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Mechanisms of selective attention must often operate
in the context of multiple inputs coming from different
sensory modalities. Although traditional research in at-
tention has often restricted the scope of its enquiry to one
sensory modality at a time, recent years have seen an im-
portant revival of interest regarding the question of how
selection mechanisms are coordinated across different
sensory modalities in the human brain. This research has
provided a great deal of evidence for the existence of ex-
tensive cross-modal links in spatial attention (see Driver
& Spence, 1998, 2004, for reviews). However, important
questions about the nature of such cross-modal links still
remain open. Here, we focus on the consequences of sus-
taining voluntary (endogenous) spatial attention in one
modality (vision) for the distribution of spatial attention
in another modality (audition).

Cross-Modal Links in Endogenous 
Spatial Attention

Many researchers now agree that orienting voluntary
attention (overtly and also covertly) to a particular spa-
tial location in search for a target in one sensory modal-

ity implies a corresponding shift of attention in other
sensory modalities (e.g., Butchel & Butter, 1988; Eimer,
1999; Hillyard, Simpson, Woods, Van Voorhis, & Münte,
1984; Lloyd, Merat, McGlone, & Spence, 2003; Spence
& Driver, 1996; Spence, Pavani, & Driver, 2000; Teder-
Sälejärvi, Münte, Sperlich, & Hillyard, 1999). This
cross-modal coupling implies that when spatial attention
shifts to a particular location in one modality, attention in
other sensory modalities is to some extent summoned to
that same location, which makes it difficult to select tar-
gets in different modalities appearing at different locations.
For example, Spence and Driver (1996) used a spatial-
cuing paradigm in a study regarding audiovisual links in
endogenous attention. In this paradigm, the observer is
warned about the likely location of the upcoming target
through a probabilistic manipulation involving a central
cue (i.e., an arrowhead) or by making one target location
more probable than the other (see Posner, 1980, for an
earlier application of this paradigm). Spence and Driver
(1996) were able to show that targets in a secondary (less
frequent) modality benefited from being presented at the
location where targets in the primary (more frequent)
modality were expected, even though targets in the sec-
ondary modality were twice as likely to appear at the op-
posite location (see also Lloyd et al., 2003; Spence, Pa-
vani, & Driver, 2000). Their data strongly suggested that
a voluntary shift in visual or auditory attention automat-
ically induces a corresponding shift in the other modal-
ity (see Eimer, 1999, for similar findings, using event re-
lated potentials).

However, in these experiments, attention is often redi-
rected to a new location from one trial to the next and

This work was supported by a postdoctoral award from the Killam Trust
to S.S.-F., by a predoctoral scholarship from the University of British Co-
lumbia to S.M.-Z., and by grants from the National Science and Engi-
neering Research Council of Canada, the Human Frontier Science Pro-
gramme, and the Michael Smith Foundation for Medical Sciences to A.K.
We thank Nuria Sebastián-Gallés, Albert Costa, Mari Ries Jones, and
three anonymous reviewers for comments on a previous draft of this arti-
cle. Correspondence should be addressed to S. Soto-Faraco, Departament
de Psicologia Bàsica, Pg. de la Vall d’Hebrón, 171, 08035 Barcelona,
Spain (e-mail: ssoto@ub.es).

On audiovisual spatial synergy: The fragility 
of the phenomenon

SALVADOR SOTO-FARACO
Universitat de Barcelona, Barcelona, Spain

and

SHARON MOREIN-ZAMIR and ALAN KINGSTONE
University of British Columbia, Vancouver, British Columbia, Canada

Recent literature has highlighted the importance and ubiquity of cross-modal links in spatial atten-
tion, whereby shifts in attention in one modality often induce corresponding shifts in other modalities.
We attempted to provide further evidence for the case of audiovisual links during sustained endoge-
nous attention by addressing several potential methodological confounds in previous demonstrations.
However, we failed repeatedly to reproduce the phenomenon of spatial synergies between auditory and
visual attention, found by Driver and Spence (1994) and frequently cited to support the automatic na-
ture of cross-modal attention links. We discuss the results in light of recent evidence about cross-modal
spatial links during sustained attention and support the idea that such links can weaken or even dis-
appear under certain circumstances, such as during periods of sustained attention. The implication is
that individuals can select inputs from different modalities from different locations more easily than
previously had been thought.



ON AUDIOVISUAL SPATIAL SYNERGY 445

may not be informative as to whether cross-modal links
are sustained over time. Note that this is true even in ex-
periments in which target location was fixed in each
modality throughout a whole block of trials and central
spatially informative cues were not used (e.g., Eimer,
1999; Spence & Driver, 1996). A new attention shift may
still have been initiated at each trial, because central fix-
ation was reinforced by warning signals and eye tracking
during the intertrial period. As was suggested by Sturm
et al. (1999), even in the absence of external cuing, the
level of alertness can be modulated in a top-down mode
in self-initiated preparation for an upcoming target.

Testing whether spatial synergies across modalities
outlive the initial attention shift (orienting) has important
implications for human performance in a wide variety of
situations (e.g., driving a car). That is, one important
question in this field is to what degree this cross-modal
coupling persists during sustained attentional effort (see
Pashler, 1997, p. 90). Regarding this issue, several au-
thors have pointed out an essential difference between the
mechanisms leading to a shift in attention from one loca-
tion to another and the consequences that attention has,
once allocated to a particular location (LaBerge, 1995).
Eimer and Van Velzen (2002) have recently argued that
phasic attention shifts and tonic attention states (where
attention must be sustained over a prolonged period of
time) can have different consequences, specifically in
terms of cross-modal attention (see also Eimer, 1996, for
a similar argument regarding visual attention). For exam-
ple, shifts in tactile attention can be observed as a conse-
quence of phasic shifts of visual attention (Eimer & Van
Velzen, 2002), exactly as in the case of visual and audi-
tory experiments. Yet several studies have now shown
that tactile attention does not persist for long at the loca-
tion where visual or auditory attention has been com-
mitted. These results have prompted some authors to
claim that tactile attention is decoupled from vision and
from audition during sustained attention states (Eimer &
Driver, 2000; Eimer, van Velzen, & Driver, 2002; but see
Hötting, Rösler, & Röder, 2002).

Are Vision and Audition Coupled During
Sustained Attention?

The results of early studies suggested that people tend
to orient visually to the source of the sounds to which
they are trying to listen, as if orienting visual attention
would result in better listening (e.g., Gopher, 1973). This
is perhaps not surprising, since in naturalistic environ-
ments, auditory information may be accompanied by re-
dundant visual cues (see, e.g., Grant & Seitz, 1998, 2000;
Reisberg, 1978; Sumby & Pollack, 1954). Following up
on these early observations, Reisberg, Scheiber, and
Potemken (1981) measured delayed recall of words be-
longing to one of two lists presented simultaneously
from different locations. Recall accuracy was worse when
participants looked at the source of irrelevant words, as
compared with looking either at the source of relevant
words or away from both relevant and irrelevant sound
sources. This result indicates that looking at the source

of distractor sounds interferes with the processing of rel-
evant sounds presented at another location. However,
Reisberg et al.’s results were somewhat puzzling, be-
cause they also seemed to indicate that looking at a lo-
cation with no auditory stimuli (i.e., away from the rele-
vant and the irrelevant sounds) had the same benefit to
performance as looking at the location of relevant sounds.
Indeed, a later study by Wolters and Schiano (1989)
failed twice to replicate this pattern of results, since they
did not find a cost of looking at the source of irrelevant
sounds, as compared with looking toward the relevant
sound source or to a location where no sounds were pre-
sented. There are several potential reasons for the failure
to find a reliable cross-modal synergy triggered by gaze
direction. First, both in Reisberg et al.’s and in Wolters
and Schiano’s studies, the sound sources were arranged
vertically, a spatial dimension in which auditory local-
ization is relatively poor (e.g., Blauert, 1997). Second,
the recall task may not have been a sufficiently sensitive
measure of attention. That is, forgetting during the in-
terval between list presentation and the memory test may
have abolished any attentional effects. Yet the most im-
portant concern is that the direction of gaze (overt ori-
enting) may not be a reliable indicator of where visual at-
tention is being allocated (e.g., Sperling, 1960). Thus,
even if participants directed their gaze away from the
relevant sound source, it does not follow that covert visual
attention was summoned from the location of the relevant
sound source (note, for example, that Spence & Driver’s,
1996, effects, described earlier, were found in the ab-
sence of eye movements).

