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EFFEC'IS OF nwvmc REWARI) o WSUAL-DISCRIMINATION PERFORMAN. |
W MONKEYé‘ m FRONTAL LFSIONS‘ =

An mtratnal delay is the most obkus‘

‘item which is common to tests that have

_.revealed an xmpmment in. monkeys vnth'

HORTIHER MISHKIN
NM Instisute of Haual Health .

Axy LAWRENCE WEISKRANTZ
' ‘ Cmbndy Ummy *

" difficult ¢ even for unope:ated ammah (m.

the present study animals were trained fir.:

. & discrimination task with immediate rew -

rated uritil ‘they met . the learning criterion. 1

may be subdivided further into positional

positions, objects, or rates of response. The

rewards may vary also, from the commonly.

uséd food reward to the avoidance of pain-
. shock (5) An intratrial delay, on the ‘other

- hand, is commonto all the tests, separating -
ineach case the cue from the response and the

reward.

- 1f ‘the fallure of frontal animals on thes;.‘

w1dely varying delayed—response-—type tests is
due, in part, to an impairment in bridging an

" intratrial delay, then frontal operates should

~ show unpamnent also on delayed-reward-
" type tests, i.c., tests in which a delay separates
thecueandthemponsefromtherewa.rd The
present experiment was designed to test this
prediction. Positive results would provide a
new line of evidence pointing to a relationship
between the delay factor and behavioral defi-
cit in frontal animals, and would suggest that

" tests involving the two types of intratrial de-

lay measure a common neuropsychologlcal

‘ function.

Learning with delayed reward is extremely

'qusmdywnssupportedmputbyaguntto
K. H. Pribram, Institute of Living, Hartford, ‘Conn.,
from ‘the Department of the Army, Conttact DA-
4007-MD401.

'Unpubhshed study by K l! Pribram.

on... delay of reward was introduced after learn: -

alternatinnprohlomt andmhoithuecuel'.v“
“SM

: Tchlmtemmmtmerhmmnkeyq Group \
‘ .mﬁ&d of four experimentally naive, unoperated »- -

nonpositional- cues. The responses like--
wise vary greatly, involvmg choices between

mabmmedmﬂ\eeﬁcw

the course of the study two of these 59 reccive
anterior frontal lesions (F-168,-171), and two reccive:
inferior tempoul Tesions (T-164,-178). Group B
sisted of six Ss that had served pmmnuly in u\ulh
study. which the same apparatus- as tha
used in the present study; the Ss had not been tr‘um

previously on the same discriminations, however. n. "

on any procedure involving dehyed reward. In ti.

‘earlier study, aad approximately nine months heior
_the presént experiments were begun, anierior fmm

jesions had beén made ‘in two Ss (F-136,-198).
inferior temporal lesions had been made in (un N
(T-153,-192). The two remaining Ss in Group B wore
unoperated - (N-151,-195).

Operations ‘
The surgical procedure and the locul and extent «*

the two types of lesion studied in this experiment hav.
been described in detail elsewhere (6, 9). Briefly, animai-
were anestbetized with Nembutal, and aseptic opera

. mg techniques were used. All lesions were one-slux

bilateral resections of neocortex. For the frontal lesivm

an-attempt was made to ablate the entire dorsolaterai.

convexity (including the banks of the sulcus principalis
from the frontal pole to the level of the arcuate sulcu:

In the case of the temporal lesions the attempt was i -

remove the ventrolateral convexity! including th
middle, inferior, and fusiform temporal gyri, but sparit-:
the temporal pole; posteriorl these lesions &xtende:
approximately to the anterior tnp ‘of the inférior occipits:

sulcus; Reconstructions of the lesions will be pubhshui

ma:ubcequentnport
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PR ST
. DELAYED REWARD AND FRONTAL LESIONS . _ R SRR
3 o R . Lo BRI S : (] st Sl / T .-
ANCE. " \pparatus R Sl Por oo oTABLE S b
. PP o | . Experitnental Plan: Delay of Rewird, 4
o The apparatus consisted of & wire-mesh cage, 20 in. Em e "m‘,‘ WIN : S
iw 20 in. by 20 in., which contsined & amall panel ' | S I | I 81 O
‘mwounted above the center. of the side ugposite the cage - I P o :
«or. Pressing. tge panel u distance of 2 nfm. closed a' Gradugl In- | Abrupt In- | Gradual De-
ricroswitch which could e macle to.activate an Anger T crepse - cru,u' e crease
p et disgwenser, thereby delivering a food peliet into a IRCUASERIRI TR AR & '
o below the puned. The pellets’ were made of Lab . o 17, o s P .
Lt ¢ haw and pulverized peanut (P, §. Nayes Co,, Lan- - A gntge 4T T e o )
: i Laster, N‘.H-). ' , d ' ol h‘ - 1‘ .88 . 1 o : ¥
T Four lamps were located -as follows: & 40-w. white i i S R £
LARERE . -mp on top of the cage, a 7-w. white lamp above the Zmp A P%ind P ol S Flicker R4
west ;. wund dish, & 25-w, blue Jamp centered-on the left side tals | ( ;‘ ot i€ . »(P“tw).v' :
rew il i the cage, and'a 25-w, red lamp either centired on the mi ) m‘m) b L e
L e "2t side of the cage (in pogition far the “color” dis- "~ OB | - Flicker e
arning, . s+imination, described below) or mestitted niext to-the Post-op) e
ﬁ"- 1ol “lae-lamp {in M‘M‘W@"W FRINARL ). _ :
vl *The testing apparsts was in. s soa ed om,
TERLIRNLS '.«!lhuhﬂfmlpwmm : ratils
ré in an sdjacen

