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In a previous study, Ward (1994) reported that spatially uninformative visual cues orient auditory at-
tention but that spatially uninformative auditory cues fail to orient visual attention. This cross-modal
asymmetry is consistent with other intersensory perceptual phenomena that are dominated by the vi-
sual modality (e.g., ventriloquism). However, Spence and Driver (1997) found exactly the opposite
asymmetry under different experimental conditions and with a different task. In spite of the several dif-
ferences between the two studies, Spence and Driver (see also Driver & Spence, 1998) argued that
Ward’s findings might have arisen from response-priming effects, and that the cross-modal asymmetry
they themselves reported, in which auditory cues affect responses to visual targets but not vice versa,
is in fact the correct result. The present study investigated cross-modal interactions in stimulus-driven
spatial attention orienting under Ward’s complex cue environment conditions using an experimental
procedure that eliminates response-priming artifacts. The results demonstrate that the cross-modal
asymmetry reported by Ward (1994) does occur when the cue environment is complex. We argue that
strategic effects in cross-modal stimulus-driven orienting of attention are responsible for the opposite

asymmetries found by Ward and by Spence and Driver (1997).

Several recent studies have investigated the extent to
which there are cross-modal interactions in spatial atten-
tion (Buchtel & Butter, 1988; Butter, Buchtel, & San-
tucci, 1989; Farah, Wong, Monheit, & Morrow, 1989;
Mondor & Amirault, 1998; Spence & Driver, 1996,
1997; Spence, Nicholls, Gillespie, & Driver, 1998; Ward,
1994; Ward, McDonald, & Golestani, 1998). In one of
these, Ward presented evidence that spatially uninfor-
mative visual cues orient auditory attention whereas spa-
tially uninformative auditory cues fail to orient visual at-
tention. On the basis of this evidence, Ward concluded
that the neural mechanisms underlying stimulus-driven
visual and auditory attention shifts are not completely
modality specific, and speculated that stimulus-driven
attention shifts are based on supramodal representations
of space (see Farah et al., 1989). Importantly, however,
the asymmetry in the cross-modal effects observed in
Ward’s experiment implies that such a supramodal rep-
resentation is sometimes dominated by the visual modal-
ity and that conflicts in auditory and visual spatial infor-
mation in these situations are resolved in favor of the visual
input.

Ward (1994) interpreted his cross-modal attention re-
sults in the context of cross-modal asymmetries in spa-
tial perception. Humans and other higher organisms pos-
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sess specialized sensory systems that transduce different
forms of energy into what seem to be, initially at least, in-
dependent perceptual experiences. However, the brain in-
tegrates signals from the various sensory systems to pro-
duce meaningful multisensory experiences and to facilitate
the processing of multimodal objects in the natural envi-
ronment. Such integration can affect stimulus detection
and identification judgments, but the most well known
behavioral consequences of cross-modal integration in-
volve spatial localization judgments (for a review, see
Welch & Warren, 1986). For example, the appearance of
a visual stimulus strongly influences the perceived loca-
tion of a concurrent sound source (see, e.g., Bertelson &
Aschersleben, 1998), giving rise to ventriloquism and
other intersensory phenomena. By comparison, the ap-
pearance of an auditory stimulus has little or no influence
on the perceived location of a concurrent visual event,
implying that the cross-modal interactions in spatial per-
ception are dominated by the modality with the highest
spatial resolution.

Although the cross-modal asymmetry in attention ori-
enting reported by Ward is consistent with cross-modal
asymmetries in spatial perception (e.g., ventriloquism),
the exact opposite asymmetry of stimulus-driven attention
orienting has been found by others (e.g., Klein, Brennan,
& Gilani, 1987) and was reported most recently by Spence
and Driver (1997). In the latter paper, Spence and Driver
suggested that Ward’s results might have been caused by
stimulus—response compatibility effects and thus might
have no implications for the understanding of spatial at-
tention orienting. Consequently, Spence and Driver have
argued in favor of separate auditory and visual attention
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mechanisms that are “linked” in such a way that auditory
events engage the visual attention mechanism, whereas vi-
sual events fail to engage the auditory attention mecha-
nism (for a review, see Driver & Spence, 1998). Since the
conflicting asymmetries inform quite different theories
of spatial attention, particularly in terms of its modality
specificity, resolution of the empirical conflict is critically
important.

