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Jacobsen, et al. (29, 30, 33) showed that wonkeys deprived of their
frontal lobes failed on the delayed altermation and delayed response tasks.
There are two major questions which *%haa# original s%ﬁi&@: ask, and which

red today. First, what is the mture of the defisit, and
second, what is the neural basis (loous) of the function? Thess two prob-
lems will be treated separately. ALl the studles reviewed here are confimed
to work with infrahumen organisms.

1:ls Iovalization of Punction

This 18 the simpler of the two questions. This seetion will survey
lesions made in various parts of the brain, (bilateral unless spec

otherwise) usually of the monkey, and the effects on delayed response and/or
delayed alternation. | '

The parietel lobe, execised either in part or 28 a whole has not, in
general, been reported to produce a deficit on delayed response or delayed
alternation. Jacobsen (30) removed the parietal "association® areas with=
out producing a delayed response deficit. Removal of the postcentral gyri
by Breslaw, ot al. (6) produced no deficit on delayed vesponse, Hlum, ob al.
{5) combined posteentral gyrus (5) gave no deficit. lashley '{38}, yHEver
has reported delayed response deficit in three out of four monkeys given
lesions of aress 18 and 39. These results have not been confirmed by other
investigaters (5, L3). Spontansous following.
paristal lemions in the rat (52).

Lesions of the temporal lobe and rhinencephalon generally produce
no defieit on delayed response or delayed alternation, There are two reports,

altermation s unchanged
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however, of deficits from these lesions. Mishicin and Pribrem (L8) reported
that one monkey with a lesion of the veniral temporal lobe and hippocamp!
failed on delayed response. Three others with similar lesions sugceeded,

as did two others with even more cxiensive lesions including lateral and
ventral temporal cortex, hippocs al pole, and amygdela. Two
animals with lateral temporal lesions also passed the delayed response btest,
The second report is from Hlum, et al. {5). One monkey with a lesion in-
cluding hippocampus, smygdals, temporal pole and vemtral cortex, failed on
delayed response. There were no other animals with sinilar destruction in
this stuly. Purther negative results from iishicin (U6) for three animils
with lesions of ventral temporal cortex including in erior temporal, fusi-
form, and posterier hippocampel gyri, and for three animals with lesions of
hippocampal formation. Two subjects with amygdaloid lesions showed no
defieit and one of these included the superior temporal convolubion and
supratemporal 93.am. Jagobsen and Elder (31) reported no deficit for one
wonkey with a lesion of areas 20, 21, 22, Mishkin and Pribram (1), obtained
negative results on delayed alternation for three monkeys with inferior |
temporal lesions sparing hippocampus, amygdala and temporal pole. These sams
three animals also succesded in delayed response (50). Pribwem and Bagshaw
(57) ablated o neuronigraphically detined, (59), frontatenporal veglon ine
cluding posterior orbital, anterior mvh, ‘&ammai pﬂaz', and periamygdaloid
eortex, and failed to obtain a éelayadmm éafies.‘g"iafs;ir m
Other rhinencephalic lesions in the monkey that bave falled to produce tis
deficit are reported for the septal ares (62), and the medial frontal cortex
including erea 2h (61), 4
alternation in the rat appears o be similar to the delayed

'ﬁs’ Lamnn

ng the oecipital lobes are avaﬁak}m
_alternation test




used with monkeys. MNorgan and Wood (52) found that rats with lesions of
the frontal areas tended %o perseverate rather than alternate. Control
groups with lesions of sither parietal or cccipitel areas sontimed %o
alternate. loucks (LO) found that lesions to posterior and middle parts
of the cortex of the rat did not significantly alter delayed alternation,
while frontal lesions did, |

Partial ablations of the frontal cortex have finally indicated the
specifie locus which seems to be e;riﬁaa}. for the production of the deficit
on delaysd response-type tests. Hosvold, et al. (61) found that neuroni-
graphically defined, (59), medial frontal lesions produced little or no
deficit on delayed response mile} dorsolateral lesions produced the defieit.
¢n the latersl surface Blum (3) found mﬁ}.akml Lesions more severe m
alther é@r@ﬁ. or mmzamz Wt, aiﬂwwh the Mm#&m wm

the greater deficit. lesions of the preamtm}. motor cortex reported by
Jacobsen and Haslerud (32) and nore extensively by Fribram, et al. (58)
Yielded no defieit on delayed reaponse. Two monkeys with lesions of the
“frontal eye fields® are reported by Pribram (56) to show a iransient
deficit lasting about six wonths. It should be noted that these lesions
partly invaded the midfrontel region. Weds (72) reported that lobectomy
or lobotemy of the frontal lobes produced the uswal delayed response deficit
while “eirgumssction® of the prefrontal area gave no deficld, concluding
that interruption of projections %o subsortical arcas rather than other
cortical sreas were eriticals The circumsection, however, did not include
the entire midfrontal region, Pinally, Mishkin (47) observed that lesions
ending from the inferior medial edge te the inferior lateral edge of
the frontal lobes gave no deficit in imo monkeys, and lesions extending
from two mm. from the superior lip of the sulcus principalis to the




b
longitudunal fissure also gave no defielt in two morkeys. Two animals with

lesions exitending from the inferior lateral edge %o within 2 mm. of the
inferior lip of sulous prineipalis alsc shamé no deficit. All six of the
above animals regained w&%ﬁm in 260 or fewer trials. Qn the am
hand, of the four additional monkeys with lesions to both lips, banks, and
depths of sulcus principalis two failed %o reach arﬁt&ﬁm in m trials
and the other two required 410 and 470 risls to reach eriterion. Campbell
and Harlow (8) reported recovery from the effects of frontal lesions in
two animals after s prolonged resovery and retraining period. Their verbal
deseriptions of the lesions indicates that the sulcus principalis was left
intact posteriorly. Similarly the partial deficli reporbed following the
frontal eye field ablations (56) may possibly be sxplained by the intact
anterior portion of sulcus principalis, ﬁ'ha recovery that Wade (71) ob-
served in one of two monkeys with lesions begimning ¥13 mm. anterior to the

