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LIMBIC LESIONS AND ERROR REDUCTION!
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Three monkeys with hippocampal lesions, four with ablations of the
amygdala, and four sham-operated 8s were trained on a serics of visual
diserimination problems in which there was always one rewarded stim-
ulug while the number of unrewarded cues varied between oue, two, and
four. Animals with wmygdaloid lesions did nol reliably differ from the
sham operules on any test and no differcnees between any of the three
groups approwched relinbility when only one negative cue was used. On
tests involving mwlliple negidive cues, however, the group with hippocampal
Iusions required significandy more seszsions fo reach criterion than did

pither of the other two groups.

According to the model of limbic fune-
tion proposed by Douglas and Pribram
(1968) the bippocampus is posiulated to
play an important role in the elimination
of responses which lead to noureinforce-
ment. The mechanism is thought to in-
velve cfferent control of response-initiating
stimuli rather than a direct inhibition of
muscles or responses. This process, termed
gating, 1s postulated to play a part in
such decremental behavier as habituation,
extinetion, reversal, and possibly passive
avoidance, as well as in the climination of
errors. There is now abundant evidence
that hippocampectomized animals are Im-
pared on all of these types of behavier
but the last {sec review by Douglag, 1967},
This is ironie, since the system hag been
termed the error evaluation system. The
main reason for the lack of direct proof
of a deficit in error avoildunce after hip-
pocampal lesions iz that under most eir-
cumstances it is impossible to distinguish
in the record between repetition of cor-
rect responses and the cessation of incor-
rect ones,

The present authors reasoned that per-
haps a defieit in crror elimination might
be detectable if a series of problems was
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used n which the relative importance
of crror reduction was systematically
ehanged. This was accomplished through
the training of three groups of Ss on four
visual diserimination problems, according
to a technique developed by Pribram
{1960), with the number of rewarded
stimuli kept constant at one on all prob-
lems while the number of negative cues
varied hetween one, two, and four. In
addition to the experimental group of three
monkeys with bilateral hippocampal le-
siong, a control group of four sham-op-
eraled Ss was used, as well as a group of
four monkeys with amygdaloid lesions,
The latter group was included because, ac-
cording to the model mentioned earlier,
amygdalectomy should not interfere with
errorr reduction processes. Previous experi-
ments had shown that hippecampal re-
moval results in liltle or no deficit in
problems with one positive and one nega-
tive cue (Kunble & Pribram, I1963).
Therefore, it was expected that the pres-
ent hippoeampectomized Ss would he nor-
mal m learning speed when one negative
cue was used, but they would have a pro-
gressive defleit, compared with normal S,
as negative cues were increased,

AMETHOD

Subjects

Subjects were 11 rhesus monkeys of an age and
sizee corresponding to late adolescence or early
adulthood. Bilateral removal of the hippoeampus
had been performed in three Ss, bilateral lesions of
the amygdala were accomplished on four Ss, and
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the remzining four were sham-operated Ss. Sub-
jects were individually houzsed with free access to
witler aud were niintained on o diel consisting of
sevon monkey pellets, roughly hall of their usual
ration, All feeding took place after compleiion of
daily testing.

Surgery and Histology

The surgienl preparation of Ss consisted of the
iollowing procedure, To periorm ihe bifateral
amyecalectomy a linear jncision was made ex-
teneling frenn the zvgoms upward and parallel {o
thie supruorbits) idge. The zygoma wis removed
and the temporal musele splic. The skull was
opcoed by means of o buwr lhwole, onlarged o
expose the floors of the orbital and lemporsl
fossae, The dura was opened 1n o crielate manner.
The tomporal Inhe wus elevited by gentle packing
 osneh a fushion thai che middle cerebrul artery
could he followed down to the circle of Willis and
the entire periamyvgdaloid region visaalized, A 19-
giige blunt needle-stock sucker was inserted into
the anvedala and the enidre amygdaloid complex
gracduilly  removed. The medial extent of ihe
lesion wis signaled by brainstern und optic tract;
the posterior extent by the temporal horn of the
veutricle snd the hippoounpus. Bleeding was von-
trolled by gontle packing wilh cottonowd patties;
ihe wound wus thoroughly rinsed with zaline and
the b was closed wiith mdivideal silk sutures.
Muzele, subeutaneous  tissues, WErR
closed 1 lovers,

I order o remove fhe hippocampus, the
craninl opening wias simular to thub above, oxcept
the tneisivn wag arched posternorly over the ear,
After Lie nferior temporal gprrus was exposed,
the breain wus gently elovated from the temporal
fusza by pocking with padites o expose the hip-
povatpl gyrus, A small “window” wus miude [n
the pvens oamd the lbippocampus was  exposed,
jdentificd, and removed by asnivation.

