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Perceptual processing has generally been studied in
one specific sense modality at a time. Yet, most events in
real life produce stimulation that impinges simultaneously
on several modalities. Evidence that the system somehow
combines corresponding inputs from separate modalities
has come mainly from studies with conflict situations, in
which intermodal discordances are created on some di-
mension of the inputs, such as location or identity, while
other dimensions are kept coherent. The best known case
is, of course, visuoproprioceptive rearrangement, in which
the normal correspondence between the felt location and
the seen location of some body part is altered through an
optical device (Held, 1965; Welch, 1978).

Presenting synchronous auditory and visual events in
somewhat separate locations creates another type of con-

flict situation. Such audiovisual (AV) conflict is convenient
for experimental analysis, because here, unlike in cases in-
volving proprioception, both the location and the timing
of the inputs can easily be controlled. Reactions to AV spa-
tial conflict are currently designated by the term ventrilo-
quism, because one of their most spectacular everyday
examples is the illusion created by performing ventrilo-
quists that the speech they produce without visible facial
movements comes from a puppet they agitate in approx-
imate synchrony with the speech.

Experimental studies of ventriloquism have dealt with
on-line effects observed in immediate reaction to the
conflicting inputs and also with off-line aftereffects of ex-
posure to these inputs. The most important on-line effect
is cross-modal bias, which occurs when a subject is in-
structed to localize inputs in one modality while ignoring
spatially discordant inputs in the other modality. The re-
sponse is then shifted in the direction of the competing
data, despite instructions to focus on the target ones (e.g.,
Bermant & Welch, 1976; Bertelson & Radeau, 1981; Ber-
telson, Vroomen, de Gelder, & Driver, 2000; Pick, War-
ren, & Hay, 1969; Radeau & Bertelson, 1987). Most on-
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Previously, we showed that the visual bias of auditory sound location, or ventriloquism, does not de-
pend on the direction of deliberate, or endogenous, attention (Bertelson, Vroomen, de Gelder, & Driver,
2000). In the present study, a similar question concerning automatic, or exogenous, attention was ex-
amined. The experimental manipulation was based on the fact that exogenous visual attention can be
attracted toward a singleton—that is, an item different on some dimension from all other items pre-
sented simultaneously. A display was used that consisted of a row of four bright squares with one square,
in either the left- or the rightmost position, smaller than the others, serving as the singleton. In Experi-
ment 1, subjects made dichotomous left–right judgments concerning sound bursts, whose successivelo-
cations were controlled by a psychophysical staircase procedure and which were presented in syn-
chrony with a display with the singleton either left or right. Results showed that the apparent location
of the sound was attracted not toward the singleton, but instead toward the big squares at the opposite
end of the display. Experiment 2 was run to check that the singleton effectively attracted exogenous
attention. The task was to discriminate target letters presented either on the singleton or on the oppo-
site big square. Performance deteriorated when the target was on the big square opposite the single-
ton, in comparison with control trials with no singleton, thus showing that the singleton attracted atten-
tion away from the target location. In Experiment 3, localization and discrimination trials were mixed
randomly so as to control for potential differences in subjects’ strategies in the two preceding experiments.
Results were as before, showing that the singleton attracted attention, whereas sound localization was
shifted away from the singleton. Ventriloquism can thus be dissociated from exogenous visual attention
and appears to reflect sensory interactions with little role for the direction of visual spatial attention.
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line studies have examined only the visual bias of audi-
tory location, but a smaller auditory bias of visual loca-
tion has been obtained when this was also considered
(Bertelson & Radeau, 1981, Experiment 1, and 1987; but
see Radeau, 1985, for a failure to replicate). Off-line af-
tereffects are demonstrated by having subjects localize
unimodal target stimuli before and after some exposure to
constant intermodal conflict and consist in shifts of the
reported location of the targets toward the place occu-
pied by the conflicting data during the exposure period
(e.g., Canon, 1970; Radeau & Bertelson, 1974, 1976).
Radeau and Bertelson obtained substantial aftereffects
not only in audition, but also in vision, provided the vi-
sual attractors were presented against a homogeneous
dark background. For both on-line and off-line manifes-
tations, there is convincing evidence that their occur-
rence is contingent on the degree of synchronization be-
tween inputs in the two modalities (e.g., Bertelson &
Aschersleben, 1998; Choe, Welch, Gilford, & Juola, 1975;
Radeau & Bertelson, 1977, 1987).