angle of the arcuate” may be explained similarly. The eventual recovery of -
o baboons with frontal lobotomies reported by Pribram (55) may be explained
by the point of entrance of the lobobomy, which spered some of the sulcus
principalis. ' '
The earlier reports of defieit on delayed response follewing frontal
otomy on two chimpansees by Jacobsen, et al. (3L) have not been confirmed.
Blum (2) eited in (17) reports "Performance in spatial delayed response of
all three {chimpanzees) was significantly above chance with delays of one
minute or longer.® Werren (74) bas reported that cats deprived of their
prefrontal areas succeed on delayed reponse. The two Wiﬁﬂ ‘ghould now
receive caudate lesions in view of the results veported below. Summax
these results, the critical foous seems to be the entire length of the sulcus
Principalis bilaterally in the monkey, and its subcortical rather than

transcortical relations. These subcortical relations will now be discussed.



Ablation of the prefyontal cortex produces degencration in the
dorsomedial nucleus of the thalamus (L9). The possible significance of
this ra&a&iwig for delayed response was investigated by Chow (13).

al nmueleus, however, falled %o affect
delayed response in monkeys. However, these lesions may have been %oo
smell. Peters, et al. (5L) using both delayed altermstion and delayed

response also obtained generally negative results in a large series of
enimalss The lesions here wers larger than in the earlier study by Chow.
Lesions of the prefrontal cortex also produce degeneration in the
anterior tip of the reticular nucleus, as shown by Chow (10). The effect
of lesions to this ares have not been reported in the literature.
Ablation of the mmm gortex produces cell loss in the caudate
nusleus of the mzﬂ;ey, &S shown by Harman, et al. (27). Reciprocal inner-

vation probebly exists (1). The significance of this relationship with the
candate has been investigated in the monkey by Rosvold and Delgade (62).
Stimulation of the eandate via implanted electrodes during delayed alter-
nation dropped the performance of the animals to about chanoe. Subsequently,
lesions %o the caudate in these five subjests again produced the mieiﬁ,
although one animal (The experiment mpe@%né here confirms this
finding,) Neither stimulatden nor lesions of the putamen affected delayed
alternation {62). ‘ :
leaions to the follow:

important structures have not been reported

in the literaturs and remain to be investigated im this function: hypothalamus;
fornix; subthalamusy intralaminar nuclei of the thalammsy retiocular nucleus

of the thalamus; ventralis anterior and ventralis lateralis of the thalamus;
globus pallidus, mhallm; corpus calloswn (reported in this study)s
reticular fom s and colliculi of midbrain.




In recent years the reticular formation and diffuse thalamie pro-
jestion system have acquired great neurophysiolegical significance (15).
In view of the relationship of the caudate nusleus %o the reticular forma-
thon, the diffuse thalamic projection system {(65) and to the frontal
cortex (27, L2) this mﬁm was selected for investigation.

1.2, Analysis of the Deficit

The analysis of the psychological deficit following frontal lesions
has not been completed te éws. Experimenters have administered a variety
of tests and variations of the delayed response itself in an attempt %o

specify the factor or process which is lost., All of the inberpretations
presented belew atiempt to integrate only some of the diverse findings;
none attempt to inbegrate all the findings. In each case i‘k will be seen
that some data eannot be incorporated into the interpretation.

The data will be ordered mnder two categories, (a) facilitation of
delayed response, and (b) other depsndent variables. Iastly, the inter-
pretations will be presented. Although the interpretations evolved aleng

experiments they are given separate treaitment for the sake of

1.21, Fecilitation of Delayed Response

Three studies have investigated the effect of physiological variables
on monkeys already deprived of frontal cortex. Wade {(71)
Nembutal or Dial to two monkeys with delayed response deficit. Performance
proved in both. After withdrawsl of the drug, one
animal maintained it improved performance. Pribram (55) confimed this
finding with two animals with delayed response deficits. When the Nembutal
W8 withdrawn, performance level declined. In addition, administration of

was significantly improve




insulin increased the level of performance very repidly. Similarly, reducw
tion of Wtﬂ femperature Lo G5 degrees farerheit improved perform-
ange while increasing the enviremmental temperature was imﬁf@‘&iw {100,
the animals would not test), Food deprivation for 1j8-60 hours alse improved
performance, However, Blum, et al. (L) were unable to obtain signi »
improvenent on sither delayed a&.&emtm or delayed response by m adnine

iamtim of Nembutals The authors feel that this éi&mxaamy maYs p&r@h&pﬂ,
ined by the difference in he time interval between the lesions

and administration of the drugs. Wede {71) and Pribran (55) im& began

administration thres months postoperatively while Blum, et al. (L) waited

s8ix months %o two years.

The method of administering the delayed response test has been
menipulated. These may be labeled "psychological variables". Spast and
Harlow {67) used 2 "matching from sample® techaigue. Two objects were
placed on the test tray and & duplicate of ome of the Ywe {(the sample) was

located on the side of the test tray. & displaced the sample and obtained
& food reward., After a delay interwl ém which the sample was m
S was allowsd to choose one of the remaining two objects. Displacement of
the dugaliaata of the sample was reinforced. The two animals in this study
golved this problem. The subjects succeeded again when only the sample was
present during the predelay response. After the delay %ﬁ sample was
removed and the two objects placed on the tray. '
#sysr, et al. (LL)) found that very small but a&ga&fimt increnents
¢ould be obtained Ly using new objects (Pirial \m'}x;m*) on each trdale
?mm)axmmmmhmmmmamm
riments for a bit of food befors the éﬂ.&y interval. They were then
chased out, and delayed. Aﬁer the delay they were mmw retum to the
ment for reinforcement. The frontal animels were able to do thise

m ?2‘?* 2 "':'V
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ialmo (41) 11luminated one of two panels for two seconds in a dark
room. This served aa the oue for his frontal animals. If, during the
delay interval coasiund lights were turned on for five seconds, then off,
and the response permitted, echance performance ocowrred. (If the light was
of reduced intensity the deficit was less.) If the delay was eansively in
the dark there was significant

Eishkin and Pribram (L) varied the classical spatial delayed
alternation task. They presented the animal with a single covered food well
on the test tray. After a trial in which displacement of the cup was re~
inforced, the next trial was not reinforced. The correct response was

lsaving the cup unturned. On the following trial, a response was reinforced,
etc. This is called "go-no-go® delayed altermation. Their frontal monkeys

succeeded on this variation.

