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Sustained visual attention in deaf
and hearing adults
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Benedetti and Loeb (1972) have established that loss of vision (blindness) can be associated
with enhancement in the quality of auditory vigilance. The present study demonstrates that
loss of hearing (deafness) can result in an analogous enhancement with regard to visual vigi
lance. Legally deaf and normal-hearing adults monitored a visual display continuously for
45 min. Critical signals for detection were occasional increments in the horizontal movements
of a bar of light. The deaf observers detected significantly more signals with no higher false
alarm rates than the normals. The superiority of the deaf is attributed to the transfer of
practiced variables related to more efficient utilization of visual information.

Sensory factors are of considerable importance in
the performance of sustained attention or vigilance
tasks. For example, the overall quality of sustained
attention is greater when stimulation is in the auditory
as compared with the visual mode, and in some cases,
acoustic tasks have been more resistant than visual
tasks to the temporal decline in performance that
typically occurs in vigilance situations (cf. Warm, 1977).
In addition, similar variations in task parameters are not
necessarily accompanied by parallel changes in auditory
and visual performances (Loeb & Binford, 1968) .

As a rule, knowledge of sensory factors in vigilance
has come from experiments using observers who were
free of sensory impairments. However, insight into the
role played by sensory factors in monitoring activities
might also be gained by considering the quality of
sustained attention in sensory-handicapped individuals.
One might wonder if the presence of such a handicap
in a given modality (e.g., vision) has any bearing on an
individual's ability to sustain att ention to stimulation
in a nonimpaired modality (e.g., audition). In addition
to its implications for an understanding of sensory
factors in vigilance, a quest ion of this sort also has
meaning on an organismic level, since individual differ-
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ences are a critical factor in the quality of vigilance
performance (Berch & Kanter, in press; Davies &
Parasuraman, 1981).

The initial experimental effort to probe the quality
of sustained attention in sensory-handicapped individuals
was made by Benedetti and Loeb ( 1972) . These investi
gators compared the performance of blind and sighted
adults on an auditory vigilance task and found that
loss of vision did indeed have an impact on the ability
of blind listeners to sustain auditory attention. The
blind were superior to the sighted in terms of both the
number of signals detected and effective sensitivity (d').

The work of Benedetti and Loeb (1972) has estab
lished that loss of vision can be associated with enhance
ment in the quality of sustained auditory attention . To
date, no attempt has been made to cont inue this line
of investigation and determine if an analogous enhan ce
ment occurs in visual vigilance when the performances
of deaf and normal-hearing individuals are compared.
The absence of such an attempt may reflect the assump
tion that superiority in visual vigilance would be an
anticipated consequence of deafness and, therefore , that
its demonstration would be experimentally uninterest
ing. Nevertheless, a consideration of some cognitive and
perceptual correlates of deafness suggests that finding
enhanced visual vigilance in the deaf is not at all certain.

Unlike the blind , who frequently exceed the sighted
on many tasks requiring acoustic functions (Benedetti
& Loeb, 1972 ; Warren, 1978) , the deaf have generally
been found to perform either as well as or more poorly
than normal-hearing controls on a wide spectrum of
tasks involving visual functions . These include signal
dete ction (Bross, 1979), temporal acuity (critical flicker
fusion; Bross & Sauerwein , 1980) , and word recogni-

. tion tasks (Doehring & Rosenstein, 1960) , as well as
visual short- term memory (Carey & Blake, 1974), and
visual search tasks (Henderson & Henderson, 1973).
Moreover, few deaf individuals attain levels of school
achievement or acquire reading skills commensurate
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with those of their normal-hearing peers (Myklebust,
1960), and evidence is accumulating to indicate that
both school achievement and reading ability are posi
tively related to vigilance performance (Berch & Kanter,
in press) . Taken together, these somewhat scant, but
nevertheless compelling, findings imply that enhanced
visual vigilance may not necessarily be a correlate of
deafness. Rather, the deaf may be poorer than normal
hearing individuals in performing a visual vigilance task.
Clearly, the matter warrants experimental scrutiny.
Such scrutiny was the purpose of the present investi
gation.

