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DISCRIMINATION REVERSAL AFTER LATERAL FRONTAL
LESIONS IN MONKEYS!

CHARLES G. GROSS
Psychophysiological Laboratory, Massachusetts Institute of Technology

Monkeys impaired on delayed response following midlateral frontal lesions,
control operatees, and unoperated Ss were tested on 2 discrimination re-
versals. In Experiment 1 Ss were repeatedly tested for reversal of a dis-
crimination within a session and retention of the same discrimination over
24 hr. Each reversal phase and each retention phase consisted of 30 trials.
The frontal operatees made more errors than the other Ss in the reversal
phases but not in the retention phases. In Experiment 2 Ss were trained to
reverse a previously well-established visual habit. The groups overlapped on
this task ; each required a mean of over 100 trials to reach criterion. The re-
sults suggest that midlateral frontal lesions produce a discrimination deficit
that is inversely related to the number of trials per problem.

In the macaque, frontal lesions whieh in-
clude sulcus principalis severely impair per-
formance on delayed response tasks. This
type of lesion also produces impairment on
certain visual diserimination and discrimi-
nation reversal tasks. In two discrimination
reversal studies in which the number of
trials per reversal was small and a simul-
taneous diserimination training procedure
was used, frontal operatees were inferior to
normals (Harlow & Dagnon, 1943; Settlage,
Zable, & Harlow, 1948). In two other dis-
erimination reversal studies in which the
number of trials per reversal was much
larger and a successive discrimination pro-
cedure was used, sulcus principalis oper-
atees were similar to controls (Gross, 1963;
Gross & Weiskrantz, 1962). Frontal lesions
which include sulcus principalis have often
been reported to impair visual discrimina-
tions given for a few trials in a single test
session (e.g., Harlow & Dagnon, 1943; Har-
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low & Settlage, 1948) but not to impair
more difficult visual diseriminations trained
over a number of days (e.g., Gross, 1963;
Mishkin & Weiskrantz, 1958; Pribram,
1955; Pribram & Mishkin, 1955; Riopelle,
Harlow, Settlage, & Ades, 1951). Similarly,
electrical stimulation in the region of sulcus
principalis that impairs delayed alternation
performance seems to interfere with the
learning of simple visual diseriminations
but not of more difficult ones (Weiskrantz,
Mihailovie, & Gross, 1962).

This evidence suggests that frontal lesions
may produce a deficit on diserimination
tasks that is inversely related to the number
of trials per problem. In order to test this
hypothesis, suleus principalis operatees, op-
erated controls, and unoperated controls
were compared on two visual discrimination
reversal tasks. Iixperiment 1 involved re-
peated reversal of a pair of cues with a
relatively small number of trials per re-
versal; Experiment 2 involved reversal of a
previously overtrained diserimination.

ExpERIMENT 1

Method

Subjects and apparatus. The Ss werc nine im-
mature Macaca mulatta. Three (No. 10, 30, 38)
had received ablations of the banks and depths of
suleus principalis (P group); three (No. 1, 7, 32)
had received ablations of the anterior bank of the
arcuate sulcus and of rostral tissue on the lateral
surface excluding sulcus principalis and served as
operated controls (NP group); three (No. 6, 8, 31)
were unoperated controls (U group). All Ss had
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TABLE 1
SUMMARY OF INDIVIDUAL SCORES
U Group NP Group P Group
Measure
6 8 3 1 7 32 10 30 38
Experiment 1
Reversal errors 272 232 208 163 264 261 307 266 281
Retention errors 238 193 163 99 226 164 169 155 207
Experiment 2
Trials to criterion 210 129 9 120 364 81 297 75 97
Errors:to eriterion 80 56 6 52 124 32 112 25 50
received identical test experience in delayed alter-  tention phases, the P group made a

nation, delayed response, auditory discrimination,
visual discrimination and reversal and locomotor
activily studies. At the time of the present study
(about 3 mo. after operation), the delayed alter-
nation and delayed response performance of the
P group was severely impaired and the NP group
performed as well as the U group. Surgical methods
and reconstructions of the lesions have been re-
ported (Gross, 1963).

Testing was conducted in the Wisconsin Gen-
eral Test Apparatus described previously (Gross,
1963).

Procedure. Two pieces of scrap metal differing
slightly in color, size, and shape were the dis-
criminanda used throughout this experiment. They
were presented simultaneously, one on each of the
metal plaques covering the two foodwells. The
spatial position of the objects was changed from
trial to trial on a schedule derived from a table of
random numbers. Placement of food under one ob-
ject was designated as Condition A and food under
the other object as Condition B. On the first day,
A was given for 30 trials, followed by B for 30
trials. On the following day B was given for 30
trials, followed by A for 30 trials. This pattern was
continued for 20 days and may be summarized as
AiBi/B:A2/ABy/ ... /BwAx, where the numerals
refer to successive daily test sessions. Thus, re-
versal within a session, as well as retention over
24 hr. of the same discrimination, was repeatedly
tested. A noncorrection procedure was used,

Results

The performance of the animals is sum-
marized in Table 1. The P group did not
make significantly more total errors than
the control animals (Mann-Whitney Test,
U =9, p = .548). On the reversal phases,
the P group made both more errors (U = 1,
p = .024) and a greater proportion of total
errors than the other groups (U = 2, p =
.048), the p values being given for a one-
tailed test in each case. Thus, on the re-

significantly smaller proportion of its total
errors than the other groups, although it
did not make a significantly smaller abso-
lute number of errors (U = 8, p = 452).
It was interesting that the P S whose distri-
bution of errors was most similar to that of
the U and NP groups, namely No. 38, was
also the monkey that (¢) showed the small-
est delayed response deficit, and (b) had
had least tissue removed from the depths
of suleus principalis (Gross, 1963).