The main reason to be interested in these phenomena
is that they can help understand those processes through
which a coherent internal representation of external space
is established and maintained. Cross-modal bias may serve
the ecologically useful role of attenuating the effects of
variability, owing to noise or drift, in the performance of
modality-specific localization processes by cross-reference
to the other modality. This notion is consistent with the
bigger weight in the bias phenomena of visual data, whose
spatial resolution is far better than that of the auditory data.
Regarding aftereffects, they have generally been seen as
reflecting a process of recalibration of unimodal localiza-
tion processes, by which intermodal spatial coherence is
restored when such causes as body growth or spontaneous
drift in one or both processes have been disturbing it.

The preceding considerations involve an implicit as-
sumption that the experimental evidence reflects the op-
eration of genuine perceptual processes, and not just
postperceptual response strategies adopted to satisfy the
demands of particular laboratory tasks. The possibility
of contamination by the latter kind of factor is especially
strong for cross-modal bias, because the selective local-
ization task, through which that effect has usually been
demonstrated, leaves the subject free to resort to any
strategy when instructed to ignore distractors of whose
presence he or she is fully aware. The possibility is also in-
creased in those studies in which the subject is given in-
formation (either true or deceitful) regarding the sources
of the bimodal input (e.g., Radeau & Bertelson, 1974;
Warren, Welch, & McCarthy, 1981; Welch, 1972) or those
in which that input simulates familiar events known for
producing correlated auditory and visual inputs, such as
speech and the speaking face of the talker (Radeau &
Bertelson, 1977, Experiments 2 and 3; Warren et al., 1981)
or the sight of noisy objects and their typical noise (Jack
& Thurlow, 1973; Jackson, 1953; Pick et al., 1969; Radeau
& Bertelson, 1977, Experiment 1, 1978).

On-line effects that seem immune from postpercep-
tual influences have recently been reported by Bertelson
and Aschersleben (1998; see also Bertelson, 1999). Mea-
suring the apparent location of sound bursts by means of
psychophysical staircases, the authors were able to show
that this location was attracted toward a simultaneously
flashing light at a stage of the experiment at which the
subject was not aware of the spatial separation between
the sounds and the flashes and thus could not possibly
choose a consistent response strategy based on knowl-
edge of that separation. Results that are convergent with
the preceding ones have been obtained by Driver (1996)
by an indirect method, in which the visual bias of auditory
location was measured in the classical “cocktail party” sit-
uation through its effect in facilitating the focusing of at-
tention on one of two simultaneous spoken messages.
Since the task made no reference to location, there was lit-
tle danger that the effect was based on a voluntary local-
ization strategy.

These data show that at least part of the ventriloquist
effects obtained under less controlled conditions is due
to automatic perceptual processes. They, of course, do not
exclude an additional role in those conditions for factors
of a more cognitive nature. This possibility is, for the time
being, the object of some controversy (see Bertelson,
1999; Vroomen, 1999; Welch, 1999). On the one hand,
the evidence for the effectiveness of cognitive factors is
not as strong as is sometimes assumed. Effects of instruc-
tions were reported in some studies (Radeau & Bertelson,
1974; Warren et al., 1981) and not in other ones (Radeau
& Bertelson, 1978), and similarly the effects of context
realism were obtained in some studies (Jack & Thurlow,
1973; Jackson, 1953; Radeau & Bertelson, 1977, Exper-
iment 3), but not in other ones (Radeau, 1992; Radeau &
Bertelson, 1977, Experiments1 and 2). On the other hand,
for the positive findings, the question of the processing
level at which they originated, perceptual or postpercep-
tual, has not been examined so far, but it should be before
any strong conclusions are drawn.

In discussions focused on the contrast between per-
ceptual and more cognitive accounts of ventriloquism, one
possibility, which has largely been ignored, is a role for
the direction of attention. Spatial attention is not a purely
perceptual factor, since it can be controlled deliberately, in
response to informative cues to location, nor is it a wholly
cognitive one, since it can also be captured automatically
by uninformative salient stimuli (Egeth & Yantis, 1997;
Posner & Cohen, 1984). This now well-established dis-
tinction between deliberate, or endogenous, and automatic,
or exogenous control, implies that consideration of the
possible effect of the direction of attention on ventrilo-
quism can broaden the debate about underlying mecha-
nisms beyond the perceptual versus cognitive dichotomy.

