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We investigated exogenous and endogenous orienting of visual attention to the spatial
location of an auditory cue. In Experiment 1, significantly faster saccades were observed
to visual targets appearing ipsilateral, compared to contralateral, to the peripherally-
presented cue. This advantage was greatest in an 80% target-at-cue (TAC) condition but
equivalent in 20% and 50% TAC conditions. In Experiment 2, participants maintained
central fixation while making an elevation judgment of the peripheral visual target. Per-
formance was significantly better for the cued side of the display, and this advantage was
equivalent across the three expectancy conditions. Results point to attentional processes,
rather than simply ipsilateral response preparation, and suggest that orienting visual atten-
tion to a sudden auditory stimulus is difficult to avoid.
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Introduction

Posner (1980) introduced the spatial cueing paradigm
for investigating the allocation of attention to peripheral
locations. In this task, a cue precedes the onset of a target
stimulus, to which a response is required. In this para-
digm, a cued or ‘valid’ target location typically enjoys
processing advantages relative to an uncued or ‘invalid’
location. The processing advantages may be, for example,
faster detection of the target, or more accurate discrimi-
nation of the target. Such observable processing advan-
tages are thought to be indicative of an attention shift to
the cued location (e.g., Posner, 1980; Bonnel et al.,
1987). Essentially, when a peripheral cue is presented,
attention is reflexively drawn to its location (Jonides,
1981). This phenomenon, known as attention capture (or
attentional capture), acts very rapidly, exerting its max-
imal influence on attentional orientation 100 msec after
cue onset (Cheal & Lyon, 1991; Wright & Ward, 1994).
If the target appears nearby, and very soon afterwards, a
response can occur relatively rapidly, or accurately in the
case of target discrimination. If the target appears in
another location, attention must be disengaged from the
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cue, then moved to — and engaged upon — the other loca-
tion, before the response may be executed (Posner, 1980).
Slower latency or poorer discrimination for invalid trials
reflects this delay in moving — or ‘reorienting’ — attention
away from the cued location. A related phenomenon,
referred to as oculomotor capture, occurs when a peri-
pheral event causes a reflexive saccade to its location
(Theeuwes et al., 1998).

A distinction is commonly drawn between two fun-
damentally different processes that are capable of effect-
ing attention shifts; one requiring conscious direction
(i.e., a top-down, voluntary process), and another that
acts independently of conscious control (i.e., a reflexive,
bottom-up, or stimulus-driven process). These two
processes are known as the endogenous and exogenous
orienting mechanisms, respectively (Posner, 1980; Miiller
& Rabbitt, 1989), and this distinction is supported by
evidence of different neural underpinnings associated
with the two different processes (e.g., Corbetta et al.,
1993; Robertson & Rafal, 2000; Robinson & Kertzman,
1995; Rosen et al., 1999; Zackon et al., 1999).

In the early days of attention research, the predomi-
nant view concerning the cognitive processes involved in
the orienting of attention was that attention can be shifted
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either reflexively or voluntarily from one location to
another. This dichotomous notion that attention is either
exogenously captured or endogenously directed has been
called into question. For instance, attention capture by a
peripherally presented visual stimulus was originally
thought to be unavoidable (Jonides, 1981), but some find-
ings have indicated that attention capture is — at least un-
der some circumstances — subject to top-down (i.e., con-
sciously directed) influence (Yantis & Jonides, 1990;
Folk et al., 1992; Tepin & Dark, 1992). Contemporary
models depict attentional control — at least in the realm of
visual attention — as the product of a dynamic interaction
between stimulus properties and the expectations and
goals of the observer (Yantis, 1998), or, in other words,
between the exogenous and endogenous orienting me-
chanisms.

We used an adapted version of Posner’s (1980) cue-
ing paradigm to measure shifts of visual attention to the
spatial location of an auditory stimulus. Several research-
ers have used this adapted paradigm (e.g., Buchtel & But-
ter, 1988; Spence & Driver, 1997; Schmitt et al., 2000),
where an auditory cue precedes a visual target stimulus,
either in a nearby or distant location. Using this method
of cross-modal cueing, we sought to investigate possible
cross-modal links in the orienting of exogenous and en-
dogenous attention.

It is known that auditory attention is reflexively
drawn to the spatial location of an auditory stimulus
(Spence & Driver, 1994). However, interesting links oc-
cur between sensory modalities, such as the observation
that saccadic trajectories tend to deviate slightly away
from the spatial locations of auditory and tactile distrac-
tors (see: Walker & McSorley, this volume). With respect
to cross-modal attention, there is evidence for the reflex-
ive capture of visual attention by an auditory stimulus to
the same spatial location (Spence & Driver, 1997;
Schmitt et al., 2000; Schmitt et al., 2001; Mazza et al.,
2007), and it has also been shown that visual attention
may be purely endogenously directed to the spatial loca-
tion of an auditory cue (Spence & Driver, 1996). Such
close cross-modal links between audition and vision are
clearly adaptively advantageous, as it is often beneficial
to pay visual attention to the location of a new sound in
the environment. The end result is that the high-
resolution fovea is directed to areas of interest, allowing
detailed processing of visual stimuli of interest. Some-
times, though, we will be aware that a nearby sound will
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be particularly important to pay attention to, such as the
horn of a vehicle, or that a sound is not especially rele-
vant, such as the sound of somebody sneezing.