METHOD

Subjects
Twenty deaf and 50 normal-hearing individuals served as

subjects. The deaf were recruited from a school for the deaf and
from various clubs and organizations in the Cincinnati metro
politan area. To encourage participation, an award of $20 was
offered for the best overall performance by a deaf individual on
the vigilance task:. The mean age of the deaf participants was
21 years (range =18-24 years). They all had normal or corrected
to-normal vision and were free of any gross motor impairments.
Each deaf participant had been classified as legally deaf, and the
affliction was either congenital or had appeared before the age
of 2 years. The education level of the deaf subjects ranged from
eighth grade through graduate training. On average, the deaf
participants had completed 13 years of formal schooling.

The normal-hearing subjects were students from the Uni
versity of Cincinnati who participated in order to fulfill a course
requirement. Two groups of 25 normal-hearing subjects were
formed. The subjects in one of these groups, the hearing/no-prize
condition, received only course credit for their participation.
The subjects in the other group, the hearing/prize condition,
received course credit for participating and also had the oppor
tunity to compete for a $20 prize to be awarded to the student
with the best overall performance on the vigilance task. The
latter condition was included to control for the possible effects
of extrinsic reward introduced by offering the deaf subjects a
financial prize as an inducement to serve in the experiment.
In both the hearing/no-prize and hearing/prize groups, the mean
age wits 20 years (the age ranges were 18-24 and 18-29 years,
respectively) . All of the normal-hearing subjects had normal or
corrected-to-normal vision. None of the participants in the
study had prior experience with vigilance experiments.1

Apparatus and Procedure
The subjects monitored the apparent movement of an 18 x

2 mm bar of red light that traveled along a horizontal vector
within an 18 x 32 mm window. The window was centered within
a 555 x 375 mm fiat-black panel. Apparent movement of the
light bar was produced by successively illuminating small,
and appropriately placed, Plexiglas diffusing screens. A neutral
event, to which no overt response was required, was a pair of
movements in which the bar moved 24 mm to the right (move
ment time, .60 sec), snapped back to its start position (where it
remained for .80 sec), again moved 24 mm to the right (move
ment time, .60 sec), and then snapped back to its start position,
where it remained for the ensuing interevent interval. The light
bar executed 21 paired movements per minute . This event rate
was achieved by setting the interevent intervals at .90 sec.

Critical signals for detection were increments of 2 mm
(24-26 mm) in the second deflection within a pair of move
ments. This value represented an increment of 8.3% of the
base movement . An 18 x .5 mm white sight bar was positioned
in vertical alignment 24 mm from the left end of the window

in the display. The depth separation between the sight bar and
the display was 6 mm. The sight bar served to mark the end of
a nonsignal deflection. With a two-alternative temporal forced
choice procedure, critical deflections were essentially always
detected by alerted subjects. The observers indicated their
detection of a critical signal by pressing a hand-held micro
switch. The moving bar display used in this study was adopted
from Jerison and Pickett (1964). It is designed to minimize
memory demands as to the nature of a critical signal by having
all the information needed to make a paired comparison judg
ment available within an event.

All subjects participated in a session consisting of as-min
pretest phase, a 45-min vigil divided into three continuous
IS-min periods , and as-min posttest phase. The subjects rested
for 3 min following the pretest and vigilance phases of the
experimental session. Five critical signals were presented during
the pretest and posttest phases. The intersignal intervals in these
phases ranged from 45 to 75 sec, with a mean of 60 sec. Five
critical signals were also presented per period during the main
watch. The inter signal intervals during each period of the main
watch were 30, lOS, 180, 255 , and 330 sec (mean = 180 sec).
Intersignal intervals were randomly ordered for each subject
during the pretest and posttest portions of the experimental
session and for each period during the main watch .

Neutral events and the occurrence of critical signals were
controlled by solid state programming equipment and a
Gerbrands punched-tape timer . The subject's responses were
recorded on two ITT electronic counters. Responses occur
ring within 2.5 sec after the onset of critical signalswere recorded
automatically as correct detections; all others were considered
as errors of commission or false alarms. The 2.5 sec cutoff value
was based upon previous work with this display (Warm, Wait,
& Loeb, 1976), which indicated that if subjects were going to
respond to a critical signal, they would do so within this period
of time.

