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Aurally Aided Visual Search in the Central
Visual Field: Effects of Visual Load and
Visual Enhancement of the Target

DAVID R. PERROTT,' TOKTAM SADRALODABAI, and KOUROSH SABERI, California
State University, Los Angeles, California, and THOMAS Z. STRYBEL, California State

University, Long Beach, California

Visual search performance was examined in a two-alternative, forced-choice par-
adigm. The task involved locating and identifying which of two visual targets was
present on a trial. The location of the targets varied relative to the subject’s initial
fixation point from 0 to 14.8 deg. The visual targets were either presented concur-
rently with a sound located at the same position as the visual target or were
presented in silence. Both the number of distractor visual figures {(0-63) present in
the field during the search (Experiments ! and 2) and the distinctness of the visual
target relative to the distractors (Experiment 2) were considered. Under all con-
ditions, visual search latencies were reduced when spatially correlated sounds
were present. Aurally guided search was particularly enhanced when the visual
target was located in the peripheral regions of the central visual field and when a
larger number of distractor images (63) were present. Similar results were ob-
tained under conditions in which the target was visually enhanced. These results
indicate that spatially correlated sounds may have considerable utility in high-

information environments (e.g., piloting an aircraft).

INTRODUCTION

In the cockpit of the future, it is anticipated
that discrete displays will be replaced with
systems that generate three-dimensional pre-
sentations of the flight environment. Al-
though such virtual environments will prob-
ably have the capacity to provide information
to the pilot through several sensory channels,
it is reasonable to expect that the bulk of the
information will continue to be directed to
the visual modality. It is assumed that such

! Request for reprints should be sent to David R, Perrott,
Psychoacoustics Laboratory, California State University,
Los Angeles, CA 90032,

systems will improve Hight performance by
providing the pilot with information that can
be sensed directly, rather than inferred from
a number of discrete displays distributed in
the cockpit (Thompson, 1987).

One advantage of a virtual environment is
that it can simulate an unrestricted view of
the surrounding space. Such a system must,
however, still work within the natural con-
straints imposed by the pilot's capacity to
utilize visual input. As noted by Gibson
{1950), humans view the world through a
window extending, relative to the current
line of gaze, no more than 80 deg lateraily
and 60 deg vertically. But even within this
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window spatial information-processing ca-
pacity is not uniform. For example, only for a
relatively narrow segment near the center of
this field (immediately around the line of
gaze) do we find good spatial acuity. For the
peripherai portions of this field—approx-
imately half of the available window—spatial
resolution is generally less than 5% of that
obtained at the fovea (Wertheim, 1894). Thus
even though a virtual environment may ex-
tend the availabilitv of visual information,
the pilot can sample only a limited portion of
the field at any moment. In effect the pilot's
central visual field is a critical resource that
must be used effectively if the full potential of
the virtual environment is to be realized.

One approach 1o this problem of resource
atlocation has been to provide simulated
three-dimensional auditory displavs via
headphones. As noted by Doll, Gerth, Engel-
man, and Folds (1986), such a svstem. when
combined with a head-coupled svstem (a svs-
tem that tracks the current pusition of the
pitot’s head). could improve situational
awareness by informing the pilot that eritical
visual information outside of the current vi-
sual field is available. Bv extension, it is even
possible that this auditory signal might indi-
cate exactly where the information is located
refative to the current position of the pilot’s
head. The current investigation is part of a
program of research concerned with this iat-
ter tssue which is being conducted in our lab-
oratories. Can spatial information from the
auditory channel be ernploved in the redirec-
tion of gaze?