Driver and Spence (1994) offered some of the most
convincing evidence to date about the existence of links
across audition and vision during sustained attention. In
their study (Driver & Spence, 1994, Experiment 2), par-
ticipants performed an immediate recall task on word
triplets presented aurally from one location (placed to
the left or to the right) while attempting to ignore dis-
tractor words presented simultaneously from another lo-
cation (placed to the right or to the left, respectively).
Critically, at the same time, the participants were also
asked to look at a visual display that was placed at the lo-
cation of the relevant auditory sequence or at the loca-
tion of the irrelevant auditory sequence (although the
participants’ heads were fixed, they could move their
eyes to the left or the right). In the active condition, the
visual display contained a rapid sequence of keyboard
symbols, and the participants stopped the word recall
task and responded every time they saw a � sign. In the
passive condition, the visual sequence consisted of the
letters Z and O, alternating rapidly, and the participants
simply looked at the display. Driver and Spence (1994,
Experiment 2) found no effect of passively looking in the
direction of (as opposed to away from) the relevant
sounds, confirming the results obtained by Wolters and
Schiano (1989). However, in the active-looking condi-
tion, they observed an advantage of visually attending to
the source of relevant sounds, as opposed to visually at-
tending to the location of irrelevant sounds. This result
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suggests that it is not possible to focus visual and audi-
tory attention effectively to opposite locations in space,
thus supporting the existence of cross-modal links dur-
ing sustained endogenous attentional states. In a subse-
quent experiment, Driver and Spence (1994) found not
only that this effect was due to the cost of visually at-
tending to the location of the auditory distractors, but
also that there was a net benefit of attending to the source
of relevant sounds. This finding has very important im-
plications. Not only does it suggest that auditory and vi-
sual attention are linked across space, but also it implies
that this synergy persists over time and cannot be over-
come even if detrimental to performance. This places a
strong limitation on human performance; for example, in
the case in which one is driving when using a mobile
phone, even a hand-free headset model, there should be a
detriment in performance.

These findings also pose some important constraints on
theories of attention. Driver and Spence’s (1994) results
contrast with the predictions of independent-channel the-
ories, which specify that the use of different sensory
modalities should allow interference-free performance
(e.g., Duncan, Martens, & Ward, 1997; Wickens, 1984).
They also complement those of a later study by Spence
and Driver (1996), in which cross-modal links were
shown in a trial-by-trial (blocked cuing) experiment (i.e.,
one putatively involving phasic, rather than sustained, at-
tention shifts). Finally, Driver and Spence’s (1994) au-
diovisual data also contrast with recent findings suggest-
ing that touch can be decoupled from audition and from
vision when attention must be sustained over time (Eimer
& Driver, 2000; Eimer et al., 2002), perhaps suggesting
that different modality combinations can give rise to dif-
ferent outcomes (see also Soto-Faraco et al., 2002).

The basic paradigm introduced by Driver and Spence
(1994) has been used in slightly modified forms on at least
two other occasions (Spence, Ranson, & Driver, 2000;
Spence & Read, 2003). On both occasions, the paradigm
has included visual active and passive attentional condi-
tions during a spatially selective auditory-shadowing task.
It is perhaps important to note that neither of these stud-
ies included a direct replication of the condition of spatial
coincidence between the relevant auditory message and
the direction of visual attention (a condition that should
lead to a beneficial effect on shadowing), and they mea-
sured only the detrimental effect of presenting irrelevant
sounds at the location of visual attention. However, these
studies should be interpreted with caution. As in Driver
and Spence’s (1994) original study, the visual stimuli were
different in the active and the passive conditions. In the
active condition, participants were exposed to a more 
attention-grabbing visual display than in the passive con-
dition, and thus, the visual input could have a potentially
different contribution in terms of reflexively or involun-
tarily attracting attention in the two conditions (see below).

Scope of the Present Study
The initial goal of the present study was to explore

further the nature of audiovisual links in sustained en-

dogenous spatial attention. To this end, we attempted to
make use of the significant, albeit small, effect1 (about
7%) of directing visual attention to the location of audi-
tory attention found by Driver and Spence (1994). There
are several concerns (some of them noted above) regard-
ing Driver and Spence’s (1994) paradigm and its succes-
sive applications (Spence, Ranson, & Driver, 2000;
Spence & Read, 2003). First, the paradigm does not pro-
vide a measure of visual attention in the passive condi-
tion, and it is therefore difficult to assess the effective-
ness of the manipulation of visual attention. One could
argue that auditory shadowing, being worse in the active
condition than in the passive-looking condition, provides
sufficient evidence that visual attention was engaged
to a larger extent in the latter. However, the argument
becomes circular, because the differences in auditory-
shadowing performance are explained by the different
levels of attentional engagement in the visual task. This
issue becomes critical because in Driver and Spence’s
(1994) experiments, as well as in subsequent experiments
(Spence, Ranson, & Driver, 2000; Spence & Read, 2003),
the displays used in the passive-looking condition were
physically different from the displays used in the active
condition. The visual displays in the active condition
contained more variation and a higher degree of uncer-
tainty than the visual displays in the passive condition
did. These differences raise the concern that the visual
displays in the active condition were more effective in
engaging reflexive (i.e., involuntary) attention than the
displays used in the passive-looking condition, thus
causing the differences in auditory-shadowing perfor-
mance. An additional concern is the nature of the audi-
tory task in Driver and Spence (1994; also in Spence,
Ranson, & Driver, 2000; Spence & Read, 2003). In this
paradigm, a sustained attention state was achieved by pre-
senting the targets from the same side throughout a block
(both modalities from one side or each modality from a
different side). However, because the presentation of the
auditory words was in the form of triplets separated by
several seconds in order to allow responding, it is possi-
ble that spatial attention may have not been distributed
equally over time. Instead, this situation may have led to
the reinitiation of (phasic) shifts in auditory attention
prior to the presentation of each triplet, thus approaching
the conditions of a trial-by-trial design (as in Spence &
Driver, 1996). Because of these concerns and the impor-
tant implications of Driver and Spence’s (1994) results,
we sought to replicate and extend the initial paradigm.