The possibility that spatial attention might play a role
in ventriloquism was raised recently by results demon-
strating a linkage between the mechanisms controlling
the direction of attention in audition and in vision. For in-
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stance, Ward (1994) observed that a visual cue displac-
ing the focus of attention in the visual modality produced
a corresponding shift in the auditory modality (Ward,
1994). Other cross-modal links, in both endogenous and
exogenous attention, have been described as well (Driver
& Spence, 1994; Spence & Driver, 1996, 1997). Could
such intermodal attentional links be one of the determi-
nants of ventriloquist effects, as well as of other cross-
modal interactions?

In an earlier study, we examined whether ventriloquism
depends on where, on the visual attractor or elsewhere,
endogenous visual attention is focused (Bertelson et al.,
2000). In one experiment, we used the selective localiza-
tion task by which immediate cross-modal biases have
generally been investigated (Bertelson & Radeau, 1981;
Pick et al., 1969). The auditory targets, which the subject
had to localize, were trains of sound bursts delivered at
variable locations around the center of the display, and the
visual attractors, which he or she was instructed to ignore,
were bright squares flashed synchronously to the left or
the right of the sounds. The experimental manipulation
was to have the subject, in addition to localizing the
sounds, monitor for occasional occurrences of a catch
stimulus, either in the center of the display or in the lateral
square. According to the attentional hypothesis, the visual
bias of auditory target location should have been stronger
when the attractor square was monitored than when the
center was monitored. Strong biases were obtained, but
contrary to the hypothesis, ventriloquism effects were of
equal strength in the two attentional conditions.

In another experiment, two squares, one on either side
of the middle of the display, were flashed in synchrony
with the sounds, and the subject had to monitor either the
left or the right square for the same catch stimulus. On
some trials, the two squares had equal sizes, and no visual
bias occurred in any of the two monitoring conditions. On

other trials, the squares were of unequal sizes, and there
was a significant bias in the direction of the bigger square,
but again regardless of where monitoring was required.
Taken together, the results of the two experiments are
clearly inconsistent with the hypothesis of a significant
role for the direction of endogenous visual attention in
the determination of ventriloquism.

Endogenous attention would only have provided an
explanation for ventriloquism for those cases in which
instructions require monitoring the visual attractor itself
(e.g., Bertelson & Aschersleben, 1998) or in which the
subject does so spontaneously. At first sight, a better case
could be made for exogenous attention. There is good
evidence (reviewed by Egeth & Yantis, 1997) that atten-
tion can be captured by visual stimuli with an abrupt
onset, and the visual attractors used in ventriloquism ex-
periments usually possess that feature. It is thus reason-
able to inquire whether capture by exogenous attention is
a condition of ventriloquism.

To investigate this question, a visual display was used
that was thought capable of producing diverging effects
on ventriloquism and on exogenous visual attention.
This choice was guided by earlier data showing that ex-
ogenous attention can be captured by a visual item dif-
fering substantially by one or several attributes (such as
color, form, orientation, or shape) from a set of identical
items among which it is displayed (e.g., Treisman &
Gelade, 1980). Such a unique item has been called a sin-
gleton. If ventriloquism is mediated by exogenous atten-
tion, one would predict that presenting a sound in syn-
chrony with a display that contains a singleton will shift
the apparent location of the sound toward that singleton.
Consequently, finding a singleton that would not attract
sound location, despite effectively capturing visual atten-
tion, would demonstrate a dissociation between exogenous
attention and ventriloquism.

EXPERIMENT 1

The critical idea was to use a singleton whose unique-
ness consisted of being smaller than the other items in
the display. The visual display consisted of a horizontal
row of four bright squares, two on either side of a median
fixation point, with a square smaller than the three other
ones, situated at either the extreme left or the extreme
right position (see Figure 1), as the singleton. In our en-
dogenous attention study (Bertelson et al., 2000), we
found, as has already been mentioned, that a display with
a big square on one side of fixation and a small square on
the other side shifted the reported origin of a centrally de-
livered sound toward the bigger square. This result sug-
gested that our display might similarly attract a sound in
the direction of the two big squares and away from the sin-
gleton. The attentional hypothesis, however, predicts that
the visual display would bias the apparent sound location
toward the singleton.