« the ‘animals on' single alternation. -
“General Procedures : .
The experimental plan is outlined in. Table 1. The
* . "wral procedure, which was the same for all three
" ayed-reward experiments, may be illustrated by the
<ing given Group A on- the-“color" discrimination.
-I'ne animal was first traincd to-press the panel for
“rmittent food reward. Daily sessions were then
ut i which every 20 sec. the overliead light went off
- ihé redd Tamp on the right or the blue Jamp on the
wanie on. The colored light rémained o for. 8 sec.

s. Groupr N
wrated M
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i+ jress, the red light was turned off and a food pellet
“s dlelivered; if S fatled o turn off the red light, letti
_-+ uil automatically after the § sec.; then the re
* " was repeated on the next run 15 sec. later, and on
. rwling runs, until S did turn it off and received
reward. ‘Conversely, S was trained not to press
~the blue light was on. If S did press, thereby
- w2 off the blue light, then it was repeated on suc--
i runs until S let it go off automatically (after
-4 5 see.), at which time 5 received the reward.
iclivery of food was accompanied by the lighting
: - wrl-dish lamp, which remained on for 2.5 sec.
= - cverhead lamp was illuminated when no other
- ie., red, blue, or food-dish Jamp) was lit.
» ey red-light and 20 blue-light trials, excluding
* «iteT errors, were presented daily in a balanced
. “rv (the sequence was varied daily) until S
,‘,J : , - 4 %) per cent correct out of the 40 trials on two
S , - v¢ days. After meeting the criterion, § was
' L it ‘the discrimination with this modification:
i o S -1 reward and the food-dish light were delayed
Nw e el F 1 8 sec. after S turned off the red light or let
e * light ‘g0 off automaticaily. Errors were again
' hy rerun trials, and, as before, the overhead
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. Wisconsin General Test Apparatis was used in the  lar
«al phase of the experimient to study the performasice

85 turned dt off sooner by pressisig Abe panel. The
ax teained to press while the. red light was on. Xf S

e 1 o, s et
Procedure o
The four Ss in Group A weve trained to discriminate
the red light from the blue light without any elay of
.reward in' the manner described above. Wlille, for
simplicity, this is referred to ais the “color” discrimina

) .‘im"it'wmbemedtb“/.thecmformdw rimix -v p

include the ‘position of the lights in addition to their

cular. After § met the. dliscrimination criterion; ‘the -
rewurd was delayed first by 1 scc., then 2, 4, 6, and, .

finally, 8 sec. At each of the five delay-steps S was.

required to meet the criterion of 90 ‘per cent correct
on each of two. successive days before proceeding to
the next longer delay. After reaching the criterion st
the longest -delay, two Ss received bilateral frontal
lesions, and two Ss received bilsteral temporal Jesions,
Following & ten-day recovery period all four Ss were
retrsined by the same procedures as thosé used pre-
operatively. At the conclusion of this postoperative
‘training schedule all four Ss were tested for ten addi-
tional days at the longest: (8-sec.) delay, !
The six S8 in Group B were trained in Experiment I
to. discriminate between' an alternating light and a
steady light. Inthis test hoth colored lamps were Jo-

cated on the left side of the cage. The stimulus which "

S was trained to turn ofl was a 4/sec alternation be-
tween the red light and the blue light. The stimulus
which S was trained not to tum off consisted of both
. the red light and the biue light remaining on’ continu-
ously. Thus, the color and position cues of the red-light~
blue-light discrimination were replaced in: this dis-

crimination by flicker and brightness cues. (The :
alternating lights provided approximately half as. much

iltumination as the steady lights.) For convenience
the problem .is referred to as the “ficker” discrimina-
. tion. In all other respécts, from discrimination learning
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”mofmdxs;'incmpnhadakudymum
+. cortical Jesions and the two other Ss'were serving as - _
" their. nonoperate controls, Group B was tested: on the

ve phase only, recciving the gradually. in-

postoperati
creasing delays only once, followed hy the ten-dav "

at. the !ongeat dclcy

' Rmdl:

