indicated
that the cup did s contain fal, aul that the correct
response was ‘‘nnn go.’M

In hoth tests, the abject was alhways remnved during
the S-sce. delay perind. “The twe lests were again bal-
anced for order, amd iy all ather respeets the training
procedures were identical 1o those vsed with the direct
method of haiting,

Resulls

The results, shown in Table 1, are the same
for hotly the direct and imlirect methods of

PAN the animals had been irbined previously in
‘'go-no-go'’ wiswad discrimination {91 using the same
twe discriminunda.

TABLE |
Results, Fxperiment 1

tSveres are number of trials, inchuding criterion
run, required (o attain the criterion of 90 per cent
correct it 100 consecwtive (rials. A score of 300 Lrials
denules failure to reach criterion, and is agcompanicd
By the per cent correct achieved in the final 100 triais
on that task.)

Cue and

Traditionat Respouse

Sulijrels Variation

Direct Indirect | Direct [Indirect

L2 SM) (53) 1 500 (38) 120 100
1LE3 SO0 (36) 1 S (63) 160 14}
LT 5 3Ny (561 | 500 {33} 250 210
LY 11 S0 (49} | 500 (S8) | 240 | 250
T4 Y] o 13} e
Fro15 160 100 110 110
I'r 26 230 8} 131 10
1r 37 100 tO0 160 160

Latiing, On irlitional delayed response, all
controt operates wftadned  the Y per cent
critevion in less than 23} trials; all fromal
operales received 500 trials and still performed
at a chance level. On the variation procedures,
however, all operates, frontals as well as con-
trols, achieved criterion in less than 250 (rials.
The contrals averaged somewhat fewer trials
than the frontais on the delayed response vari-
alions, but there was counsiderable overiap
Letween Lhe tearning scores of the two groups.

The average percentage cotrect for the three
delay perieds -en Lhe variation presented by
the direct method fin the order 5, 10}, and 13
sec.} were as follows: Temporal operates—-92,
92, and 88, frontal operales—90, 81, and 79.
The fronial animals thus showed a somewhal
greater decrease in accuracy with increasing
delays, yet they continued Lo perform well
above chance at (he longest delay interval. Tt
is ol interest Lo note Lthat on the varizlion, 93
per cent of the 1otal errors of both groups were
made o “no-go'’ trials.

EXPERIMIENT B

The delayed-response variation which the
frontal operales fearned differed in two mujor
respects from classical delayed response, which
Lhey failed 10 tearn. Nol only was (he response
choice varied from the traditional “go left-go
right" lo “go-no go,” hul the predelay cues
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TABLE 2
Coe-Response Variations far Fxperiments T and 11

Response
Cue
Where Whether
(2 cups) {1 cup}
Where (1 cuc) Classical Respanse  varied
Which {2 cues) Cue varied Cue and response
varied

were varied from the traditional “hait left-
bait right” to “bait-no bait.” The differences
may he paraphrased this way: Instead of
choosing witere 16 go on the hasis of where the
cue had been presented, the animal must now
choose whether to go on the basis of which cue
had been presented. The following experiment
was designed to answer which of these two
varialions, the change in the cue or the change
in response choice, was more effective in
cliciling successful perinrmance by the antero-
frontal operates.

Table 2 presents a two-hy-two classifica-
tion, indicaling the cue-response combinations
which define classical (upper left) and variant
(lower right) delayed response as used in the
first experiment, logelher with the two new
varialions presenied in the presenl experiment.
Specifically, the (raditional cueing by “bait
left—bait right’’ was combined with 1he variant
response choice, “ga-no go” (upper right in
the table); also the variant cueing by
“hail-nn hail’’ was combined wilth {he tra-
ditional response choice, “go eit-po  right
(lower left). As hefore, the (asks were presented
first by the direct method of baiting and then
by the indirect method,

Procediire

Response varied, direct method, A peanut was held
aliout H)in. to the left or to the right of a single, cen-
tered, ¢lnsed cup. For half the animals (two from each
grou|?) bait on the left indicated that, following delay,
the correct response was “go”’, whereas bail on the right
indicated that, following delay, the carrect response
was "no go'’ (i.e., Lhe single cup was empty). The other
animals were trained with these cue-respomse relation-
ships reversed.

Cue raried, divect method. A peanuat or an emply hand
was displayed between two closerd ¢ups. Tor half the
animals, Lait indicated that, afier delay, the correct
response was “go lefl,” whereas an empiy hand indi-
cated that the correct response was "go right.’” The
nther animals were trained with these relationships
reversail,

Respanse varied, fndirect methed. The stimulus ohject,
cither a Lobacen tin ar an ash Lray, was the same as that
used in the Grst experintent. The object {tobacca tin lor
four animals, and ash tray for the four athers) was
placed appraximately 11 in, to the left or to the right of
a singel, centered, closed cup. For half the animals, an
abject an the lelt incicated that, following delay, the
carrect respanse was “gn,"” whereas the same ohject on
the right indicated that, fotlowing delay, the correct
response was “no go.” Tor the other animals thesc cue-
respronse relalionships were reversed.

