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DISTRACTION AND HABITUATION IN MONKIYS
WITH LIMBIC LESIONS'

BORERT 3 DOUCGLAR axp WARL ML PRIBLRRAM?
Stenfortd Liniversity

Meonkevs with infact brains and with either hippoeaupal or amygdala 1e-
sions were troined on oo secquentinl task aned then given tests o which dis-
traciion, habituation. and behavioral disinhibition could be measurad, The
Ss wifl hipmpoeampal lesions learned the seoquential task sooner than diid the
other groups anidl were novonl in distesctibility measureg. However, they
{nileed 1o habitunie (o 1he distractor despite the Taef that they weee [ulls
capnble of ceasing overh responses (o it Amyvedaleetomized Ss showed ab-
normally high disteaetibilits on all dests bul habitunted ak o normal vate
and fo o normal extent, The relevance of these resulls to the “response-
inhibition™ andd “attention” hyvpotheses of limbie funetion is diseussed,

It has been reported in the literature
that rats with hipppeampal lesions arc less
than normally istracted by an drrelevant
stimulug while perforting an engeing re-

sponse  (Hendrickson &  Kimble, [966;
Raphelson, Isaacson, & Douglas, 1965;
Wickelgren & Isaacson. 1963). These

- observations conform to the response-tithihi-
tien hypothesis of hippoeampal function-
ing, although they do not neecssarily cox-
chide other possibilitics. The studics above,
howoever, did not begin to tap the full
range of conditions under which distraction
could be defined and measured. 16 is far
from certain that such a thing as distrac-
tion “in general” i3 1 meaninglul concept.
Whether an animal with a given lesion is
more or less distractible than a normal sub-
jeet may well depend upon the conditions
of the test. In exzch of the above studies the
distractor was a stimulus entirely unlike
the stimuli giding the ongoing response.
The purpose of the present study was lirst
to discover whether hippocampal lesions
would also reduce istractibility when the
distracting agent closely  resembled  the
guiding cue. Monkeys with intact brains
and groups with lesions of the hippocampus
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or amvgdnln were included in the study,
The latter group was included primarily
heeause informal ehservation had suggested
they might in some situations be more dis-
tractible than the normal subject. In this
study distraction was defined as a slowing
response speced in an ongoing sequential
task. To this end the monkeys were first
trained to perform the sequential response,
and then the distractor was presented on
mterspersed rials over a 10-day period.
This allowed an investigation of habitua-
tion, defined as a waning of distractibility
with repeated exposure. Finally, the gonu-
ineness of the habitustion was investigated
through the use of disinhibitory procedures.

Mertion

Subjects, Surgery, and Iistology

Subjecls were 13 hmmature Rhesus monkess
weighing 3-45 kg, All were housed individually
with free necess to water, but were kept on a
deprivalion diet consisling of about two-thirds
of their usunl ralion of monkey pellets. Feeding
took place after completion of daily tlesting. Six
S8z had previously been subjected {0 bilateral
removal of the amygdala by ngpiration, Lhree to-
stmilar removal of the hippocampus, and four te
sham operailions involving =kull hut nat bhrain
damnge. Referenves fo surgical details c¢an be
found in Douglas and Pribram (1966). Histologi-
cal preparation of the brains was aceomplished
according to Sherer and Pribram (1962), The
reconslraclions of lhe amyvgdalectomized braing
live appeared in Bagshaw and Benzies {(1968).
The reconstructions of the hippocumpectomized
btains eitn be seen in Figire ¥ All resections
were rensonably symmetrieal bilaterally, and ade-
qunia in extent.
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Fri. 1. Reconstruetions of the braing of the hippocampectomized monkevs. (Stipple indieats
superficial cortical damage; stripe indicates deep temporal Inhe excision; hlack indicales spared hipype

campus—Ammon’s formation,}

Apparatus

Testing wag earrictl out throigh the use of a
cotnpiterized version of the DADTA machine
{Tribeam, Garedner, Prossman, & Bagshasw, 1963).
This consists of an enclosure for § with a 4 x 4
arrny of 16 depressibla clear plastie panels located
on one wall, Stimuli are projected onto the panels
fram the vear, and appear as while  palierns
(nmmerals im0 this ense) agninst o black Dack-
groniit. A food enp is loealmd st bollom centeor of
the arrav, Smulus presentalion, reward delivers,
and response reearding ave antomatienlly earried

ont by a specially programmed PDI’-8 compute
For deseriplive purposes each panel in the arrn
ling been assigned o letler of the alphabet a3 can b
seen in Figure 2,

