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The external location of a tactile stimulus on the hand
depends not only on which part of the hand has been stim-
ulated, but also on where the hand lies in space. Repre-
senting this may involve the multisensory integration of
visual, tactile, proprioceptive, and sometimes, even audi-
tory cues regarding limb position (e.g., see Maravita,
Spence, & Driver, 2003, for a recent review). There has
been increasing interest in how these various sensory cues
may be weighted and integrated to enable people to local-
ize tactile stimuli—to give rise to the felt position of our
limbs and, ultimately, to the multisensory representation
of peripersonal space (i.e., near the body) or extrapersonal
space (e.g., see Rizzolatti, Fadiga, Fogassi, & Gallese,
1997; Spence & Driver, 2004). Research on these topics
has expanded in recent years, with progress aided by con-
verging findings from a number of different disciplines,
including psychophysical and neuroimaging studies of
normal participants, neuropsychological investigations of
brain-damaged patients, and neurophysiological data from

animals (see Graziano & Botvinick, 2002; Làdavas, 2002;
and Maravita et al., 2003, for reviews).

A behavioral task that has already proven useful in ad-
dressing some psychological issues regarding the multi-
sensory representation of space in normal participants is
the crossmodal distractor congruency task, first intro-
duced by Spence, Pavani, and Driver in 1998. In a typical
study, participants hold two foam blocks, one in either
hand (see Figure 1). Embedded in the top and bottom of
each foam block are vibrotactile stimulators and light-
emitting diodes (LEDs). On each trial, a single vibrotac-
tile target and a single visual distractor are each presented
randomly (and independently) from any one of the four
possible stimulus locations. Participants are required to
make a speeded elevation (up/down) discrimination for each
vibrotactile target stimulus, presented from the index finger
or the thumb of either hand (i.e., above at the index finger or
below at the thumb, in the posture typically used; see Fig-
ure 1), while simultaneously trying to ignore any visual dis-
tractor.

Although the visual distractors are just as likely to be
presented from the same elevation as the vibrotactile tar-
gets as from different elevations, participants are typically
significantly worse at discriminating the elevation of tac-
tile targets when visual distractors are presented from an
incongruent elevation (i.e., when the vibrotactile target is
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Across three experiments, participants made speeded elevation discrimination responses to vibro-
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slower and less accurate when the visual distractor was incongruent with the elevation of the vibro-
tactile target (e.g., a lower light during the presentation of an upper vibrotactile target to the index fin-
ger) than when they were congruent, showing that people cannot completely ignore vision when se-
lectively attending to vibrotactile information. We investigated the attentional, temporal, and spatial
modulation of these cross-modal congruency effects by manipulating the direction of endogenous tac-
tile spatial attention, the stimulus onset asynchrony between target and distractor, and the spatial sep-
aration between the vibrotactile target, any visual distractors, and the participant’s two hands within
and across hemifields. Our results provide new insights into the spatiotemporal modulation of cross-
modal congruency effects and highlight the utility of this paradigm for investigating the contributions
of visual, tactile, and proprioceptive inputs to the multisensory representation of peripersonal space.
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presented from the top and the visual distractor from the
bottom or vice versa) than when they are presented from
the same congruent elevation (i.e., either both up or both
down). The difference in performance between incongru-
ent and congruent trials for distractor lights provides a
measure of the cross-modal congruency effect for a given
region of space (e.g., see Maravita et al., 2003), which can
index the extent to which a visual distractor intrudes into
a vibrotactile judgment.

Several studies have now reported that cross-modal
congruency effects can be more pronounced when the vi-
brotactile target and the visual distractor stimuli are pre-
sented from approximately the same location (e.g., from
the same foam block) than when they come from different
locations (i.e., from two different foam blocks, one held
by one hand and the other by the other hand; see Maravita

et al., 2003, for a recent review). Cross-modal congruency
effects appear to be largest when the visual distractor is
presented in the peripersonal space surrounding the hand
that receives the target vibration and might, perhaps, fall
off as the visual distractor is moved away from the hand into
extrapersonal space (see Làdavas, 2002, for a review of
potentially related findings from neuropsychological stud-
ies of brain-damaged patients suffering from a deficit
known as cross-modal extinction; see also the General
Discussion section).