Spence and Driver’s (1997) major criticism of Ward’s
(1994) study was that his results might have reflected re-
sponse priming by the cue. This explanation is possible
because subjects in Ward’s experiment pressed left- and
right-hand buttons depending on the side of fixation on
which they saw (visual task) or heard (auditory task) a tar-
get stimulus. Thus, the facilitatory cue effects that Ward
observed at the 100-msec stimulus onset asynchronies
(SOAs) might have arisen from a tendency of the subjects
to prepare a response in the direction of the cue. When the
target appeared on the validly cued side of fixation, the
required response would have already been partially pre-
pared in response to the cue, resulting in a faster response
than when the target appeared on the invalidly cued side.
Previous research has shown that irrelevant spatial infor-
mation can affect responses to lateralized stimuli under a
variety of conditions (for a recent review, see Lu & Proc-
tor, 1995). For example, responses to the monaurally pre-
sented auditory messages “left” and “right” are faster when
the content of the message is consistent with the ear that
is stimulated than when it is inconsistent (e.g., Simon,
1968). Similar effects, herein referred to as Simon effects,!
have been documented in vision (Craft & Simon, 1970),
even when the irrelevant spatial signal appears in a dif-
ferent modality (Simon & Craft, 1970).

Despite the fact that irrelevant spatial information can
influence choice response times in many situations, it
seems unlikely that response priming can explain Ward’s
(1994) pattern of cue effects for two reasons. First, in most
studies of the Simon effect, the irrelevant spatial signal
is a feature of the imperative stimulus itself or of a stim-
ulus appearing simultaneously with it. These findings
imply that subjects in Ward’s task would have had a strong
tendency to respond in the direction of the target stimu-
lus, as the tasks demanded. It is unclear whether any ten-
dency to respond in the direction of the prior cue could
have affected the tendency to respond in the direction of
the target. Bearing on this issue, one study found that a
lateralized warning tone failed to affect responses to a
subsequent target tone when subjects responded by press-
ing ipsilateral response keys (Simon, Acosta, & Mewaldt,
1975). This suggests that any tendencies to respond in the
direction of the warning stimulus were not strong enough
to affect the responses to the subsequent target (but see
Proctor & Pick, 1998). Second, the auditory cue did not
affect response times to the visual target in Ward’s exper-
iment, although it did influence responses to auditory tar-
gets. If response priming were the only factor affecting
response times in his experiment, then auditory cues
should have affected response times to visual targets.
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Given that this cue effect failed to occur, Ward concluded
that the results of his experiment did not arise from re-
sponse priming. Clearly, any response-priming explana-
tion of Ward’s results would have to account for this null
cue effect as well as the positive cue effects observed in
other conditions.

Spence and Driver (1997) did suggest a possible ex-
planation for the lack of auditory cue effect on response
times to visual targets in Ward’s (1994) study. They sug-
gested that the auditory cues and visual targets might
have produced competing response tendencies because
the auditory stimuli were presented at greater eccentrici-
ties than the visual stimuli (the auditory stimuli in Ward’s
experiment were presented from speakers mounted at the
sides of the computer monitor). For example, an audi-
tory cue appearing on the left side of fixation would ac-
tivate a leftward response, whereas a subsequent visual
target appearing on the left side of fixation would activate
a rightward response because it appeared to the right of
the cue. The response tendencies generated on these trials
would be similar to those generated on invalid-cue trials,
thereby failing to produce strong cuing effects in the au-
ditory cue—visual target condition of Ward’s experiment.

One implication of this explanation is that any effect
of the cues on attention orienting should have emerged in
the auditory cue—visual target condition once the response
tendencies canceled out. However, a significant cue ef-
fect did not emerge, suggesting that Ward’s (1994) con-
clusion about the lack of auditory cue effect on response
times to visual targets was essentially correct. This null
cue effect has been replicated in several recent experi-
ments in which the possibility of response priming by the
cue was reduced (Ward et al., 1998). However, it is still
possible to argue that response priming might have influ-
enced other effects- in Ward’s study, possibly adding to
the attention orienting effects in some conditions and
subtracting from them in others, including the crucial vi-
sual cue—auditory target condition, in which Ward found
a large cuing effect.