Aurally Aided Visual Search Performance

We bave examined visual search perfor-
mance as a function of the availability of spa-
tial information from the auditory modality
(Perrott, Saberi. Brown, and Strvbel, 1990).
The time required to locate and identify a vi-
sual target was measurcd under conditions of
high spatial uncertainiy: the horizomal loca.
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tion of the visual target was varied within ap
area of 260 deg, centered at the midline of the
subject’s head. Two conditions were cxaq,
ined. In the first condition an auditory sign;|
(10 Hz click train) located in front of the gup
ject was used to indicate that a visual targy
was present. In eflect, the sound provided i,
formation regarding the status of the fielg
(supporting the subject’s situational awar..
ness), but it provided no information regard.
ing the location of the target to be identifieq
In the second condition the location of the
auditory signal was identical to the locarion
of the visual target. In this case both target
location and situational information were
available to the subject. In both conditien.
the auditory signal was superfluous w the
discrimination task itself because it provided
no information regarding the identity of the
visual event (one of two letters was emplored
on each trial).

When the location of the auditory signal
was identical to the location of the visual tur.
get (the spatially correlated condition), visuai
search time was reduced at all target lucu
tions relative to that obtained in the absence
of this spatial information from the auditon
modality (the spatially uncorrelated cond)
tion). The magnitude of the advantage ob-
served when the search was aurally aided dv
pended on the relative location of the target -
For extreme peripheral locations outside 1he
visual field (at least 80 deg from the initiai
line of gaze), search time was reduced by S®
to 700 ms when the auditory spatial informa-
tion was available. For target locations be
tween 10 and 80 deg, the peripheral visual
field, a reduction of 200 to 500 ms in the b
tency was obtained. Finally, even when the
visual target was located within 10 deg of the
initiat line of gaze, the central visual ficld
auraltlv aided visual search was 175 ms [aste
than that obtained without spatiallv corre-
lated intormation from the auditory channcl
This last finding was most surprising. Sin
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lar results were also obtained when the visual
1argetl was free to vary in the vertical dimen-
sion as well,

These improvements in visual search time
were obtained when a single target was pre-
sented to the subject, In aerospace applica-
tions a pilot could frequently be faced with
multiple potential targeis present in the vi-
sual field at the same time. The present in-
vestigation considered the effects of auditory
spatial information on visual search perfor-
mance over a range of visual loads. Further-
more, the location of the visual target was
restricted to a region within 15 deg of the sub-
ject's initial line of gaze. Two reasons for this
latter constraint were considered. First, we
were interested in atternpting a systematic
replication of the most surprising observa-
tion from our previous research on this prob-
lem—the finding that even for events within
the central visual field, the presence of spatial
wmformation from the auditory channel can
improve the efficiency of the process by
which a subject can realign gaze so as 1o
bring a visual target into registration with
the fovea. Second, it seemed reasonable 1o ex-
pect that the central visual field would be the

~ preferred site for the presentation of critical

information. Two experiments were com-
pleted to measure the effect of a spatially cor-
related acoustic stimulus on visual search
time under conditions of varying visual load
within 15 deg of the subject’s initial line of
gaze. The first experiment examined perfor-
mance obtained with 0 to 63 distractor stim-
uli in the field during the search interval. The
second experiment considered the effects of
aural aids on visual search with visually en-
hanced targets.

EXPERIMENT 1
Method

Subjects. Eight university students 23 1o 38
Years of age served in this experiment. All
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subjects employed had normal or corrected-
to-normal vision with no known hearing del-
icit.

Materials and apparatus. The experiment
was conducted in a large test chamber (12.2
x 9.1 x 3.7 m) that had been modified for
free-lield listening. All interior surfaces were
covered with 10.2-cm acoustic loam wedges
{Sonex, NX5-4), which have an absorption
coefficient of 0.99 for {frequencies about 700
Hz. The acoustic characteristics ol the test
chamber were excellent for the 800 10 9000-
Hz bandwidth signals emploved in the cur-
rent experiment,

A microprocessor and digital interface {of
local construction) were used to generate and
distribute the audio signals used in this ex-
periment. Square wave pulses (0.15 ms) were
led to one of 21 speakers (Quam} located in
the experimental chamber. The cutput of the
speakers, as measured at the location occu-
pied by the subject during testing, was a 47-
dB (A-weighted) transient of approximately
1.6 ms duration. The contributions of the
midrange speakers to the acoustic stimuli
available were substantial. In addition to the
tenfold increase in'signal duration obtained
{the 0.15-ms square wave electrical impulse,
which was delivered 1o the speaker, resulied
in a 1.5-ms acoustic event), the acoustic tran-
sient was limited to frequencies between 800
and 9000 Hz. In effect; the signal bandwidth
was limited by the transducers employed.