Cue varied, indirect methad. This task was presented
first by the [ollowing method: The tobacca tin or ash
tray was placed in a central position, halfway between
twn closed cups; Tor half the animals the tolnceo tin
indicated that, alter delay, the correct respanse was ''go
lelt,” whereas the ash tray incicated that, after <elay,
the correct respnnse was “‘go right,” The other animals
were Lrained with these relationships reversed. None of
the animals showed any indication of learning this task
afler 20 trinls, anel it was apparent [rom ohserving their
hehavior that they were not reacting to the centrally
placed stimulus. The procedure was therefore modifiee
after 200 Leinds {these 200 Irials were not included in Lhe
final scores) hy placing the tobaceo tin or the ash tray
mir the left cupr for [our animals and an the right for the
other lour. Tar the animals that were presented with the
stirnuli on the Teft cup, the ash tray indicated that the
correet response was “go lelt,”" whereas Lhe tobacen tin
indicaled 1hat the correct respanse was “go right.” For
the animals that were presented with the ohjects on the
right cup, the lobacce tin indicated that the correct
response was Ugo right,” whereas the ash teay indicated
thal Lhe correct respanse was “ga left.”

The Lwo problems presented by Lhe direct method
were balanced [or order, as were the two problems pre-
setited by the indirect method, and in all other respects
the training methads were identical to those used in the
first experiment.

Reswfts

The animals’ learning scores and final per-
formance on each lask are shown in Table 3.
In general, this series of four problems was
more difticuli that were the probliems presented
in the first experiment. Indeed, on Lhe response-
varied 1ask with indirect haiting, no conlrot or
frontal operate attained criterion within the
limits of training. However, on the response-
varied task with direct baiting, three lemporal
nperates eventually achieved 90 per cenl (and
the fourth, 83 per cent} correct performance,
whereas none of the frontal aperates met this
criterion. The scores of Lhe frontal animals are
nearly comparable 1o those of the controls for
those tasks in which only the cue was varied.
With indirect baiting, three of the four [ronlal
animals fearned the cue-varied delayed re-
sponse, and in approximately the same number
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TARLLE 3
Kesults, Experiment 11

{Scores are number of trials, including eriterion run,
required to attain the criterion of 90 per cenl correct
in 100 consecutive trials. A score of 500 trials denotes
failure 1o reach the criterion, aml is accompanied by
the per cent correcl achieved in the final 108 triuls
un thal task.)

Response Varied Cue Varied
Subjects |.. e I,
Mirect Inilirect Direct Indirect
L2 500 (75) | S0 (65) | 250 330
LI3 560 (52) | 500 (48) | 500 (74) 450
LLFF5 500 (500 [ 300 (53) | 500 (74} 500 {4¢)
LEF 11 500 {53} | 500 (50) | 250 HO
T4 450 500 (54) | 140 130
1T 15 500 (83) | 500 (48) | 290 100
IT 26 420 300 (54) | 500 (75)] 47D
1T 37 430 500 (50) | 500 (72)} 210

of trials as the four controls. With direct bait-
ing, the frontal operates again performed ai
approximately the same level as controls,
though only two animals from each group al-
tained the 90 per cent criterion, Lhe others
achieving a performance level of approximately
75 per cent correct.

DISCUSSI0N

The surprisingly small number of (rials
taken by frontal operales 1o reach criterion
performance on the cue-and-response variation
of deleyed response, supports the finding of suc-
cessful performance on a variation of delayed
aliernation used in the carlier study (5). This
striking achievement of frontal operates in a
delay situalion differs from that obiained with
experimental manipulations which have been
atitempted in the past, in that criterion per-
formance was guickly eslablished in all oper-

- ates. Elimination of inierference factors during
delay (4), use of predelay reinforcement (1),
and injection of barbiturates (6, 8) have nol
consistently improved performance lo a con-
trol level; and in mosl instances, the improve-
menl that did occur appeared only afier
lengthy training. In the cue-and-response-
varied problem described in the present study,
all frontal operates attained a level of %) per
cent correcl in less than 2500 irials, and they
continued (o perfurm well above chance with
refatively long intrateial delays.

Results of 1he subsequent experimental

analysis of this lask suggest that e rapid
learning by the frantal animads was clue largely
10 Lhe change frone a positional to a nonposi-
tional «ue. That is, (he frontals performed
nearly as well as conirols whenever a single
cue presenterd in one of twu places was re-
placed by one of two cues presented in a single
place. This analysis of (he frontal operates’
performance is not. conclusive, however, be-
cause of the difficulty of the (asks in Experi-
menl 2 and because of (he exlensive training
provided previously on similar Lasks. Never-
theless, the results sugpest that varying the
predelay cue is relatively more effective than
varying Lhe response choice for eliciling correct
delayed response in frontal operales.

These Andings are important in connection
with various hypotheses advanced lo account
for the impairment produced by anterofronlal
Jesions. For example, this impairment has heen
characierized recently as a “loss of act inhibi-
tion” (10). The facility with which frontal
operales learned tu avoid the food-cup com-
pletely in cerlain of the “go-no-go™ procedures
seems 10 contradict this hypothesis. Explana-
tions relating specifically to frontal operates’
performance on  delayed response have
ascribed 1the deficit 1o failure in one-trial tearn-
ing, ie., failure when compeling response
tendencies are established on successive trials
(3, 7), 10 increased refroaciive inhibition (4),
or simply 1o a “defecl of recent memory’’ (2).
Yet, the present resulls inclicate thal fronlal
animals periorm successfully tasks which are
mulistinguishable from thie traditional tasks in
terms of the conditionality and delay features
on which the vonceplions of impairment in
nne-trial  fearning and  recent memory  are
based.

The present studies were not undertaken as
a specifie test of any of these hypotheses, and
the evidence of successful performance on a
vananl of delayed response does not refute
them. However, the facy that frental operales
show littke or no impairment in the perform-
ance nf a delayed-response task when it is
altered simply by varying the predelay cues
suggests 1hal the {predelay} stimulus param-
eler is as important as are the parameters of
conditionality and of delay for an adequate
concephialization of the tmpaired Dhehavior
resulting from frontal lesions,