Procedure

AL each session S was placed in the teshin
enclosire and allowed a fow munutes far adjusi
ment hefore lesting began, A trial was initinte
bar the appearanee of a stimulus (Ehe numerr
“5") on Panel P, When this panel was touche
or pressed by 8, the stimulug disappenred and
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T1i:, 2. Location and designation of panels.

different one  (the numeral “0") appeared on
TPancl A. A press of this second stinmlus resulted
in ilg disuppearnnce nand a simultaneous delivery of
a reward (one peanut) into the food cup which
terminated the trial. After a lapse of 10 see. a
new trial began invelving the same procedure as
the first. For the initial training of the sequential
response each & was given 50 such trinls per
session, with three daily scssions. Latencies were
reeorded (to 1,000/sec) both between the initinl
presentation and the first preas of the sequence,
and Dbelween the two responses. The former
mensure is used only in the evuluation of lenm-
ing, s il waz found to lkwve no reation o
distraciion, The dalter meassnre  (interresponse
lnlency) was converted inlo o speed score by
adding 1.0 and then dividing the {olul into 1.0.
The use of & reciproen] (or log) conversion is
typically eraployed when deading with such spon-
coded distributions, and the prior addiijon of 1.6
1o the denominalor was ueeessary i order to
mstire that (he denominator always exeecdiad the
numeralor,

Dstraction

Al the: end of the ihres training sessions all
lndeney  measures had hbecome sinble and  dis-
traction iesting began. Iiach distraclion scssion
consisted of 50 trinls, and there were 10 duily
seasions. On cach session, 46 of the 50 triuls were
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cxactly like those used in original training, while
the other 4 were distriction trials. A distraction
tria was much like the others exeept that the
press of ihe first stimulus (957" al Location P)
resufed not only o the preseniantion of 07 at
Loens A, bod ulse in the stmuliancous appearance
wf the numersdl “1 at one of four loculions:
N, ¥ I er M. Bach location was used once per
session, with ithe oeder randomized. The nmauber
of nornd trials intervening belween distraction
trials wis varied wsystemalically between 5 and
10, and ibe first distraction trisd oceurred ne
carlicr than the eleventh tvial of the session. A
diziraction triad was lerminated only when the
secontl task response (o press of “07 at A} was
made, and this response was rewwsrded 8s usual,
Subjoects were observod through o one-way glass,
ate] overt pressings of the distruclor panel were
recarded,

Distraction wus defined as o difference in
interresponse speed when the speaid on the dis-
traction trind was compared to the meihian speed on
the threee preceifing undistracted Irianls.

Ialiibuation

Over the 10 sesgions (hore was o macked re-
duetion in distraction, s defined shove., Habilua-
tion wis defined as the percentuge reduction in
distraction on the last five sesslons, compared 1o
the frst five, The numboer of overl responses to
the distrmetor also deelined, anid this was meas-
ured as 4 percentage decline, comparing the num-
ber of presses ninde on the liust [ve scssions with
thosa made on the Arst five,

Disinhebition

Since boil distraction, as presently  defined,
and overl pressing responses to the distractor
declined with (rinds or exposure, allempts were
madde (0 disinhibit boili measnres, Two  such
tests woere given: The first involved relaining
the distracting  stimulus “17 from  the original
disitnection series, but presonting it wb a new
location, *“(i." This i(est cobgisled of 4 such
trials interspersed belween 46 normal sequential
lrinls in a single session. Thiz session was given
on the day following ihe distraction test. Loca-
tron *G7 was used onall fowr siisinhibilion trials.

The second  disinhibiiion test also  consisted
of oue S0-iyial session, wl b was aelministered
o the oy following the test aboave. On  this
secold test the loculion “C was relained, but
four new stiinohi (the numerals 2, “4.” “8," and
“8") wore prosented there on Four seatiered (rials,

Restines
Sequential Tusk

Originul learning of the scquential prob-
letn was evaluated by dividing the 150
trials of (he three scssions into 10-triad
blocks. For cach block the average speed
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for the entire sequence, from presentation
of the first stimlus to the press of the
second, was computed. Learning was then
defined as the numhber of blocks prior to
the one on which mean speed was at least
90% of that on the fastest block. The hip-
pocampally ablated Ss were found to have
reached this Ingh level after 6.3 blocks,
while control Sz averaged 10.25 and the
amygdals group 9.83. Ilach of the latter
groups wis rebably slower than the hip-
pocampal group (£ = 34, p < 02; ¢ =
a0, p < .02 respectively). This finding
appears to contradiet a report of slower
than normal sequential learning after hip-
pocampal lesions (Kimble & Pribram,
1863), but the procedures used in the two
studies differed considerably, ns is dis-
cussed helow. )