Some researchers have already used the cross-modal
congruency task in normals to investigate possible changes
in the representation of peripersonal space (and in the rep-
resentation of the body schema), that may be elicited by
the prolonged use of hand-held tools (see Holmes, Calvert,
& Spence, 2004; Holmes & Spence, 2004; Maravita,

Figure 1. Schematic view of the apparatus and participant in Experiment 1.
The participant held a foam cube in each hand. Two vibrotactile stimulators
and two visual distractor lights (zig-zag shaded rectangles and filled circles, re-
spectively, in the enlarged inset) were embedded in each foam block, positioned
next to the participant’s thumb or index finger. White noise was presented con-
tinuously over headphones to mask the sound of the operation of the vibrotac-
tile stimulators and footpedals. All of the participants wore an eye movement
monitor to measure the direction of their fixation (dotted line). The partici-
pants made speeded elevation discrimination responses (by raising the toes or
heel of the right foot) in response to vibrotactile targets presented either from
the “top” by the index finger of one or the other hand or from the “bottom” by
one or the other thumb, respectively.
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Spence, Kennett, & Driver, 2002) or by the viewing of re-
alistic rubber hands (Pavani, Spence, & Driver, 2000) or
less realistic artificial body parts (see Austen, Soto-Faraco,
Pinel, & Kingstone, 2001), when they are placed close to
the participant’s own body. Spatial variations in the mag-
nitude of cross-modal congruency effects from visual dis-
tractors on tactile judgments have also been used to in-
vestigate the possible nature of representations of
peripersonal space when we can see our own limbs only
indirectly, via mirror reflections (Maravita, Spence, Ser-
gent, & Driver, 2002) and even to investigate whether the
shadows cast by our own body parts can also, in some
sense, become incorporated into the body schema (Pavani
& Castiello, 2004). Finally, the cross-modal congruency
task has also now been used to investigate any deficits in
the multisensory representation of peripersonal space in
brain-damaged patients, such as split-brain patients who
have had their cerebral commissure sectioned in order to
ameliorate the symptoms of intractable epilepsy (e.g., see
Spence, Kingstone, Shore, & Gazzaniga, 2001; Spence,
Shore, Gazzaniga, Soto-Faraco, & Kingstone, 2001).

Despite the increasingly widespread use of the cross-
modal congruency task to investigate various complex
questions related to the multisensory representation (and
modification) of peripersonal space and/or body schema
(see Maravita et al., 2003, for a review), many basic but
important empirical questions still remain unanswered.
For instance, it is at present unknown whether cross-modal
congruency effects are influenced by the direction of en-
dogenous tactile spatial attention to one particular hand or
the other or by the relative time of onset of the target and
the distractor stimuli. We also do not know the extent to
which cross-modal congruency effects are spatially mod-
ulated by the relative position of a tactile target, of any dis-
tractors, and of the participants’ hands within one or the
other hemifield in external space, nor do we even know
whether cross-modal congruency effects follow the hands
very closely when they shift through space, either within
a hemifield or when they are crossed over the midline.
Providing answers to such questions should allow for a
more detailed comparison of the representation of visuo-
tactile space in normal human participants with that in-
ferred from single-cell studies in monkeys (e.g., see
Graziano & Botvinick, 2002, for a review), with the pub-
lished literature on patients suffering from cross-modal
extinction (see, e.g., Làdavas, 2002, for a review), as well
as with the results of other studies of normal participants
in which different behavioral tasks and/or performance
measures have been used to study cross-modal space (see
Driver & Spence, 2004, and Spence, McDonald, & Driver,
2004, for reviews). In Experiment 1, we showed, rather
surprisingly, that directing tactile attention endogenously
to one or the other hand has no significant effect on the
spatial distribution or magnitude of the cross-modal con-
gruency effects observed. The magnitude of the cross-modal
congruency effect is, however, shown to be modulated by
the stimulus onset asynchrony (SOA) between the target
and the distractor stimuli. In Experiment 2, we provided

the first empirical demonstration that the magnitude of the
cross-modal congruency effect is reduced as the spatial
separation between the tactile target and the visual dis-
tractor stimuli increases, even when both the target and the
distractor are presented from within the same hemifield.
Finally, in Experiment 3, we showed that the representa-
tion of visuotactile space is updated when the hands are
crossed over the midline, in accord with the available neu-
rophysiological and neuropsychological data on related is-
sues (see Maravita et al., 2003).