The present study aimed to investigate the extent to
which such cross-modal capture of attention might be
affected by expectancy. For example, is attention still
unavoidably captured by an auditory event if it is unlikely
that an interesting visual stimulus will appear in that loca-
tion (i.e., when it is more strategically beneficial to direct
attention to an alternative location)? To our knowledge,
this question has not yet been addressed in the cross-
modal attention literature. Conversely, will there be any
additional attentional effects, over and above attention
capture, if the location of an auditory stimulus is particu-
larly likely to share the location of a relevant visual
event? Schmitt et al. (2000) investigated this latter ques-
tion, by comparing the visual attention-capturing proper-
ties of an auditory cue with 50% versus 80% likelihood
of ipsilateral target appearance. These authors found that
the auditory cue with 80% validity elicited greater orient-
ing effects only under conditions of greater response
complexity; specifically, when participants responded to
the lateralised visual target with a left/right localisation or
up/down discrimination response, but not when a single
button press detection response was required. However,
in a study with four potential target locations, Schmitt ez
al. (2001) found either no effect or a ‘negligible’ effect of
increasing auditory cue validity — from uninformative to
80% likelihood of nearby target appearance — both with
visual target detection and spatial localisation tasks. We
also explore the effects of different response methods, as
will be described below.

This study is concerned with both exogenous and en-
dogenous attentional orienting processes, and the manner
in which these mechanisms interact in a cross-modal situ-
ation. Under ‘neutral’ conditions — when the target may
appear on either the cued or uncued side of the display
with equal probability — exogenous orienting can be ob-
served in isolation. When the cue stimulus conveys in-
formation concerning the likely side of the impending
target, we anticipate that attention will not only be cap-
tured in an exogenous fashion by the peripheral cue, but
that some attempt will be made to endogenously direct
attention to the expected target location. Sometimes this
expected location may coincide with the location from
which the sound was emitted, but sometimes the expected
location may differ from the source of the signal. Here
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we evaluate the extent to which these two mechanisms
are able to compete with — or complement — each other,
depending on the different expectancy conditions.

In this study we also sought to examine the effects of
cross-modal attentional orientation on two different de-
pendent measures: saccadic eye movement latencies to
the target location and spatial discrimination of target
localisation. We used saccadic eye movement latencies as
the primary dependent measure in Experiment 1. Al-
though warning effects of auditory stimuli on eye move-
ments to visual stimuli have been studied — e.g., Frens et
al. (1995) showed that saccades to a visual stimulus are
faster when irrelevant auditory stimuli occur in close spa-
tial and temporal alignment — this method of response has
not previously been investigated in cross-modal cueing
studies concerned with endogenous orienting.

A distinction is usually drawn in the visual attention
literature between overt versus covert attention shifts. An
overt attention shift occurs when the eyes, head, or entire
body move to align the fovea with a new object of inter-
est. While the focus of attention may, in this way, coin-
cide with the area of the visual field to which the fovea is
directed, the two are also potentially dissociable. A covert
shift of visual attention occurs when the focus of atten-
tion is directed to an area of the peripheral or parafoveal
visual field independent of any overt movements (Posner,
1980).

While drawing a distinction between overt and covert
attention may be descriptively useful, it is worth bearing
in mind the strong links between these processes (e.g.,
Findlay & Gilchrist, 2001), particularly when overt atten-
tion is defined in terms of the direction of gaze. For ex-
ample, evidence from a number of influential studies
suggests that, prior to any eye movement, covert visual
attention must first be focused on the destination of the
saccade (e.g., Shepherd et al., 1986; Kowler et al., 1995;
Duebel & Schneider, 1996; although see Stelmach er al.
(1997) who suggest that this may not apply in some in-
stances of endogenous attentional orientation). Similarly,
the premotor theory of attention (Rizzolatti et al., 1987,
Sheliga et al., 1995) maintains that a covert attention shift
to a given location is equivalent to a programmed, but
unexecuted saccade to that location. Given that overt and
covert visual attention are intimately related, saccadic
reaction time may be regarded as a convenient tool to
investigate the triggering of covert attention. Although
overt responses are being measured, the observed laten-
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cies provide a highly valid index of the time taken to
orient covert attention.

In Experiment 2, we used a discrimination measure as
the dependent variable, whereby participants needed to
discriminate the spatial localisation of a peripherally pre-
sented visual target while central fixation was main-
tained. As some researchers have argued (e.g., Spence &
Driver, 1997), this measure of attention is a less contami-
nated measure of covert attention, since this measure eli-
minates the confounding influence of ‘response priming’
by the cue, and the problem of a shift in target detection
criterion to the cued location. Experiment 2 used the
same auditory cue as in Experiment 1. If the cue serves to
attract covert attention in this situation, then this will add
support to the assumption that any saccadic latency ad-
vantages in Experiment 1 reflect covert attention-
attracting properties of the cue.