Mishkin and Pribram (50) also varied the delayed response proced
They again used a single centered food well and presented over it one of
two cuss. After s delay, depending on which ¢ue was presented, the frontal

monkeys were required to respond or not respond. They succeeded at this.
They also succeeded when the ecue indicated displagenent of a left wrmrs
right cup aﬂer the delay. |

Several tasks closely resembling delayed response have been used
as dependent variables following frontal lesions. The common feature is
the absence of external diseriminative etimull at the time of the response.
Hunter (28) considersd this the significant featurs of delayed response

Jacobsen, ot al. (3l4) required their chimpansess to push the first
handle, push the second, push the third, and pull the fourth %o obiain a
food reward. After the frontal ablations antieipatory errors on the second
and taind pushes inoressed (in one of two chimpansess). Carpenter (9)
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trained rats on a linear mse. At four choice points along the mawe the
rats had to go through a lefh or & right door to continue on %o the re-
w@mn% at the end. The correct sequence of doors wes rﬁ.gh%, right,
right, left. After frontal lesions anticipatory errors on the second and
third doors inoreased significantly over the control scores. leary, ot
al, €3?} reported impairment on the double alternation problem after
frontal lesions in morkeys. The correct sequence of responses was RELL
and there was some improvement with training. In the study mentioned
Vo | neous altermation in rats was observed
; i Porseveration largely replaced altermation. Stellar,
ot ale (69) trained rets on & rumwy with six alleys leading off on She left
of the mein rwway. The correct alley was the fourth. The experimenters
attempted to eliminate all cuss in the enviromment whiek
as a8 basls for a correct response. Again, after frontal lesions errors
increase. k

Two tasks which require responses o intermal etimuli {at the %ime
of respense) were presented by Finan (18). Both tests require “tempoval
diseriminations,® and the frontal monkeys were succeseful at them. The first
is the temporal maze in which two alleys of different lengths are open %o
the monkey, both leading to reinforeement. The correct response is iras

versing the shorter alley. In the second task the monkey is placed in one
mpardment, and this is separated from an adjoining compartment by &
barrier which S can jump over, When the €8 is given S must walt in his come
partment for ten ssconds before jumping over. The other compariment is
electrified during these {irst ten seconds. During the next ten seconds B

wmast jump, otherwise his compartment becomes elsctrified.




1.22.

Although the delayed response~iype dependent variable has been the
subject of mueh work related to the frontal lobes, several obher @Mﬁ
variables have been examined. These are dealt with in this section.

Jacobsen, et al. (3L) reported a "loss of experimental neurosis®

¢ after frontal lesions. In the case of menkeys he wrote
(30), #The animal without its frontal areas no longer appesrs to 'worry!
over mistakes.® These findings were instrumenitel in the initistion of
paychosurgery ae a therapeutic measure for mental illness. Varden, ot al.
However, these findings have not been econfimed. For the chimpanzee, Evarts

and Nissen (17) observed that their two chimpanzees were, if anything, more
emotional than two contrel animals. To complete the pioture, Blum (2) found
fno dimunition of emotional reactivity® in his three chimpangzees with frontal
lohe ablations. The mors recent reports for the monkey alse oppose Jacebsens
original findings, Harlow, et sl. {2l), with their extensive e
with frontal monkeye reported that they observed no emotional mweniag or
indiffevence to failure §% m#.r laboratory. Again, Rosvold, et al. {(63)

using rating methods, reported no pergistent change in emotioml behavior
following lateral frontal lesions.

Brody and fosvold (7) investigated the possible emotional changes
following frontal lesions by a method not used by previous imvestigators.
3ix monkeys were housed in & large cage for several mm~ Yhen a relas
tively stable dominance hierarchy had been established, the pumber one
monkey received s bilateral frontal lobotomy. No change was observed in
the dominance hierarchy. On the other hand, later lobotomies on the two
nost submissive monkeys, numbers five and six, produced marked changes in




the mzai sw Number five moved into the mmber four mﬂm
and competed for the miaw three spot. Number six also moved upward
to the number five apot for several months. ﬁze results were inﬁmwem
as a m af lmmed avoidanse mspeam m.mm frontal lobotomy.
These studies a:at:i especially the last, illustrate two pa:i,n%a concerning
possible emotional changes following frontal lobotemys Pirst, there is a
need for more acourate lnéma of emotion. kﬁs@am, 'ﬁm prevperative
npersonality® my be & sigaificant varisbis. } |

Hyperastivity bas been a frequent finding after frontal lesions in
the monkey (L, 37, Ly 55, 61, 62, 71). The relationship between this

finding and the delayed response defiett is discussed in the appropriate
sootion. ’ : -

Visual diserimination lsarning of patterns, objects, and colors are
generally unaffected by fromtal lesions (29, 30). Harlow, et al. (26) have
found that although frontal monkoys are suscessful in lesrming visual
diserininations they do make more errors than controls. Pribrem, ot al. (61)
sinilarly fousd a "minimal® loss on visual discriminations, Rosveld and
Delgado (62) found that during stimulation or after destruction of the
cavdate there was no decrement in visuval discrimination although the delaysd
rmaas was significantly effected, Performance on visual éismimtim |
mmm@mtmmmmlbm {13, 19, ﬁé, L8) rat&m'mmr
frontal lobes.