We began with a manipulation with which we tried to
reproduce Driver and Spence’s (1994) results but in
which (1) the visual displays used in the passive and the
active conditions were physically identical, (2) the at-
tention state was more uniformly sustained across time,
thanks to the use of a continuous shadowing task (as op-
posed to a triplet-by-triplet shadowing task), and (3) the
degree of visual attention could be monitored in each
condition by introducing different levels of attentional
demands (rather than a no-attention vs. attention com-
parison). What we found, however, was that the original



ON AUDIOVISUAL SPATIAL SYNERGY 447

results did not replicate in the different experiments we
conducted, each one using a methodology increasingly
similar to that in the original Driver and Spence (1994)
study (until the final experiment, where the conditions
were matched in almost every possible detail). Together,
these data point to the interesting and important impli-
cation that individuals can select inputs from different
modalities coming from different locations more easily
than has previously been thought.

EXPERIMENT 1

The aim of the first experiment was to reproduce the
linked attention effect, whereby auditory-shadowing
performance improves when visual attention is directed
to the location of the relevant sounds, versus when at-
tention is directed to a different location containing ir-
relevant sounds. Two sequences of auditory words were
presented simultaneously, one originating from the par-
ticipant’s right and one originating from his/her left. The
participants shadowed one of the two sequences while per-
forming a visual detection task. We varied the attentional
demands of the visual task (high or low) and the side of vi-
sual attention (same as or opposite to the relevant auditory
sequence). On the basis of Driver and Spence’s (1994)
study, we expected to see a cost of increased attentional
demands (i.e., performance on the auditory task being
worse when it was concurrent with the more attention-
ally demanding visual task). The critical prediction, how-
ever, was that auditory-shadowing performance would be
modulated by the relative direction of visual attention.
That is, shadowing performance for auditory words
would be worse when the participants had to shadow the
words from one side while performing the visual detec-
tion task on the other side than when both relevant
sources of information came from the same side.

Although similar to the task used by Driver and
Spence (1994), there were some noticeable differences.
First, the words in the shadowing task were presented
here at a constant rate and not in triplets, in the expecta-
tion that this would induce a sustained attention state in
which the participant would maintain the effort to con-
tinuously focus on the relevant auditory sequence (in-
stead of attempting to reinitiate an attention shift prior to
each triplet). Second, visual detection performance was
monitored in both visual conditions. The less demanding
visual task was a zero-back task (i.e., a simple detection
task with a single target). The harder task was a one-back
task in which a target consisted of any letter presented
twice consecutively in the visual sequence. Thus, a gauge
of visual attention was obtained in all the conditions, and
the manipulation of visual attention could be assessed in-
dependently of its effects on auditory-shadowing perfor-
mance. Third, the content of the visual displays was iden-
tical across the two levels of visual attention. This would
ensure that any differences between passive and active
tasks could not be attributed to potential differences in ex-
ogenously driven (i.e., involuntary) attention shifts. Finally,

instead of stopping the shadowing task in order to respond
verbally every time a visual target was detected, the par-
ticipants responded to visual targets with a keypress while
continuously shadowing the auditory message.

Method
Participants. Sixteen undergraduates (13 females and 3 males;

mean age, 21.2 years, SD � 4.7 years) with English as their native
language participated in the experiment for course credit. All had
normal or corrected-to-normal vision and normal hearing.

Apparatus and Materials. Two loudspeakers, one to the left and
one to the right (at a distance of 57º in azimuth between them), were
used to present the auditory sequences. The loudspeakers were con-
nected to the left and right channels of the sound card of a Pentium
PC (Computer A). A third loudspeaker placed centrally emitted
white noise at 56 dB (A) SPL, in order to make the shadowing task
difficult enough. The visual stimuli were projected onto the surface
of the loudspeakers, using an NEC MultiSynch LT100 projector
connected to a second 486 PC (Computer B) controlling the se-
quence of visual stimuli. Computer A controlled the sequence of
the experiment, played the auditory stimuli, registered the re-
sponses, and triggered the presentation of visual targets via a sig-
nal sent to Computer B through the serial port. The participant used
a chinrest placed 64 cm from the center of the setup, with the head
facing forward. A microphone was taped to the base of the chinrest
and was connected to headphones through a Danelectro MiniAmp,
in order to allow the experimenter to hear clearly the verbal responses
and to track auditory-shadowing performance during the experiment.
The experimenter monitored fixation and head position through a
small mirror showing the upper half of the participant’s face.

The auditory materials were the same words as those used by Dri-
ver and Spence (1994) but rerecorded by a female Canadian En-
glish speaker. Although the words were not presented in triplets, the
original pairings used by Driver and Spence (1994; the 2 words that
were presented simultaneously to the right and to the left speakers)
were preserved, since they were matched on spoken frequency (ac-
cording to Brown, 1984) and number of letters (see Driver & Spence,
1994, for details). Some of the words from the original list were elim-
inated together with the other member of the pair, since they were
words commonly used in England, but not in North America (e.g.,
lorry). We constructed eight experimental lists, each consisting of 36
word pairs, so that a total of 576 words were used. The individual
words were recorded digitally as they were read aloud by a female
speaker and were presented at an intensity of approximately 60 dB
(A) as measured from the participant’s head. The set of visual stim-
uli consisted of the uppercase letters B, C, D, F, G, H, K, L, M, N,
P, Q, R, S T, V, W, and X, appearing in white on a dark background
and subtending 3.3º � 1.6º of visual angle.

Procedure and Design. The experimental room was sound at-
tenuated and remained dimly lit during the experiment. The partic-
ipant sat at a table, with the head placed in the chinrest and the index
finger of the dominant hand resting on the space bar of a keyboard.
In every block, the 36 pairs of words were presented (one to the
right and one to the left) in sequence at a constant rate of 1 pair
every 1,000 msec. Prior to presentation of each experimental list,
the participant was informed as to which loudspeaker to shadow
from and onto which loudspeaker the visual display would be pro-
jected. He or she was also told about the nature of the visual task
(zero-back or one-back). The visual stimuli (letters) were presented
in a rapid serial visual presentation (RSVP) sequence (56-msec du-
ration per item and 40-msec interstimulus interval). In the zero-
back task, the participant monitored the RSVP sequence for the let-
ter V. In the one-back task, the letter V never appeared, and the
participant monitored the RSVP sequence for any letter repeating
back to back. Visual targets appeared three times during each block;
each target was inserted at a random serial position into the first,
second, or third part of the list.
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Two additional lists of 16 word pairs were used for practice and
were administered to the participant prior to the start of the exper-
iment. The eight experimental lists were then administered twice,
with the relevant and the irrelevant channels swapped in the second
run, so that the participant shadowed each of the words once. The
order of the eight conditions (resulting from crossing the factors
side of shadowing, the side of visual attention, and the visual task)
was arranged according to a Latin square that was repeated twice in
reverse order for every participant. Two participants were tested
with each of the resulting eight different orders. 

Results
Separate analyses of variance (ANOVAs) were con-

ducted on auditory (shadowing) and visual (target de-
tection) performance.