Experiment 1

The experiments reported here used a methodology
analogous to Posner’s (1980) spatial cueing task. In es-
sence, this task involves the presentation of a cue stimu-
lus followed by a target, to which a response is required.
This study differs from the standard spatial cueing task
insofar as a lateral auditory cue, rather than a visual cue,
precedes the onset of the visual target stimulus. The audi-
tory stimuli used in this study were presented in free-field
form, rather than over headphones, allowing the auditory
and visual target stimuli to either be in very close proxim-
ity to each other, or to be emitted from different spatial
locations. In Experiment 1, in order to measure the rela-
tive speed of detection of the visual target stimulus, we
measured latency to initiate a saccadic eye movement to
the target, which is assumed to provide a measure of the
focus of attention.

One issue that this experiment was designed to ad-
dress was whether reflexive capture of visual attention
would occur in response to an auditory cue stimulus. To
address this issue, a ‘neutral’ condition was included, in
which the spatial location of the auditory cue was unin-
formative with respect to the location of the impending
visual target. In addition to any potential effect of visual
attention capture by the auditory cue, we were also inter-
ested in the extent to which expectancy — or cue informa-
tiveness — might influence such attentional orientation.
To address this issue, two conditions were included in
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which the contingent relationship between the cue and
target locations was manipulated. In one condition, par-
ticipants were aware that the target was more likely to
appear near the cued location, and in the other condition
participants were aware that the target was more likely to
appear in the alternative location (i.e., in the opposite
visual hemifield from the cue’s location).

Three specific questions, then, were under inves-
tigation in this study. (1) To what extent does visual at-
tention reflexively shift to the spatial location of the audi-
tory stimulus? (2) Might informativeness confer an addi-
tional advantage to the cued location — over and above
the uninformative condition — when the target is expected
to occur at the cued location? (3) Can cue informative-
ness lead to rapid shifts of attention to the uncued loca-
tion, when the target is unlikely to occur at the cued loca-
tion?

We used a 200 ms stimulus onset asynchrony (SOA)
between the onset of the auditory cue and the onset of the
visual target. Although this is longer than is thought to be
optimal for eliciting attention capture by a visual cue sti-
mulus, this SOA has previously been shown to be condu-
cive to the capture of visual attention by a peripheral au-
ditory cue (McDonald et al., 2000; Schmitt et al., 2000;
Spence & Driver, 1997).

Methods

Participants

A total of 12 volunteers (7 women), with a mean age
of 20.8 years, participated. All participants had normal or
corrected-to-normal vision, and reported normal hearing.
All participants were paid for participation, and all gave
written informed consent. The study was approved by the
Lancaster University Psychology Department ethics
committee.

Stimuli

The visual stimuli were LEDs, and the central fixation
LED was red. There were six green peripheral LEDs,
three on the left hand side of the display and three on the
right. On each side of the display, one of the three green
LEDs (the target stimulus) was located on the same hori-
zontal plane as, but 17.5° more peripheral than, the cen-
tral red LED. The remaining two green LEDs on each
side of the display were positioned 0.5° above and below
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the target LEDs. These four green peripheral LEDs func-
tioned as place-markers, essentially indicating by flank-
ing the two potential locations of the target stimuli (see
Figure 1). Auditory cues were generated by two buzzers
presented in free-field form, with one positioned on the
left of the display and one on the right, 0.5° more eccen-
tric than the visual targets. Each buzzer emitted a pure
tone with a frequency of 2.3 kHz, presented at a sound
level of 75 dB (SPL) measured from participants’ posi-
tion. Subjectively, the auditory cues were clearly audible,
and clearly localisable with respect to the side from
which they were emitted.

Procedure

Participants were seated 168 cm from the display. The
display comprised a board, measuring 122 cm (width) x
42 cm, on which the LEDs were positioned and the buzz-
ers were affixed. Participants undertook the experiment in
a darkened, sound attenuated room, while the experimen-
ter was located in the adjacent room. Latency to initiate a
saccadic eye movement to the visual target was meas-
ured, using a Skalar IRIS eye monitoring system with a
500 Hz sampling rate. Only movements of the right eye
were analysed. Correct responses were classed as the first
saccade (>1° from fixation) initiated towards the visual
target between 80 ms and 700 ms after its onset. Trials on
which participants were not fixating centrally (within 1°
of fixation) on presentation of the visual target were dis-
carded.

There were three conditions, differing with respect to
the likelihood of the visual target appearing near the loca-
tion from which the auditory cue had sounded. In a 50%
target-at-cue (TAC) condition, the target appeared on
either the cued or uncued side of the display with equal
probability. The target appeared in close proximity to the
spatial location of the auditory cue on average on four out
of every five cued trials in an 80% TAC condition, and
on one out of every five cued trials in a 20% TAC condi-
tion.

The three experimental conditions were presented in
separate blocks. Each block consisted of 88 trials, and
was divided into two sub-blocks of 44 trials to allow re-
calibration if necessary at the halfway point, and to afford
participants a brief rest. Order of exposure to the three
conditions was counterbalanced. Before each block of
trials, participants were informed of the contingent rela-
tionship between the cue and target’s spatial locations.
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Catch trials, where an auditory cue sounded but no visual
target appeared, were randomly interspersed throughout
the experiment, with eight catch trials presented in each
block of 88 trials. At the beginning of the experiment,
participants were warned about the occurrence of catch
trials, and were requested to attempt to withhold an eye
movement on such trials. A catch trial error was defined
as a catch trial on which an eye movement (>1° from
fixation) was made within 700 ms after cue onset.