Sl uperaiions were performed in the identi-
cal fushion excopt tal no cerchrez] Lissie was re-
maveed, Insfead braoin was retracted jor several
minutes nnd then allowed to seitle buck into place,

Tolowing the terminaiion of the experiment
the: noimuls were szeriiiced and their boung per-
fusivl with saline and 10% formalin, The brans
were frozen and wot at 50-g inservils and stained
with thionin according to he technique detailed
erer and Pribram (1862), Tlie reconstructions
of Gl beains of amygdalectomized Ss have al-
redctv hoen presented (Bogshinw & Bonzies, 1068,
Thi: reconstructions of the three bradns of hippo-
vampectomized 88 uppear in Figure 1,

skin

Apgeraiug

The subjecls were trained in a modified version
of the TIATDTA muchine described in Tribram,
Coanlner, Prossman, and  Bagshaw  {(1363). The

coasiats of o small enclosure which

Hlhrilis
effectively seads 8 off from the external environ-
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menter, A 4 X 4 wray of 18
desressuble nanels s boboedded in one of the walls,
with o Tood cup locaied a0 botlom genier. A oue-
wav plass lur subjeet viewing makes up most of
another wall, The pancls are constructed of cleay
phasti and virio smuliocun be projecied onto
them fram projeciors loeated to the rear. The
stimuli apnear & whice patterns on a bliek back-
ground, Stimulus losudion i varled in o pseudo

swend amd the oy

random manner so thas the same stimalus rarely
appesrs ol the sune loendion (pmnel) twiee mnoa
row, and witl appear ac all possible locutions over
a Jarge number of trinls, Cantral of stimulus pres-
enfution, recording of responges, and dehvery of
rewiards {(190-niz, Noves hanuna pellets) s anto-
marjenlly governed by o speelally  progrunimed
FPIDP-R comwputer.

Procedure

Subjects were irained consecutively on fonr
problems dn which one simulus was rewsorded
while either one, two. or foeur stimull wers unre-
wirtdod . The exsel siimull are difficult, to describe
verbally, and will be referred to o terms of the
numbers acenmpanying the plefures in Fgoe 2
On all teses the stmull were simullancously pro-
jected onle the punels und 8 rewsirdied with one
banunn pellet if the posttive silmnlus was re-
sponded to (pressed). A pross of any sthmulus
ressltmd in the disnppesrance of all stimull for 5
soe,, alter which they were again pregented, but at
diff crent Joestions, Tuily scssions of 50 {rials each
were used and trainioe continued on cach problem
undil 45 correct rosponscs bad besn made inoa
singlre sossion, The nexte problem then begia on the
following duy.

On Lhe first test Lhe positive stimulug was
and the negative “25 Tlhie rewnrded stimuing on the
secand test wis “37 and the unrowareded were 747
and 37 On the thivd west “6% was rewscded
while “7, 987 7“0 and "“10% were not. On the
final test the positive stinsilus was 9117 and the
upmitive 127 Tenrning was evalusted in ioems of
3003 o erilerion inclusling the scssion i wineh
'15 O nTe correcet PEEPONERE WLre Illi':d[\-.
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Rresunrs
Cine Negative Cue

The first and last tests of the series -
volved one positive and one negative cuoe.
Mean sessions to erviterlon for the three
aroups on the first problem were: sham
operates, 4.0; amygdala lesions; 3.0; and
hippocumpal  lesions, 3.67. On  the last
problem the means were: sham operates,
2.0; amygdala lesions, 1.23; and hippo-

campal lesions, 1.3, None of the inter-
group iffvrences even  appronched  sta-
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Fig, 1. Reconstruetions and reprogeniative cross seetions of the brains of the hippocampeciomized
monkeys. (Stippling indicates superficial lesinng of the temporal cortex, striped area indicates the re-
moval in the depsh of the temporal tobe whieh includes the hippocampus; biaek tndieates the spate d

remuails of the hippoeanipus.)

tistical significance (the largest ¢ was .9)
and overlap of ceores was extensive, All Ss
combined, however, learned the last prob-
tem in significantly fewer sessions than the
first problem (¢t = 4.7, p < .£01). Thus,
there was either a marked learning set
{improbable in thesc highly sophisticated
Ss) or the last preblem was mueh casier

than the first for reazons unknown. In
wny case, some allowance must be made
for this effect in the evaluation of per-
formance on the intervening mmitiple-cue
tests. The anthors have chosen to use the
mean of the two tests as an estimate of
learning with one rewarded and one unrve-
warded cue,
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Fra, 2. Diagriuns of the displays uged in each
problem with the wlentifying numeral shown in the
right lower corner of esch displuy.