Auditory shadowing. Auditory-shadowing perfor-
mance was computed as the mean percentage of words
correctly repeated for each participant in each condition
(see Figure 1). We accepted close morphological deriva-
tions as correct answers (e.g., cats for cat) but consid-
ered other types of approximation as incorrect answers
(e.g., hat for cat). A two-way within-subjects ANOVA of
shadowing performance for auditory words was con-
ducted that included visual attention (high in the one-
back task vs. low in the zero-back task) and side (same
vs. opposite with respect to the side of fixation as fac-
tors). The analysis indicated a main effect of visual at-
tention, with auditory-shadowing performance at 42%
for the zero-back task and at 36% for the one-back task
[F(1,15) � 19.55, p � .0005]. There was no effect of
side on auditory-shadowing performance (M � 40% for
the same-side condition, and M � 39% for the opposite-
side condition; F � 1). Finally, the interaction between
visual attention and side did not reach signif icance
(F � 1). An additional analysis including the side of the
display (right vs. left) was conducted, but it failed to
reach significance, and display side did not interact with
any other factor (all Fs � 1). Therefore, we collapsed the
data across display side, and as in Driver and Spence
(1994), will report only the two factors of interest.

Visual detection. The analysis of visual detection in-
cluded the two within-subjects factors: side (the visual
display could be on the same side as the relevant auditory
source or on the opposite side) and visual attention (low
attention demands in the zero-back task or high attention
demands in one-back task). There was a significant ef-
fect of side [F(1,15) � 5.0, p � .05], with same-side tar-
gets being detected more frequently than opposite-side
targets (M � 56% vs. M � 49%). There was also a mar-
ginal effect of visual attention [F(1,15) � 4.0, p � .07]:
Visual targets were detected with 59% accuracy in the
zero-back task and with 46% accuracy in the one-back
task. Additional analyses including side of visual display
(left or right) failed to show additional main effects or
interactions (all Fs � 1), and in subsequent experiments,
the data were collapsed across display side.

Discussion
As was expected, auditory-shadowing performance

suffered a decrement as a function of the attentional de-

mands of the secondary visual task. However, contrary to
our predictions, no evidence for costs related to attend-
ing to spatially separate auditory and visual sequences
was found in the shadowing task. This is clearly differ-
ent from what Driver and Spence (1994) found (see also
Spence, Ranson, & Driver, 2000; Spence & Read, 2003),
since it suggests that people can move their auditory at-
tention away from where they are attending visually, ap-
parently without cost to performance. In the visual task,
there was an effect of attentional demands (performance
in the zero-back task was better than that in the one-back
task), although this effect (13%) was only marginally
significant. We also found an overall cost in visual de-
tection performance when auditory and visual attention
were divided across different locations.

One surprising result in this experiment was the fail-
ure to obtain a modulation of auditory-shadowing per-
formance as a function of the spatial allocation of visual
attention. This result is interesting in the context of the ex-
isting literature suggesting links between vision and audi-
tion in endogenous spatial orienting. There are reasons to
believe that this attention link exists (Driver & Spence,
1994), but something in the present experiment has ap-
parently caused it to disappear, perhaps by masking it or
by shifting the burden of processing to the visual modal-
ity in order to compensate for the reduced amount of re-
sources available to process the auditory information. In-
deed, one tempting explanation for this result is that the
cost of dividing attention to different locations across
modalities was there but that, in the present case, the par-
ticipants sacrificed visual detection accuracy (where a
spatial cost was observed) in order to maintain the accu-
racy level in the auditory-shadowing task. However, this
must remain a highly speculative account at the moment,
because in terms of the experimental design, the visual
task was secondary (i.e., it contained only a limited
number of targets used to ensure and monitor that the par-
ticipants were effectively attending to the visual stream). In
any case, note that the fact that there was no interaction be-
tween the visual spatial cost and attention load would ren-
der an explanation based on this speculation incomplete.

As was discussed earlier, we introduced a series of
methodological changes with respect to Driver and
Spence’s (1994) work. Therefore, we began by examining
the differences between the present task demands and
those present in the paradigm used by Driver and Spence
(1994), where a cost of directing visual and auditory at-
tention to opposite locations was observed on auditory-
shadowing performance. The lack of evidence for a cross-
modal attention effect on shadowing in Experiment 1
could result from differences in the attentional demands
required by the visual task and/or the auditory task, as
compared with the tasks in Driver and Spence (1994). In-
deed, in one of their experiments, Spence, Ranson, and
Driver (2000) failed to find the expected increase in in-
terference from auditory distractors at the location of vi-
sual attention when task demands were not sufficiently
high. Here, in Experiment 1, performance levels in the
two tasks were within measurable range (i.e., there were
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no possible floor or ceiling effects), but they were some-
what different from those obtained by Driver and Spence
(1994). Performance on the visual task (M � 53%) was
lower overall than that reported by Driver and Spence
(1994, Experiment 2; M � 79%), although it was at the
same level as that in Spence, Ranson, and Driver (2000,
Experiment 3; M � 52%), where the expected cost on
auditory-shadowing performance was observed. More-
over, with regard to performance on the shadowing task,
accuracy in the present Experiment 1 (M � 39%) was
somewhat lower overall than that in Driver and Spence
(1994; M � 48%) and slightly lower than that in Spence,
Ranson, and Driver (2000, Experiment 3; M � 44%). In
summary, performance in the visual task and in the shad-
owing task was equivalent or slightly worse in our Exper-
iment 1 than in the cited studies, therefore ensuring that
the tasks used here were demanding enough (although
note that they were still very far from floor performance).
It is unclear, therefore, how the increased difficulty in the

visual and the auditory tasks would reduce, rather than en-
hance, audiovisual links in spatial attention.2

Another potentially important factor is that our low-
attention condition still required some attentional re-
sources, since the participants needed to constantly keep
track of the visual displays in search for the target,
whereas in Driver and Spence’s (1994) study, it consisted
of passively looking at the visual display. This fact may
account for the finding of no interaction between the
low- and the high-attention conditions, provided that an
overall cost of dividing attention across spatial locations
was found. However, it is difficult to see how the absence
of a truly passive condition may have produced the lack of
spatial costs in auditory performance, the result found
here. Finally, it is worth noting that we found a clear over-
all nonspatial modulation related to increasing visual de-
mands on auditory-shadowing performance. The size of
this overall divided attention cost on auditory-shadowing
performance in Experiment 1 (8% cost) was identical, in

Figure 1. Average performance on the shadowing task (panel A) and on the visual
task (panel B) in Experiment 1. Results are presented as a function of visual task (one-
back vs. zero-back). Hatched bars represent performance when the participants were
shadowing from the location of visual attention, and solid bars represent performance
when they were shadowing from the location opposite to the direction of visual atten-
tion. Line bars represent the standard errors of the means.
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numerical terms, to that obtained by Driver and Spence
(1994; 8%). Nevertheless, in the next experiment, we used
the same passive and active visual tasks as those in Driver
and Spence (1994; although this meant losing the measure
of visual detection performance for the passive task). 

EXPERIMENT 2

Since the previous experiment was unsuccessful in
replicating the spatial synergy effect between visual and
auditory attention (at least in terms of costs in auditory
shadowing, our primary measure), we sought to change
the visual task in order to make it more similar to the one
used in Driver and Spence (1994). Although the overall
percentage of visual accuracy was somewhat lower than
that in Driver and Spence (1994; suggesting that the visual
task was demanding enough), we speculated that one po-
tentially important factor for our failure to replicate would
be that, in our experiment, even the low-attention condi-
tion required visual attention. Although the high- and the
low-attention conditions certainly required different de-
grees of attention, the fact that we did not include a pas-
sive task may have made any noticeable modulation dis-
appear on the relatively crude measure of shadowing.