Trial Sequence

On a given trial, there was a 1500 ms intertrial inter-
val (ITT) during which the display was blank. A trial be-
gan with a red LED presented at a central fixation point,
and two green ‘place-marker’ LEDs on each side of the
display. This ‘place-marker’ display was presented for an
interval that varied randomly from 500 to 1500 ms. An
auditory cue then sounded for 100 ms, while the ‘place-
marker’ display remained visible. The cue was emitted
from either the left or the right side of the display, at a
position slightly (0.5°) more eccentric than the spatial
location of the targets’ potential locations. With the
‘place-marker’ display still present, a further 100 ms
elapsed following the offset of the auditory cue, yielding
an SOA of 200 ms. At this time, provided the trial was
not a catch trial, a target stimulus — a green LED — was
presented. The target was presented, for 800 ms, on the
horizontal meridian 17.5° from central fixation, either on
the left or the right, midway between the two vertical
flankers on the respective side of the display. (On catch
trials, the display simply remained as it was for this 800
ms period). Following the offset of the target, the display
reverted to the ‘place-marker’ format, and remained as
such for a further 500 ms. See Figure 1 for a diagrammat-
ic representation of one potential trial type.

DOI 10.16910/jemr.2.3.4

Thisarticleislicensed under a

Kean, M., & Crawford, T. J. (2008)
Cueing Visual Attention to Spatial Locations With Auditory Cues

1500 ms

Time Stimulus display
500 ms
Peripheral visual target
800 ms
Inter-stimulus interval
100 ms

Figure 1: Stimulus sequence from Experiment 1. This figure
shows one possible trial type, in which the target appears
contralateral to the cue. In this example, the auditory cue is
emitted from the right hand side of the display, and the
subsequent target is presented on the left. Both cues and targets
could also be presented on the opposite side of the display to
that shown here, and on catch trials a target did not appear.
Figure not to scale.

Peripheral auditory cue
100 ms

Stimulus display
500 - 1500 ms (random interval)

Results

Saccadic Latencies

Only saccadic latencies greater than 80 ms and less
than 700 ms were included in the analysis, thereby ex-
cluding 7.7% of trials, and results were collapsed across
target side (i.e., left versus right). Using SPSS (v.11),
latencies of saccades in the correct direction (i.e., towards
the target) were entered into an ANOVA with two with-
in-subject repeated measures factors: Expectancy (20%,
50%, and 80% TAC) and Validity (target ipsilateral to the
cue versus target contralateral to the cue).

The ANOVA revealed a significant main effect of
Validity (F(1,55) = 67.78, MSE = 778.4, p < .001). Sac-
cades to targets ipsilateral to the auditory cue (266 ms)
were faster than saccades to targets contralateral to the
cue (320 ms) — see Figure 2. The main effect of Expec-
tancy did not approach significance (F(2,55) = 0.396, p =
0.675). The ANOVA did, however, reveal a significant
interaction between Expectancy and Validity (F(2,55) =
3.56, MSE = 778.4, p = .035), indicating that the effect of
validity was not equivalent across the three expectancy
conditions.
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In order to evaluate the hypotheses concerning the po-
tential differential effects that Expectancy might have on
the validity effect, two a priori contrasts were underta-
ken. We compared the size of the observed validity effect
in the 50% TAC condition (42 ms) with the validity ef-
fect observed in both the 20% (41 ms) and the 80% (79
ms) TAC conditions. The validity effect was reliably
larger in the 80% TAC condition compared to the 50%
TAC condition (F(1,55) =7.122, MSE = 778.4, p = .010).
When comparing the 20% and 50% TAC conditions, the
size of the validity effect in these two conditions was not
reliably different (F(1,55) = 1.971, MSE = 7784, p =
0.166).

Valid
Invalid

Mean saccadic latency (ms)
B
(=]

200

20% TAC 50% TAC

Condition

BO% TAC

Figure 2: Results from Experiment 1, showing mean saccadic
latency (in milliseconds) for valid and invalid trials, across the
three conditions. TAC = Target at cue.

Errors

Saccadic eye movements were initiated in the wrong
direction (i.e., in the opposite direction from the target’s
location) on 1.25% of trials in the 20% TAC condition,
and on 1.04% of trials in both the 50% and 80% TAC
conditions. In each expectancy condition, there were 96
catch trials in total across all 12 participants. In the 20%
TAC condition, a total of 17 catch trial errors were made,
and 12 of these errors involved participants moving their
eyes in the direction of the auditory cue. In the 50% TAC
condition, 22 out of a total of 25 catch trial errors in-
volved participants moving their eyes in the direction of
the cue. In the 80% TAC condition, 32 out of a total of 33
catch trial errors involved participants moving their eyes
in the direction of the cue. These catch trial frequency
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data were subjected to contingency table analyses. It was
found that the number of catch trial errors varied between
conditions (Likelihood ratio x 2= 7.02, df = 2, p = .030),
and that there was a trend for catch trial errors to increase
from the 20% to the 80% TAC conditions (Linear by
linear association 2= 6.90, df = 1, p = .009). Further-
more, it was found that the proportion of catch trial errors
in the direction of the auditory cue varied between condi-
tions (Likelihood ratio = 7.13, df = 2, p = .028), with
a higher proportion of catch trial errors being made in the
direction of the cue as the probability of the target ap-
pearing on the cued side increased (Linear by linear asso-
ciation x*=7.03,df = 1, p =.008).