Having achxeved cmenon on the dmcmm

. nation with immediate reward (the avetage»
. for initial learning by all Ss in both, training
. groups :; 11 da;

B sbz!e “1- to - a-«:" score for eath §. Thu_-"

ummmgamagedzadayq,mthaw

' of 9 to 58 days, thonghtheSaﬂignGroupA‘ﬂ
relearned much more quick! this- in . »
ke m'..ludtfmmdn;thecdmnmshﬁud”

their rerun. after operation. Once the final

' postoperative criterion was reached, however,'
' S8 had little difficulty in mainigining cri-
+ .- terional performance on the longest delay,

No significant differences appeared arong
the operate groups on the:learning, rctentlon,

or .systained performance of the delayed—re- :

ward problems. In Group A the frontal ani-

mals showed a savings of between 80 and 90 .
* per cent, a savings eqmva]ent to that shown
by the temporal animals in reattammg cri-

terional performance ‘when the reward was’
delayed. In Gmup B the frontal Ss equaled

_ their controls in the rate at which they learned

the delayed-rcward task. Finally, frontal ani-

' mals in both groups continued ta perform at

about the 90 per cent level on the final ten-day
run at 8-sec. delay (see Table 2), again match-
ing the scores of both operate and nonoperate
controls.

EXPERIMENT II: ABRUPT INCREASE IN DE'I.AY

- . Procedwure

The negative ﬁndmgs in Expenment I may hwe
been related. to the techtique of increasing the delay
interval only gradually. Thus, delaying the reward,

- even by 8 sec., may have (ailed to disrupt, orextmg\ush, :
the frontal S¥ disctimination performance because

they had been brought to the ﬁna_l criterion by a seq_e.s

ys, mth a nﬂgp‘of 7 to 19:

. Expemmp: -
v * 4. Gradual Increase :\brup( | TR
3o . In Delsy - lnlk.n :

»— - —

) Group A .
. F-168 2.0 5.0
Rl ez %08
T'I“, - 96.0 - 5.8
T8 | 950 CTiv

an 8-sec. ‘delay of reward.
ForthuexpcﬁmntthefqurSsinGmp.\u
transferred to the flicker discrimioation while
six S8 in Groyp B were transferred to.the color -
crimination (see Table 1). As.in the first expetimert

. S8 were trained on their respective discriminations v .

immedinte reward to the criterion of 90 per cent i

-on two successive days. On the day after meeting :
criterion, however, all Ss were shifted tly to e

e, delayol'mrd.’l‘he&mtatedon"-
condition for 25 days, & period equal to the ave .
number. of days Ss had received at all delay inters .

(excluding mteﬁond d:ys) in the po.topennve phav
. of Expenment I

Results _ v v

The Ss learned their second discriminati -
task under the conditions of immediate 1
ward in an average of 10 days, with a rancr
of 3 to 19 days. There were no significa:’
differences among the operate groups.

After they were shifted to delayed rewan!
however, - differences among the operate:
groups appeared. The measure used for con-

‘parison was the average score~obtained I

each S on the last 10 days of the 25-day ru:

Since there was no significant change in 1"

S8’ average scores between Days 16 and
and Days 21 and 25 (the means equaled
“and 70 per cent, mpectxvely), the scores i

—r
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of ‘86 to 96 per cent for the
P days on the 8-sec. delay in Expempmt

ed most poorly,
e four u;nér.nlﬂl Sy in Group A and
operated 85 in Group-B was not. sig-
The scores of these two' groups were
evaluaung the differences

score for the frontal ummals was

‘lﬂrd‘éxpenment was peﬁomnd s detumine
'the deficit which sppeared in the frontal

v . y' iy the four Ss in Group A were studied, And xbey

-*¢ continued on the flicker discrimination. Mm they:

v+ i i completed the 25-day fun in Experiment H .on the
* > v delay of reward, the delay was decreased to 6

.then 4, 2, 1, and, finally, 0 sec. The Ss were tested
110 days at uch of the four delay-inter\mk and for

* laysat the O-pec. mterval
* ;Q"irxnlls ‘
~ Thé scores are plotted as 10—day avérages
Tigure 1. Included for comparison are the
, : - ses from Experiment II for the last ten
<+ .. ¥+ on 8sec. delay. All Ss continued to per-

. Cootrat a relatwely stable level from the 8-sec.
+ tough the 4-sec. delay, after which their

i *~ormance began to rise.- The differences

. ° 7 “een the frontal and the temporal animals
© ¢, maintained throughout all delay inter-

¢ -1t is of interest that even when there

~i. .77+ no delay of reward—i.e., on the first ten
"~ »>of the return to the original discrimina-

10 days repreum zehuve!y tum
ce. As shown in Tabie 2, the 10-day
s ‘varied between 50 and 80 per cent: -
 is 1o overlap between this: range tnd'.

as all Ss 1hus‘fterformed more poorly |
second experiment, the frontal animals -
“The difference be--

, temporal, and control groups. The m,

: when the Ss were shifted abruptly to an S-sec.
»1; ‘of reward would disuppesr .if tbe dehy were.
-evened.

