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In the previous report (Schwartzbaum,
1960), it was suggested that amygdalectomy
might impair processes by which organisms
interrelate different reinforcing events, i.e,
respond to one set of reinforcing events in
terms of some other set. The formulation
implies that amygdalectomized animals fail
to utilize their experience appropriately when
they are confronted with “new” stimuli. If
this supposition is correct, then one would
expect the effects of the lesion to be more
inclusive with respect to discriminative, as
well as reinforcing, events. Conditions de-
signed to maximize stimulus generalization
and perhaps other forms of transfer of training
should, as a first approximation, provide
relatively sensitive indices of the impairment.

In the present experiment, a classical form
of transposition problem was used to provide
preliminary information about this assump-
tion, Transposition represents essentially a
form of generalization of response from oune
set of stimuli to another set ordered slong
gome continuum. As such the problem satisfies
the general conditions of the hypothesis.

EXPERIMENT 1
Method ' )

Subjects. The S5 were the same four amygda-
lectomized and four normal rhesus monkeys used in
the experiments on free-operant bebavior (Schwartz-
baum, 1960). They bad never been tested on conven-
tional discrimination problems nor in the Wisconsin
General Test Apparatus. A total of 10 to 13 months
separated the start of the present experiment from the
time .of surgery. All animals were maintained on a daily
diet of 8 to 10 Purina-Lab Chow pellets and one-
quarter of an orange, fed approximately 2 to 3 br. after
each test.

! The experiment was performed at the Institute of
Living, Hartford, Connecticut, under a grant, No.
M-346iC), from the U.S. Public Health Service,
National Institutes of Mental Health. A report of the
findings was presented at the 1939 meeting of the
Eastern Psychological Association.

Apparetus. All tests were conducted in an air-condi-
tioned, sound-insulated room with 2 modified Wisconsin
General Test Apparatus fitted with a speciaily designed
board, 18} in. high and 24 in. long, that sloped toward
the animal at an angle of 80" to the horizontal plage.
The board contained two 47%-in, square cutouts, spaced
3§ in. apart and 6 in. abave the base, which accommo-

- dated a pair of stimulus panels measuring 4 in. by 4 in.

Each stimulus panel was mounted on a frame hinged
at the top to the hoard. Thus, the panels could be
swung open, allowing access te a small food cup located
behind each one. The hinges were designed in such a
way that the panels could he easily interchanged.
Interposed between the board and the test cage was a
movable one-way screen which shielded the board from
the animal between trials. A distance of 6 in. separated
the panels from the front of the test cage. Two 40-w.
luarescent hztures mounted abeve and to the side of
the test cage provided the llumination.

The stiroull consisted of three different shades of
gray, <ach painted on a separate panel. The grays were
prepared by apprapriate mizture of a Hat-black and a
flat-white paint so as to appear spaced equally apart.
When matched to the Munsell Neutral Value Scale, the
following values were obtained: dark gray, N 3.5,
medium gray, N 5.0; light gray, N 7.3. The board itsel{
was finished in a flat black to provide & uniform con-
trasting background for the stimuli. Bath the stimuli
and the board were sprayed lightly with a transparent
fixative to minimize fingerprints and other stains.
Several panels were prepared with each- of the grays
so that a given panel was never used throughout 4 test
session.

Pracedure. Three days of preliminary training were
required to accustom the animals to operating the
panels and retrieving a food reward. In this training,
the Ss received 3O trials a day with two black pancis.
Fither response was rewarded except when persistent
position biases developed. In this event, the oppesite
response was rewarded selectively unti) the position
habit was broken. The reward used throughout the
experiment consisted of a hall-peanut.

The formal testing began with a simultanesus form
of gray discrimination. A dark-gray stimulus was paired
with a medium-gray stimulus, with the medium gray
as the positive stimulus for all animals. Thirty trials a
day were given, using a moncorrection technique, in
which the positions of the stimuli were varied in a
halanced order in accordance with a Gellermann pro-
cedure. The trials were spaced approximatelv 13 sec.
apart. Training continued to a criterion of at least 90
correct responses on each of twa consecutive days.
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The transposition tests followed the attainment of
the criteddon on the initial discrimination. The previ-
ously positive medium gray was now paired with a
light-gray stimulus, and both were made positive.
These conditions maximize the contribution of the
prior training in the transposition performance. Six
tests of transposition were carried out daily for two con-
secutive days during a continuation of the original
discrimination procedure, making 12 such observa-
tions. The transposition stimuli appeared in counter-
balanced position on every fifth trial of these sessions.
Thus on 24 of the 30 trials, the dark-gray and medium-
gray stimuli were presented, and on 6 trials, the
medinm-gray and light-gray stimuli appeared.

Resulls

The amygdalectomized monkeys tended to
learn the brightness discrimination more
slowly than did the normal monkeys, but the
differences were small and not significant
(p > .05, { test). They took an average of
172 trials (range of 150 to 240) and made 62
errors (range of 31 to 76} in reaching the cri-
terion, exclusive of criteriorial performance.
The normal animals averaged 112 trials (range
of %0 1o 150} and 48 errors (range of 34 to 69).
Indeed, the differences obtained are exag-
gerated by the fact that two Ss in the lesion
group missed by one error attaining the cri-
terion in 120 instead of 150 trials.