Discussion

A significant validity effect was observed in the 50%
TAC condition — participants were faster to launch an eye
movement to the target when it occurred near the location
of the uninformative auditory cue. One question that this
study aimed to address was whether cue informativeness
could lead to a cross-modal shift of attention to the un-
cued location, if the target was unlikely to appear at the
cued location. In the 20% TAC condition, cue informa-
tiveness clearly did not eliminate the validity effect; in-
deed, the validity effect was not even reduced relative to
the 50% TAC condition. Participants were, in this condi-
tion, still faster to look to the target when it appeared on
the side of the auditory cue, even though they knew that
the target was highly unlikely to appear at that location.
We were also interested in whether informativeness
would confer an additional advantage to the cued location
when the target was also expected (and four times more
likely to occur) at the cued location — i.e., in the 80%
TAC condition. The results revealed that an additional
saccadic latency advantage for the cued location was in-
deed evident in the 80% TAC condition, over and above
that observed in the 50% TAC condition.

What mechanism might underlie the validity effect
observed in the three conditions? One possible explana-
tion is that of a criterion shift — a bias to responding to
events occurring at the cued location. The pattern of catch
trial errors is consistent with this explanation: Partici-
pants were more likely to move their eyes in the direction
of the auditory cue on catch trials, even in the 20% TAC
condition when participants knew that the target was un-
likely to appear at the cued spatial location. Furthermore,
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the proportion of catch trial errors in which participants
moved their eyes in the direction of the cued location
increased as the probability of the target appearing on the
cued side of the display increased. These data suggest
that there was no bias to respond to the expected location,
but rather to the cued location (i.e., the spatial location at
which the auditory stimulus had sounded). This explana-
tion is similar to the notion of response priming, or the
priming of an ipsilateral response by the cue. As pointed
out by Spence and Driver (1997), “quicker responses for
targets on the cued side may arise simply because the cue
preactivates the appropriate response rather than because
of any shift in covert attention.” (p.2). If response prim-
ing or a criterion shift accounts for the findings in Ex-
periment 1, though, it is interesting that endogenous
processes appear to be unable to override the propensity
for overt visual attention to be directed to the source of a
sound in the environment when it was known that a vis-
ual event of interest was unlikely to occur there.

Alternatively, the results of Experiment 1 could be in-
dicative of the orienting of covert visual attention to the
cued location. An interpretation of the results in terms of
attentional orientation would be as follows: The signifi-
cant validity effect in the 50% TAC condition suggests
that, when the target could appear at either location with
equal probability, reflexive attention capture occurred.
Attention was captured by the auditory cue, resulting in
relatively rapid detection of — and reaction to — the subse-
quent visual stimulus appearing in the cue’s vicinity.
When the target appeared in the uncued location, atten-
tion needed to be disengaged from the cued location, reo-
riented to the opposite location, and engaged on this loca-
tion before a response could be initiated; a time-
consuming process. Cue informativeness did not lead to
rapid shifts of attention to the uncued but expected loca-
tion — attention capture was still evident in the 20% TAC
condition. The fact that the validity effect was also signif-
icant in this 20% TAC condition indicates that the effect
of attention capture by the auditory cue is unavoidable or
automatic. Even though the target was unlikely to appear
at the cued location, an attentional advantage was still
evident in this region of the display. The additional ad-
vantage for the cued location in the 80% TAC condition —
compared to the 50% TAC condition — demonstrates an
instance of the exogenous and endogenous attention
orienting mechanisms interacting with each other. Not
only is visual attention automatically drawn to the loca-
tion of the sound, but the likelihood of the target appear-
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ing nearby leads to attention being deliberately focused
on this area of the visual field.

In Experiment 1, we have shown that eye movements
to a visual target are faster if the target is presented near
the spatial location of an auditory stimulus emitted 200
ms beforehand. But a simple interpretation of this pattern
of results from Experiment 1 is challenging. We cannot
be completely confident that a shift of visual attention to
the cued location underlies the validity effect that was
found across all three conditions. It is possible that the
results can be partly explained by attention shifting to the
cued location, and partly by a bias to respond with a sac-
cadic eye movement to the cued location. Experiment 2
was designed to assess the attention-capturing property of
the auditory cue stimulus in the absence of saccadic eye
movements. We expected that, by employing these two
separate techniques across two experiments, we would
provide converging and complementary evidence for the
potential cross-modal attention-capturing properties of
the auditory stimulus.

Experiment 2

In Experiment 1, the response that was required of
participants was an eye movement to the visual target.
This raises doubt as to whether any advantage observed
at the cued location — in terms of response latencies — is
due to attention having shifted to the auditory cue, or if
some other, more prosaic explanation may account for
the results, such as response priming or a bias to respond-
ing to the location of the sound.