The efficiency of the animal deprived of its frontal areas on
problen boxes and multiple platform and rake problems kns been mmm.
Jagobsen, et als (3L) required their chimpangees to resch umuga the bars
“P¥rone short a%iak, carry this to the oppaai% Si.&ﬁ of the cage to draw in
a second longer stick which was out of arms reach. This longer stick could



then be used to draw in foed. The frontal lesions chimpanzees failed %o
execute this sequense. On the other hand, if the first stick was long
anough %o resch the food they performed well. This finding was confiimed
by Warden, et als v’;ﬁ) for monkeys. Problem boxes reguiring m;.lya
single manipulative response were not effected by frontal lesions in
monkeys {29, 30). : ‘

Harlow and Johnson (25) used what might be called a “reaction time®
test as & dependent variable. They exposed food for a variable interval
sondomly in & vight or a laft food well. After the interval if S had not
picked it up, the food was ﬁﬁaﬁr&m. A%t exposures of two secornds or longer
there wers no differentes between frontel monkeys and controls on the

nusber of times the food was missed. A% one second exposures, the frontal

monkeys failed significantly more often than contrels o obtain the food.

* Performance on the oddity preblem has been investigated by Meyer,
ot al. {ﬁé}s The monkey is pram%ﬁﬁ with three objects, two of them are
identical and the third is different. S is vequired to sslect the odd
object and is reinforeed for doing @o. Some decrement inm performance is
obtained after large unilateral lesions ineluding one frontal lobe. When

the opposite frontal lobe is also removed, or the opposite PT0 area, Shere
18 an additional deerements ' e
Warren and mrlow (75) found that the formation of learning sets
with either color, form, sise, or object quality as the relevant oue Were
wnaffected by bilateral frontal lesions. " '
The last three dependent variables are simila
reversals or alternations of the ongoing responses to the opposite responses
In the conditional discrimination task presented by Ghow, ot als (i) two
dissimilar stimulus objects ave presented as in the usual visual discrimina~
ad and the other :

+ in that they emphasize

tion problem. One stimulus is correct against one bae



is correct when the second background is present. The presentations of the
two backgrounde is random. There is a decrement on this task after posterior
lesions, and the decrement is inereased after additiomal frontal lesions.

Barlow and Dagnon {23) trained their frontal animals on visual
diserimination problems. When the ariferion was reached the monkey was re-
quired to reverse the discrimination and select the previously inecorrvect
stinmulus object. The operated animals made significantly more errors
reaching criterion on this reversal than controls.

Finally, Settlage, et al. (6h) trained their monkeys on a viswal
diserimination. Then, using the é&m atimulus objects, they trained them
to respond to position gaf&- the eue, right or la.f#; The position was core-
rect regardless of whether the previously correct or ineorrect stinulus
objeet covered the food wells After the position discrimination was leamed
they switched back to the object discrimination and then back o the posi-
tion discrimination; ete. The frontal monkeys made significanily more
errors on this test.

1.23. Interpretations

In this section 15 interpretations will be presented whish attempt
%o account for the deficit of the menkey with frontal lesions on delayed
mm-—typs teste. A few experiments not mentioned earlier will be in-
troduced in this section. It will be seen that each interpretation is
open to criticiam. | :

{a) Jacobsen originally attributed the delayed vesponse loss to
2 loss of immediate or recent memory, so that any activity which required
integration over time cannot be carried out (29). Fiman's (18) demon-
#’G‘m‘ﬁm of the success of frontal monkeys on the Semporal maze and shuttle
box are ovidenss against this hypothesis. The experiments showing success




with delays in the darkness (L1), predelay reinforcement (19), matohing
from sample (67) and the use of non~positional eues (19, 50) also indicate
that resent memory pez- 82 is not lost.

(B) The hypothesis that hyperectivity may produce the delayed re-
sponse deficit has been studied. The findings indicate that this is prob-
ably not true. Hypersctivity my occur without the delayed response defici®.
vHemidecorticaten monkeys are hyperactive bul show no ﬁeiaga& response
defieit (hli). When the temperature is reduced %o 65 mmmz;m,

frontal monkeys are still hyperactive whils performence on delayed respo 186
is successful (55). On the other hand delayed response deficit may sccur
without hyperactivity. When Nembutal is administered there is an immediate
reduction of activity in the frontal monkey, but several days of trestment
are required before delayed response is improved (51). Euriag a&ﬁdam ‘
stimulation hypeactivity accon panies delayed altermation failure (62}« A
tansal mla%é.amhig between hmmatzﬂw and delayed response ﬁaﬂeﬁt
thus seems improbable. tiowaver, deficit is apparently always accompanied

by an alteration in ae%ﬁwg either bypmeﬁﬁw or Wﬁiﬁtzﬁ ‘w0 ﬁhﬂt '
a common mechanism my be i.avelm. '

{ﬁ} The mi%ﬁy that the failures of the frontal m on -
ﬁem response disturb the monkey emotionally and thus cause iﬁaﬁ 0 pere
form even mm; poorly was investigated by Harlow, et al. (2h). Interspersed
betwesn five second delayed response trials were ococasional visual dis- _
erimination and sero second delay trials. The animels uswally mma
successfully on these trials. This appeasement procedure, however, fasled
to influence the low level of performance on delayed respense.

(D) The frontal eye fields are usmlly damaged mm&m
The possibility that difficulties in eye movenents and fization may cause




the delayed response deficit wes eliminated by Pribrem (56). He failed %o
find the delayed response deficit after lesions to the frontal eye fields,
The general success of frontal monkeys on visual diseriminations also
argues against this hypothesis.

(B) Meimo attributed the failure of fromtal monkeys on delayed
response to interfering stimuli during the delay interval (l.e., increased
retroactive imhibition). He came to this conclusion affer showing that
delay in the darimess facilitated delayed response (l1), However, a fan
wag on during the procedures acting as & partial sound sereen. i’kwambly,
therefors, the interfering stimuli must be viswal. The facilitation of
delayed response by the procedurss described earlier (8, 19, L9, 50) in
which there was normal visual stimulation éwiag the delay interval m
evidence against this hypothesis. Furthermore, the facilitation he showed
may have been dus not only %o the delay in the darkness but to the méthod
of presentation of the predelay cue, a single lighted panel in a dark room.