The major aim of the present study was to test the cor-
rectness of the asymmetry found by Ward (1994) under
his experimental conditions. In order to do this, we used
a technique that is immune to response-priming effects and
that has been shown in other experiments to be effective
for producing auditory spatial cue effects (which are the
most problematic for cross-modal studies, McDonald &
Ward, 1999). In this technique, subjects are instructed to
respond whenever a target occurs in one of the two pe-
ripheral locations but to withhold their response if the tar-
get occurs in the central location. We call this the implicit
spatial discrimination task. Since the response is always
the same—a press of a single button—it cannot be differ-
entially primed by cues to one side or the other. Nonethe-
less, in order to make responses only on the correct trials,
subjects must localize the targets before responding (or
not) to them. A replication of Ward’s cross-modal asym-
metry under these conditions would challenge recent pro-
posals that either there are no cross-modal interactions at
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Figure 1. (A) Apparatus used to display auditory and visual
stimuli in the present experiment. Note that visual and auditory
cues and targets emanate from the same locations. (B) Sequence
of events on a single trial in the experiment. An auditory cue—
visual target trial is illustrated.

all in stimulus-driven spatial attention orienting (Mondor
& Amirault, 1998) or that such interactions are domi-
nated by the auditory modality (Spence & Driver, 1997).

METHOD

Subjects

Thirty-eight undergraduate students (15 male, 23 female) at the
University of British Columbia, ages 18-23, were paid for their par-
ticipation. Twenty subjects ran in the visual task and another 18 sub-
jects in the auditory task. All subjects reported normal or corrected-
to-normal vision and hearing.

Apparatus
The experiment was conducted in a darkened, sound-attenuated

chamber (183 X 193 X 197 cm) with a background noise level of
35 dB. The chamber contained an adjustable headrest and a re-
sponse box placed on a small table. Figure 1A shows the stimulus
apparatus. Three horizontally aligned speakers were positioned so
that the center speaker was 105 cm directly in front of the headrest.

The two peripheral speakers were placed at 22° to the left and right
of the central speaker. Five light-emitting diodes (LEDs) were
mounted on each of the speakers. Green LEDs were placed at cen-
ter (dim place holders that were always on) and to the left and right
of center while red LEDs were placed above and below the center
of each speaker. In both tasks visual cues consisted of a 70-msec
flash of the (non-place-holder) pair of green LEDs on a particular
speaker. Visual targets were 50-msec flashes of pairs of red LEDs
on a particular speaker. Production of cue and target sounds was
controlled by a custom sound generator. Auditory cues consisted of
two successive 30-msec broadband noise bursts (2.5-msec rise/fall
time), separated by a 10-msec silent interval and presented at 70 dB.
Auditory targets were 1000-Hz pure tones presented at 75 dB for
50 msec. Low-frequency tones were presented whenever subjects re-
sponded erroneously and were easily distinguishable from both tar-
get and cue sounds and were of course presented immediately after
a response. Subjects made their responses by pressing a single but-
ton that operated a microswitch. A custom input-output board with
an interval timer chip was used to measure response latencies. Stim-
ulus presentation, timing, and data acquisition were controlled by a
microcomputer (IBM compatible) running custom software.

The horizontal electrooculogram (EOG) was used to monitor eye
position throughout. Tin electrodes were placed 1 cm lateral to the
left and right outer canthi. EOG activity was amplified with a band-
pass of 0.1-30 Hz and continuously digitized at a rate of 128 Hz.
Electrode impedance was kept below S kW. Trials on which eye
movements occurred were discarded before analysis.

Design and Procedure

Figure 1B summarizes the procedure. Subjects were instructed to
keep their eyes fixated on the central LED of the central speaker at
all times during a block of trials. All trials began with a brief flick-
ering of the fixation LED followed by a $50-msec delay. A cue—
auditory, visual, both, or none—then appeared randomly from one
of the three possible locations, giving rise to 16 different cue-
defined conditions (as in Ward, 1994). Subjects were told that the
cues were not predictive of target location. After a variable SOA
(100, 200, 550, or 1,050 msec), a target was presented. Separate
groups of subjects participated in the auditory and visual tasks, with
either auditory or visual targets appearing on every trial, respec-
tively. All subjects were instructed to respond as quickly and as ac-
curately as possible when the target appeared on the left or right
side of fixation (go trials) but to withhold their response and await
the next trial when the target appeared at fixation (no-go trials).
Subjects responded by pressing a single button with their dominant
hand on all trials. To eliminate any possibility of response priming,
subjects were not allowed to press the button with either hand. A
500-msec error tone was presented if a response was made on a no-
go trial or if no response was made on a go trial. The next trial
began after a 1,500-msec intertrial interval.