Experiment 2 was designed to address this issue by
directly assessing the covert attention-capturing property
of the same auditory stimulus that was used in Experi-
ment 1. If it is found that the cue stimulus attracts visual
attention to its spatial location, then we can be confident
that an attentional explanation at least partly underlies the
validity effect found in Experiment 1.

In Experiment 2, participants were required to main-
tain central fixation, while making an elevation judge-
ment (up versus down) of the location of a peripheral
visual target presented to the left or to the right. As in the
case of Experiment 1, the visual target was presented 200
ms after the onset of an auditory cue stimulus. The cue
was emitted from either the left or the right hand side of
the display, and the target sometimes appeared on the
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same side as the cue, and sometimes in the opposite loca-
tion. In this case, the response required was orthogonal to
the side on which the target appeared — and orthogonal to
the direction from which the cue was presented. The cue
could not, in this situation, be said to preactivate one of
the possible responses. Additionally, any criterion shift —
or bias to respond to the cued side of the display over the
uncued side — could not facilitate such a discrimination
response.

During pilot testing for Experiment 2, stimulus para-
meters were set such that discrimination judgements were
sufficiently demanding to avoid any ceiling effects and
therefore response accuracy was the critical dependent
variable.

Methods

Participants

The same 12 participants who undertook Experiment
1 also participated in Experiment 2.

Stimuli

The auditory cue stimuli were the same as those used
in Experiment 1. The visual stimuli were the same LEDs
in the same arrangement as in Experiment 1, although the
pattern of their temporal presentation was somewhat dif-
ferent in Experiment 2. An SOA of 200 ms was again
used between the onset of the auditory cue and the onset
of the visual ‘target’.

Procedure

Participants were seated 168 cm from the display
board, which was the same as that used for Experiment 1.
Eye position was again monitored, and participants were
instructed to fixate the red central LED throughout the
duration of each trial. As in Experiment 1, three condi-
tions (20%, 50%, and 80% TAC contingencies) were
presented in separate blocks of trials. Each block con-
sisted of 80 trials, and each block was divided into two
sub-blocks of 40 trials. Order of exposure to the three
conditions was counterbalanced. Before each block of
trials, participants were informed of the relationship be-
tween the cue and target locations. Again, the experiment
was conducted in a darkened, sound attenuated room, and
the experimenter was in the adjacent room.
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Participants were required to indicate, by pressing one
of two buttons with any finger, whether they perceived
the target stimulus to have appeared above or below the
peripheral ‘place-marker’ LED, regardless of which side
it appeared on. Responses were made on a button-box
with two buttons; the top button was pressed to indicate
‘above’ and the bottom button indicated ‘below’. Partici-
pants were instructed to respond as accurately as possi-
ble, and that they should respond before the beginning of
the next trial. There were no catch trials in Experiment 2,
since such trials are only appropriate to detection re-
sponses.

Trial Sequence

On a given trial, there was a 1500 ms ITI during
which the display was blank. Next, for a random interval
ranging from 500 to 1500 ms, a display with a red central
LED and two green LEDs was presented. The green peri-
pheral LEDs were positioned along the horizontal mid-
line of the display, with one to the left and one to the
right of the central LED, and were each displaced 17.5°
from fixation. These peripheral LEDs functioned as
place-markers, indicating the approximate location of the
impending target stimulus. An auditory cue then sounded
for 100 ms, while the place-marker display remained vis-
ible. The cue was emitted from either the left or the right
side of the display, at a position slightly (0.5°) more ec-
centric than the spatial location of the peripheral place-
marker LED. With the place-marker display still present,
a further 100 ms elapsed following the offset of the audi-
tory cue, yielding (as in Experiment 1) an SOA of 200
ms. At this time, a single green LED — the ‘target’ stimu-
lus — was presented at one of four potential locations; 0.5°
either above or below one of the peripheral green LEDs.
After a duration of 100 ms, green LEDs appeared at the
remaining three locations (0.5° above and below the peri-
pheral LEDs). This stimulus display, with the central red
LED and three green LEDs on each side of the display,
remained for 1200 ms, after which the trial ended. See
Figure 3 for a diagrammatic representation of one poten-
tial trial type.
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Inter-trial interval
1500 ms

Stimulus display
1200 ms

- -
Inter-stimulus interval
100 ms

Figure 3: Stimulus sequence from Experiment 2. This figure
shows one possible trial type, in which the target appears
ipsilateral to the cue. In this example, the auditory cue is
emitted from the right hand side of the display, and the
subsequent target is presented on the right. Both cues and
targets could also be presented on the opposite side of the
display to that shown here, and the target could also appear
above the central placeholder LED, rather than below as shown
here. Figure not to scale.

Peripheral visual target
100 ms

Peripheral auditory cue
100 ms

Stimulus display
500 - 1500 ms (random interval)

Results

Any trials with eye movements (>1° from fixation
within 700 ms of tone onset), or in which participants
were not fixating centrally at tone onset, were excluded
from the analysis; this led to the exclusion of only 1.98%
of trials. In Experiment 2, participants were instructed to
respond as accurately as possible, and on each trial could
potentially take up to 2800 ms to execute a response.
Consequently, response latencies were not analysed —
rather, we analysed the proportion of correct responses.
The proportion of correct responses was calculated (out
of all possible responses), for each condition (20%, 50%,
and 80% TAC conditions) and trial type (target on same
side as cue and target on opposite side to cue); these pro-
portions are shown in Table 1. Using SPSS (v.11), the
data were subjected to binary logistic regression analysis,
with two factors: Expectancy and Condition.