Subjects were tested individually in a 1.8 x 1.9 x 2.0 m
Industrial Acoustics sound chamber. The display to be moni
tored was mounted on a stand slightly below eye level. The
subject viewed the display without restraint from a distance of
approximately 520 mm. Ambient illumination was provided by
a 4D-W bulb mounted in a parabolic reflector aimed at a wall of
the chamber. Control equipment and the experimenter were
located outside the chamber. An intercom permitted voice
communication, as well as acoustic surveillance of the sub
ject's activities during the experimental session. The subjects
were informed that critical signals would occur much less fre
quently during the vigil than during the pretest. All partici
pants surrendered their watches prior to the start of the session,
and they had no knowledge as to the length of the session other
than it would not exceed 1.5 h. Deaf subjects received their
instructions through American Sign Language (ASL).

RESULTS

Mean percentages of correct detections for the deaf
and the two normal-hearing groups are plotted as a func
tion of periods of watch in Figure 1. Data for the
pretest and posttest phases of the experiment are also
plotted in the figure.

It is evident in the figure that the general trend of
performance was similar for all three groups of subjects.
For each group, the trend consisted of a high level of
detections during the pretest phase, a monotonic decline
in detections over time during the main watch, and a
rebound in the rate of detections during the posttest
phase to a level that approximated that of the pretest.
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Figure 1. Percentage of correct detections for the deaf and
the two normal-hearing groups during the pretest, posttest, and
vigilance phases of the experiment. Vigilance data are plotted
as a function of periods of watch .

It is also evident in Figure 1 that there was a relatively
small but consistent difference in the detection scores
of the three groups of subjects during the vigilance
portion of the experiment. At each period of watch,
the scores for the deaf group were above those for
either of the normal-hearinggroups.

The data of the pretest and posttest phases were
converted to arcsins and subjected to separate one-way
analyses of variance. These analyses revealed no signifi
cant differences in the detection scores of the three
groups of subjects during the initial and final phases of
the study (p> .05). The data from the vigilance portion
of the experiment were also converted to arcsins and
entered into a two-factor analysis of variance in which
an unweighted-meanssolution was used to accommodate
unequal sample sizes(Kirk, 1968). This analysis revealed
that there was a significant difference among the groups
in overall detections during the vigil [F(2 ,67) = 4.16,
p < .025] and that performance efficiency during the
vigil declined significantly over time [F(2,134) = 19.14,
P < .001]. The Groups by Periods interaction in this
analysis lacked significance (F < 1). Thus, the rate of
the temporal decline in detections was similar for the
three groups of subjects. Newrnan-Keuls tests were
employed to probe the differences in overall detection
scores among the groups. The harmonic mean of the
three sample sizes was used in computing the standard

Post-Test {~

The major finding of this experiment is that the deafexhibited
higher detection scores throughout the vigilance portion of the
study than did either of the normal-hearing groups. While the
margin of deaf superiority was relatively small, it was statistically
significant and it cannot be attributed to artifacts such as a
lowered level of general responsiveness on the part of the normals
or capricious responding on the part of the deaf . The first
artifact is ruled out by the fmding of high pretest detection
scores for all group s coupled with a rebound in detections for
all groups during the posttest to approximately the pretest
level. The second artifact is counterindicated by the rarity
of false alarms in the data of all three groups. Clearly, the
greater overall detection rate among the deaf was not accom
panied by a high rate of commission errors that would have
reflected capricious responding or an exceptionally lenient
response criterion. Finally, the superior overall performance of
the deaf in relation to the hearing/prize group indicates that a
greater level of extrinsic motivation was not the basis for the
superior performance of the deaf observers. All in all, it appears
that the present results point to a hearing-lossanalog to Benedetti
and Loeb's (1972) earlier finding in regard to loss of vision.
Just as blind listeners show enhancement in the quality of
sustained auditory attention, deaf observers show enhancement
in the quality of sustained visual attention.

Several possibilities might be offered to account for the
superior performance of the deaf in this investigation. One of
these stems from the use of a sound-attenuation booth to house
the subjects. While such housing is common in vigilance experi
ments , it does present normal-hearing subjects with an element
of acoustic impoverishment to which they are not normally
exposed. In contrast, deaf subjects face such impoverishment
continuously and therefore may have found the vigilance situa
tion to be less unsettling than did the normals. The potential
validity of this sort of explanation is diminished , however, by
the fact that deaf individuals tend to exhibit high degrees of
suspicion (Ramsdell, 1970) , a tendency that might be par
ticularly likely to manifest itself in unfamiliar and "closed-in"
environments. Such a reaction should have offset any benefit
accruing to the deaf as a result of housing normal-hearing sub
jects in the sound-att enuation booth. Indeed , several of the
deaf participants voiced discomfort at being left alone in the
booth and had to be reassured . No such reaction was noted
among the normal-hearing individuals.