Given the low frequency of the click train
employed {10 Hz} and the resulting long in-
terclick interval (nearly 100 ms), relatively
little temporal summation would be antici-
pated. Under these conditions it seemed rea-
sonable to measure signal level by presenting
individual transients and obtaining the peak
response of the sound-level meter (capture
and hold). The speakers were mounted di-
rectly behind a 1.7 X 1.1 m cotton screen (of
local construction), on which the visual stim-
uli were projected. The screen was essentially
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transparent to the acoustic signals we em-
ploved.

The visual stimuli were also computer gen-
erated. The target figure was a pair of lines
forming a right-angle corner with both lines
orientated on the oblique. Two orientations
were employed: pointing left (<) and point-
ing right (>). Distractor stimuli were identi-
cal to the target figure except that the two
component lines were orientated toward the
horizontal and vertical axes, respectively.
The graphic figures were projected onto the
cotton screen in the test chamber (in Focus
System model 7199). Luminance measures
indicated a level of 4.086 cd/m?® for the back-
ground and 9.340 cd/m® for the figures (a con-
trast of 0.391). The targets subtended a visual
angie of 0.97 deg when viewed from a dis-
tance of 3 m. Distractor stimuli varied in size
from 0.48 to 0.97 deg.

Both the auditory and visual stimuli were
presented at suprathreshold levels. No sub-
ject reported having any difficulty in detect-
ing and identifying the relatively large visual
targets employed in this experiment or in
hearing and localizing the 10-Hz click train.
Short of a substantial hearing loss, there is
little evidence that any close relationship ex-
ists between performance on an audiogram,
for example, and auditory localization func-
tion.

For aspects of this experiment in which ex-
act timing was critical, machine language
subroutines were employed. Reaction time
measures, for example, were obtained with
1-ms accuracy by using the hardware clocks
available on the microprocessor (Hormann
and Allen, 1987), and the initiation of the vi-
sual targets was synchronized with the com-
puter-generated raster sweep.

Procedure. A two-alternative, forced-choice
discrimination task was employed. Subjects
were instructed that one of two targets would
be presented on the screen located 3 m in
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front of them. They were 1o press the right
key of a two-key panel if the visual target wag
an arrowhead facing right (>} and the left key
if the arrowhead was facing left (<), Prior 4
the presentation they were required to fixape
on a cross (subtending a visual angle of 14
deg), which was projected onto the center of
the 1.7 x 1.1 m screen. The fixation figure
was presented for a variable period (betweep
1.5 and 2.0 s}. Upon termination of this figure,
the reaction time clock was started and 1he
target and distractor figures were projected
onto the screen. Subjects were instructed 1o
locate and identify the target as guickly as
possible.

With the offset of the fixation figure, the
target was projected onto one of 21 locations
relative to the center of the fixation figure.
One of the target locations (0 deg displace-
ment), was the same position as the fixation
cross. For the rernaining 20 locations, four po-
sitions were selected at each of the following
distances from the fixation point: 2.4 deg, 4.3
deg, 7.3 deg, 9.6 deg, and 14.8 deg. For target
locations at a given distance from the fixation
point (e.g., 4.5 deg), the visual field had been
divided into four regions relative to the fixa-
tion point: above and to the right, above and
to the left, below and to the right, and below
and to the left. Thus for each distance,.the
target could be projected onto any one of the
four quadrants. The actual position at a given
distance and for a particular quadrant was
assigned so as to avoid any obvious pattern of
placement. Within a session all displace
ments from the fixation point (0-14.8 deg)
were equally likely to occur on a given trial
with the constraint that 70 presentations
were obtained at each distance. The location
of the target, at a given distance from the fix-
ation point, was randomized.