The analysis revealed a significant Validity effect ( x >
= 6.09, df = 1, p = .014). The proportion of correct res-
ponses was significantly higher for targets appearing on
the same side as the auditory cue (0.7) versus targets ap-
pearing on the opposite side to the auditory cue (0.66).
The analysis also revealed a significant effect of Expec-
tancy (x> = 9.56, df = 2, p < .01). Post-hoc analysis re-
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vealed that overall performance was enhanced in the 50%
TAC condition (0.71) compared to both the 20% (0.67)
and 80% (0.65) TAC conditions, which did not differ. No
significant interaction was found between Expectancy
and Validity (x < 1).

Table 1
Results of Experiment 2, showing proportion correct (out of all
possible responses) across the three expectancy conditions.

Expectancy condition

Thisarticleislicensed under a

Target side 20% TAC 50% TAC  80% TAC
Same side as cue 0.703 0.725 0.672
Opposite cue 0.645 0.688 0.635
Note. TAC = target at cue.
Discussion

Discrimination performance was significantly better
for the side from which the auditory cue had sounded.
This overall outcome mirrors that of Experiment 1, in
which we found an overall saccadic latency advantage for
the cued location relative to the uncued location. The
design of Experiment 2, whereby the potential target lo-
cation was orthogonal to the direction of the auditory cue,
rules out an explanation based on bias or response prim-
ing. We can, therefore, be more confident that an atten-
tional effect accounts for the perceptual advantage ob-
served at the cued location.

In the present experiment, the difference between per-
formance accuracy on same side versus opposite trials
was relatively small. Indeed, the proportions correct in
each expectancy condition, and for same side and oppo-
site side trials, were themselves quite low, in relation to
the chance level of 0.5." This undoubtedly reflects the
difficulty of the task. If attention was drawn to the appro-
priate side where the impending target stimulus was
about to appear, however, a small but significant percep-
tual benefit was observed. The results provide evidence
for cross-modal attention capture, whereby covert visual
attention shifts reflexively to the spatial location of the
auditory stimulus, facilitating the difficult up/down dis-
crimination. Interestingly, this cross-modal attention cap-

' One-sample t-tests revealed that each of the proportions differed sig-
nificantly from 0.5 (p < .05 in each case).
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ture occurred even when the visual target event was un-
likely to appear near the auditory cue (i.e., in the 20%
TAC condition). This finding was also observed in Expe-
riment 1, and provides further support for the notion that
the auditory cue captures attention in an unavoidable
sense. Although it was more strategically beneficial to
orient attention to the uncued location, participants were
again unable to do so. In both experiments, then, it ap-
pears that the bottom-up effect of the auditory cue stimu-
lus overrides any consciously directed attempts to shift
visual attention away from the sound.

The results of Experiment 2 provide some support for
an attentional explanation of the eye movement latency
findings of Experiment 1, rather than simply ipsilateral
response preparation (i.e., the priming of an ipsilateral
response by the cue), or simply a criterion shift. The same
auditory cue was used in both experiments. Irrespective
of the response required, a significant advantage was ob-
served for the cued location relative to the uncued loca-
tion. The auditory cue does appear to exert an attention-
capturing effect on covert visual attention, and it seems
reasonable to conclude that this is a significant factor
underlying the validity effect observed across the three
expectancy conditions in Experiment 1. However, this
does not necessarily exclude the possible influence of a
supplementary effect of a response bias or criterion shift.

In Experiment 2 there was no evidence for differential
effects of attentional orientation in the three different
expectancy conditions. Orienting was just as successful in
the 20% TAC condition as it was in the 80% TAC condi-
tion. This finding differs from the outcome of Experiment
1, in which the 80% TAC condition yielded a validity
effect of greater magnitude than that of the 50% TAC
condition. It would appear that, as Schmitt et al. (2000)
also found, the characteristics of the target detection task
can affect the pattern of results obtained. However,
Schmitt et al. found that greater response complexity
yielded larger orienting effects in their 80% validity con-
dition, whereas in our study we see the opposite; with
greater response complexity (Experiment 2), there is a
reduced orienting effect in the 80% TAC condition com-
pared to Experiment 1. The differential pattern of results
may reflect a factor in relation to the response mode — for
example, a greater validity effect might be observed with
eye movement responses due to a bias to respond to the
cued side when eye movement responses are required.
This possibility will be considered further below.
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The finding, in Experiment 2, of a better discrimina-
tion performance in the 50% TAC condition was unex-
pected. It is important to note that this finding does not
reflect any differential effect of validity across the three
expectancy conditions. The size of the validity effect was
equivalent across the three expectancy conditions. It
would appear that under these conditions, an expectation
of likely target side has a small negative effect on dis-
crimination performance, relative to a situation where the
target location is uncertain.