Distraction

Distraction was  defined operationally
as the difference in interresponse speed (the
reciprocal of latency plus 1.0} on the dis-
traction trial, as compared to the mnedian
of the three preceding trials. Mean dis-
traction scores for the threc groups on the
first, session (prior to habituation) were:
control group, .119; hippocampal group,
129 and amypdalectomized group, .192.
The difference between control and hippo-
eampal groups did not approach signifi-
cance, while ecuch was relinbly less dis-
tracted than the amypgdalectomized group
(£ =31, p < .02;¢=27 p < 00 respec-
tively). In termins of real time, each group
had stabilized at a latency of roughly 1
see. The presence of the distractor typieally
added another second to the latency of the
control and hippecampal groups, and about
2 gee. to that of amygdalectomized Ss.

The relative thstractibility of amygdalee-
tomized 8s confirmed informal obsgervations
made carlier, but the apparently normal
behavior of luppocampally lesioned Ss is
contradictory to the three reports men-
tioned carlier. The difference may be due to
the fact that in the present experiment
the distractor eontd concervably he confused
with the OGS, 0 eodition which did nat ob-
tain in the carvlier sturhes.

With one exeeption the punel locations

ROBERT ). DOUGLAS ANT) KARI 11 PRIBRAM

were  equipotential, the exception  belng
Lovation M. This proved to be an awkward
loeation with respect to S's position, as
divect observation indicated that this site
was often blocked from view by 8% limbs
or body. The groups did not differ reliably
in this respect, and when the data are
pooled, distraetion at Site M is reliably
Tess than that at the other three sites (f =
40, p < 41, The results were computed
hoth with and without the inclusion of
this location and in no case did it make a
difference as {ar as relations bhetween groups
were goneerned,

Habituation

Mean habityation seores for the three
groups were: hippocampal, 12.7% reduc-
tion in distraction of the last five vs, the
first five scssions; control group, 59.8%;
and amygdalectomized 8g, 42.4%. The dif-
ference between the latter two groups is
largely due to one animal and does not

approach significance. Both the control and ~-

anygdalectomized groups displayed relin-
bly greater habituation than did hippo-
ampectomized Ss (8 = 2.7, p < 05, ¢ =
28, p < .05, respectively). Curves dis-
playing the reduction in distraction over
the 10 sessions can be seen in Figure 3.

It can be seen 1in Figure 3 that the amyg-
dilectomized monkeys appear to hahituate
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peetatmized aninnls. See method section for defini-
tion of distraction.)
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wmore raphily, and to 4 greater degree, than
do the controls. Faster than normal habit-
wation afler wnygdalectomy can also be
gecnt i oenrves presented in Schwartzbaum
(1964). Lo contrast, the present hippe-
cumpally lesioned Ss habituated only to a
modest extent, i ab alll This agrees with
reports of deficiences i habituation after
hippocwmpal ablations in rats {Douglag,
1967; Douglas & Isauncson, 1964; Roberts,
Doember, & Brodwiek, 1962; Totelbaum &

Milner, 1963).

Overt Kesponding to the Distractor and
Its Cessution

For the most part & ristracted moun-
key usuully glanced at the dstractor and
then went on to make the rewarded task
respotse. On other oveasions, however, Ss
actually made pressing responsces to the
distructor. The probability of such a re-
sponse on any triab over all 10 zessions
wus .33 iu the hippocmimpal group, .14 in
the control group, and 19 mn the amygdala
growp. The ouly difference which ap-
proached  rehiability  was  that  between
the hippecampal group and the other two
groups comnbined (¢ = 3.3, p < .01}, Tt ean
e seen in Figure 4 that most of these re-
gponses cume In the first few sesgions, and
that in all groups they declined mavkedly
with experienee,

The mewn percentage reduction in these
responses on the lust five sessions vs. the
first five were: hippocampal group, 74.29%;
control group, 72.2%; and amygdalecto-
mized group, 51.6%. None of these ddiffer-