EXPERIMENT 1

We first investigated whether cross-modal congruency
effects are affected by the degree of uncertainty regarding
the likely location of the vibrotactile target. In particular,
we assessed whether the magnitude of any cross-modal
congruency effects from visual distractors on tactile judg-
ments would be reduced if participants could focus their
tactile endogenous spatial attention on a particular side/
hand in advance. In the experimental situations that have
typically been used in previous studies, participants were
always uncertain as to which side/hand would receive the
target on a particular trial (see, e.g., Holmes, Calvert, &
Spence, 2004; Maravita, Spence, Kennett, & Driver, 2002;
Maravita, Spence, Sergent, & Driver, 2002; Pavani et al.,
2000) and so, presumably, initially had to divide their at-
tention equally between their two hands and, thus, be-
tween all the lateral locations at which visual distractors
might appear.

Previous research has revealed that a person’s ability to
determine the elevation of a vibrotactile target presented
unpredictably to the thumb or the index finger of either
hand (in the absence of any distractor stimulus) can be mod-
ulated by the distribution of endogenous tactile spatial at-
tention. For instance, Spence, Pavani, and Driver (2000)
reported that people could discriminate the elevation of
vibrotactile targets more rapidly and accurately when at-
tending in advance to the target hand/side than when their
attention was misdirected toward the other hand/side.
Their results thus demonstrated that performance on the
vibrotactile elevation discrimination task can be sensitive
to the endogenous distribution of tactile spatial attention
(see Driver & Spence, 2004, for a review). Moreover,
Kennett, Spence, and Driver (2002) have shown that the
peripheral presentation of a spatially nonpredictive visual
cue close to either hand (consisting of the illumination of
the upper and lower lights together on one or the other of
the foam blocks held in the participant’s hands) can also
lead to a short-lasting facilitation of vibrotactile elevation
discrimination responses for a target presented on the
cued side, presumably attributable to a reflexive shift of
exogenous covert cross-modal spatial attention to the vi-
sually cued hand (see Spence, 2001, and Spence et al.,
2004, for reviews).

Given such previous results, we considered it likely that
the participants in the present study should also find it eas-
ier to discriminate the elevation of vibrotactile targets
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when the location (i.e., hand) to which the vibrotactile tar-
get was to be presented was made predictable throughout
a whole block of trials than when the target hand was kept
uncertain throughout a block of trials. The new question
was whether this would make it easier to ignore visual dis-
tractors, thus leading to reduced cross-modal congruency
effects. The ability to respond selectively to vibrotactile
information and to ignore irrelevant visual information
might be enhanced if participants knew in advance which
hand the vibrotactile target would be presented to, so that
they could direct their endogenous tactile spatial attention
accordingly. But this has, in fact, never been put to exper-
imental test. In order to address this question empirically,
the side/hand of the tactile target was made certain in half
of the blocks of trials in Experiment 1, whereas it re-
mained uncertain in the remainder of the blocks (only the
latter situation had been used in previous studies of the
cross-modal congruency task in normal participants; see,
e.g., Austen et al., 2001; Holmes, Calvert, & Spence, 2004;
Maravita, Spence, Kennett, & Driver, 2002; Maravita,
Spence, Sergent, & Driver, 2002; Pavani & Castiello,
2004; Pavani et al., 2000). As will be seen, our new results
were surprising, with the cross-modal congruency effects
being found to be entirely unaffected by the direction of
endogenous tactile attention, even though this factor did
affect tactile performance.