Conclusions

In normal individuals, visual attention is reflexively
drawn to the spatial location of an auditory stimulus. In
the neutral (i.e., 50% TAC) conditions of both experi-
ments reported here we see evidence for such cross-
modal attention capture by the auditory stimulus, where-
by processing advantages were observed at its spatial
location (see also Spence & Driver, 1997; Schmitt et al.,
2000; Schmitt et al., 2001; Mazza et al., 2007). Further-
more, it appears that visual attention is automatically
attracted to the spatial location of a sound, since
processing advantages were observed for the location of
our auditory cue even when participants were aware that
the visual event of interest was most likely to appear
elsewhere - a finding that has not been shown before.
These results have implications for the existence of
“hardwired, structural links between audition and vision
in the control of covert attention” (Spence & Driver,
1997). Such rapid cross-modal attention capture is clearly
an adaptively useful feature of the human attentional
orientation mechanism, allowing us to quickly inspect an
area of the visual field from which a sudden noise occurs.
Our findings also demonstrate that eye movement laten-
cies to a distant peripheral target location are reduced if
an auditory cue sounds in the near vicinity shortly before
the target’s appearance.

Exactly the same cue was used in both of the experi-
ments reported here. The findings from Experiment 2
suggest that, once visual attention was reflexively cap-
tured by this auditory cue, visual perception was im-
proved in its vicinity. Consequently, fine localisation
discrimination was superior in the spatial location from
which the cue had sounded, relative to the alternative
location. In Experiment 1, participants responded with
saccadic eye movements more rapidly to a visual target
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presented in close proximity to the spatial location of the
sound, relative to the opposite location. One interpreta-
tion of this finding is that a visual stimulus appearing at
the cue’s location was detected more rapidly in peripheral
vision, due to an exogenous shift of covert attention.
Another possibility, though, is that the auditory cue mere-
ly primed the saccadic response in its direction.

This idea of response priming, or ipsilateral response
preparation, is problematic for numerous spatial cueing
experiments — both unimodal and cross-modal. Experi-
ments that require target detection responses, such as eye
movements to the target or left/right key-presses, fail to
distinguish between attention having shifted to the loca-
tion of the cue and a response bias towards the cued loca-
tion. In spite of this, numerous spatial cueing experiments
with target detection responses (finding validity effects)
have claimed to have shown attentional effects (e.g.,
Posner, 1980; Corbetta et al., 1993; Abrams & Dobkin,
1994; Sheliga et al.. 1995; Rosen et al., 1999; Briand et
al., 2000; Lambert et al., 2000). Are we then required to
reinterpret a vast range of studies, including many spatial
attention cueing studies with both eye movement and
manual responses?

One alternative possibility is to reconsider the concept
of ipsilateral response preparation. As mentioned above,
overt and covert attention are strongly linked. For in-
stance, covert attention shifts in advance of a saccadic
eye movement to its landing point (e.g., Shepherd et al.,
1986; Duebel & Schneider, 1996; Kowler et al., 1995).
Also, according to the premotor theory of attention (Riz-
zolatti et al., 1987; Sheliga et al., 1995) a covert visual
attention shift is essentially a planned and programmed,
but unexecuted, eye movement. Ultimately, oculomotor
programming may be indistinguishable from the orienting
of covert visual attention. According to this conceptuali-
sation, the results of Experiment 1 are interpretable in
terms of covert attention. Eye movements to the cued
location would be difficult to avoid because attention had
oriented to that location on detection of the auditory cue.
However, since an identical cue was used in both experi-
ments, a reasonable assumption is that attention would be
attracted to a similar degree in both experimental condi-
tions. Yet we observed a difference between the pattern
of findings across the two experiments: In Experiment 1,
the advantage conferred by the cue was differentially
affected by the expectancy conditions, whereas in Expe-
riment 2 the advantage for the cued location, in terms of
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discrimination of the target’s location, did not differ
across the three conditions.

One interpretation that could integrate these data is
that both experiments reveal the effects of attention cap-
ture by the auditory cue, but that in Experiment 1 the
results are also influenced by a bias for moving the eyes
to the cued location. This bias to respond to the cued side
would explain the larger validity effect of the 80% TAC
condition in Experiment 1. A bias to respond to the cued
side of the display would also explain the pattern of catch
trial errors, whereby the number of such errors, as well as
the proportion of catch trial errors in the direction of the
cue, increased with increasing expectancy of ipsilateral
target appearance across the three conditions.

The experiments reported here suggest that attention
is a significant component of validity effects in cross-
modal cueing tasks. Both of the measures used here re-
vealed a significant advantage for the location of the au-
ditory cue, in terms of eye movement latencies following
target detection and fine spatial discrimination of target
localisation. Furthermore, orienting visual attention to a
sudden sound appears to be unavoidable, since it occurs
even when the source of the sound is not expected to
coincide with a target visual stimulus. The influence of
the endogenous orienting system was, at the SOA em-
ployed here, unable to override exogenous orienting to
the location of the auditory cue in the 20% TAC condi-
tions of both experiments. Not only did this unavoidable
cross-modal attention capture facilitate the speed of eye
movements to align the fovea with the location from
which the sound was emitted, but it also served to en-
hance the processing of visual information at that location
in the absence of eye movements.
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