We used visual tasks similar to those used by Driver
and Spence (1994), constituting a passive condition, in
which participants merely fixated the RSVP sequence,
and an active condition, in which participants searched
for a � sign amid an RSVP of different keyboard sym-
bols. The auditory task remained unchanged. Thus, in this
experiment, the differences in the visual task were tar-
geted as, perhaps, leading to the breakdown or masking
of the possible synergy between endogenous auditory and
visual attention. In addition, in their experiment, Driver
and Spence (1994) measured the proportion of intrusions
of stimuli presented at the unattended auditory sequence
(i.e., the number of times that the participants erro-
neously shadowed the word presented at the irrelevant
location). Upon reexamining the performance of the par-
ticipants in Experiment 1, it was noted that intrusions
were uncommon, yet no systematic measure had been
obtained. In the present experiment, intrusions were also
measured, since it was possible that an effect would emerge
with more intrusions when the visual and the shadowing
tasks were on opposite sides, reflecting auditory attention
being unavoidably directed toward the location of the vi-
sual task. Therefore, the dependent measures included
shadowing accuracy, shadowing intrusions, and visual ac-
curacy in the active task.

Method
Participants. Sixteen new undergraduates (12 females and 4

males; mean age, 21.1 years, SD � 3.4 years) with English as their
native language participated in the experiment for course credit. All
had normal or corrected-to-normal vision and normal hearing.

Apparatus, Materials, and Procedure. The apparatus and the
materials were identical to those in Experiment 1, with the follow-
ing exceptions. The speakers from which the words were presented
were of a different make (Koss Corporation, Milwaukee, WI). The
visual stimuli were changed so as to be in accordance with those

used by Driver and Spence (1994). In this experiment, the visual
RSVP sequence was composed of a random sequence of the key-
board symbols �, �, !, (,), *, {, }, [, ], -, /, :, &, and |. 

The procedure and design were the same as those in Experiment 1,
except that instead of the zero-back and one-back tasks, the visual
tasks were now passive and active tasks, respectively. In the active
task, the participants were asked to detect the � symbol, which was
inserted in the sequence pseudorandomly (with the same restrictions
as those described in Experiment 1). In the passive task, the partici-
pants were asked simply to look at the sequence, which never con-
tained the � symbol.

Results
Auditory-shadowing performance. Individual accu-

racy was measured for every condition (see Figure 2), and
an ANOVA was conducted with the within-subjects fac-
tors of side (same or opposite side as visual fixation) and
visual attention (passive vs. active). The results indicated
a main effect for visual attention [F(1,15) � 40.8, p �
.001], with auditory-shadowing performance at 51% for
passive fixation and at 45% for the active task. There was
no effect for direction of fixation relative to the shadowing
side (F � 1), with mean auditory-shadowing performance
of 48% when the participants fixated at the location of rel-
evant sounds and 48% when the participants fixated at the
opposite location (i.e., at the location of the irrelevant
sounds). The interaction also did not reach significance
(F � 1).

Intrusions. We assessed the percentage of words from
the irrelevant auditory list that were erroneously shad-
owed by the participants. However, they proved to be
quite rare and averaged less than 2% overall, and a mean-
ingful analysis of the intrusions could not be conducted.

Visual detection performance. Detection perfor-
mance could be examined only for the active task, since
no measure was obtained in the passive task. No effect
was found for the side of visual attention as a function of
the side of auditory attention (F � 1). Visual detection
was at 83% when the visual task was on the same side as
the relevant word sequence and at 82% when it was on
the opposite side.

Discussion
No evidence for cross-modal links in spatially attending

separate auditory and visual sequences was found in any
of the three measures used (shadowing accuracy, intru-
sions, and visual detection accuracy). Although unsuc-
cessful at replicating reports of spatial synergy, the pres-
ent performance levels in both the visual and the auditory
tasks were very similar to those in Driver and Spence
(1994). Note, for instance, that overall performance here
was 48% in the shadowing task and 83% in the visual task,
whereas Driver and Spence (1994) obtained 48% and
79%, respectively. In addition, the overall influence of the
visual task on auditory-shadowing performance (6% ef-
fect) was significant and very similar to the one observed
by Driver and Spence (1994; 8% effect). However, there
are still a number of differences that could be important in
explaining why the present manipulation failed to produce
any synergies even if the overall performance and stimu-
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lus conditions were closely matched to those used by Dri-
ver and Spence (1994).

Perhaps, one important difference between the pres-
ent study and Driver and Spence (1994), as well as sub-
sequent studies adapting their paradigm, is that the vi-
sual displays they used for the active and the passive
conditions were physically distinct. This difference is
potentially very relevant, given that the displays used in
previous studies for the active condition have usually con-
tained more stimulus onsets/offsets and more variability
than the displays used in the passive task did. This could
explain the extra attentional engagement in the active
conditions (and in consequence, the extra attention to the
location of the relevant or irrelevant sounds, depending on
the condition) that would be necessary to observe the syn-
ergies. In our Experiments 1 and 2, the displays used in the
passive and the active conditions (or high vs. low atten-
tion) were physically identical, and in principle, there

could not be a difference in the degree to which exoge-
nous attention was engaged across conditions.

Another potentially important factor, already dis-
cussed in the introduction, is that Driver and Spence
(1994), as well as subsequent studies, presented the au-
ditory materials in triplets, with the participants re-
sponding during a silent period after the triplet of words
had been presented. This may have induced the partici-
pants to reinitiate a divided attention state anew prior to
each triplet. If this were the case, Driver and Spence’s
(1994) paradigm may have underestimated the partici-
pants’ true ability to split attention between modalities
and locations in a sustained attention state. In our exper-
iments, shadowing conformed to the traditional use of the
term, whereby the participants repeated the words as
they heard them, without pauses in the input stream. Ac-
cordingly, we assume that in Experiments 1 and 2, our
participants were less likely to initiate multiple attention

Figure 2. Average performance on the shadowing task (panel A) and the visual task
in the active condition (panel B) in Experiment 2. Results are presented as a function
of visual task (active vs. passive). Hatched bars represent performance when the par-
ticipants were shadowing from the location of visual attention, and solid bars repre-
sent performance when they were shadowing from the location opposite to the direc-
tion of visual attention. Line bars represent the standard errors of the means.
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shifts and sustained their attention over the whole block.
Finally, another possibly relevant difference between
Driver and Spence’s (1994) study and ours was the out-
put mode in the visual task. Whereas Driver and Spence
(1994) required verbal responses to the visual targets
(thereby interrupting the shadowing task), only manual
responses were required in our studies.3 In the next ex-
periment, we attempted a close replication of Driver and
Spence’s (1994) Experiment 2.

EXPERIMENT 3

The main goal of this experiment was to replicate the
second experiment in Driver and Spence (1994) as closely
as possible. It may be that when auditory stimuli are pre-
sented in triplets with intervening pauses, auditory at-
tention is released, and the resulting disengaging and
reengaging of auditory attention produces a synergy ef-
fect (possibly by making auditory attention more vul-
nerable to other ongoing attentional processes). In addi-
tion, Experiments 1 and 2 required a manual keypress
response to visual targets, rather than a verbal response
(as used in Driver and Spence, 1994). This may be im-
portant because, as the two tasks become increasingly
similar (in terms of output mode), more interference may
occur, and therefore, the synergy could arise more easily
when the responses to both tasks share the same effec-
tors. Although there is no obvious reason for why this
output interference should be stronger in the same-side
conditions than in the opposite-side conditions, it is im-
portant to address the potential role of response modal-
ity in the establishment of cross-modal synergies (e.g.,
Wickens, 1980, 1984). Thus, in the present experiment,
the participants were asked to pause shadowing and say
“plus” out loud when detecting a visual target.