The transposition tests, on the other hand,
strongly differentiated the two groups. As
shown in Table 1, the normal animals trans-
posed a median of 11 times of a possible 12,
with little variability among animals. In con-
trast, three amygdalectomized animals closely
approximated the chance level of performance,
with perhaps a slight preference for the previ-
ously positive medium-gray stimujus. The
fourth animal, which took longest to learn the
otiginal discrimination, exhibited a normal
pattern of transposition.

TABLE 1

NomBeR 0r TRANSPOSED RESPONSES MADE
oN Transrosimion Tests

Normals Amygdalectomizead
Day JUV
430 | 441 ‘443 ‘ 7| Mdo. | 307 {408 |433 ‘ 447 I}Idn.
1 6|35 ! 6|6 ‘ 215]|2 ! 4 ‘
2 5/15|5|6 |3|16]2]2 ‘
Total (1 (10 (11 1312 ) 11, DI 5|11 | 4|65,
1 H I
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- EXPERIMENT 2

In order to define better the characteristics
of the impaired transposition behavier, an
additional test was performed. A sequential
form of brightness discrimination was pre-
sented in which the medium-gray stimulus was
paired “randemly” on different trials with
either the dark-gray or the light-gray stimulus,
but, in either event, the medium-gray stimulus
remained positive. If the amygdalectomized
antrmals had indeed shown a stronger response
tendency toward the previously positive
stimulus of the transposition pair, then they
would be expected to do relatively well on this
sequential discrimination. If, en the other
hand, their transposition performance had
simply reflected the transient effects of a novel
stimulus, then there would be little reason to
expect any group differences on a test that
involved frequent repetitions of the experi-
mental conditions. But in neither case would
deleterious effects of the lesion be anticipated.
The results obtained, however, tend to rule
out both these possibilities.

Method

The same set of s that completed the transposilion
experiment were tested on the sequentizl brightness
discrimination. They were given 30 trials a day, using
a noncorrection technique. Each pair of stimuli ap-
peared in z randomized order on haif the trials within
a session. The criterdon of learning was set at 909
correct responses on each of two consecutive days. The
sequential discrimination was separated from the last
transposition test by two additionz]l days of training
with the original pair of stimuli. All animals performed
at crilerional level in both of these sessions.

Results )
Table 2 shows the number of trials required

‘to meet the criterion on the sequential dis-

TABLE 2
PERFORMANCE ON SEQUENTIAL BRIGHTNESS
Dlsc:mmmnon :
l\formals Amygdalcctomized
Mcasure - T l T'
(-1 r.'
39| ML | 493 | 3HTY § 39?'4us|-133 wuz| g
15 i =
N e e ] | ] e
Trials ta crite- 60 30| 30| 0 3s| 150 330 ;uo] 120| 202
rign®
&, change from | —60 67 —6)| 173 ——o?! o 38| wi-2l 14
injrial dis- Voo
crimination : : : i |
! ' I !

* Excludes criterional trials.
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criminztion. The results demonstrate clearly a
deficit in the performance of the amygdalec-
tomized animals, although they were by no
means unable to learn the problem. They
required about five times as many trials to
reach the criterion as did the normal animals
(p = 028 by a two-tailed Mann-Whitney U
test). But the rapidity with which the normal
animals mastered the problem must also be
noted.

A comparson of the performance on the
sequential discrimination with that on the
original discrimination, expressed as a per-
centage change in the number of trials to
criterion (Table 2), provides a check for any
initiak group differences. Examination of the
data shows that the groups still differed
markedly on this measure of performance in the
sequential discrimination (p- = .028). The
normal animals mastered the sequential dis-
crimination in about two-thirds fewer trials
than they took to learn the original discrimina-
tion, The animals with lesions required ahout
the same number of trials as before.

It can be seen from Table 3 that the diffi-
culty which the amygdalectomized animals
encountered on the sequential brightness
discrimination related almest exclusively to
the presentations of the transposition pair of
stimuli. About 93% of their total errors oc-
curred with the transposition stimuli, account-
ing for virtwally =all the differences in
performance between the groups on the se-
quential discimination. Animal AM-405
showed this same form of impairment on the

" first 150 trials; then its performance pattern

TABLE 3

DISTRIBUTION OF ERRORS ON SEQUENTIAL
Bricaryess DiscemnaTioN

atimule ! i

2 Ezcludes eriterional trisls.
® Based on frst 150 trials.

Normals Amygdalectomized_
Measure E ‘ E : A
430 44t |ea3| 4470 £ |07 s05 fassisaz| §
o Rk _|=
Total erzors® 15 | 161 4 1t lio. 543 P13 | a9 ’ 31 8.0
: : : a0 :

% total errors | 87 1100 (100 7 914 1955/ 951 76 184 |100 .5
with trans- - ; apb
position ‘ :

: i

broke down into a more generally distributed
deficit.