It might be tempting to account for the heightened perfor
mance of the deaf in this study on the basis of the classical
notion of "sensory compensation" (cf. Hayes, 1933), that is, a
heightened physiological sensitivity to visual stimuli. Benedetti
and Loeb (1972) also considered this possibility in accounting
for their finding of superior auditory vigilance in the blind. They
argued, however, that since they could fmd no significant
differences between their blind and sighted subjects on several
auditory signal detection and threshold tasks, their vigilance
fmdings were unlikely to be rooted in a general increase in
physiological sensitivity among the blind. While the present

error component in these tests, and an alpha level of
.05 was set for all comparisons. The tests revealed that
the deaf group exhibited a significantly higher overall
detection rate than both the hearing/prize and hearing/
no-prize groups and that the two normal-hearinggroups
did not differ significantly from each other.

An examination of the data for errors of commission
showed that such errors were rare. In each phase of the
experiment, the mean false alarm rate for each of the
three groups of subjects was less than .5%.

DISCUSSION
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experiment did not compare deaf and normal-hearing observers
on visual signal detection and threshold tasks, there is reason to
believe that "sensory compensation" is also inadequate to
account for the present results. If deaf individuals do indeed
benefit from a general increase in physiological sensitivity to
visual stimuli, one would expect to find deaf superiority on a
variety of visual tasks. As noted previously, however, this is
generally not the case.

As an alternative to "sensory compensation," Benedetti and
Loeb (1972) offered a perceptual learning notion to account
for the superior performance of the blind subjects in their
experiment. They pointed out that because blind persons have
lost a rich source of visual information, they have learned to
rely more on hearing than do the sighted , particularly in cir
cumstances under which observers are uncertain as to when the
critical events to be detected will occur . Temporal uncertainty
was an important element in Benedetti and Loeb's study as it is
in most vigilance experiments (cf. Warm, 1977) . Thus, Benedetti
and Loeb suggested that the superior performance of the blind
listeners in their investigation was due to the transfer to the
vigilance situation of practiced skills in listening for and dis
criminating among critical auditory events in a temporally
uncertain context. .

In similar fashion, the transfer of compensatory perceptual
skills to the vigilance task may also underlie the superior per
formance of the deaf subjects in this investigation. It is possible
that because they do not have a rich source of auxiliary acoustic
information available to them, deaf adults have learned to use
their visual systems more efficiently than normals in coping with
the temporal uncertainty associated with the appearance of criti
cal stimuli in their field of view. Such learning could have been
of benefit to the deaf in the vigilance portion of the present
study, since the temporal separations between critical signal
presentations were quite irregular, ranging from intervals as short
as 30 sec to those as long as 330 sec.

Along these lines, it is worth noting that in the normal
perceptual world, the detection of stimuli that appear in spa
tially uncertain locations in the field of view is frequently aided
by redundant auditory cues. Since the deaf do not have access to
such cues, they may have developed more proficiency than
normals in scanning the visual field for spatially uncertain
events. Consequently, the deaf may also be more able than
normals to cope with another source of uncertainty known to
degrade vigilance performance: spatial uncertainty, or uncertainty
as to where critical signals will appear (cf. Warm, 1977). Such
uncertainty was not incorporated into the design of the present
study. Therefore, it is conceivable that the results of this investi
gation may actually underestimate the degree to which deaf
observers exceed normals in the overall quality of sustained
visual attention. If a vigilance task were used in which both
spatial and temporal uncertainty were involved, the gap in
performance efficiency between deaf and normal-hearing
observers might widen still further in favor of the deaf.
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NOTE

I. At the outset of this investigation, it was intended that
there would be 25 subjects in each of the three experimental
groups. However, we were able to secure only 20 legally deaf
individuals who met the criteria of early-onset deafness, freedom
from visual or motor impairments, and at least an eighth-grade
education.
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