Y
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Aftermpletingthd‘hyed—ﬁwud' erimen

the ten Ss were trained on mmaﬂb
consin General. Test Apparstus. The 5’s task was to
displace sliternately the lids of two cups: mounted 18

“In. apart on the testing tray. The first trial each day:

was an unscored free. trisl in which both cups were
béited with pesnut reward. For the first scored trial

the bait was Jeft in the cup not chosen on the free trial.

After 2 correct choice the aiternate cup was baited.
After an éstor the concealed food wes left in place until
on a subsequent trial S chose correctly (all such rerun -
‘trinls were scored). Thus, § was trained to altérnate

. between the cups whetherornot its previous

response
was rewarded. Thedchybetweentheendofthete-
sponse on one trial and the opportunity. for fesponse
on the next was approximatély. 5 sec. The cups were
baited durinx this intmll while they *ere creened
from S’s view

The S» were given 30 trials 2 day (indnding rmms

- after errors) until they met the criterion of 90 correct -

in 100conucutivetnals, or, if they failed to meet the
criterion, for a maximum of 1 000 trials. -

Resslis ,

No frontal ‘animal reached the -criterion
within the limits of training. By the end of
1,000 trials three frontal Ss were scoring ap-
proximately 70 per cent correct, while the
fourth (F-198). remained at the 50 per cent
level. All temporal and unoperated controls,
on the other hand, attained the criterional
score of 90 per cent correct within 600 trials, -

“the temporal controls :equmng an lverage of -
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. delayed- -response-- type tests is not a funciion
‘of the position -of the delay, Uinder certain
“training conditions an -intratrial delay in
either posluon——between cue and response or

between rgponse and rcwa?:d—may ptesmt

performance on tests containing the two kinds

.. of delay become even more apparent when
frontal animals are compared with temporal.

" controls, Thus, frontal animals are superior to
temporal animals on certain tasks, e.g., diffi-
cult- visaal dmnmmnnons (9), in which the

only delays are those decurring between trinls.
Conversely, frontal animals nre inferior to:
temporal animals on other tasks, e., spatial .
and nonspatial alternations (10), in which the -
. only regularly occumng delays are those
. within trials
: Cons:dered in these terms, the evndenoe. .
suggests  that different neural mechanisms -

may be involved in bridging intertrial and
intratrial delays, and that a mechanism which
may serve to bridge intratrial delays: is
particularly msceptxble to impairment by fron-
tal-lobe dunage This interpretation of the im-
panmmt is essentially a restatement of Jacob-
sen’s original hypothesis that monkeys with
frontal lesions have a deficit in “immediate

memory” . (3). The restatement differs from ~

the classical hypothesis in that, while its imi-
plications are more limited, it summarizes the
more general finding of impairment on both
delayed-response and delayed-reward tasks. -

- controls.’ Differences between frontal animals’ luiom%ilﬂhe results whxch hvz been n

"'mned only \mder cettam cMnt@n | "

“The resuhp of the expenmmts suggut ‘that
the deficit ohserved  in frontal monkeys on-

present. study frontal animals- shes.

deficit in performance under conditio. .

8-sec. delay of reward when the delay
cresised, fo this interval gradually. -

" the ‘technirque . of - gradually increa o

delay interval has not eliminated de:
deluyed-tesponse tests, a variely of mir -

..ceduires ‘bave done so, e.g., glvm;., Pres
mwa:rd, miﬁimmng distractions; presen:. -

porbed. in; ‘the litetature appear to fulfill 1t

‘requirement, the .evidence that there are i
‘portant pondelay features in both delaye:
- yeward and delayed-response tests raises :}.
. possibility that these features, rather than 1i
‘delay, .are responsible for the. deﬁm Ti
“identification and isolation of the impori:
“nondelay conditions in- delay-lype fests be
Comes an mcrewngly pressing problem 1.
the mterpretauon of the eﬂ’ects of fronn: -

lenons m monkeys

SMARY

When confronted abmptly with an §se:

delay of reward in a visual-discriminatii
task they had learned previously for imme-

‘diate reward, frontal animals showed a siy-

nificantly greater disruption or ‘extinction 1
discrimination performance than did theit
operate and nonoperate controls. The dats
were consistent for two groups of animal
trained on two different setsrof discriminand.
The deficit appeared to persist throughout the

-series of tests given to one training group-

during which the delay was gradually. de-

- creased; the decrement in performance disa)-
peared only after the delay was ehmmanuf e

o
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