Discussion

The transpesition findings are consistent
with the supposition that amygdalectomy
impairs processes which are necessary for the
generalization of a learned response. Given the
training with a particular pair of stimuli, the
animals with lesions did not respond normally
to an overlapping set of stimuli on a brightness
continuum. Indeed, their performance gave
little evidence of the prior training. YWhereas
the normal animals markedly transposed their
responses away from the previously positive
stimulus, three of four amygdalectomized
monkeys distributed their responses in what,
appeared to be a random mannet.

Similarly, the difficulty which the amygda-
lectomized animals encountered on the se-
quential discrimination centered aimost
exclusively on those trials in which the trans-
position stimuli appeared. This again may
reflect their failure to generalize appropriately.
However, in this case the experimental design
precludes any estimation of the actual amount
of transfer involved. It is interesting that in
spite of the “reversal” condition, ie., the
requirement for nontransposed responses, the
normal monkeys learned the problem with such
remarkable rapidity. This would suggest that
the reversal conditions were of minor conse-
quence. Nor would they seemingly account for
the lesion impairment in view of the demon-
strated ability of amygdalectomized monkeys
on delayed-response and alternation types of
problems (Mishkin & Pribram, unpublished
data; Pribram & Bagshaw, 1953).

It should be emphasized that the term
“generalization” is used here in strctly a
descriptive sense. No claim is made about the
mechanism that may underlie the disturbance

"in geperalization. The complexities of trans-

position phenomena, as ably described in a
recent review by Riley (1958}, allow for many
possibilities. Nor does the hypothesis advanced
entad any assumptions about the nature of the
stimuli or the psychological continuum re-
sponsible for the transposition. For the
purposes of this study, the important point is
that the transposition problem furnished a
test of the amypdalectomized animal's reaction
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to two sets of normally related discriminative
stimulus events.

The results do not, e.g., tule out the possi-
bility of a more basic impairment in discrimina-
tion processes. If this is true, however, then
the effect must be of a highly selective nature
since amygdalectomy has not generally been
found to impair visually guided test perform-
ance {Mishkin, 1954; Mishkin & Pribram,
unpublished data; Pribram & Bagshaw, 19533},
It may also be added that the lesions, as
described elsewhere (Schwartzbaum, 1960),
did not generally encroach upon isocortical
sectors of the tempor4l lobe known o subserve
visual functions (see Rosvold, 1959). But more
direct comparisons between the effects of such
lesions are nevertheless in order.

In any event, the results of the present study
make one conclusion inescapable: amygpdalec-
tomy impairs functions that are invelved in
determining discriminative as well as reinforc-
ing properties of stimuli. Whether these func-
tions can be reduced to 4 common deneminator
in terms of generalization or transfer as sug-
gested here can be established only when the
limits of the findings are further explored,

SUMMARY

A classical form of transposition problem
was used to test the assumption that amygda-
lectomy .impairs processes necessary for the
generalization of a learned response from one
set of stimuli to another.

Four monkeys with bilateral lesions of the
amygdatoid complex and four normal monkeys
were trained on a brightness discrimination
witha dark gray and a medium gray (positive
stimulus), They were then tested for trans-
position of response by pairing the medium
gray with a light gray (both stimuli pesitive},
Based on the transposition findings, a se-
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quential discrimination was presented. The
medium gray was paired randomly on different
trials with either one of the other grays, but
remained as the positive stimulus throughout.
The following results were obtained:

1. Amygdalectomy did net appreciably
affect the initial learning of the brightness
discrimination,

2. The lesicn did impair generalization of
response to the transposition stimull. In
contrast with the normal pattemn of transposed
responses, three out of four amygdalectomized
monkeys responded in what. appeared to be a
randem manner.

3. Amygdalectomized monkeys were also
inferior to the normal animals on the sequential
discrimaination, the differences again being
associated with the presentations of the trans-
position stimuli.

The results lend support to the original
hypothesis and indicate that amygdalectomy
impairs functions that are involved in de-
termining discriminative as well as reinforcing
properties of stimuli,

REFERENCES

Miswxmv, M. Visual diserimination performance follow-
ing partial ablations of the temporal lobe: II.
Ventral surface vs. hippocampus. J, comp. physiol.
Prychal., 1954, 47, 187193,

Preram, K. H., & Bacsuaw, M. Further analysis of
the temporal lobe syndrome utilizing frontotempo-
ral ablations. J. camp. Neurol., 1953, 99, 347-375.

Rrey, 1. A. The nature of the effective stimylus io
animal discrimination learning: Transposition re-
considered. Psychol. Rev., 1958, 65, 1-7.

Rosvorp, H. E. Physiological psychology, Annu. Kev,
Psychol., 1939, 10, 415-454. -

ScawartzeauM, J. 5. Changes in reinforcing properties
of stimuli following ablation of the amygdaloid
complex in ronkeys. J. comp. physiol. Psychol.,
1960, 53, 388-395. )

{Received August 14, 1959)