Practice trials were performed until the subject was able to rec-
ognize cues and targets accurately. This was usually about 50 trials.
Following the practice trials, subjects ran in three separate sessions.
Each session consisted of four blocks of 128 correct-response go
trials (plus about 26 no-go trials) for a total of about 1,850 trials
(incorrect go trials were re-presented later in the block). Rest peri-
ods were given between blocks.

For both tasks, the conditions in which at least one cue appeared
at a peripheral location were collapsed across left and right into six
conditions for analysis as follows (Table 1): visual cue—visual cue
from left or right, no auditory cue; auditory cue—auditory cue from
left or right, no visual cue; combined cue—visual and auditory cues
from same left or right location; opposite cues—visual cue from left
and auditory cue from right or vice versa; visual/central-auditory
cue—visual cue from left or right, auditory cue from center; auditory/
central-visual cue—auditory cue from left or right, visual cue from
center.
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Table 1
Mean Valid (V) and Invalid (I) Response Times and Cue Effects (CE, Invalid RT — Valid RT)
as a Function of Target Modality, Cue Condition, and Stimulus Onset Asynchrony

Stimulus Onset Asynchrony

100 msec 200 msec 550 msec 1,050 msec
Cue vV 1 CE VvV 1 CE V 1 CE Vv 1 CE
Visual Target
Auditory 393 404 11 365 374 9 376 381 4 387 382 -5
Auditory/central-visual 405 414 9 368 381 13* 359 370 11 356 359 3
Visual 423 428 5§ 398 388 —10 386 347 —39* 396 356 —40*
Visual/central-auditory 396 398 2 383 368 —15* 380 342 —38* 374 350 -—24*
Combined 393 397 4 378 367 —11 380 335 —45* 376 342 -36* -
Opposite 392 396 —4 354 380 -—26* 340 375 -35* 341 371 -—-30*
Auditory Target
Auditory 455 493 39* 419 447 28* 429 442 13 451 456 5
Auditory/central-visual 491 543 52* 441 464  23* 430 433 2 444 440 -4
Visual 486 516 30* 475 476 2 463 472 9 479 465 -—14
Visual/central-auditory 496 504 8 441 450 9 430 434 5 435 439 4
Combined 454 503 49* 420 464  44* 422 428 6 443 432 —11
Opposite 471 471 0 425 432 7 420 426 6 439 438 -1
*Significant cue effect (cue effect in bold) at & = .025 as measured by Bonferroni two-tailed ¢ test (see text
for details).
RESULTS based on an alpha level of .05. All main effects and in-

Results from 3 subjects in the visual task and 1 subject
in the auditory task were discarded without analysis be-
cause they made too many eye movements, leaving too
few experimental trials for analysis after excluding the
trials on which eye movements had been made. Approx-
imately 7.7% of trials for the remaining 17 subjects in
each task were discarded because of eye movements oc-
curring within 1 sec of the target onset. The average per-
centage of no-go errors was 7.6% in the visual task and
7.3% in the auditory task for these subjects.

Results of the “neutral” cue trials (both cues from cen-
ter, only one cue from center [either auditory or visual],
or no cues at all) were similar to those of Ward (1994)
and are not discussed in detail here. Analysis was con-
ducted on the subjects’ median response times for the six
conditions described in the Method section separately for
each of the two experimental tasks. Table 1 displays the
intersubject averages of these response times and the cor-
responding cue effects (invalid-cue response time minus
valid-cue response time) for all SOAs. As in Ward’s
study, the average response times were longer in the au-
ditory task (464 msec) than in the visual task (386 msec).
More significantly, the auditory cue had a minimal ef-
fect (11 msec) on responses to the visual target at the
100-msec SOA, whereas the visual cue had a large effect
(30 msec) on responses to the auditory target at the 100-
msec SOA. This pattern of results essentially replicates
the asymmetry reported by Ward (8 vs. 50 msec for the
auditory-on-visual and visual-on-auditory effects, re-
spectively). The cue effects in the crucial cross-modal
conditions are displayed in Figure 2.