Concurrent with the presentation of the v
sual iarget, distractor stimuli were also pre
sented. The numbers of irrelevant figures that
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could occur on a given trial were as follows:
0.1, 3,7, 15, 31, and 63. The location of a
distractor stimulus was randomized with the
following constraints: (1) the figure had to
fall within 15 deg of the fixation point, (2) the
figure could not occupy the same location as
the target on that trial, and (3) no two dis-
iractor figures could occupy the same loca-
tion on the same trial. Selection of the loca-
tions of the distractor figures was completed
prior to each trial. Figure 1 illustrates a trial
in which the target was located in the upper-
right quadrant (labeled ""Target” in this illus-
tration) and 15 distractor figures were pre-
sented. The target figure in this example is
pointing to the right. (Note that the fixation
point indicated in the Hlustration was not
present during the actual presentation and
that the illustration is not to scale.) Within a
session, all combinations of the number of
distractors and displacements of the target
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Figure |. [lustration of the array employed in the
visual search task. The target, a greater-than symbol
{pointing 1o the right), is located in the upper right
corner of the field. The initial fixation peint (the
cross), centered in the field, was terminated at the
onset of the target and distractor stimuli. In the cur-
rent illustration there are 30 nontarge! elements,
which varv in both size and orientation relative to the
target.
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from the fixation point were presented
equally often (10 replications). The mean re-
action time for each of the 42 conditions ex-
amined was obtained within a single session.

Experimental conditions. Two conditions
were examined. In the first, the offset of the
fixation cross was the only signal used to cue
subjects that the target had been projected
onto the field. This condition was labeled the
no-sound condition. In the second condition,
with the onset of the target figure, a 10-Hz
click train was available from a speaker lo-
cated directly behind the screen and at the
same position as that occupied by the visual
target. We identified this as the sparially cor-
related sound condition. In every other aspect
these two experimental conditions were iden-
tical.

Each subject completed four sessions (ap-
proximately 45 min/session) in each of the ex-
perimental conditions. The first session in
each condition was defined as practice, and
the data from that session were not included
in the final data analysis. All subjects com-
pleted one of the two conditions prior to test-
ing on the other. Although we had intended to
fully counterbalance the order of testing, fve
of the eight subjects completed the spatially
correlated sound condition first.

Several additional features of the condi-
tions of testing should be noted. First, sub-
jects received feedback on each trial about
whether or not their response was correct. In
fact, a 6-s time-out period was initiated after
every incorrect response. This punishment
was quite effective in reducing error rates.
Second, the sessions were self-paced; that is,
subjects could control the presentation rate
by not responding. Long reaction times (in
excess of 5 s) were recognized by the system
as a subject-initiated time-out. These delayed
responses were not included in the data sum-
mary at the end of the session. Third, the sub-
jects were not informed of the number of pos-
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sible target locations that might occur during
& session. Because the presentation by quad-
rant was randomized, some target locations
could occur relatively infrequently during a
particular session. Finally, when questioned
after completing the experimental sequence,

subjects typically overestimated the number

of possible target locations. In effect, we be-
lieve that our subjects experienced a high de-
gree of uncertainty regarding the probable lo-
cation of the next target from trial to trial.

Resuilts and Discussion

Figure 2a presents the performance ob-
tained in the spatially correlated sound con-
dition, and Figure 2b presents the results

from the no-sound condition. Each point rep-

resents the mean reaction time obtained
across 240 trials. An analysis of variance per-
formed on these data indicates that the num-
ber of distractors, F(6,42) = 48.39, p < 0.01,
distance of the target from the fixation point,

F(5,35) = 68.68,p < 001, and the presence or

absence of a spatially correlated sound
source, F(1,7) = 18.13, p < 0.01, are all sig-

nificant factors determining visual search la-

" tency. The time required to locate and iden-

tify the visual target increases as the number

-of distractor stimuli increases and as the tar-
get is located farther from the initial fixation
point. )