RESFONSES TO
CISTRACTOR

[
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34 a6 TeB e 10 test2

SESSIONS

test |
PISlNHJBITION

1a2

Fra. 4. Overt responses to the districeling slime-
whis,
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enees approached reliability, as the ap-
parently lower mean of the amygdala
group wus due to a single animal which
began pressing o the nabddle sessions. Thus,
evel though  the hippocampually  ablatad
monkeys id not halituste according Lo
the speed messure, they did reduee their
mitiatly high tendency to make distracior
piresses nlmost down to zeve. Unfortunately,
it 15 possibie to refer to both types of decre-
woental activity  my “halntuation”  Sinee
the present dain indicate that these are
two qguite different processes, however, the
prosent authors shall refer to the decline
on the speed weasure as habituation and
the decline of distractor pressing as “re-
sponse  inhibition.” It 35 graoted that
ghuleing at the distractor (or noticing it, or
attending to ity ean be sawd o be a re-
sponse. L6 s becoming lncreasingly clear,
however, that such attention or “observing
respouses’ differ considerably from instru-
metal responses {Zeamon & House, 19633

£ne would cxpeet that more thine would
be required to make a pressing response to
the distractor than to merely glance at it,
aned that the reduction in pressing responses
in the hippoeampal group should have re-
sulted i w veduction on the speed meas-
ure. Perhaps it did, and this factor may
aceount Tor the slight Jdecline i this group
on Ui speed measure. Surprisingly, how-
ever, Lhere was only o slight and insignifi-
cant difference hetween speeds on distrac-
ot briads when a press was made and when
1 was nol,

Thise rvesults contradicl the respouse-
inhihition hypothesis of hippocumpal fune-
G provided that it 15 understood that
the “response” refers to imstrnnental re-
sponses, Fiest, the hippocionpally  lesioned
monkeys  should not have pressed the
distractor at ally, being preswmably unable
o ihint the well-practiced task response.
Seeond, granted that they are making press-
ing responses Lo the distractor, they should
not be alde Lo cease making them, A sim-
thr finding of an appurcutly intact alil-
iy to eeuse making instrumental responses
in lippocainpectomized cats has reeently
been veported {(Brown, Kuufiman, & Murco,
19G8) .
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Disinhibition

A groat difference between observing and
instrumental respouses also showod up on
the two distnhibition tests. In Test 1 the
old stimulus “17 was retaineld as o dis-
tractor but presented on four separate
oceasions at a new loeation. As can be scen
on the right of Figure 3, the change in loca-
tion appeared to dishabituate the speed
mensure completely i both control aned
amygdaleelomized Sz The  bippoeampal
group was Jitkle affected, presumahly be-
canse 16 had not habitnated fo any appre-
ciable extent in the first place. Mean dis-
traction scorcs on the first trial of Test 1
were:  hippocampal  group, .153; control
gronp, .155; and amygdala group, 198
Thesc figures are very close to those oh-
tained on the first session of the original
distraction test; aml even closer when the
results of the ineffective Site M are ex-
cluded from the original test, These figures
represent a rebound from the immediately
preceding session of 350% in the amygdala
group, 206.3% in the control group, and
only 35.4% in the hippocampal group. The
difference between the former two groups,
though large, was not significant (¢ = 1.1).
Both amygdala and eontrol groups had
larger rebounds than did the hippocampal
group (f = 3.7, p < 01; ¢t =29, p < 05,
respectively).

The disinhibition in the amygdala and
control groups was followed by very rapid
rehabituation, as ¢an be seen in Figure 3,
The stabilization of the distractor at one
loeation over the four treials probably
contributed to this effect.

Whiie the change of location appeared
to cdishalituate two of the groups com-
pletely, not a single mmmal in any group
made a single pressing response to the dis-
tractor on this test, as can be seen in Figure
:
On Test 2, given on the day following
Test. T, the location was retained but four
new stimuli were presenterl there on 4 trisls
scattered throughout the 50-trial session.
This procedure had s dramatic cffeet in
restoring overt  distractor presses. Sinee
there was no change i this tendency
over the four trials in any group, the re-

ROBERT 1. DOUCLAS AND KARI H. PRIBRAM

sults have been pooled. Mean distractor
|resses per opportunity were: hippocampal
grouly, 83; conirol group, 50; and amyg-
dala group, 40. These figures closely mateh
those of the first session of the original
distraction lest if Bibke M 1y exeluded
(.78, 42, aml .33, respectively). Tt can be

geen o Figure 3 that the latencles also -

went up drastically under these conditions,
amdl that habituation within the session
was moderate in comparizson to Test 1. Un-
fortunately, variahility was high, and it
eottld not he relinbly  demonstrated that
the Ialencics of Test 2 were higher than
those of Test 1. It scems olear that dis-
traetion trials which ionclude 2 pressing
respense tend to have longer tatencies than
those where such a response is not made,
but. some auimals at some times take very
little time to make the press, while others
gaze for relattvely long periods without
making an overt responge.