Figure 1. An example of one of the displays, with the singleton
square on the left.
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To examine that question, we used a new method in-
troduced recently by Bertelson and Aschersleben (1998),
in which the perceived location of target sounds is mea-
sured by using psychophysical staircases. In these au-
thors’ experiments, sounds whose location was controlled
stereophonically were presented alone or in synchrony
with flashes in a centrally located lamp. The task was to
press one of two keys according to whether the sounds
appeared to come from the left or the right of the center.
Following the principle of psychophysical staircases, the
successive locations of the sounds depended on the sub-
ject’s responses: after a “left” response, the location of
the following sound on the same staircase was moved one
step to the right, and vice versa. For each condition, two
staircases, one starting at the extreme left location, the
other at the extreme right, were used in random alterna-
tion. Initially, the correct responses were given repeatedly,
so that the staircases progressed monotonically toward
the center. Then, at some point, response reversals, defined
as responses different from the preceding one on the
same staircase, began to occur. The main finding was that
reversals occurred earlier at larger interstaircase distances
with the central flashes than at those without them. This
difference was attributed to the attraction of the sounds by
the flashes, which brought their perceived location closer
to the center than the objective location. This use of psy-
chophysical staircases is different from habitual ones, in
which the interest lies in the asymptote reached by each
staircase, whereas here it lies in the locations at which the
occurrence of response reversals shows that the subject
does not know anymore where, relative to the center, the
sounds came from.

In the present experiment, the staircase method was
applied with the previously described visual display,
with a small singleton either to the left or to the right of
the display. Two staircases (one starting far left, the other
far right) were run with each of the two displays (single-
ton left or right). A visual bias dependent on the position
of the singleton should manifest itself at the level of the
locations at which reversals begin to occur on the stair-
cases for the two visual displays. If the apparent location
of the sound is attracted toward the singleton, reversals
should, on both staircases, first occur at locations more
to the side opposite the singleton.

Method
Subjects. Twelve students from Tilburg University received

course credit for their participation. None of them reported any
hearing or seeing problems.

Experimental situation . The subjects sat in front of a 15-in.
computer screen (Olivetti DSM 60-510) at a distance of 50 cm, with
their heads in a chinrest. Two loudspeakers (Philips box 410 car
speakers) were positioned 50 cm on either side of the middle and at
the same vertical level as the visual display. On each trial, three
100-msec tones of 2000-Hz sinewave sounds with no fade-in or
fade-out were generated at 44.1 kHz (as in Bertelson et al., 2000).
Their intensity was 53 dBa when measured at ear position (General
Radio Sound Level Meter, Model 1563 in fast mode). The three
tones were separated by 800-msec silent intervals.

The tones were accompanied by the presentation of a display
(640 3 480 pixels) on the computer screen. The duration of the dis-
play was, like that of the tones, 100 msec (or seven cycles on a
screen with a refresh rate of 70 Hz), and it flashed on and off in syn-
chrony with the tones. A display consisted of four white squares
against a dark background. There were three big squares of 2.4º (2.1
3 2.1 cm) and a small square of 0.9º (0.8 3 0.8 cm). The centers of
the squares were horizontally aligned and displayed at eye level.
The centers were each 7.1º apart (6.2 cm), so that the two outer
squares were 10.7 º from the middle and the two inner squares 3.6º.
Two different displays were used, one with the small square on the
far left, the other with the small square on the far right. A central
f ixation mark (+) appeared 800 msec before trial onset and re-
mained visible for the duration of the trial.

Procedure. Testing was organized in three explorations. In each
of them, successive trials were selected from four different ran-
domly intermingled staircases. For each of the two displays (sin-
gleton on the left or the right), one staircase started with the sound’s
coming from an extreme left position, and the other started from an
extreme right position. The apparent azimuthal origin of the sound
was manipulated by varying the emission time of the sounds be-
tween the two loudspeakers (i.e., the interaural time difference).
One phase-difference unit was equal to one sampling point, which,
at a sampling rate of 44.1 kHz, is approximately 22.6 msec. This
corresponds to about 2.2º of arc, if one assumes that the distance
between the ears is 20 cm and that the sound travels directly to the
left and right ears with a speed of 340 m/sec. When the left key was
pressed, the following sound on the same staircase was moved one
step to the right, and vice versa after a right keypress. The left stair-
case started with the left loudspeaker’s leading by 15 phase-difference
units, the right staircase with the opposite arrangement.