A 6 (condition) X 4 (SOA) X 2 (validity) multivariate
analysis of variance (MANOVA) (for repeated measures)
was performed separately on the data from the two ex-
perimental tasks. All significance determinations were

teractions were significant for both tasks; only the most
directly relevant effects are reported in detail here. A
main effect of SOA was found for both the visual and au-
ditory tasks [F(3,48)=15.12, p <.001; F(3,48) =38.15,
p < .001, respectively]. This result is usually interpreted
as an alerting effect. As expected, there was an inter-
action between SOA and condition for both tasks [visual,
F(15,240) = 7.62, p < .001; auditory, F(15,240) = 4.74,
p < .001], which we interpret as different alerting effects
produced by the cues in different conditions. A significant
interaction between SOA and validity was also found for
both tasks [visual, F(3,48) = 17.02, p < .001; auditory,
F(3,48) = 14.74, p < .001], indicating that cue effects
changed with SOA.

Bonferroni tests based on an experiment-wise error
rate of .10 were used for planned comparisons (as in
Ward, 1994) with the cue condition defining the experi-
mental unit, so that four tests were done for each condi-
tion in each task (invalid-cue trials vs. valid-cue trials at
each SOA; p = .025 for each). An asterisk in Table 1 de-
notes significant cue effects by this test. Again, the two
critical cross-modal conditions are the auditory cue con-
dition for the visual task and the visual cue condition for
the auditory task because prior studies have found differ-
ent patterns of results in those conditions. The relatively
conservative Bonferroni analysis of the present results
confirms Ward’s conclusions: The present data indicate
that under Ward’s complex cue conditions, visual cues sig-
nificantly affected responses to auditory targets, but au-
ditory cues had only a small and insignificant effect on
responses to visual targets. Since this analysis is somewhat
conservative, and the 11-msec effect only just missed
being significant (the critical difference was 12 msec),
we also performed a 4 (SOA) X 2 (validity) ANOVA on the
auditory cue condition in the visual task only. This analy-
sis revealed a significant main effect of SOA [F(3,48) =
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Figure 2. Cue effects for all SOAs for the crucial auditory cue-visual target and visual cue—auditory target conditions.
An asterisk near a bar means that the cue effect is significant by Bonferroni ¢ test (described in text).

9.21, p <.0001], but no significant main effect of valid-
ity [F(1,16) =3.69, p = .07] and no interaction of the two
[F(3,48) = 1.62, p = .20]. Thus, if an effect of auditory
cues on responses to visual targets was present under these
conditions, it was not large enough to be reliably detected.
Indeed, the size of the auditory cue on visual target effect
is about the same in this experiment as in Ward’s (11 msec
here vs. 8 msec in Ward), and only about one third the size
of the highly significant effect of the visual cue on re-
sponses to auditory targets.

The cue effects reported in Table 1 also indicate some
other interesting results of the present experiment, espe-
cially in relation to those of Ward (1994). First, the ap-
pearance of a visual cue did not facilitate responses to
the visual target on valid-cue trials at the 100-msec SOA
in any condition involving a peripheral visual cue (visual
cue, combined cue, opposite cue, and visual/central-
auditory cue conditions). Instead, the appearance of a vi-
sual cue consistently inhibited responses to the visual tar-
get on valid-cue trials at longer SOAs in these conditions.
These inhibitory effects, which are usually interpreted as
inhibition of return (IOR), were substantially larger in
the present experiment than those reported by Ward.
Given the fact that significant IOR began as early as the
200-msec SOA in some conditions, either the time course
of facilitation was too fast to be observed in this experi-
ment, having already occurred and dissipated before the
shortest SOA was over, or facilitation was overwhelmed
by inhibition under these conditions. Tassinari, Aglioti,
Chelazzi, Peru, and Berlucchi (1994) reported similar re-
sults in several experiments, with inhibitory effects of
transient visual cues on responses to visual targets appear-
ing at SOAs as short as 60 msec. In a review of these and
other visual cuing studies, Tassinari and Berlucchi (1995)
concluded that this is not an unusual finding when visual
cue and target do not overlap in time. Such short-SOA

inhibitory effects were attributed to sensory processes
because they also occur with bilateral cues. In contrast,
longer SOA inhibitory effects were attributed to afteref-
fects of covert orienting because they occur only with
unilateral cues.