(F) Mishiin and Pritran (L9) tested the possibility that frontal
morkeys were wnable to make Erequent shifts from left o right, They
presented the delayed altermation problem with one food well above he
ﬁﬁm’. The animals failed this up-down alternation alse.

(6) lowered envirommental temperature, administration of Nembutal
and insulin all incres
prolonged food deprivation facilitated delayed response it seemed reason-
able that the deficit on delayed response may be due to reduced incentive
value of food (55). liles and Rosvold (LS) treined monkeys to perform
delayed response where the motivation for the carrect response vas the
terminatdon of a shoek to the feet, rather than the uswal food reinforcement.

98 food intake. Since these procedures as well as



After fromtal loboteny the monkeys failed on this task. Thevefore, the
maﬁmmwsm mmmlmmmﬁmwm :
the pﬁ&mﬁm& of t% ﬁ&fiﬁiﬁu

() al experiments mve indicated & defieit in antisipatory
functions. The pushepushepull® test (3h), and the amhmm-
right-left® linsar mm {9) are m&ea ghowing an inerease in mimwry
@rrors. The goal gradient versus mﬁieipaﬁwy gzamm {i.é} may he ﬁaﬁm
'  for the ap;asmu

ssisg, iwbﬁo; Wm&a af aa‘ﬁisﬁ.ﬂtary
behavior. Relating *&%ﬂa ides to delayed Wm frmﬁlmﬁayw
be wnabls %o anticipate (ar “plan ahead®) prspmy. This is simile® to
earlier hypothesis of deficit in "temporal mmmﬁmnﬁ (29)e The m
monts demonstrating facilitation of W ma&imam ﬂm
interpretations The frontal monkey can snticipate provided that the mﬂa
is varied in certain ways.
{I) The defieit in maam response in fromtal m«akaws may be éﬁﬂ .
in part to an inerease in response perseveration. This would apply alse
to the observed small increase in errors on visual diserimination (23).
"Perseverative interference® would alse help explain the deficit on the
task requiring alteration betwsen position (place) discrimimation and
object diserimination (64). Harlow and Johnson (25) in their "reaction
time" test rendomly alternated the exposed food from left %o rights Never-
the less, the fromtal monkeys did not make more errors than mx animals
on those trials in which they were required te shift to the side opposite
& praviously reinforced side. Nishicin and Pribran (50) m that a tiag‘fh
center predelay cue could serve as an effective cus in frontsl W for
& pestdelay response to either left or right. Thus, the amm of ve=
sponses from left to right :!.smﬂtwaamﬁwmwfwﬁwml
monkey.
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sting €§§h trial wnique ohjests (), drugs snich m ’:f’ji; or
1y ineresss fixation and attenilon. The fire , oritieism of this




hypothesis is laimo's finding that “interfevence" during the delay ine
terval 1s related to the failure of the frontal monkeys (h1). A slight
adjustment in the hypothesis ecould be mede at this point o incorporate

this finding. If one assumes that attention is vequired during the pre~
delay period, and also during the delay period, and at the time of response,
and at the mement of reinforcement, then the hypothesis is still fntach.
This leads %o the second oriticism. What is abtention? The term is se
vague that 1t can be applisd almost anywhere as shown in the "slight adjuste
ment® mde above, After a proced m to facilitate delayed response
then 1% 18 explained by "incressed attention, If §% doss notfueilifate
delayed response (2L, L9) then 1% could be said that the procedure did not
increase attention. The absence of any direct messure or operstlonal def-
inition of attention necessitates this kind of 2 posteriord ﬁw&rz&s&mm :

illustrates the rslative uselessness of the torm.

{u) > {70) has proposed that the delayed response loss after
frontal lesions may represent a loss of "memory for place®, the fam
of frontal monkeye on object alternation (60) which requires memory for
ohjeets mther than Wt? for place is ovidence a@m this Wmm
(1) & : '
response performance, wheress positiomal cues wers insffective .ﬂm?-j »

kin and Pribram found that monpositional cues
delayed
their frontal monkeys. In their first experiment (19) tw‘ M that

frontal movkeys succseded ia "go-nowgo" alternation in which a m&m
tral "noppositional® gue is used. In their second mmiﬁ&l& single
central cue indicated whether the monkey should "gomor=noft wtar m W
interval. 4 single senter cus was also used to indicate a response hm
or right food cups after the delay. The mmzmm mgﬁa 'ﬁnw"
form these tasks, "Positional ouss” did not give the game vesulis.




single cue presented to the left of & central cup iﬁé&mm figo® and the
sams stimulus to the right indicated "no go%. This

not facilitate performance. The authors mede a direct test of this
hy;wmxia in the third mrmm of the series and m&wﬁaﬁ 1 {60).

{0) -1f fmnﬁal menma can mm on delayed magm#m '
tesls vhen the cue is ﬁmmaikiam&* then they should #w on object
alternation. In this test the cue 48 the object, regandless of its posi-
tlon. Their frontal monkeys failed this test (60). The authors then
revised m%x' earlier interpretation. m *ﬁiﬁm’wwmﬁ of m m-a
ée}ay em m %o bs the relevant mrﬁahle, This haaélaa some of tm
. experiments, but as the auﬁhm mm, %he smtim of ‘mumﬁivmml
| nesds further mmz specification, how
tion of the Mi@i% f&llam frontal lesions can be atwmpﬁa&“

ary Mama conceptializa~-

&lthﬂugk this atady was mtx designed to test any arf m above
hypamm, the findings are rsiaﬁaé %e the ;tmbzm of mﬁarpremﬁian.
cifically, the I&S‘ﬁ mentioned hypoth

esis concerning "ewe distinctivenesa®

rocelived some support in this study,



ned primarily to determine the effects of
ns o the head of the caudate nuclel on delayed alter-
nation and viswal diserim

nation. Iesions %o this structure in the
nanner attempted here invelve outting the corpus callosum, Therefors,
1% becane nesessary o determine separstely the effests of sectioning
the corpus callosun on the two tests.