For each trial, the staircase controlling the locations of the audi-
tory target and the visual display was chosen at random. An explo-
ration was stopped as soon as nine reversals had been recorded on
each of the four staircases. Each trial started 2 sec after the response
to the preceding one. An exploration generally lasted about 12–
15 min, after which there was a small pause. The whole session lasted
about 45 min.

The subjects were instructed to indicate, by pressing one of two
keys on a special keyboard, whether the sound had come from the
left or from the right of the fixation point. They were asked to keep
their gaze on the fixation point for the duration of each trial.

Results
Mean locations at which response reversals occurred

are shown in Figure 2, separately for each of the four
staircases. As was noted by Bertelson and Aschersleben
(1998), the sawtooth appearance of the curves is an un-
avoidable consequence of the method, because successive
reversals are necessarily separated by at least one phase
difference step. The important aspect of the results is that
staircases were shifted in the direction of the singleton.
This indicates that the apparent origin of the sound was
shifted not toward the singleton, but instead in the oppo-
site direction, because, as was explained in the introduc-
tion, when the apparent location of the sounds is attracted
by one particular visual event, response reversals occur
farther away from that event.

The statistical analysis was based on the locations at
which response reversals occurred. The mean overall
distance between these locations for the two staircases
with a singleton on the left versus the right was 20.7 msec
(equivalent to approximately 2.0º). By paired t test, this
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difference was significant [t(11) = 3.38, p , .006, two-
tailed]. Inspection of the individual data showed that the
sound was shifted toward the two big squares for each of
the 12 subjects ( p , .001 by sign-test).

Discussion
The results are very straightforward. The apparent ori-

gin of the sound was not shifted toward the singleton, but
actually in the opposite direction—that is, toward the
two big squares on the other side of the display. Presum-
ably, these two big squares were attracting the apparent
origin of the sounds more strongly than were the small
and big squares at the other side. Thus, the attractor size
effect, previously obtained by Bertelson et al. (2000), oc-
curred with the present visual display also.

The fact that the singleton did not produce ventrilo-
quism seems inconsistent with the attention capture ex-
planation of that effect. However, before that conclusion
is fully accepted, it is necessary to verify that our visual
display produces the expected effect on exogenous at-
tention. It is known, actually, that the mere presence of a
singleton may not be enough to capture attention (Jonides
& Yantis, 1988). Moreover, we are not aware of any study
showing that a singleton captures exogenous attention
when its uniqueness consists of being smaller (or, e.g.,
less intense) than the other items in the display. The next
experiment was run to determine whether our singleton
effectively captured exogenous attention.

EXPERIMENT 2

The principle of this experiment was to measure the
attention attraction capacity of the small singleton through
its effect on the discrimination of targets presented else-
where in the display. If a singleton effectively captures
attention, it will hamper processing of other items in the
display. This approach has already been used by Pashler
(1988) and by Theeuwes (1991), and it is now called the
additional singleton paradigm (for a review, see Simons,
2000). The subjects were presented with either the pre-
viously used display, with three big squares and a small
one to the left or the right (singleton condition), or one
with four identical big squares (control condition). In
both conditions, a target letter, calling for a two-choice
reaction, was superimposed on either the extreme left or
the extreme right square. If the small square captures at-
tention, one would expect discrimination of the target let-
ter to be slower when presented on the big square oppo-
site the singleton in the singleton condition than when
presented on a big square in the corresponding location
in the control condition. For the trials with the target on
the singleton, there was no testable prediction, because
a comparison with the control condition would have in-
volved targets located on squares of unequal sizes. Prox-
imity with the contours might, for example, slow down
discrimination of targets presented on the smaller
squares. For these reasons, data from trials with the tar-

Figure 2. Mean location, in phase-difference units, of the first nine response reversals on each staircase in
Experiment 1.
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get on the singleton were not used to assess the attention-
capturing capacity of the singleton. It was nevertheless
necessary to have 50% of such filler trials in the single-
ton condition, because in their absence, the position of the
singleton would have provided a valid cue regarding tar-
get location that was not available in the control condition.

Method
Subjects. Fourteen new subjects received course credit for their

participation. All had normal or corrected-to-normal vision.
Materials . The display for the singleton condition was the one

already used in Experiment 1, with three big squares and one small
singleton. For the control condition, the singleton was replaced by
a big square, so that the display now contained four equally sized
big squares. In both conditions, a target letter, either X or O (Arial
bold, size 10, color black) was presented on every trial in the cen-
ter of either the extreme left or the extreme right square.