Another aim of our first experiment was to investigate
whether the magnitude of the cross-modal congruency ef-
fect would be affected by variations in the SOA between
the vibrotactile target and the visual distractor stimuli (see
C. W. Eriksen & Hoffman, 1972, for a similar investiga-
tion of the time course of intramodal, purely visual con-
gruency effects, also known as flanker interference effects).
To this end, the visual distractors in Experiment 1 were
unpredictably presented either shortly (i.e., 30 msec) be-
fore the vibrotactile targets, at the same time as the vibro-
tactile targets, or shortly (30 msec) after the vibrotactile
targets. On the basis of unimodal research (e.g., C. W. Erik-
sen & Hoffman, 1972), we predicted that the participants
would find it harder to ignore the visual distractors when
they were presented slightly earlier in time relative to the
onset of the vibrotactile targets. However, a rival predic-
tion might be that strictly simultaneous visual and tactile
stimuli should interfere the most (cf. Bolognini, Frassinetti,
& Làdavas, 2003; Frassinetti, Bolognini, & Làdavas, 2002).
Our first experiment should help to provide guidelines for
maximizing the size of cross-modal congruency effects
from visual distractors on tactile judgments, which should
prove useful in future research when more subtle questions
relating to the multisensory representation of peripersonal
space are investigated, as in our subsequent experiments.

Method
Participants. Twelve participants (5 women and 7 men) with a

mean age of 27 years (ranging from 20 to 35 years) were recruited
through advertisement. All were naive regarding the purpose of the
study. All were right-handed by self-report and reported having nor-
mal touch, plus normal or corrected vision. The experimental ses-
sion lasted approximately 45 min. All of the experiments reported

here were conducted in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki, and the participants gave
their informed consent to participate in the study prior to the start of
the experimental session.

Apparatus and Materials. The participant sat at a table in a
dimly illuminated room, with head movements minimized by use of
an adjustable chinrest. A yellow LED (luminance, 41 cd/m2), placed
60 cm in front of the participant, at an angle of approximately 25º
below eye level, served as the central fixation point. Two green LEDs
(also with a luminance of 41 cd/m2) were placed directly below the
fixation light to provide feedback regarding the correctness of each
response in the tactile task. The participant rested his/her forearms
on a table and held a foam block (length, 60 mm; height, 80 mm;
depth, 60 mm) between the forefinger and the thumb of either hand
(see Figure 1). We used foam blocks because of their ability to
dampen any vibrations from the vibrotactile target stimuli, so that
they were felt at just the directly stimulated finger or thumb.

Four Oticon-A (100 �) bone conduction vibrators (Oticon Ltd.,
Somerset, New Jersey; p/n: BC461-1 100), with vibrating surfaces
1.6 cm in width and 2.4 cm in length, were used to present each vi-
brotactile target. The vibrators were attached to the foam blocks and
were placed directly under the thumb and forefinger pads of each
hand (see the inset in Figure 1). Each sponge block was located so
that the vibrators were at a lateral eccentricity of 27º from central
fixation. The vibrators were driven by a 200-Hz sine wave signal fed
through an audio amplifier (Eagle, PA2000), with rise and fall times
of approximately 20 msec (see Bradshaw, Howard, Pierson, Phillips,
& Bradshaw, 1992). When activated, these vibrotactile stimulators
gave rise to a clearly perceptible and easily localizable suprathresh-
old vibrotactile sensation. Four red LEDs (each with a luminance of
64 cd/m2) were also mounted on the foam blocks (two on each) to
provide the visual distractor stimuli, one placed directly next to each
of the four vibrotactile stimulators (see Figure 1). Each target stim-
ulus consisted of three 50-msec bursts of vibrotactile stimulation,
all delivered through one or another of the four vibrators, with each
burst separated by a 50-msec empty interval. Each visual distractor
stimulus also consisted of three pulses of 50-msec duration, sepa-
rated by 50 msec, delivered from any one of the four distractor
LEDs. There was a single vibrotactile target consisting of three
pulses and a single visual distractor, also comprising three pulses, on
each trial.

The participants made speeded discrimination responses regard-
ing the elevation from which the vibrotactile targets were presented
(i.e., whether they came from one of the upper locations at a fore-
finger or from one of the lower locations at a thumb), regardless of
the side (left or right hand) from which they were presented. This task
required an elevation discrimination response of approximately 10º
vertically in external space, equivalent to a finger/thumb discrimi-
nation in purely somatotopic space. The participants responded via
two foot pedals (to keep their hands free for receiving the vibrotac-
tile targets) that were depressed throughout each block of trials. One
pedal was situated below the toes, and the other below the heel of the
participant’s right foot. The participants raised their toes briefly to
indicate an upper target or raised their heels to indicate a lower tar-
get. White noise was presented to the participants over headphones
at 70 dB(A) throughout all of the experimental blocks, to mask any
sounds made by the operation of the vibrators or the foot pedals.

