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Cross-Modal Matching and the Primate Frontal Cortex

Abstract. Rhesus monkeys with selective lesions of the prefrontal system were
tested on a tactile-visual cross-modal matching task. Monkeys with lesions in the
banks and depths of the arcuate suicus were impaired, while normal controls and
monkeys with lesions in the banks and depths of the sulcus principalis and in the an-
terodorsal part of the head of the caudate nucleus were not.

In a recent review of transfer of infor-
mation between sensory modalities Ett-
linger concluded that there is no unequiv-
ocal evidence of cross-modal matching
abilities in the monkey, although such
abilities are demonstrated by the chim-
panzee and man (/). However, if the
stimuli used in the cross-modal experi-
ment are edible and inedible shapes (thus
more easily discriminable and relevant to
the animal), the rhesus monkey is ca-
pable of cross-modal matching (2). As
revealed by neuroanatomical studies,
several cortical areas in the monkey
brain are foci where information from
various modalities converges (3). These
are the vicinity of the arcuate sulcus, the
inferior parietal lobule, and the depths of
the superior temporal sulcus. Damage to
such areas might be expected to impair
performance on a cross-modal task. We
now report the effects of discrete pre-
frontal lesions on tactile-visual cross-
modal matching by the monkey.

The subjects were 14 rhesus monkeys
(Macaca mulata). Four of these sus-
tained ablations confined to the banks
and depths of the arcuate sulcus, four
had both the banks and the depths of the
sulcus principalis ablated, four had elec-
trolytic lesions aimed at the anterodorsal
part of the head of the caudate nucleus
[which receives projections from the sul-
cus principalis ¢) and is functionally re-
lated to this area (5)], and two served as
normal controls. All the lesions were
bilateral and were made at least 16
months before the monkeys were tested.
As the animals are being used in further
experiments, we have not yet made histo-
logical examinations. Prior to this experi-
ment, the ability of the animals on de-
layed response and delayed alternation
tasks was measured; as expected (6, 7),
the animals with lesions within the sul-
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cus principalis and in the head of the
caudate nucleus were impaired on both
of these tasks, but those with arcuate
lesions were not.

The monkeys were tested in a Wiscon-
sin General Test Apparatus (WGTA).
The discrimination stimuli were palat-
able or unpalatable ‘‘cookies’” of 16
shapes made from Dixons powdered diet
for monkeys (41-B) according to proce-
dures described earlier (8). Before the
actual testing was begun, the monkeys
were trained to accept the cookies in the
darkened WGTA.

For a particular day’s testing cookies
of two shapes, one palatable (positive)
and one unpalatable (negative), were
used. The pair was chosen so that the
shapes were clearly discriminable. Ex-

Table 1. Performance of monkeys on cross-
modal and visual discrimination tasks.

Visual
Cross-modal iscriminati
Subject (percent dls?;leT‘llgittlon
correct) correct)

Lesions within the arcuate sulcus

1 50 85
2 50 100
3 60 100
4 60 70

Lesions within the principalis sulcus
1 60%* 75
2 65 85
3 75 95
4 80 80

Lesions in the caudate nucleus
1 70 80
2 70 90
3 75 95
4 85 80
Normal controls

1 70 75
2 75 75

*Bei;ause he demonstrated severe perseveratory
deficits on previous tests, we suspect that this ani-
mal’s lesion may have invaded the inferior convexity
©).

amples are a star paired with a sphere or
a disk with a cross. Each day, ten palat-
able and ten unpalatable cookies were
mixed together on a tray (17 by 18 cm)
and presented to the monkey. In the
darkened WGTA, the monkey was al-
lowed to feel and eat the selected shapes.
After the animal had eaten at least eight
palatable positive shapes, the experi-
menter lowered the opaque screen and
covered the tray beneath the transport
cage with a cardboard sheet to prevent
the animal from subsequently noticing
the discarded negative shapes (the floor
of the transport cage was constructed in
such a way that discarded shapes
dropped out of reach of the animal). The
light of the WGTA was then turned on,
and one new pair of shapes, which the
animal had investigated and tasted in the
dark, were placed on the tray 8 cm apart.
The animal was allowed to look at the
shapes as the experimenter manipulated
them and placed them on the tray. The
tray was pushed forward after 20 sec-
onds, and the animal was allowed to
choose one of the shapes. This proce-
dure was repeated daily for 20 days.
Eight pairs of stimuli were used during
the first 8 days and then the shapes were
recombined in various ways to form the
pairs for the following 12 days’ testing.