Multiple Neguabive Cues

Alean sessious to eriterion on the test in-
volving two negative stimuli were: sham
operales;, 2.25; amygdala lesions, 2.5; and
bippoeampal lesions, 4.0, With four nega-
tive cues the means were: cham operates,
2.75; amygdale lesions, 2.75; and hippo-
campal lesions, 4.67. The combined mean
for Sz with hippocampal rewovals on the
mulliple negative-cuc tests was reliably
higher than those of either sham-operated
S¢ (f = 28, p < .25, one-tmiled} or the
group with amygdaloid lesions (8 = 2.6,
p < .25, one-tailed}. Differences on the
two teats separately just fail to reach sig-
nifteanee unless the two groups with pre-

51

3

z 47

[

[

1 4

%)

o

- at

2

% - -

e T

A o “TEHAM N4
2-
' 1 2 4

NEGATIVE CUES
F1c. 3. Graph of the results of changing ihe
mumber of negative wies in a set of diserinunation
problems.

sumably normal error cvaluation systems
arc eomnbined (their performunee was -
distingushable). In that cuse the com-
bined sham operates and the group with
amygdaloid  lesions had  reliably  lower
means than Ss with hippoeampal lesions on
hoth the two negative-cue (8 = 27, p <
0251 and Tour negative-cue tests (4. 2.5,
po< 023). Almost identical results were
obtained using ifference measures  com-
paring performance on the multiple nega-
tive-cue tests with performance on ihe
single negative-one lests

Thug, ag can be geen i INgure 3, ali
groups were virtually identical when only
one negative cuc was used, and sham-
operated Sgoand Ss with amygdalond te-
sions bechaved on all tests as if drawn from
the same population. The only differcncoes
which even remotely  approached siunifi-
cance were those between Sz with hippo-
campal lesions and those in the other two
oroups when more than one negative stim-

TABLK 1

sroNs e CrireiioN

Ihavs op &

(e nepative cue | Two Four

h) , | negative negmiive

Tesul | Test 2| M | wues s

. i _
Hippacampal lesions

163 § 2 123 4 ¥
1455 3 1 2.1 3 1
17(} i | 1 30 3 i
fo 18718 f2a 4o 1.7

. 1

Shim ur contre] gronp

. 1
147 2 | 1.5 2 ‘ 2
EL I 2 1.5 1 3
153 3 3 i 3 ! H
Livl 4 02 ‘ 3.0 3 i
|
M40 ‘ 20 |30 i 225 2.75
Anvmdalu lesions
| - -
144 |3 ‘ 1 2.0 3 3
146 4 2 .0 2 1
150 3 1 2.0 0% ‘ 2
151 | 2 ‘ 1 | 1.5 2 2
1 3.0 1.2 2.1 | 3 ‘ 2.75
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ulus was used. This evidence confirms the
original hypothesis that the hippocampus
is involved in the active reduction of er-
rors while the amygdala is not. Scores for
individual animals are shown in Table 1.

Discussion

It can be seen in Figure 3 that none of
the groups appears to be as hampered by
the additional negative stimuli as one
might intuitively expect. This is especially
vrue of the sham-operated group and
the Ss with amvedaloid lesions to which
it made  little  demonstrable  difference
whether there were one or muany negative
stimuli included in the problem. The 8s
with hippocampal lesions also do not ap-
pear to be as slowed up as one might ex-
pect. Part of the reason for this is that on
the four negative-cue test all stimuli
were not respended te cqually. Monkeys
with hippocampal lesions virtually ignored
Stimulus 9, pressing it only 34, as often
as the mean for the other three. Tn the re-
maining two groups this difference was
not as pronounced, but Stimulus 9 was
pressed only half as offen as the mean for
the others.

Using these fipures it is possible to
make a gross ealeulation of the degree of
difficulty of each problem if performance
were hased on a purely positive reward-
based system. In that case lcarning
should be in large part evaluated against
the probability of suceess by chancet

' Assuming that the onc negative-cue problem
has a degree of difficully of 1.0 (probability of 5).
ther the relative difficulty for the twe and four
rue tests would be 1.5 and 2.5, If the latter figure
is modified in lght of the data presented above,
the difficulty sequence for the group with hippo-
campal lesions would be 10. 1.5, and 2.0, while it
wonld be 1.0, 15, and 225 for the other iwo groups.

Learning by the group with hippocampal
lesicns fite such an assumption re-
markably well, while that of the sham-
operated and amygdalectomized groups
dees not appear to be at all related to the
probability of chance success. This sug-
gests that in these Ss some factor in addi-
tion to a purely positive or reward-based
system was operative. The authors suh-
mit that this factor is the error evaluation
system,
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Now ii one divides the mesan sessions to eriterion
on the multiple ncgative-cue tests by the mean for
the single negative-cuc tests, the progression for
Ss with hippocampal lesions is 1.0, 16, and 1.9.
This is a very good fit, indeed, to the thearetical
progression above, On the other hand, no such
fit is obtained for the other two groups; the pro-
gression for the group with amygdaloid lesions is
10. 1.2, and 1.3, while that for the sham operates
is10.08.and 10,