Procedure. The subjects sat, as before, in front of a computer
screen at a distance of 50 cm and with their heads in a chinrest. On
each trial, a central fixation point appeared 800 msec before a 100-
msec presentation of the display and stayed on until the latter’s off-
set. The subjects had to press the left key for letter X and the right
one for letter O. Twelve different stimuli were created by the or-
thogonal combination of trial type (singleton left, singleton right, or
no singleton), target letter (X or O), and target position (left or
right). Each of the 12 different stimuli was presented 12 times in a
single block of 144 trials. All the stimuli were presented in random
order. Twenty-four practice trials were run before testing proper.

The subjects were instructed to keep their eyes fixated on the
central dot. They were informed that the target letter could appear
equally often in the extreme left or the extreme right square of the
display and that, in case there was a small square, the target letter
appeared equally often in that square or in the big square at the other
end. Corrective feedback was provided after each trial. The inter-
trial interval was 3.5 sec.

Results and Discussion
Reaction times (RTs) shorter or longer than 2.5 stan-

dard deviations from the individual mean were dis-
carded. They represented 2.2% of the trials. For reasons
already explained, in the singleton condition, only the
trials with the target letter on the big square opposite the
singleton were analyzed. More errors were made on these
trials (26.7%) than in the control condition (22.0%), a
difference that was significant [t (13) = 3.31, p , .003,
one-tailed; the use of one-tailed testing is justified be-
cause there was a clear prediction]. RTs were also longer
in the singleton condition (752 msec) than in the control
condition [737 msec; t (13) = 1.85, p , .04]. Thus, both
speed and accuracy of target discrimination were worse in
the singleton condition than in the control condition. Ap-
parently, then, the small singleton effectively attracted ex-
ogenous attention away from the target letter on the op-
posite side of the display.

Combined with the finding in Experiment 1 that ap-
parent sound location was biased not toward the single-
ton, but in the opposite direction, this result would seem
to show a dissociation between attentional capture and
ventriloquism. However, before that conclusion can be
fully accepted, the possibility must be considered that
the capture of attention by the singleton demonstrated in
Experiment 2 did not occur in Experiment 1 because of

differences between the situations of the two experiments.
Specifically, in Experiment 2, the task of having to iden-
tify a target letter may have created a voluntary set favor-
able to attentional capture, which was not called for in
Experiment 1. It has indeed been shown that attentional
capture by feature singletons depends on the expectations
of the subject (e.g., Egeth & Yantis, 1997). A new exper-
iment was therefore run, in which we tried to measure the
two effects of our singleton under equalized expectation
conditions.

EXPERIMENT 3

In this experiment, the effects of the smaller singleton
on attention capture and the apparent location of a simul-
taneously occurring sound were measured on separate
trials of the same experiment, with subjects not knowing
in advance whether they would have to localize the sound
or discriminate target letters.

Method
Subjects. Twelve new subjects received course credit for their

participation. All had normal or corrected-to-normal vision.
Materials . Two types of trials were presented. On localization

trials, the task was, just as in Experiment 1, to localize the sound;
on discrimination trials, it was, just as in Experiment 2, to identify
the target letter as X or O. On both types of trials, the stimuli were
now presented once for 160 msec. The visual display for sound lo-
calization consisted, as in Experiment 1, of three big squares and
one small square on the extreme left or right synchronized with a
tone controlled by one of the four staircases. The visual display for
discrimination trials consisted, as in Experiment 2, of either four big
squares (control condition) or three big squares and a small square
on the left or right (singleton condition), with a target letter on ei-
ther the extreme left or the extreme right square. Unlike Experi-
ment 2, discrimination trials were now accompanied by a tone. The
tone was delivered in the same location as on the immediately pre-
ceding localization trial.

Procedure. The whole experiment consisted of four blocks of
180 trials each. Each block comprised 120 sound localization trials
(30 trials for each of the four staircases) mixed randomly with 60
X/O discrimination trials (five repetitions of the 12 different stim-
uli created by the orthogonal combination of trial type [singleton
left, singleton right, or no singleton], target letter [X or O], and tar-
get position [left or right] ).