As may be seen in Figure 1, the P group
did not make consistently more errors than
the other groups in the reversal phases until
after the sixth reversal. Since the P and U
groups made almost the same number of
total errors from this point on, it is possible
to compare their intrasession distributions
of errors. As may be seen in Figure 2, in the
reversal phases after the initial few trials,
the P group made more errors than the U
group, but the groups were about the same
by the end of the session. However, in the
first half of each retention phase, the U
group made slightly more errors than the
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Fic. 1. Mean percentage of correct responses in
successive reversal phases.
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P group, but again, the groups overlapped
at the end of the session.

EXPERIMENT 2

Method

Subjects and apparatus. The Ss and apparatus
were the same as in Experiment 1. The P group
was still severely impaired on delayed response
tasks.

Procedure. Before operation all Ss had learned
to discriminate a yellow plastic salt cellar (posi-
tive cue) from a blue wooden block (negative cue),
simultaneously presented. The Ss were retrained
on this task following operation. There were no
significant differences among the groups before or
after operation (Gross, 1963). On a subsequent test
of retention of this discrimination, all Ss reached
criterion (45 correct responses in 50 consecutive
trials) in the first 50 trials. In the present ex-
periment, the positive cue of this previously
learned discrimination became the negative cue,
and the previously negative cue was now the posi-
tive cue. The Ss were tested on this discrimination
reversal for 100 trials per day to criterion of 45
correct responses in 50 consecutive trials. A non-
correction procedure was employed. The spatial
position of the objects was changed from trial to
trial on a schedule derived from a table of random
numbers.

Results

As may be seen in Table 1, there were no
significant or suggestive differences among
the groups in number of trials or errors to
criterion. All the Ss except No. 31 were
tested for more trials on this task than in
the studies cited above which reported dis-
crimination reversal impairment after fron-
tal lesions. Similarly, the mean number of
trials required to reach eriterion was within

the range of trials needed to reach criterion
on those visual discrimination tasks which
in previous studies were found to show no
impairment after frontal lesions. By con-
trast, the mean number of trials needed by
the present Ss exceeded the number of trials
per problem involved in the studies cited
above which found a frontal impairment on
discrimination tasks.

Discussion

The absence of any deficit of the P group
on the diserimination reversal in Experi-
ment 2 indicates that the discrimination re-
versal procedure per se is not sufficient to
reveal impaired performance of delayed re-
sponse-deficient frontal operatees. The in-
ferior performance of the P group on the
short disecrimination reversals in Experi-
ment 1 supports the proposed hypothesis
that suleus principalis lesions produce a dis-
crimination impairment which is inversely
related to the number of trials per problem.

The results of Experiments 1 and 2 may be
open to another explanation. Since Ixperi-
ment 2 was only a single reversal and the
frontal deficit in FExperiment 1 appeared
only after a number of reversals, it is possi-
ble that the principalis operatees have a
difficulty in acquiring reversal learning sets
regardless of the number of trials per prob-
lem. However, if the P group were acquiring
a discrimination reversal set more slowly,
the differences between it and the other
groups might be expected to become pro-
gressively greater. But, after the sixth re-
versal, there was no indication of any in-
creasing differences among the groups.
Similarly, in the previous reports of dis-
crimination reversal impairment after fron-
tal lesions (Harlow & Dagnon, 1943; Sett-
lage et al.,, 1948), there was no tendency for
this impairment to increase with successive
reversals. A recent experiment by Pribram
(1961) also supports the proposed hypothe-
sis and fails to support its alternative. Pri-
bram found no increasing differences be-
tween lateral frontal operatees and controls
in blocks of discrimination reversals in
which the number of correct trials required
to attain criterion remained constant. How-
ever, he found the frontal operatees increas-
ingly inferior to controls on successive
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blocks in which the required number of cor-
rect trials on each reversal (and thus the
number of trials per reversal) was reduced.

The intrasession distribution of errors in
Experiment 1 offers a possible basis for the
difficulty of the P group. In the first half of
each reversal session, the P animals were
severely impaired, but by the end, they were
doing as well as the normals. This suggests
that they were unable to benefit from their
experiences as quickly as the controls but
were eventually able to do so. On the first
half of each retention session, the P group
did slightly better than the normals, sug-
gesting that they were using the (older) in-
formation from the previous phase more
effectively than did the normal controls.

The tasks on which sulcus principalis le-
sions have the greatest effect, namely de-
layed response and delayed alternation, may
be viewed as the limiting cases of decreasing
trials per problem; they are one trial dis-
crimination (or discrimination reversal)
problems (Nissen, Riesen, & Nowlis, 1938).
It is thus possible that the delayed-response
deficit and the deficit on “short” discrimina-
tion tasks have a common basis. As dis-
cussed elsewhere (Gross, in press), the pres-
ent hypothesis is compatible with an
explanation of the frontal deficit in terms of
a recent memory deficit (Jacobsen, 1936)
or an increased perseveration or other error
tendency (Lawicka & Konorski, 1962;
Mishkin, Prockop, & Rosvold, 1962; Sett-
lage et al., 1948).
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