Discussion

The present data demonstrate in a nun-
bor of ways that the deeline in distracti-
hility, as reflected in the speed measure, is
a phenomenon which differs in many re-
speets from the decline in overt pressing
responses, This does not imply, however,
that the two are entirely independent. For
extinple, if the distractor is not “noticed”,
then it will not be pressed either. On the
other hand, it was repeatedly demonstrated
that some animalg, fully capable of with-
holding an overt vesponse, were unable
{or unwilling) to stop becing distracted.
The deeline in overt responding appeared
to be related to the particular stimlus
nzed as a distractor, while the decline in
distraction (speed measure) could be dis-
inhihited by citler a change in stimulus or
its location. The authors suggest that the
declining speed measure primarily reftects
a declining probability of attention being
paid to the distractor, and that the deficit
in the hippocampal group is an inability
to cease attending to the distractor. The
cessation of overt responding may, on the
other hand, indieate the course of a vondi-
tional type of lenrning: The subject had no

~way of knowing that the distractor would

)
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not by rewarded and, after a few unre-
warded trials, leamed that the distractor
was erucially different from the CS. Ac-
cording to this line of analysis the hippo-
campectomized animal is fully capable of
this learning, as the data would also indi-
cate,

The relatively fast learning of the se-
quential problem by Inppocampectomized
Ss in this study appears to be at varianee
with an carlier report of defeetive se-
guential learning after this lesion (Kimble
& Pribram, 1963). In the carlier study,
however, the two stimuli were presented
simultaneously. In order to performn cor-
reetly, S presumably had to refram from
pressing the stimulus of the pair which
generated the reward. It was reported that
Loth the eontrol and hippovampectomized
monkeys in that study rapidly developed
a maladaptive tendency to make this ervor.
The normal animals, however, soon learned

. 1o refrain froin making this respouse, while

hippoeampally ablated Ss did not, or conld
not. Thus, the failure of the hippoeampal
group in the earlier study could be inter-
preted as being due to a lack of mhibition:
Either the lack of response inhibitien or an
wlibitory  attentional process would ac-
count for the resulis. In the present case no
such “mhibitory” process was necessary,
ang indeed one might even expect an in-
tact inhibitory tendeney to hinder learning,
since the first responsc wios not overtly re-
warded, and Ss with inhibitory abilitics
might shy away from the fivst sthouius
after the first few presses. Sueh an effect
did, m fact, scem to occur m both the nor-
mal and amygdalectomized aunnals of the
present study, These Ss had a peviod vary-
g roughly 1040 inals in which spewl
of the initial response cilher remained
constanl or actually declined. This wus
then followed by a rupul inervase. Ry
contrast, m the hippoeampal group the
speedd of  the first  response  increased
steadily from the ficst teial. The three
groups were almost wdentival in o dnter-
response spewd at all poimts during lewrn-
ing. Unfortunately, there waz so wmueh
variability in the Tength of the platean o
tip 1n the initial-response speal curve thui
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it proved to be mpossible 1o establish a
criterion which would sumarize the ef-
feet and lead to reliable group differences.

The relatively high distraciibility of
amygdalectomized Ss and their subsequent
rapid haintuation alse fits inte the arig-
mal Donglas-Pribram hypothesis that the
amygdala 13 concerned  with  increasing
atluntiveness as a function of reinforce-
ment. That is, these animals were rela-
tively distractible because the abtention-
getting value of the CS was relatively low
in comparison to that of the distracior.
The  pronounced habitustion of  dis-
tractibility in this group is consistent with
other evidence wdicating superior inhibi-
tory abilily in animals with amygdala
lesions (Douglus & Pribram, t966). Ac-
eording to the ouglas-Pribram  model,
the amyglaleclowized animals are in full
possession of an inhibitory attention-di-
recting  mechanisin (akin to internal in-
hibition} which is more than normally ahle
to control their beluvior becuuse of a lack
of opposition Drom the lost systen,

In summary, it appears that most of the
present results conform to an attentional
hiypothesis of hmbic funciioning, while
some of the results pose definite problems
for u response-inhibition theory. It is un-
fortunate that the two ideas so often eome
up with the same predietion regarding
overall belavior. This is primarily due to
a tendeney to cvoluate bebavior in terms
of “correctuuss.” Perhaps further progress
i distinguizslong between the two  kleas
will veruire the study of hebaviar mnorve
clearly reluted Lo attention, such as eye
IR HEITET] BN
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