Several additional changes to the procedure were in-
troduced in order to match it as closely as possible to the
procedure used in Driver and Spence (1994). The num-
ber of visual targets per list was changed to two, three, or
four, so as to be more similar to Driver and Spence’s
(1994) original study. Also, the stimuli in the passive
task were changed to the letters Z and O, whereas the
stimuli for the active task remained the same as those in
Experiment 2. The order of the tasks was constructed to
replicate the original design, and the side from which to
shadow was alternated on a block-by-block basis.

Method
Participants. Sixteen new undergraduates with English as their

native language participated in the experiment for course credit: 12
females and 4 males, mean age 20.8 years (SD � 3.3 years), all but
2 right-handed. All had normal or corrected-to-normal vision and
normal hearing.

Apparatus, Materials, and Procedure. An RCA SA-155 ampli-
fier was used, instead of the miniamplifier used in Experiments 1
and 2. The passive visual task was changed so that now it consisted
of the random presentation of the characters O and Z at the same
rate as that of the RSVP sequence in Experiments 1 and 2. The side
of visual attention was alternated from one list to the next, the rest
of the factors being counterbalanced around this constraint, as in

Driver and Spence (1994). The words were now presented in
triplets, with one word appearing approximately 540 msec after the
onset of the previous one within one triplet and with an interval of
4,000 msec between the end of one triplet and the beginning of the
next, to allow for the participants’ responses. The number of triplets
per list was 12 (instead of the 14 used by Driver & Spence, 1994,
because of the eliminated words; see Experiment 1, Method).

Results
Auditory-shadowing performance. Individual ac-

curacy was measured for every condition (see Figure 3),
and an ANOVA was conducted with side (same or oppo-
site side as in the visual task) and visual task (passive vs.
active) as factors. The ANOVA indicated a significant
effect for visual task, with shadowing accuracy in the
passive condition (54%) being higher than that in the ac-
tive condition [41%; F(1,15) � 141.2, p � .001]. The ef-
fect of the side of the visual task was not significant, and
the mean was 48% for the same side and 47% for the op-
posite side [F(1,15) � 1.7, p � .298]. The interaction be-
tween visual task and side did not reach significance
(F � 1).

The analysis above took as its dependent measure an
absolute measure of accuracy—that is, out of all the words
correct, how many did the participant manage to shadow?
However, since the visual task required the participant to
stop shadowing for certain triplets, it is possible that a bet-
ter measure of shadowing would be performance for
triplets only when the subject did not stop shadowing
and indicate that a target was present. An analysis of
auditory-shadowing performance from triplets for which
no visual response was required yielded a nearly identi-
cal pattern, with a significant difference in auditory-
shadowing performance as a function of visual task
[M � 54% in the passive condition and M � 46% in the
active condition; F(1,15) � 52.6, p � .001], no effect of
side (M � 51% for the same-side condition and M �
49% for the different-side condition) and no interaction
(F � 1 for both).

Intrusions. An ANOVA on intrusions (including
the same factors) revealed a marginal effect for side
[F(1,15) � 4.1, p � .07], with 2.7% intrusions for the
same side and 3.2% for the opposite side. No other ef-
fects approached significance in this analysis.

Visual detection performance. Accuracy in the vi-
sual detection task was obtained only in the active task.
Again, no difference was found between the same- and
opposite-side conditions, with 78% for the same side and
79% for the opposite side (F � 1).

Discussion
The results of Experiment 3 confirmed the results of

Experiment 2 in most ways. Thus, the presence of a con-
tinuous sequence of words versus the presentation of
triplets was not the crucial factor for inducing spatial
synergy. Neither did using the same response mode (i.e.,
verbal) for both the auditory and the visual tasks account
for the lack of a synergy effect on shadowing perfor-
mance. The difference in shadowing accuracy for the ac-
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tive versus the passive visual tasks was larger than that
in the previous experiment. It is possible that the physi-
cal difference between the visual displays in the active and
the passive conditions in this experiment accounts for the
larger difference between the two tasks. Note that overall,
the performance accuracy in the shadowing task (M �
48%) and in the visual detection task (M � 78%) were,
again, effectively identical to those obtained in Driver and
Spence (1994, Experiment 2): 48% and 79%, respectively.

For the first time, we found a slight tendency toward a
difference between same and different sides on auditory-
shadowing performance—in particular, on the percent-
age of intrusions. However, it is only fair to note that this
marginally significant effect was very small (0.5%), and
its possible importance may be overestimated in the sta-
tistical tests because of the reduced variability of percent-
age measures when the scores are very close to the lower

end of the distribution (see Howell, 1982), as was the case
here (3% intrusions, overall).4 But most important, this
trend in the main factor of side was not a function of vi-
sual task (i.e., there was no trace of an interaction), and
therefore, it cannot be taken as an indication of a purely
attentional effect.

At this point, only very marginal differences remain
between Driver and Spence’s (1994) Experiment 2 and
the present attempt to replicate it. For example, there
were slightly fewer words per list (because we had to take
out the non–North-American English words), the appa-
ratus and population were obviously different, and the ac-
tual speaker whose voice was recorded was also differ-
ent. However, if these are the kinds of differences that are
to account for the failure to replicate, the effect is indeed
so fragile as to negate any attempt to build reasonable
suppositions on it.

Figure 3. Average performance on the shadowing task (panel A) and the visual task
in the active condition (panel B) in Experiment 3. Results are presented as a function
of visual task (active vs. passive). Hatched bars represent performance when the par-
ticipants were shadowing from the location of visual attention, and solid bars repre-
sent performance when they were shadowing from the location opposite to the direc-
tion of visual attention. Line bars represent the standard errors of the means.
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GENERAL DISCUSSION

The most robust finding to emerge from this study is
that participants seem to be able to select a continuous
auditory message and monitor a sequence of visual items
at opposite locations with more ease than could have
been predicted from earlier findings. This ability to di-
vide auditory and visual attention is striking in light of
the extensive cross-modal links demonstrated in past re-
search, regarding both exogenous (involuntary) and en-
dogenous (voluntary) spatial attention (see Driver &
Spence, 2004, and Spence & McDonald, 2004, for recent
reviews). In all of the experiments presented in this
study, the tasks were sufficiently demanding and of
comparable difficulty with those used in previous studies.
Dual-task costs were clearly observed in auditory perfor-
mance in the shadowing task, and these were more pro-
nounced the more demanding the visual task. It is clear
that the present data do not prove the absence of audiovi-
sual links during sustained attention, but they clearly in-
dicate that when given time, humans have a remarkable
ability to split their auditory and visual attentional re-
sources across different spatial locations even under dif-
ficult conditions.