Second, and in contrast to the pattern of results ob-
tained in the visual task, the appearance of a visual cue did
facilitate responses to the auditory target on valid-cue
trials at short SOAs but did not produce significant IOR
at the longer SOAs. The facilitatory cue effects obtained
in the auditory task were somewhat smaller than those
reported by Ward (1994). However, cross-modal IOR
failed to occur in the auditory task of both the present
study and of Ward’s study, with the exception of the com-
bined cue condition of Ward (VAcon in Ward’s termi-
nology). The significant IOR observed in that condition
was likely caused by the appearance of the auditory cue,
which, unlike the visual cue, did produce significant IOR
when presented alone. The lack of significant cross-modal
IOR is consistent with recent results that indicate that
cross-modal IOR is found only when the modality of the
target stimulus is uncertain (McDonald & Ward, 2000).

Third, the appearance of conflicting auditory and vi-
sual cues had very different effects on responses to au-
ditory and visual targets in the present study. On the one
hand, the appearance of a conflicting auditory cue had lit-
tle or no influence on the IOR effects of the visual cue on
responses to the visual target. These findings imply that
the auditory cue did not influence the ability of the visual
cue to generate visual IOR and are consistent with the pro-
posal that the auditory cue did not orient visual attention
or generate visual IOR. On the other hand, the appearance
of a conflicting visual cue seems to have abolished the
strong facilitatory effect the auditory cue had on responses
to auditory targets when presented alone (auditory cue
condition) or with a visual cue at the same location (com-
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bined cue condition). These findings imply that the visual
cue did influence the ability of the auditory cue to orient
auditory attention. We suggest that under these condi-
tions both the visual and auditory cues were effective
signals for orienting auditory attention, thereby facilitat-
ing processing of the auditory target when they occurred
at the same location and inhibiting attention shifts when
they occurred at different locations. The fact that there
was no net cue effect on response times to the auditory
target at the 100-msec SOA in the opposite cue condition
indicates that the visual and auditory cues were roughly
equally effective for orienting auditory attention (Table 1).

DISCUSSION AND CONCLUSIONS

The results of the present experiment replicate Ward’s
(1994) results in the crucial cross-modal conditions.
This replication was accomplished using an experimen-
tal procedure that is immune to response-priming ef-
fects. We also monitored eye movements to ensure that
they did not contaminate the results.2 Consequently, the
asymmetry reported here cannot be explained in terms of
response priming or eye movements. An explanation
based on changes in the subject’s criterion for respond-
ing also appears unlikely for several reasons. First, al-
though the cues were the same in both experimental
tasks, they had facilitatory effects only in the auditory
task. There is no a priori reason why the visual cues
should lower the criterion for responding to auditory tar-
gets appearing at their location but not for visual targets
appearing at their location. A reviewer suggested that the
response criterion might have been changed in both tasks,
but the effect was countered by a masking effect of the
cue in the visual task. However, visual cues and targets
were selected so as to minimize such cue—target interac-
tions (see Method section), which are anyway more likely
to lead to short-SOA facilitation (Tassinari & Berlucchi,
1995), so this does not seem plausible. Second, there were
strong spatial cue effects on multiple-cue trials. Which
cue would be the one responsible for lowering the crite-
rion on such trials? Third, subjects couldn’t use a simple
decision rule like “be ready to respond to any target that
occurs at a cued location,” since the various cue conditions
were randomly intermixed and significant cue effects
were observed only for some of them. Thus, any changes
in the criterion for responding would need to be made
dynamically, after the appearance of the cue but before
the appearance of the target. We doubt whether subjects
could make such decisions when the interval between the
cue and target was 100 msec.

It seems reasonable to conclude that, with regard to our
spatial go/no-go task and under the conditions of a com-
plex cue environment and certain target modality, visual
cues strongly orient spatial attention so as to speed re-
sponses to auditory targets occurring in the same location
relative to those occurring in other locations, but auditory
cues fail to strongly orient spatial attention so as to influ-
ence responses to same-location visual targets. Although
there are some differences between Ward’s (1994) results
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and those of the present experiments, none of those dif-
ferences affects this conclusion. In the face of the evi-
dence for the opposite asymmetry provided by the data
of Spence and Driver (1997) and others under different
conditions, we are left with a need to understand what fac-
tors affect the ability of visual and auditory cues to ori-
ent spatial attention cross-modally.