3els Subjects
Hine adult vhesus monkeys (mecsca mulatta) served as subjects f:eas»‘
mmma The subjects wers mnﬁaaiyaagigméﬁammnps ‘
Subjects, sex, group assigmment, and previous formal training sre listed
in Table I | -

3.2 Apparei

A Mﬁm Wisconsin General Test Apparatus (22) was used for
testing throughout the experiment. The apperstus @ma of & restrain-
ﬁw amw for the m&m&, & test trsy which slides on mm mpwk, =
an opague (metal) M botween the mmmm chanbor and the test tray,
m&a mmymirmr hsm the test m&né the o serimenter. The tray
used for this mriamzs measured 21 %@* 10 inches ami was painted ugm
gray. HNear i&w forward adge af the Wmﬂ two amrﬂas- fm m;:%:; one
MMQW inches ia&iamm, one half mw,g mmmmuz
inches apard on senter. mmgtmmMmmm ﬁwww
mireor hid 'khs gxperimenterts body and face from the mﬁml, a%ﬂ%i%agh ’E%m
hands of the experimenter could be seen. {One subject, number 100, wxifﬁ
not perform when the mirror was down during the ﬁr:’-al aaé m :
was required to kesp 1t up throughout treining.) Betwee
soresn was lowered in front of the bars of the restrair e

2



mala

male

mle

Table I

WO W oW B > o

avoldance condidioning
avoidance mmwm




vided into two groups; Group 4
consisted of five subjects and Croup B eonsisted of four auhgm%. All
aninals were trained to displace objects from the food wells, and were
adapted o the sliding doors. They were ready for testing uswelly within
two or thres wesks of adaptation. When they were resdy Stage I of the
expariment begen. All subjects wers trained on the visual pattern dis-
erimimation. A4 trisl was given as fa"f 8: one of the two food wells in
the tost tray was balted and coversd with the blosk with the plus sign,
while the other food well was coversd with the block with the cizoles the

owered ised; Aﬁm'awa
ammim#ﬂy three seconds the %my was moved forward and § was al
' ponsw; the opaque sereen was lowered ending the trial. Thirty

trials were given per day, six days per wesk until the eriterion of two
consequilive days of 26 (or more) correct responses out of thirty trials
(86.6%) was resched. Training was then begun on ﬁﬂajﬁﬁ alternation and
gontimued for %ﬁm days., All subjects of Oroup A wzx mm m
caudate 1&5&2&3 through the sorpus callosum, and afier a racuperative
doberval) they were given right cawdate lesions. After another mmﬁwr

interval Stage two testing began, (woup B remained in their home cages for
an equivalent interval between the end of Stage I and the beginning of
Stage II. In Stage II all subjects were first retested for 30 days on the
delayed alternation and then tested for reteniion of the visual pattemn
disorinination mtil they reached the eriterion. ALL the subjects of Grouwp
& Were sacrificed and their brains removed for histological examination at
the end ef Stage II, Only Group B entered into Stage IIL. They received
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ms&aggha&mm‘%&ma&mmwm retested first on de=
333& alternation for 30 days, then tested for retention of the wisual
pattern diserimination wnbll they reached the same criterien as mcé ia
the aarlﬁar stages of the mrm At the end of training mym
Wﬁﬁ&ﬁ aaé their mms removed for histological SW; :
The stimili for the visusl pattern discrim lem consisted
of two W&f%ﬂéfﬁ&'mmh&:ﬁ‘ inmaimhymm three quarter
inches wide, &m thres quarters of an inch high. They weras painted m‘k
b?ﬂ@ih i M}& Ma%mmmm& in diameter from the outer m,
and omne quarter inch thick was palnted in yellow on one of the blocks of
woods On the other a plm aﬁ,@, Mawmqwm :%nehﬁs mmmgp
and one quarter inch thm s d in yellow, The cks v ere washed -
when they became dirdty. EREesponses %a the plus siga were always miatﬁm
with & bit of food, wmﬁy carrots, but occasionally appls, banana, or raisin.
i - trials wers given por day. The reinforced sids ﬁaé randonly slter~
mted. A monwcorrection procedure was used. The animals wore run six days
per wesk, wtil s criterion of 26 porrect out of 30 trials (86.6%) on two
ynsequiive days was reached
The delayed altermation problem sonsisted of twe blocks of wood
four and thres quarters inches long by thwes and ons quarter inches wide,
by three quarters of an inech highe They were painted flat bl The
reinforcement used in this problem was the same as that used in the viswal
pattern discrinimtion. On the fopsning® trial both food wells were taited
and covered and the aninal was reinforosd for sither a left or a right
response, e next trial ws taibed on the #ide opposite the sids the ani-
ded %0 on the opening trial. This was counted as the first triai.

b8




s
This was contimued for a total of 30 reinforcements (actually 31, eounting
the "epening® trial). mmhmmmmwmma total
of 30 days. A eorvection technique was used in $his test. Foliowing aa
error the bait was not shifted, but remained in the food well until the

ponded to this side, the cpposite side was baited.

animal made the correct response. An erryor on one of thess eorrection
trials is called 2 "repested ervor® while an erver following & reinforced
trial iz called an "srror',

- Bslis Surgleal Technique

z the origimal 30 @ay& of training on delayed altermation
in Stage I all subjects in Group a&; after a rest of from ten to 12 days
received a unilateral exilrpation of the head of the left caudate nuoleus.