Shifting Versus Sustaining Attention
The present results concern a situation that occurs

often in real life—namely, observers had to maintain a
divided attention state over a prolonged period of time,
as opposed to shifting attention from trial to trial. This
may be a potentially important issue for understanding
the apparent decoupling of auditory and visual attention
in our study and its discrepancy with other cross-modal
studies (but see also Alfonso, unpublished data, cited in
Pashler, 1997, p. 91; Duncan et al., 1997). In most of the
past experiments demonstrating audiovisual links in spa-
tial endogenous attention, the methodology induced par-
ticipants to reorient to a central location before each new
trial was initiated (for example, by means of a central fix-
ation cue). As was discussed in the introduction, some au-
thors have pointed out the distinction between phasic
(transient) and tonic (sustained) attention as an important
factor in the cross-modal attention literature (Eimer &
Van Velzen, 2002). It is interesting, for example, that
several authors have found electrophysiological evi-
dence for tactile attention effects as a function of visual
or auditory attention shifts only in paradigms leading to
phasic orienting, but not under sustained attention states
(Eimer & Driver, 2000; Eimer et al., 2002). These results
suggest that people can arrive at optimal divided attention
performance. However, it is perhaps premature to claim
that cross-modal links in attention are mandatory during
phasic attention shifts but may be largely overridden dur-
ing sustained attention states, and this must remain as a
conjecture at this point. Indeed, there is now some evi-
dence against this view for the case of auditory–tactile at-
tention (Hötting et al., 2002). Therefore, although the dis-
tinction between phasic and sustained attention states may
be an important aspect in the establishment of cross-

modal attention links, its specific role needs to be ad-
dressed in the future.5 In any case, the arguments re-
garding the distinction between phasic and sustained at-
tention shifts are insufficient to explain why the results
obtained in the present study differ from the results ob-
tained by Driver and Spence (1994)—in particular, those
in our Experiment 3 (and the additional experiment re-
ported in the Appendix), where the auditory task was de-
livered in triplet format.

A Weak Cross-Modal Link
What could be the reasons for the present failure to

replicate Driver and Spence’s (1994) synergy? We have
already ruled out some obvious candidates. For instance,
as Spence, Ranson, and Driver (2000) highlighted, it
could be that the synergy disappears when the visual task
is not demanding enough (their Experiment 2). In our ex-
periments, the level of visual detection performance was
equivalent or even slightly lower than that observed in
Driver and Spence (1994; see also Spence, Ranson, &
Driver, 2000, Experiment 3). A second potential reason
could be that Driver and Spence (1994) used bright LED
displays for their visual task, whereas we used an LCD
projection (white items on a dark background screen) that
had a high contrast, but perhaps not as much luminance
as an LED display. However, if this is a key factor in ex-
plaining the difference in results, Driver and Spence’s
(1994) effect may have been in part due to exogenous
(i.e., involuntary) or bottom-up attentional capture of the
visual display, as opposed to the consequence of direct-
ing voluntary attention to one or the other side. This po-
tential confound becomes a serious concern because, in
all the applications of Driver and Spence’s (1994) method-
ology to date (except our Experiments 1 and 2), the con-
tent of the visual displays has been different in the active
and the passive conditions. A third potential reason for the
discrepancy between the results in Driver and Spence
(1994) and the present results may be a difference in in-
structions. As was the case in Driver and Spence’s (1994)
study, here the participants were not informed about the
exact probability of occurrence of the visual targets but
were told that they would occur only in active conditions
(here, the latter is relevant only to Experiments 2 and 3).
Nevertheless, although some differences in instructions
are possible, it is also the case that overall performance in
the two tasks mirrored that reported in Driver and Spence
(1994). Moreover, as was noted above, such differences
would point merely to the fragility of the phenomenon.

Another possible factor worth examining is practice.
There is a good deal of evidence for the dramatic effects
that extensive practice can have on attention (e.g., Braun,
1998), and one of the typical benefits of practice is to
eliminate or reduce interference from distractors and to
improve selective attention. That said, it is unlikely that
practice could explain the differences between Driver
and Spence’s (1994) results and those in the present
study. First, our participants had fewer, and not more,
practice trials (this was for purely practical reasons,
since we had fewer stimulus words). We nevertheless ex-
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amined whether an effect of practice was present in the
initial part of our experiments and conducted an analysis
including the factor of block (first vs. second part of the
experiment) for each of our three experiments. Although
there was an overall practice effect, with the second half
of the experiment yielding better shadowing than the first
half did [37% vs. 42% in Experiment 1, F(1,15) � 10.1,
p � .01; 45% vs. 51% in Experiment 2, F(1,15) � 45,
p � .001; and 45% vs. 50% in Experiment 3, F(1,15) �
23.07, p � .001], in none of the experiments did this fac-
tor interact with side (F � 1 for Experiments 1 and 2, and
F � 1.7, p � .2 in Experiment 3).

Localizability has also been demonstrated as a poten-
tially important factor for the replication of another cross-
modal attention result (Driver, 1996). Leech (1999) found
that the precise degree of localizability of the auditory
stimuli (manipulated on the basis of spatial separation)
was critical for the replication of the findings in Driver
(1996). However, localizability does not appear to account
for the discrepancy between the results in Driver and
Spence (1994) and the present results. Inspecting the pro-
portion of intrusions as an overall indicator of localizabil-
ity of the auditory information, our Experiment 3 pro-
duced an amount of intrusions similar to that reported in
Driver and Spence (1994, Experiment 2).

Finally, the question arises as to the statistical power
of our study to detect an effect like the one observed by
Driver and Spence (1994), which was certainly small.
The magnitude of Driver and Spence’s effect in Experi-
ment 2 was no bigger than 7%. It could, therefore, be that
our experiments lacked the power to tease out such a
small effect. However, we believe that this is unlikely. In
none of the three experiments reported (including the ex-
periment in the Appendix) was there a trend in the ex-
pected direction in auditory-shadowing performance.
Nevertheless, in an attempt to increase power, an ANOVA
was performed on auditory-shadowing accuracy, pooling
the data from all three experiments. The analysis showed
that neither the effect of side (45% in the same-side con-
dition and 45% in the opposite-side condition; F � 1)
nor the interaction between side and visual task ap-
proached significance (F � 1). Note that the power in
this analysis, assuming an expected effect size of 6% on
the basis of Driver and Spence’s (1994) Experiment 2,
was p � .90, with α � 0.05.

Having highlighted the factors that could reasonably
explain the present discrepancy, we are at a loss to ex-
plain why the small synergy effect was absent in our in-
vestigations, beyond the natural variability that most
psychological measures have across different observers,
laboratories, and equipments.6 This speaks to the weak-
ness of the synergy effect during sustained attention and
the possibility that people may be able to override it in
order to perform optimally under certain circumstances.
It is worth noting that auditory-shadowing performance
is a relatively crude measure for such a fragile effect, and
perhaps other behavioral or neuroimaging methodolo-
gies would be more appropriate and able to show that
there are, indeed, limitations to dividing attention across

modalities and locations. At this point, however, such
limitations seem far from proven.

In an attempt to capture the subjective impressions of
the participants about the different conditions in the ex-
periments, we informally questioned them about which
condition they felt was easier, after the experimental ses-
sion. Almost always, the participants said that it was
harder to shadow during the active (or one-back) task
than during the passive (or zero-back) one. However,
people did not consistently feel that it was easier to
shadow on the same side as the visual task. In fact, sev-
eral people said that it was easier to shadow the auditory
sequence that was spatially separated from the visual
one. These subjective reports seem to match the objec-
tive data analysis—namely, a clear dual-task cost, but no
detrimental effect of spatially splitting visual and audi-
tory attention.