The improvement in search performance
obtained here when spatially correlated
sound is present replicates the effects noted
earlier in our laboratory (e.g., Perrott et al.,
1990). What is particularly apparent from
these figures is that an interaction exists be-
tween the number of stimuli in the field and
the relative distance from the fixation point,
F(30,210) = 23.06, p < 0.01. Not surpris-
ingly, there is only a modest effect of the
number of distractors in the feld when the
target was located at the same place as the
fixation point, and there is a large effect for
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targets located more remotely from the fixa.
tion point. A two-way interaction also existg
between the presence or absence of 3 spa-
tially correlated sound and the distance of the
target from the fixation point, F(535) =
19.42, p < 0.01. The presence of spatial infor-
mation from the auditory channel attenuateg
the effect of target locus on visual search 3.
tency.

The presence of a three-way interaction,
F(30,210) = 17.90, p < 0.01, between number,
distance, and conditions is also evident in
these figures. Two specific situations were
isolated to better illustrate this effect. In the
first of these (Figure 3), mean reaction time is
plotted as a function of the number of stimulj
in the ficld (1-64) when the target was lg-
cated at the initial fixation point. An analysis
of variance performed on this O-deg condition
indicated significant effects of condition
F(1,7) = 6.69, p < 0.05, and number of stin.
uli, F(6,42) = 1075, p < 0.01. It is interesting
to note that the number of stimuli in the field
isa potent factor even when the target occurs
at the initial fixation point {(the latencies in-
crease by 50-60 ms). Reaction times are
faster by about 25 ms when spatially corre-
lated sounds are available, regardless of the
number of distractors present. This small but
consistent advantage suggests that the audi-
tory signal is simply a better stimulus to alert
the subject that the target has appeared. Cer-
tainly no search would be required. Finallv.
there is no evidence of an interaction between
conditions and the number of stimuli in the
field when shifts in gaze are not required.

The presence of auditory spatial informa-
tion can have a substantial effect on visual
search for events more remote, as illustrated
in Figure 4 (note the change in scale between
Figures 3 and 4). The time required to locate
and identify which of two targets was pre-
sented when the target was located 14.8 deg
from the initial fixation point increased from
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Figure 3. Mean reaction time observed when the vi-
sual target was located at the fixation poiat, No shift
in gaze was required to identify which target was
present.

an average of 699 ms to 1343 ms as the num-
ber of stimuli increased from 1 to 64 in the
absence of a spatially correlated sound (a
92% increase in the search interval). In the
spatially coirelated sound condition, 642 ms
were required to locate and identify the tar-
get when only the target was present {a sav-
ings of only 57 ms relative to the no-sound
condition). However, performance when a
large munber of distractor events were pres-
ent indicates an advantage to the spatially
correlated sound condition relative to the no-
sound condition of 372 ms. In effect, an inter-
action between the number of stimuli in the
field and the conditions of testing is evident
in this figure, F(6,42) = 6.39,p < 0.01.
There is no evidence of a speed/accuracy
trade-off by which one might account for the
effects obtained in this study. The 0.9% mean
error rate in the spatially correlated sound
condition was essentially identical to that ob-
tained in the no-sound condition (0.8%). An
analysis of variance indicates that no statis-
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Figure 4. Mean reaction time observed when the vi-
sual targer was located 14.8 deg from the fixation
point. A shift in gaze was required to identify which
target was presend.

tically significant differences were observed
in error rates as a function of the conditions
of testing, F(1,7) = 2.575, p > 0.05).

The presence of spatial information from
the auditory channel clearly improves visual
search performance within what we have de-
fined as the central visual field. Whereas the
presence of auditory spatial information can
reduce the latency to respond to a target lo-
cated at the initial fixation point, even when
no other visual stimuli are present, the utility
of this information is particularly evident as
the field becomes cluttered with additional
visual images. Similarly, performance is
more greatly affected when shifts in gaze are
likely to be involved. The maximuro benefits
of auditory spatial information are evident
when large numbers of events are present in
the field and the target is more remote.