The subjects were instructed to keep their eyes fixated on the
central dot that preceded display onset. They were to localize the
sound as coming from the left or the right by pressing a left or right
key. Whenever an X or an O was displayed in one of the outer
squares, they had to press, as quickly and accurately as possible, the
left key for letter X and the right key for letter O. To avoid subject’s
confusing sound localization trials with X/O discrimination trials
(because they had missed the target letter), discrimination trials were
immediately followed by the letter X or O, with arrows pointing to-
ward the appropriate keys (¬X or O®). Testing lasted about 1 h,
and the first block was treated as practice.

Results and Discussion
Sound localization. Data were analyzed as in Exper-

iment 1. The mean locations at which the first nine re-
sponse reversals occurred are shown in Figure 3, sepa-
rately for each of the four staircases. As is apparent,
staircases were, as before, shifted in the direction of the
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singleton, indicating that the apparent origin of the sound
was shifted not toward the singleton, but toward the two
big squares in the opposite direction. The mean overall
distance between the locations for the two staircases with
a singleton on the left versus the right was 89.9 msec
(equivalent to approximately 9.0º). By paired t test, this
difference was significant [t (11) = 3.32, p , .007, two-
tailed]. Inspection of the individual data showed that the
sound was shifted toward the two big squares for 11 out
of 12 subjects (p , .005 by sign-test).

X/O discrimination. RTs and errors were analyzed as
in Experiment 2. As before, more errors were made in
the singleton condition (24.1%) than in the control con-
dition (15.8%), a difference that was significant [t (11) =
4.35, p , .001, one-tailed]. Eleven out of 12 subjects made
more errors in the singleton condition than in the control
condition ( p , .005). RTs were also longer in the single-
ton condition (975 msec) than in the control condition
[939 msec; t (11) = 2.53, p , .02], with 10 out of 12 sub-
jects being slower in the singleton condition ( p , .025).
Thus, both speed and accuracy of target discrimination
were worse in the singleton condition than in the control
condition, indicating that the singleton effectively at-
tracted exogenous attention away from the target letter at
the opposite side of the display.

Experiment 3 thus replicates and extends the results
of our previous experiments: Exogenous attention was
shifted toward the singleton, whereas the apparent origin
of the sound was shifted toward the two big squares in
the opposite direction. Both effects were now measured
under the same conditions within the same experiment,
thus excluding potential strategic confounds.

GENERAL DISCUSSION

The general goal of the study was to test whether the
spatial biasing of an apparent sound origin by a spatially
discordant visual attractor is conditional upon capture of
exogenous attention by the attractor. The results allow an
unequivocally negative answer. In Experiment 1, when
sound bursts were presented in synchrony with the visual
display with the smaller singleton on one side, the ap-
parent location of the sounds was shifted not toward the
singleton, but instead away from it and toward the big
squares at the other end of the display. Before conclusions
could be drawn from that result concerning the role of at-
tention in ventriloquism, it was necessary to verify that
the singleton in our display effectively captured exoge-
nous visual attention. In Experiment 2, occurrence of that
singleton deteriorated the discrimination of targets pre-

Figure 3. Mean location, in phase-difference units, of the first nine response reversals on each staircase in Ex-
periment 3.
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sented at the other end of the display, showing that it ef-
fectively attracted exogenous attention. In Experiment 3,
we verified that strategic differences between the two ex-
periments could not account for the contrasting results.
Taken together, the experiments thus demonstrate a dis-
sociation between exogenous attention, which is attracted
by the singleton, and apparent sound location, which is
not. That pattern of results is inconsistent with the even-
tual mediating role of the direction of exogenous atten-
tion in the generation of ventriloquist effects.

The findings from the present study concerning the role
of exogenous attention, together with those of the earlier
one showing the independence of ventriloquism from the
direction of endogenous attention (Bertelson et al., 2000),
support the general conclusion that ventriloquism is not
affected by the direction of attention. As has already been
suggested in the previous paper, the interactions at the root
of ventriloquism and of other cross-modal effects probably
take place at a stage of processing before attentional selec-
tion. This stage is presumably one concerned with the ini-
tial analysis of the spatial scene (Bertelson, 1994). This
presumption receives additional support from the already
mentioned finding by Driver (1996) that ventriloquism can
improve selective attention to a particular message in a
multichannel listening situation, implying that the selec-
tion of an attentional focus operates on a representation of
the external scene that has already been spatially reorga-
nized by cross-modal interactions. A recent study of ours
(Vroomen & de Gelder, 2000), in which we showed that
the perceptual organization of a sound affects visual scene
analysis, also supports that way of seeing things.

