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Backward masking in monkeys after foveal
prestriate and inferior temporal cortex lesions
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In the monkey, foveal prestriate and inferior temporal cortex lesions produce a profound
impairment of visual discrimination learning. In this experiment, we examined whether these
impairments were associated with a loss of visual sensitivity under conditions of visual mask-
ing. Backward masking curves were obtained for two monkeys before and after temporal
lobe lesions and for one normal human subject. When tested under the same conditions,
human and animal curves were the same. The lesions had no effect on visual masking, although

they did impair visual learning.

Removal of portions of the inferior temporal cortex
of monkeys produces a severe impairment in visual,
and only visual, discrimination learning. Although
this syndrome has been intensively studied for over
two decades, its nature has remained obscure (for
reviews, see Dean, 1976; Gross, 1973; Mishkin,
1972). This visual discrimination deficit does not ap-
pear to be the result of a ‘‘simple sensory loss’’:
inferior temporal lesions that impair visual discrim-
ination learning do not, by contrast, reduce visual
acuity or produce detectable scotomata (Cowey &
Weiskrantz, 1967). Because of these results, the vi-
sual learning loss has usually been thought to reflect
a ‘‘higher order”’ dysfunction. However, it is pos-
sible that more subtle sensory or perceptual altera-
tions underlie or at least accompany the visual dis-
crimination loss (Pasik, Pasik, Battersby, & Bender,
1958). As a test of this possibility, backward mask-
ing functions were obtained for monkeys with tem-
poral lesions.

“Backward masking’’ refers to the decrease in
detectability of a brief target stimulus when followed
by a spatially overlapping and usually brighter mask-
ing stimulus. The degree of interference or masking
decreases as the interstimulus interval increases, and
the shape of this function is dependent on several
parameters, such as relative stimulus luminance,
amount of contour, and monoptic or dichoptic view-
ing (for reviews, see Breitmeyer & Ganz, 1976;
Kahneman, 1968). In the present experiment, the tar-
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get stimulus was a letter and the masking stimulus a
checkerboard pattern.

In human patients, backward masking curves have
been useful in detecting subtle changes in the visual
fields following visual system damage: backward
masking curves are depressed in portions of the
hemifield that appear normal in standard perimetric
testing (Battersby, Wagman, Karp, & Bender, 1960).
Thus, masking curves are appropriate candidates for
detecting changes in visual processing that might fol-
low inferior temporal lesions in monkeys.

A second purpose of this study was to compare the
effects on a psychophysical task of classical inferior
temporal lesions (i.e., restricted to cytoarchitectonic
area TE) with the effects of foveal prestriate lesions.
Foveal prestriate lesions include both the inferior
temporal cortex posterior to area TE and the ventro-
lateral prestriate cortex that receives a projection
from the foveal representation in striate cortex. Both
inferior temporal and foveal prestriate lesions impair
visual discrimination, but the two impairments differ
in several ways (Gross, 1973). However, there are no
data on possible visual sensory deficits after foveal
prestriate lesions, except for the recent demonstra-
tions that they have little effect on angular discrim-
ination thresholds (Blake, Jarvis, & Mishkin, 1977;
Dean, 1978).

A third purpose of this experiment was to compare
backward masking by pattern in man and monkey.

METHODS

Subjects

Two adolescent Macaca mulatta (Paul and Richard) and one ex-
perienced college student (D.J.) served as subjects. The morkeys
were water deprived during testing and were reinforced by .25 cc
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of orange juice for each correct response. The human was paid
1 cent for each correct response. Prior to surgery, both monkeys
had their absolute thresholds for the detection of a brief light
flash determined, learned a simultaneous pattern discrimination,
and then were tested on the masking task. Following surgery,
they were tested for retention of the pattern discrimination,
learned a new pattern discrimination, had their thresholds re-
measured, and then were retested on the masking task. As re-
ported elsewhere (Bender, 1973), both animals showed a pattern
discrimination learning deficit, but no increase in absolute visual
thresholds.

Apparatus

The test chamber has been described in detail previously
(Bender, 1973). The stimuli were presented on two translucent
response keys whose diameters were 2.8 cm and which were
mounted 5 cm apart and 9 cm above a third key, response to
which started a trial. The target stimulus (TS) was a luminous
letter O (1.3 cm diameter, approximately 7° visual angle) pre-
sented on a black background on the left key for 14.9 msec. The
masking stimulus (MS) was a checkerboard pattern made up of
.5x .5 cm (approximately 3° visual angle) black and white squares
which completely filled the response key. Its average luminance
was 1.2 fL, and its duration was 45 msec. Four interstimulus in-
tervals (ISI) were used: 10, 20, 35, and 60 msec.