The utilization of auditory spatial informa-
tion to direct the pilot's attention to particu-
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jar events within the central visual field may
not be cost-effective. Such a system requires
both the ability to simulate a three-di-
mensional sound field and the capacity o ap-
preciate the current location of the pilot's
head. The same benefits might be more
readily {and inexpensively) achieved—at
least for targets in the central visual field—
simply by utilizing the visual display so as to
cue the pilot to where critical information
can be found. In the following experiment the
location of the target was visually cued. This
performance was then compared with that
obtained when spatial information from the
auditory channel was also provided.

EXPERIMENT 2
Method

Subjects. Five university students 22 to 38
years of age served in this experiment. Two of
the five had served in the earlier experiment.
All subjects had normal or corrected-to-
normal vision and no known hearing impair-
ment.

Apparatus and procedure. The same appara-

tus and procedures'as those describedsin Ex-- .

periment 1 were exmployed, with the follow-
ing change. The visual target was highlighted
using a figure-ground reversal of the charac-
ter cell containing the target (< or >). As de-
scribed earlier, the background was dark
{4.086 cd/m?) relative to the figures (9,340 cd/
m?). In this experiment the background im-
mediately surrounding the target was 9.340
cd/m?, and the target was presented as a dark
figure (4.086 cd/m®) against this local white
background. Distractor stimuli were still pre-
sented as light figures against an extended
dark background. Again, tests were con-
ducted in the presence and absence of spa-
tially correlated sound information.

Results and Discussion

Figure 5a summarizes the performance ob-
tained when the visual target was highlighted
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and spatial information from the auditory
medality was provided. Figure 5b presents
the resuits obtained in the absence of the spa-
tially correlated sound. Each point plotted in
these figures is based on the mean of 150 tri-
als. An analysis of variance performed on
these data indicates significance with respect
to the number of stimuli in the field, F(6,24)
= 3452, p < 0.01, and the distance of the
target from the initial fixation point, F(5,20)
= 63.45, p < 0.0!, The main effect for condi-
tions of testing (sound vs. no sound) is not
significant, F(1,4} = 1.52, p > 0.05. All of the
two-way interactions are significant: Diss
tance x Number of Distractors, F(30,120) =
141, p < 0.01; Conditions of Testing x Dis-,
tance, F(5,20) = 288, p < 0.05; and Condi-
tions of Testing % Number of Distractors,
F(6,24) = 8.13, p <0.01. The three-way inter-
action among conditions, number, and dis-
tance is again significant, F(30,120) = 248,
» < 0.01.

As was evident in the first experiment, the
impact of the spatially correlated sound in-
formation was slight when the target was lo-
cated near the initial fixation point and few
distractor stimuli weré present. By way of ex-
ample, Figure 6 presents the results obtained
when the target was located only 2.4 deg from
the fixation point. The open squares indicate
the performance obtained under the condi-
tion in which the target was highlighted and
a spatially correlated sound was present. The
open circles indicate the latencies obtained
with visually enhanced targets in the absence
of a spatially correlated sound. The effects are
small (approximately 10-25 ms) and are rel-
atively independent of the number of distrac-
tor stimuli present. These results paraliel
those obtained in the first experiment, in
which the targets are visually similar to the
distractor images.

As noted in Experiment 1, the utility of the
spatial information from the auditory chap-
nel is more evident for targets located farther
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Figure 6. Mean reaction time observed when the en-
kanced visual target was located near the fixation
point (2.4 deg). Probably no shift in gaze was required
to identify which target was present, given that the
target extended 1.0 deg. HL = highlipht.

from the initial line of gaze and when numer-
ous distractor stimuli are present. As illus-
trated in Figure 7, this generalization seeins
to hold ‘éven when the target is enhanced.
Here, as in Figure 6, performance was best
when spatial information from the auditory
channel was available (open squares). In the
case 'ih which 63 distractor stimuli were
present, latencies were approximately 200 ms
faster when the auditory signal was added.