Apparently, there is now a clear answer to the question
asked at the start of the two studies: The direction of vi-
sual spatial attention, either endogenous or exogenous,
does not provide an alternative interpretation to accounts
of ventriloquism in terms of automatic interactions be-
tween sensory codes for location, eventually combined
with more cognitive influences.

It might be objected that our study dealt with only one
determinant of the direction of exogenous visual atten-
tion, the presence of a singleton, and that different results
might be obtained by manipulating another determinant,
the abruptness of the visual attractor’s onset. We noted al-
ready that the visual attractors used in most studies of
ventriloquism have abrupt onsets; hence, the question of
a possible mediation of ventriloquism might be asked
again about this factor. There are however two reasons,
already mentioned in an earlier paper (Bertelson et al.,
2000), to doubt that capture of exogenous attention by
abrupt onsets would, any more than capture by a single-
ton, affect ventriloquism. First, abrupt onset visual at-
tractors that are not synchronized with the target sounds
produce no ventriloquism, or produce less than do syn-
chronized ones (Bertelson & Aschersleben, 1998; Ber-
telson, Vroomen, & de Gelder, 1997; Choe et al., 1975;
Radeau & Bertelson, 1977, 1987), yet must attract exoge-
nous attention to the same extent. Second, in Bertelson
et al.’s (2000) experiments, full ventriloquist effects were
obtained with endogenous attention directed away from

the visual attractor, a condition under which Yantis and
Jonides (1990) have shown that exogenous capture no
longer occurs. 

The fact that the direction of spatial attention does not
influence the size of ventriloquist effects may seem dif-
ficult to reconcile with existing evidence for a modula-
tion of cross-modal effects by another attentional factor,
selective attention to modality. For instance, in experi-
ments on AV cross-modal bias, subjects do not report the
same location when instructed to localize either the vi-
sual or the auditory stimulation (Bertelson & Radeau,
1981; Radeau, 1992). Thus, modality selection, even if
not perfect, is at least partially effective. It has been shown
also, in studies of the aftereffects of exposure to AV con-
flict, that the respective sizes of auditory versus visual
aftereffects can be modified by having the subject local-
ize inputs in one or the other modality during the exposure
period (Canon, 1970; Radeau, 1974). It has been sug-
gested elsewhere (Bertelson, 1999) that the implications
of these facts for theories of cross-modal interaction de-
pend, just as is the case for the effects of cognitive deter-
minants, on the stage of processing at which they originate.
If it were to turn out that this stage was a relatively late
one, like the attribution of weights to the outputs from
the respective modalities in the readout process leading
to the localization response, there would be no contra-
diction with the conclusions from work with directional
attention.

In laboratory situations such as the present one, ven-
triloquism leads to mislocalization of auditory sources.
However, in the real world, auditory sources typically will
correspond in location to matching visual events, rather
than being discrepant. Hence, the cross-modal interactions
that we have been studying should normally be adaptive,
tending to favor veridical rather than illusory spatial per-
ception. With regard to endogenous attention, we have
argued that from a functional perspective, it makes sense
that ventriloquism is not affected by where the subject is
focusing attention. If auditory localization were affected
by wherever a subject chose to attend to visually, the ap-
parent location of a fixed auditory source would change
every time the person decided to shift his visual attention.
A similar case can now be made for exogenous attention.
If auditory localization changed whenever a visual stim-
ulus captured exogenous attention, it would presumably
be impossible to keep an internal representation of space
consistent with external reality. It thus seems better that
cross-modal spatial interactions should be driven by stim-
ulus factors in a bottom-up fashion, rather than being sus-
ceptible to wherever attention is focused or captured. The
finding that ventriloquism can be dissociated from atten-
tion thus makes good functional sense.

Apart from its role in bringing about the dissociation
of ventriloquism from exogenous attention, our finding
that attention can be captured by a singleton that is
smaller than other items in the visual field is an important
addition to current knowledge about the mechanisms of
attention. As far as we know, this has never been shown.
One of its implications is that the frequent characteriza-
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tion of attentional capture as “attraction toward salient
stimuli” can be misleading, if “salient” is taken as mean-
ing “bigger” or “brighter.”
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