One important factor appears to be the complexity of
the stimulus conditions used in the experiment. In any
spatial cuing experiment, the stimulus conditions can vary
along several dimensions, giving rise to at least three
separate categories of complexity. These dimensions in-
clude the cue modality (one or more), target modality (one
or more), number of cues possible (one or more), and con-
sistency of the cue locations (consistent, inconsistent, or
mixed) to name a few. The least complex experiment
would have the lowest value on each dimension (e.g., one
cue modality, one target modality, one cue), whereas the
most complex experiment would have higher values on
each dimension (e.g., multiple cue modalities, multiple
target modalities, multiple cues, possibly inconsistent
cues). An experiment could also have lower values on
some dimensions and higher values on others, creating
numerous intermediate categories of complexity. The
present experiment, like Ward’s (1994) experiment, in-
volved a complex cue environment and a simple target
environment. In contrast, most of Spence and Driver’s
(1997) experiments involved a simple cue environment
and a more complex target environment. Other recent ex-
periments by McDonald and Ward (2000) used a simple
cue environment and manipulated target environment
complexity.

We believe that auditory cues fail to influence responses
to visual targets when the cue environment is complex, as
in Ward’s (1994) and the present study, because subjects
do not fully process the spatial location of the auditory
cues under these conditions. When cues are uninforma-
tive and often conflicting and targets are all visual, it suf-
fices to process the more directly encoded property of
frequency content of the auditory cue in order to register
it as a nontarget stimulus and use its appearance as an
alerting stimulus to prepare for the target. The more la-
borious spatial location processing of the auditory cue is
simply not done because it interferes with the subject’s
task. Thus spatial attention is not affected by the location
of the auditory cue. Two sources of evidence support this
conclusion. First, we have shown previously that spa-
tially uninformative auditory cues influence responses to
auditory targets only when the experimental task engages
the proper spatial representations of the cue and target
(McDonald & Ward, 1999). Second, and more impor-
tant, McDonald and Ward (2000) found that spatially un-
informative auditory cues do orient both auditory and vi-
sual attention when both the cue and target environments
are simple. Those experiments involved the same im-
plicit spatial discrimination procedure as in the present
study, differing only in the complexity of the cue envi-
ronment. These findings imply that the present finding
of a null effect of auditory cues on responses to visual tar-
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gets was caused by the complexity of the cue environment
rather than by an unknown aspect of the implicit spatial
discrimination procedure. Notice that this explanation
predicts that a similar lack of effect of auditory cues in a
complex cue environment would be found for responses to
tactile targets, since the same reasoning would apply in
that case. Such an experiment has not yet been done.
With respect to the asymmetry observed by Spence
and Driver (1997), it is possible that the failure of visual
cues to affect response times to auditory targets is spe-
cific to elevation discrimination tasks (Driver & Spence,
1998; Ward et al., 1998). For example, when cue and tar-
get are relatively far apart on valid-cue trials, as they are
in the elevation task, attentional effects can be expected
to be weak. In particular, the spatial focusing of attention
in response to visual cues might be too narrowly distrib-
uted at the cued location to affect the processing of dis-
tant auditory targets, producing little or no spatial cue ef-
fect. In comparison, the spatial focusing of attention in
response to auditory cues is probably more broadly dis-
tributed because of the poorer spatial resolution of the au-
ditory system (Mondor & Zatorre, 1995), thereby allow-
ing it to affect the processing of even somewhat distant
visual targets. Alternatively, the effects of auditory cues
on distant visual targets might arise from sensory or per-
ceptual interactions because of the center—surround or-
ganization of the relatively large receptive fields of mul-
tisensory cells in the brain areas involved in the posterior
attention network (see Stein & Meredith, 1993).
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NOTES

1. For the sake of brevity, we use the term Simon effect to refer to an
effect of irrelevant spatial information on any choice reaction time.
However, the term usually has a more specific meaning, referring to an
effect of irrelevant spatial information on nonspatial choice reaction
times (Lu & Proctor, 1995).

2. Spence and Driver (1997; Spence et al., 1998) have suggested that
Ward’s (1994) results might have reflected overt orienting because eye
position was not strictly monitored. Unfortunately, Spence and Driver
did not monitor eye position in their auditory cue-visual target experi-
ment (Experiment 1), leading to the same alternative explanation for
their resuits.
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