. The mean error rate in the spatially corre-
lated sound condition in the current experi-
ment was 1.2%. The mean error rate in the
to-sound condition was 1.8%. Although an
analysis of variance indicates that these dif-
ferences are not statistically significant,
(1,4} = 2.401, p > 0.05, the no-sound condi-
tion produced the higher error rate. Clearly
the latter observation is incompatible with
an explanation dependent on the notion of a
Speed/accuracy trade-off favoring the spa-
tially correlated sound condition.

August 1991399

1130 : : : . . ; _—
1050 14.8 Degress
08 ¢
w
E 855
(1% e
- 300
e
850 I
=
e
[t L
MY 309
Y,
L
ocooysn o e O=— Hi+Ne Sound
" === HltComelated Sound
7
550 . . . X

2 [ 16 24 32 46 48 56 54

NUMBER OF STIMULY IN THE FIELD

Figure 7. Mean reaction time observed when the én-
hanced visual target was located 14.3 deg from the
fixation point. A shift in gaze was probably required
to identify which target was present. HL = highlight.

GENERAIL DISCUSSION

The presence of spatial information from
the auditory channel can reduce the time re-
quired to locate and identify a visual target
even when the target occurs within a re-
stricted region around the initial line of gaze.
Considering that the spatial resolution of the
retina, at &l points in this region, is at least
20 tirmes more accurate than that observed in
the auditory modality, the advantage gener-
ated in the visual search task by the spatially
correlated sound continues to surprise us.
These results replicate findings reported eay-
lier from our laboratory (Perrott et al ., 1990),

The current results extend our initial obser-
vations considerably. First, the reduction in
latency obtained by providing auditory spa-
tial information increases as a direct function
of the visual load. Second, as previously dem-
onstrated, the utility of the auditory spatial
information also increases as a direct func-
tion of the distance of the target from the ini-
tial line of gaze. Third, there is a strong in-
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teraction between the number of events
within the field and the relative distance of
the target from the initial fixation point. The
advantage of providing auditory spatial in-
formation is particularly evident when a sub-
stantial shift in gaze is required in the pres.
ence of a clutiered visual field. Thus in tasks
in which multiple concurrent images are re-
quired or where more spatiaily extended ar-
rays are desirable, we expect to see optimal
conditions for the employment of auditory
spatial information. Even for targets re-
stricted o the central visual field, as in the
current experiments, reduction in latency can
be considerable (in excess of 300 ms).

That similar functions were ebtained under
conditions of visual enhancement of the tar-
get is, we think, important, This effect mdi-
cates that providing sound from the same lo-
cation as the image to be sampled will be
useful even in tasks in which substantially
different visual events are arrayed in the
field. It is interesting to note that the im-
provement in the localization and identifica-
tion of the target required in the current two-
alternative, forced-choice task involved an
acoustic signal devoid of any information re-
garding the characteristics of the visual tar-
get itself, There is no obvious reason that this
must be the case. One could imagine embed-
ding information regarding the relative im-
portance of the information at that location
or even the type of function involved.

Finally, we obtained a rough estimate of
the utility, measured in terms of visual search
time, of the two possible methods of target
enhancement used in Experiments | and 2,
visual highlighting versus auditory corre-
tated sound. This comparison must be viewed
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with caution because the number of subjects
tested in each experiment differed. When the
target was tocated at 0 deg in the absence of
distractor stimuli, the mean search times in
the anditory condition of Experiment 1 and
the visual condition of Experiment 2 were
nearly identical (528 vs. 330 ms). However, in
the most demanding condition (targei lo-
cated at 14.8 deg and 63 distractor stimuli
present), performance with a correlated
sound was superior 1o performance with only
visual highlighting (971 vs. 1073 ms). These
results are similar to the aforementioned con-
clusions. There is no difference in visual
search time between the correlated sound
and visual highlighting For 1argets located in
the observer's line of sight. The correlated
sound reduced search time by roughly 100 ms
for the extreme peripheral locations and
maximum number of distractor stimuli
present. Of course, the lowest search times,
when produced with both methods of target
enhancement, were used in Experiment 2.
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