This was dons by opening the lomgitudinal fissure, cubbing the anterior
part of the sorpus callosume mmmamzmlmmmm
head of the caudate mucleus. The extirpation was made by passing & smll
loop of wire once through the caudate in the anterier-posterior ‘
and onee in the dorsaleventrel direction. No severe bldedi

countered by this method of producing the lssjon. After a recuperaiive
Weﬁ&w@%%@@am&hﬁm&i&i&ﬁwmm@w
nucleus was rroduced by opening %Ws&mﬁmm osteriorly than
the origimal corpus callosus opening, and exposing the right latersl ven-

- ‘trisle and candate. This lesion was made in the same way as the first
lesion. %ralwmﬁwwr&&ﬁrmm%ﬁwtw‘ﬂm
The total interval between the end of testing on Stage I and the begimming
*ﬁﬁestfmgw%gcHmﬁmbs%aﬁﬁmxwms&aﬁ%@%i@
days for Group B. Fifty five %o sixty days after the end of delayed




altemation testing in Stage II all four subjocts in Group B received
unilateral lesions through the corpus callosus, the cub extending as far
anterior and posterior as could ba seen. Subject Number 100 did not
mw the surgery. ﬁ%w&imz testing was begun 12 to 17 days following
lesion. The total interval betwsen the end of dels;

the lesion, ds

d alternation testing
in Stage IT and the begimming of mt:ing on és?ram ai%mt&m in sﬁaw
ﬁzmﬁi’méﬁ ta‘?ﬂéaym »




The results on the visual discrimimation problem are presentes

*Ea%la Ile The ﬁamam@ m& {66) indicated m&
troup A was significantly superior to Group B in Stage X {p< u@l}ﬁ m,
the Mann-Fhitasy U tesh (66) indicated that the difference was not signif-
icant {p>+1)s In Stage ﬁﬁmﬁ was no significant difference betwesn m
@ groups as shown by both the X Kolmogerov=Sairnev test (p> «05) and the

onneihitney U test {p>.3). e mi%a of Stage III are not readil
smssable to analysis by nonparametvic metheds. It is apmrent by inspee-
‘$ion, however, that thers iz no decrement in p‘ar:ﬁmma of the three
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Table IT

Trials to oriterion on visual pattern discriminmation

230

20
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of ®errors? on delayed albernation in sach

= m ﬁa’k}n mRosy

test (p> «05). Figure 1 presents the persent sorrect response:
both groupe in Stage I. (Percent correct responses was saloulated
from the mumber of "arrors® in 1

4y reinforced trials given sach day.)




Total number of errors for 30 days on mm alterpation
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In Stage II, Group B is significantly superior %o Group A (see :

fable III) as showa by the Kolmogerov-Swirnov two-sample test (peg-0L).

Figure 2 presents the percent correct responses for both groups i

Stage II. The differemce between the groups is significant

the days in Stage II as shown by the Kolmogorov-Smimov test (p&.0l
The Friednsn two-msy analysis of variance (66) shcwed no significant
4 in

Group 4, although one subject, m 102 did show im
performance as indicated in Tabls IV.

durd
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The total number of "repsated errors® on delayed alternation

in sach stage ls pressnied in Tabls V. The difference belween the groups

in Stage I is not significant (p >,3} &s shown by the Kolmogorov-Smirnos
tast. Figure 3 pressnts the mean numbser of ®rapested errors® for each
group in Stage I. '

- Fe. 3k % =
., . .

56
- A ,
No. 100 ' i 1 295
&, 16

No. 93 LB
No. 98 8 18
oo 30h U 5 189
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In Stage II, Group B is signifiecantly superior %o Group A (Table V)
a8 shown w the xgmg Sk 5 mple test {P( 0@3-)# r’-ﬁm *i
presents the mesn number of *repeated errors® for both groups in Stage Il.

The difference batween the groups is significant for each day of Stage II
as shown by the Kolmogorov-Smirnov test (p{.0l)s Group A showed &
significant impre
shown by the Fried

ent in the number of “repeated errors" in Stage II as
two-wsy amalysis of variance (p< «01).
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Only Group B participated in Stage IIL. Subject Number 98
lowing sectioning of the corpus callosum, reducing the ¥ %o thres,
istdeal amalysis of the effects

ted with some caution.

: 12 some of the prectice eifects,
yis wag wmw wmg the mean percent correct for the last
tem days of mmmg u@h shags. The difference in vank toia 5  for

the thres sﬁg&a e sgam not 8l

gnificant éia >s5)e Figure 5 mﬁs
nges of the reduced Group B in Stages II and




ring mﬂs m aags £ s m@; '
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| mm presents the total number of "repeated errors® for
the 30 days of each stage. The differences belwesn the stages was nol

grnificant (p>.1). HNepetition of the amlysis of variance, using only
the last ten days of each stage, also yielde : ’
(p>+9)e

3 : a; ’1“'«

7 k&& m‘ , -
i’ém ﬁmim* of “repeated errore"
for 30 daye on delayed altermation

93 1B 1 30
46} {22 (3}

{7) {2) €3§}
{38) . {18) {23

lotas

mﬁaﬁmﬁwﬁag hﬂi@é&y&éﬁ‘m




5.0, Diseussion

The results on the visual discrimination test indicate that lesions
%o the caudate nuelei did not produse signif

icent decremsnts in porformance
as compared % the wnoperated controls. Sinee the animls with the caudate
lesions alse had much of the em callosum sectioned, the sams conclusion
may be reached concerning the corpus calloswm. The findings on the three
animals with only the corpus callosum sectioned support the conclusion that
the presencs of the eorpus callosum 18 not masga?y for adeguate retention
of visuwsl disorimination problems. There was no test made for the adequacy

ination problams.
ifteant difference between Group A and @map Ben
on on the visval discrimination in sugt I
muet be a%rimw to chance factors, sim;s the nine animla were divided
mw&&mszﬁ&m&wﬁmMﬁmmmm
The lesions giwa %@ the axximia of Group 4 prodused aifferent _
effgcts on the two measmures of performance in éala.m azﬁamﬁm in ﬁw Ie-

The mﬁ mm‘k for ths group was snémﬁmnm wam %

Group B, and there was no ﬁignﬁwnﬁ improvemsy ‘
30 days of testing (although one subject did improva), However, the mamber
of "repeated errers® Was sﬁgai:rieaaﬂy greater for am g, aai m was
a significant ingrove
of Stage 2

Tt will be recalled that an incorrest respons
forced trisl was lsbsled an Yerrer®. The Teinforcement from the
trial mey, therefors, be considered as the cus for that response. T
mm Mwﬁ?