Behavioral Procedures

The subjects were dark adapted and then run in the darkened
test chamber for 400 trials per day. The first 25 trials of each
session were ‘‘warm-up’’ trials and were not used in the data
analysis.

The start key was illuminated with a dim red light. Response
to this key turned off the red light and initiated the stimulus se-
quence 400 msec later. On 55% of the trials (stimulus trials),
the TS was presented on the left key and was followed at one
of the four ISIs by the MS on both keys. On 45% of the trials
(no-stimulus trials), the TS was not presented, but after one of
the four ISIs, the MS was presented on both keys. The order of
the stimulus and no-stimulus trials and of the ISIs was determined
from a random-number table. The subjects were reinforced for
responding to the left key on stimulus trials and to the right
key on no-stimulus trials. Following either response, a 5-sec inter-
trial interval was initiated, which was reset by a response to any
key and which was terminated by illumination of the start key,
providing the subject with the opportunity to initiate a new trial.

First, the subjects were trained with the TS easily visible and the
MS barely visible until performance was 90% correct at all ISIs.
During the next few sessions, the MS luminance was gradually
increased to its final value of 1.2 fL. Then the TS luminance was
decreased in 1-dB steps every one or two sessions until perfor-
mance at the shortest ISI was less than 15% correct or until
performance at the 35-msec ISI was below 80% correct. Testing
continued at this final TS luminance until a subject’s data showed
no significant trend for 5 (D.J.) or 10 (Paul and Richard) suc-
cessive sessions. The final TS luminance before operation was
.015 fL for Richard and D.J. and .03 fL for Paul. This training
procedure was followed in obtaining masking curves both before
and after the lesions.

The detection rate at each ISI was corrected for chance by the
formula: % correct =(Pcd — Pfa)/(1 — Pfa), where Pcd is the pro-
portion of correct detections and Pfa the proportion of false
alarms (Green & Swets, 1966). False-alarm rates varied from ses-
sion to session and among subjects, but typically were between
10% and 40%.

Surgery and Histology
Richard received a bilateral inferior temporal cortex lesion, and
Paul received a bilateral foveal prestriate lesion. Details of the

surgery and histology have been published (Bender, 1973). Briefly,
Richard’s lesion was confined to area TE and did not encroach
upon either the temporal pole or foveal prestriate cortex. Thalamic
retrograde degeneration was confined to the caudoventral part of
the pulvinar. Paul’s lesion included all lateral prestriate cortex
between the lunate and superior temporal sulci and encroached
very slightly on area TE and, in the right hemisphere, on striate
cortex. There was slight retrograde degeneration in both the in-
{)erior division of the pulvinar and in the right lateral geniculate
ody.

RESULTS AND DISCUSSION

Detectability of the target stimulus as a function of
the interstimulus interval for all subjects is shown in
Figure 1. The backward masking curves were similar
for the human and monkey subject tested with the
same target luminance. Adkins, Fehmi, and Lindsley
(1969) used a diffuse light or “‘blanking’’ stimulus as
the masking stimulus and obtained results similar to
those of the present study, which used a pattern as
the masking stimulus.

The detectability of the target recovered almost
twice as fast when the target luminance was doubled.
That is, the slope of the masking curve was .41%/msec
with the .03-fL target luminance (Paul) and .18%./msec
with a .15-fL target luminance (Richard). Similar re-
sults have been found in man (e.g., Schiller, 1966).

There were no effects of either the inferior tem-
poral lesion or the foveal prestriate lesion on the
backward masking curves, although both animals did
show impaired visual discrimination learning. This
result lends further support to the suggestion that the
visual learning deficit that follows temporal lobe
lesions is not the result of even a relatively subtle
sensory deficit. Absolute thresholds, critical flicker
frequency, and backward masking functions all ap-
pear normal in the inferotemporal monkey (Bender,
1973; Symmes, 1965). Yet these are the very measures
most sensitive in demonstrating an amblyopia in the
clinic.
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Figure 1. Backward masking curves for all subjects. Each point
is the target stimulus detection rate, corrected for chance,
averaged over 10 asymptotic sessions. Solid lines and closed
circles: preoperative data. Dotted lines and open circles: post-
operative data. Target luminance for Paul is .03 fL, for Richard
and D.J., .015 fL. Average mask luminance was 1.2 fL for all
subjects.
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