Implications for Current Accounts of 
Cross-Modal Attention

There are at least two implications for our results.
First, it seems that cross-modal links in spatial attention
can sometimes be overridden (or, at least, greatly atten-
uated) when an attention state has to be sustained for a
prolonged period of time. It is important to note that the
only consistent indication of a cross-modal attention ef-
fect in the study revealed itself as a small effect of side
of presentation in visual performance (Experiment 1),
and even then, there was no indication that the degree of
attention (low or high attention load) had any role. As is
the case with cross-modal links in exogenous attention,
cross-modal effects in endogenous attention do not seem
to conform to a simple picture. For instance, several
studies are suggestive of the idea that the more one par-
adigm approaches a truly sustained attention state, the
smaller the chances of finding a synergy effect between
certain combinations of modalities (see Eimer & Driver,
2000, and Eimer et al., 2002, as well as the present study).
However, this is not always the case (Hötting et al., 2002).
In any event, regardless of the discrepancies between re-
sults, these studies seem to stress the importance of the
separation between the consequences of phasic shifts of
attention and tonic attention states as a potentially rele-
vant factor when accounting for cross-modal attention re-
sults. It will certainly be interesting to see how these dif-
ferent results can be reconciled under one account, in the
same way that some of the controversies regarding ex-
ogenous cross-modal attention appear to have finally
been resolved (Spence & McDonald, 2004; Spence, Mc-
Donald, & Driver, 2004).

The second implication concerns the controversy about
the mechanisms by which attention in different modalities
is coordinated. Several authors have highlighted the pos-
sibility that, in spatial attention, there is a supramodal at-
tention system by which all modalities are in register and
access the same resources (e.g., Butter, Butchel, & San-
tucci, 1989; Farah, Wong, Monheit, & Morrow, 1989). On
the other hand, some investigators have proposed that at-
tention systems are separate for each modality but linked
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(e.g., Driver & Spence, 1998; Spence & Driver, 1996,
1997). A strict supramodal view of spatial attention would
predict, among other things, that it is simply not possible
to direct attention to different modalities at opposite loca-
tions without a considerable cost. In contrast with this pre-
diction, our results suggest that it is possible in some cir-
cumstances, and they therefore support an account of
cross-modal spatial attention with separate attention sys-
tems. These separate attention systems would, most of the
time, work in a coordinated fashion, but not necessarily
all the time. It is also important to note that the present re-
sults do not negate other, less strict versions of a supra-
modal account of attention.

Conclusion
We have shown here that endogenous spatial attention

across modalities has a considerable degree of flexibil-
ity. Despite previous demonstrations about potential syn-
ergies in endogenous spatial attention between the audi-
tory and the visual modalities, the link seems to be a
fragile one. It must be noted that this conclusion is re-
stricted to the case of sustained attention and may not
apply to every case of sustained attention. But it is impor-
tant to point out that at least under certain circumstances,
humans are able to direct their visual and auditory atten-
tion to opposite spatial locations at no cost. In the future,
it will be important to find the relevant factors leading to
effective divided attention. In this respect, one potentially
important aspect could be the similarity between the au-
ditory and the visual stimuli. For example, note that in
their Experiment 1, Driver and Spence (1994) used verbal
material together with corresponding lip movements and
found stronger synergies. However, as Driver and Spence
(1994) noted (see also Spence, Ranson, & Driver, 2000),
those results were susceptible to confounds related to
linguistic processing (see note 1). Most certainly, better
knowledge of the situations leading to cost-free divided
attention across modalities will be an important outcome
in the design of human-operated devices and machines.
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NOTES

1. It should be noted that Driver and Spence (1994) obtained stronger
synergy results when using lip-read information in the visual display (a
videotape of a person talking). However, as was argued by the authors
themselves (see also Spence, Ranson, & Driver, 2000), this situation is
clearly subject to a potential confound with linguistic-specific pro-
cesses, and hence, its generalization is limited. Therefore, we decided
to focus on previous demonstrations using unrelated visual and auditory
materials (words and keyboard symbols), just as in Driver and Spence

(1994, Experiments 2 and 3), Spence, Ranson, and Driver (2000, Ex-
periments 2 and 3), and Spence and Read (2003).

2. One general concern in comparing performance across experi-
ments is the practical difficulty of gauging participants’ true motiva-
tion. In a difficult task, motivated participants may perform better than
unmotivated participants, but no difference may be observed in less de-
manding situations. Bearing that in mind, we assume here that there is
no special reason to presume that our manipulations systematically in-
duced a lesser degree of enthusiasm in the participants than Driver and
Spence’s (1994) manipulation did. Therefore, we consider that similar
levels of performance are, in principle, a relatively faithful indicator of
similar degrees of task difficulty.

3. Initially, we performed a replication of Driver and Spence’s (1994)
Experiment 2, with the only difference being that the participants made
manual responses to the visual targets, as in our previous experiments,
whereas the participants in Driver and Spence’s (1994) study responded
verbally to the appearance of the visual target (and stopped shadowing).
In principle, manual responses are more desirable, because they do not
require participants to interrupt their shadowing and, therefore, no data
have to be discarded. However, after testing 6 participants (see the Ap-
pendix), we realized that there was no trace of the synergy effect and,
therefore, started our investigation again using verbal responses (see
Experiment 3).

4. This was confirmed when the intrusion data were submitted to the
arcsine transform and reanalyzed. The new analyses showed that the
main effect of side and the interaction between side and visual task were
far from significant (both Fs � 1). The effect of visual task was nearly
significant [F(1,15) � 4.4, p � .053], with intrusions being slightly
more frequent overall during the active task than during the passive task.

5. Indeed, the potential hypothesis that audiovisual links may be ob-
served under phasic attention shifts, but not (or at least, less readily)
under sustained attention shifts, is probably an underestimation of the
real complexity of the problem. For instance, audiovisual links in ex-
ogenous attention shifts (that one may think of as a mainly phasic at-
tention shift) are sometimes not found and appear to depend on the par-
adigm used (e.g., Ward, McDonald, & Lin, 2000).

6. One of the reviewers pointed out that another possible factor that
may have contributed to the failure to find the expected audiovisual syn-
ergy effect in the present experiment is the degree to which the words
presented to the attended and the unattended locations were synchro-
nized. In Driver and Spence (1994), the synchrony between the words
appearing in each location depended on the ability of the speaker to
maintain a constant rate of speech during the recording of the materi-
als. In the present experiment, the words were synthesized, stored in in-
dividual computer files, and presented through computerized methods.
Presumably, the former study contained more temporal variability be-
tween the onsets of the attended and the unattended word lists than the
latter did, and this may have caused a more effective capture of atten-
tion by the relevant message. There is no way to ascertain these facts,
but in any case, this would again be illustrative of the fragility of the au-
diovisual synergy effect.

APPENDIX
Additional Replication of Driver and Spence (1994),
Using Simple Manual Responses in the Visual Task

Every aspect of the method was exactly as in our Experiment 3, except for the number of participants (n �
6; 5 females, all right-handed; mean age � 20 years, SD � 0.89 years) and the fact that the visual task re-
quired manual responses only (as in Experiments 1 and 2).

The ANOVA on shadowing accuracy included side and visual task as independent variables. The effect of
visual task was significant [F(1,5) � 8.1, p � .05], with shadowing being more accurate in the passive con-
dition than in the active condition (56% vs. 50%). There was no effect of side [F � 1] and no interaction be-
tween the two factors [F(1,5) � 1.8, p � .230]. Overall, intrusions were very infrequent (M � 0.9%, SD �
0.8); however, we ran an ANOVA with the same factors as those in the previous analyses. Neither the main
effects nor the interaction was significant (all ps � .25).

(Manuscript received July 21, 2003;
revision accepted for publication June 17, 2004.)
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