¢ for %hs m@ m m

ent on this meagure af paxfmm w m 36 &?l

following & rein~

performanse of Group 4 %o this cue of reinforcement

L7
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unchanged during the %m of Stage IL. An incorrest responss on the
correction trials was labelsd & *repeated errorts The mmwm
previous %rial may be considered the cue for *&hﬁx neorrect mmo
Thus, the ﬁ:iffsmm %;zma wag observed ha%ﬁm the two measures of pers
formance in Stage II ean be *eﬁimxgh% of as the vesult vsi;‘ the difference
in the mﬁm of ‘khze cus, both of which signaled the sm response,
ﬂ%ﬂmﬁmo

‘assmriaaﬁf elayed response de
presented sarlier culnimated in the bypothesis by Pribran and Mishicd
(85) that "cus distinctivensss® was a significant factor. The authors
indicated the need for further experimental specification of $his variable.
In this study 1t was found that the cus situwation was a signifiosnts variabls,

The cus situation of no reinforcenent was more "distinct® than the cus
s@mﬁm of mmrmﬁ, This fmz%ing by no meam clarifies the nature
of the variable. ﬁsmwr, the complexity of the variable is apparent,
and further experimentatlon is certainly needed.

The in_ffeé# ﬁfsaeto&aaiag the corpus callosun ai};éas; on d layed
alternation should be studied further since only three snimals received
such lesious in this study. There is some evidence that the performance
of Group B on both percent correct responses and munber of "repeated evrorst
is deficlent early in Stage III, although the statistical test indicated
no significant difference betwsen ﬁﬁagwa for the three animals with the
corpus callosum seciloned. However, the performanee of these mmu re-
turned to & high 1m1 of accuragy at the end of Stage III, m&msw
that the effest of sectioning the corpus eallosum, if significant, is
transient. Thus, the ci‘fw%s observed in 3&3: = 4 iar &mw i on &&hm
alternation can be attributed primrily to the lesions of the caudate
nuelei. This 18 in agreement with the findings of Rosvold and Delgado (62).
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nowlng at present, why the lesions to the caudate
ml,sé. produced the M&M alwmtm éafiaim I% may be that the fibers
fm the cawdate nucleus to the frontal lsbe (27, l2) facilitate the activity
of the latter; Sherefore, when this facilitation is removed the deficit
owing frontal lesions is observed. On the other hamd, the
Lrontal sortex may facilitate the caudate nuclei, and the effects of the

e8 could be explained conversely. The results ree
tion of the esudate (62) shed mo lig
since the stimulation might alter the mature of the

the frontal lobe, or the stimalation mig

¢audate nucleus delivers to other parts of the brain. 4s & third possie
bility, both patimays bam the caudate nuclei and frental eortex may be
involved in tirw behavior.

?ﬁm@s is evidence that the frontal cortex sends fibers to the re~
tioular formation of the brain sten (35) and that the caudate is related o
both the mﬁw&w formation and 43ffuse thalamic projection ay&m 3&%
ulation of the eaudate will produce elsctrocortical arcussl and driving of
the diffuse thalamie projection nuclei (65). This dats has led the auther
to the following suggestion for a mechanism relating the neurephysislogical
findings %o the payckelagim findings. e

% recipreocal e:‘mmit fromthe cauwdate to the frontal cortex and

mwﬁa caudate is ﬁmatmwwﬁmﬁb@s wmmﬁwm
formation (from the frontal cortex) and at the other mﬁ W the eomnections
to the diffuse projection nuslei of the thalamus {from the mm}.
mzsea %o the reticuler formation and d : ,
the level of activity in the reticular formation ard diffuse thalanis sys
Vhen this modulati éwcham that ﬁmmm neoml
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stimulus to the coriex becomes distorted, Sowe evidenos for this is given
Kennard (36) whe found w sal hypersynchrony follewing large lesions
%o the caudate nuoleus in the movkey. It iz known that this veticulay
discharge 1s necessary for the Wyﬁ&n of stimuli and the responses. to
thems The mﬁ’iﬁﬁﬁﬁ state is charscterized by the ma ried x‘ﬁﬁ%’&ﬁfm &i’
reticular activity {21), and lesions Yo the redie : '
prolenged somnolense (20). In this mg ﬁhe supporh gim to the am&fia

the significance of the cue variable %o neurophymiclogical data.



In Stage I, nine rhesus monkeys wers trained t¢ criterien on a
visual pattern discrimination and then trained for 30 days on delayed
altermation., Five subjects ia Croup A received serial bilateral lesions
of the head of the saudate nuclei %hrough the corpus callosum. The four

subjects in Group B were reiained as unoperated controls. Ioth groups
wers retested for 30 days on delayed altemation and retested on the

orp: Group B was then tested for 30
days on the delayed alternation problem and retrained to criterion on
the viswal diserimination. -

In Stage II, Group A showsd significant inpaiment on the delayed
alternation problem as compaved to Group B. There was mo significant
change on the visual disgrimination problem in Stage Il.

I Stege IIT, ﬁzm@as no significant change in performance on
delayed alternation, and thers was no decrement in parformnce on the
visual |

Tt was conoluded that lesions of the caudate nuclel produce a

gignificant impeirment on delayed alternmation, but not on viswal dis-
erimination retention. Sectioning the corpus callosum preduced mo signif-
dcant impairment on delayed aliernation or visual disorimination retention.
The resulis were related to current interpretations of the mature of the
deficit following frontal lesions, axﬁ a suggestion of the mﬁﬂa

- £9! ﬂm*st or frontal zaam was ﬁmtﬁa
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