The normal monkeys were capable of
cross-modal matching (P = .01, bino-
mial two-tailed test) (Table 1) as were the
monkeys with lesions of the sulcus prin-
cipalis (P < .01) and the head of the
caudate nucleus (P < .01). However,
performance of the animals with arcuate
lesions was no better than that predicted
by chance (P = .50). The group of ani-
mals with arcuate lesions differed from
the other groups [2f = 7.76, d.f. = 1,
P < .01, information statistic (9)], but
the other groups did not differ significant-
ly from each other (2f = 0.50, d.f, = 2,
P < .80).

The design of this transfer task cannot
exclude the possibility that any observed
impairment is due to loss of visual or
tactile discrimination. Dorsolateral fron-
tal lesions can, in some circumstances,
produce impairment of visual, tactile, or
auditory discrimination (6), character-
ized by difficulty in withholding re-
sponses to unrewarded stimuli in dis-
crimination tasks. It is generally believed
that this impairment is seen only when
the dorsolateral lesion encroaches into
response control areas on the inferior
convexity of the frontal lobe (6); this
area was not included in our lesions. As
determined by earlier testing on an ob-
ject discrimination reversal test, only
one monkey had a perseveratory deficit.
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However, it seemed important to ex-
clude the possibility that the cross-modal
transfer impairment in the animals with
arcuate lesions was not associated with
loss of either visual or tactile discrimina-
tion. Accordingly, in further testing, a
video tape recorder (/0) was used to
monitor the behavior of the animals dur-
ing the initial tactile discrimination expe-
rience. The performance of the animals
with arcuate lesions was similar to that
of the normal controls. Typically, the
monkey, having examined a few of the
adulterated shapes both by touch and
mouth, was able to discriminate and to
discard further negative shapes by touch
alone. Such sampling would not be pre-
dicted in animals with impaired tactile
discrimination.

We next investigated the possibility of
disturbed visual functioning in the im-
paired animals. Each animal was tested
for ten trials on two visual discrimination
tasks with freshly prepared edible and
inedible shapes. All groups performed
well on these tasks (P < .01, binomial
two-tailed test) (Table 2). An analysis of
discrimination performance on trials 2
to 6 for the various groups revealed
no difference (2 =17.49, d.f. =15,
P < .30, information statistic). Trials 2
to 6 were chosen for this analysis be-
cause the probability of the first trial is
always .50, and trials 7 to 10 contained
very few errors and thus could have
masked any differences which might ex-
ist. _

Very little is known about the function-
al significance of the arcuate sulcus. The
arcuate sulcus is not the crucial focus for
the deficits in delayed response and de-
layed alternation tasks (7), which have
been the classical tasks sensitive to pre-
frontal damage in the monkey (//) and
for which the crucial area has been
shown to be the sulcus principalis (12).
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Table 2. Total number of errors for each of the
ten visual discrimination trials.

Errors after trials

Groups
2 3 45 6 7 9 10
Arcuate 2 1 2 1 0 1 1 0 1 O
Principalis 4 4 1 2 0 1 1 0 0 O
Caudate 1 1 3 1 0 0 2 2 1 1
Normal 130220101 0

Arcuate lesions on the other hand, im-
pair performance on an auditory condi-
tional position discrimination, in which
an auditory signal from one spatial loca-
tion demands one response from the ani-
mal, and a second auditory signal de-
mands a different response (7).

There is anatomical (3) and physi-
ological (13) evidence suggesting that the
arcuate cortex may play an important
role in multimodal tasks. The unilateral
inattention to stimuli of all sensory mo-
dalities that results from unilateral le-
sions of the cortex in the arcuate sulcus
supports this view (/4). Poor perform-
ance on the auditory conditional posi-
tion response (7), as well as the present
cross-modal deficit, could be viewed as
deficient ability either to integrate audi-
tory, visual, and kinesthetic information
or to use such multimodal information in
the execution of an appropriate response.
However, the cortex lying in the banks
and depths of the arcuate sulcus may be
a functionally heterogeneous area, as in-
dicated by the different projections to
various parts of this cortex (/5). More
precise localization of the source of the
cross-modal deficit within the arcuate
lesion would be interesting.

In addition to the arcuate sulcus, there
are other multimodal convergence areas
in the cortex, which may play roles in the
integrative processes required for the
cross-modal task. Further work must be

done to specify the contribution of the
anterior and posterior sensory con-
vergence areas on this task.
M. PETRIDES

SusaN D. IVERSEN
Department of Experimental
Psychology, University of Cambridge,
Cambridge, CB2 3EB, England
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