The timing of the stimuli and responses was controlled by a com-
puter (IBM 386 compatible), using a custom program written in
Turbo Pascal 6.0. Response latencies were measured in milliseconds
from target onset, using an 82C54 interval timer chip on a digital input–
output card (DCM-16, Blue Chip Technology, Deeside, Scotland)
that was interfaced to the fixation, feedback, and distractor LEDs,
plus the vibrotactile stimulators and the foot pedals. The horizontal
position of the left eye was monitored for all the participants by
means of a Skalar infrared eye tracker (Model 6500, Delft, The
Netherlands; see the Procedure section for details). This eye moni-
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tor was connected to the microcomputer controlling the experiment
via an analog-to-digital interface board (ADC-42, Blue Chip Tech-
nology, Deeside, Scotland).

Design. The four within-subjects factors were the congruency of
the visual distractor with respect to the elevation of the vibrotactile
target (congruent vs. incongruent in elevation), the visual distractor
side with respect to the vibrotactile target side (same vs. different),
the predictability of the vibrotactile target side (predictable through-
out a block vs. unpredictable on each trial in a block of randomly in-
termingled left-hand and right-hand targets), and the SOA between
the onsets of the target and the distractor stimuli (three levels: visual
distractor led by 30 msec, simultaneous presentation of target and
distractor, or vibrotactile target led by 30 msec).

There were three blocks of 15 practice trials each, which were not
analyzed. In the first such practice block, vibrotactile targets (but no
visual distractors) were presented in order to accustom the partici-
pants to the vibrotactile elevation discrimination task. Visual distrac-
tors were then introduced in the subsequent two practice blocks. The
three practice blocks were followed by eight experimental blocks of
64 trials each. These blocks alternated between the vibrotactile tar-
gets being presented predictably on only one side (either the left or
the right hand; there were predictable target-side blocks for touch,
but note that the side, as well as the elevation, of the visual distrac-
tor remained unpredictable throughout) and the vibrotactile targets
being presented unpredictably on either the left or the right hand in
a random sequence (unpredictable target-side blocks). Half of the
participants started with a predictable target-side block, whereas the
remainder began with an unpredictable target-side block. They were
instructed verbally as to the predictable or unpredictable target side
for the upcoming block.

In the predictable target-side blocks, equal numbers of vibrotac-
tile targets were presented from each of the two possible target po-
sitions (up vs. down) on just one of the foam blocks (i.e., the one held
in either the left or the right hand), with target elevation still unpre-
dictable. In the unpredictable target-side blocks, equal numbers of
vibrotactile targets were presented from either foam block at either
elevation. Visual distractors were always presented randomly, but
with equal frequency, from any one of the four possible distractor lo-
cations in both the unpredictable and the predictable target-side
blocks. The SOA was selected randomly on each trial.

Procedure. At the beginning of the experiment, the participants
were instructed to make speeded elevation discrimination responses
to the vibrotactile target stimuli. They were also informed that visual
distractors would be presented together with the vibrotactile targets
but that they were completely irrelevant to their vibrotactile eleva-
tion discrimination task. Indeed, it was made explicit to the partici-
pants that they should try to ignore the visual distractors as much as
possible (while keeping their eyes open throughout, as confirmed
with the eye tracker). The participants were also instructed to main-
tain their fixation on the central fixation light that was illuminated
at the start of each trial until it was extinguished at the end of the
trial. The first stimulus from the pair of vibrotactile target and visual
distractor stimuli on each trial (which modality led depended on the
SOA) was presented 900–1,050 msec after the onset of the fixation
light at the start of the trial.

At the beginning of each block of trials, the participants were in-
formed about the expected side(s) for the vibrotactile targets (either,
predictably, just the left or the right hand or, unpredictably, either
side, depending on the block type). For blocks of trials in which the
vibrotactile targets predictably appeared on only one side, the par-
ticipants were instructed to direct their tactile spatial attention to that
side (cf. Spence, 2002), while always maintaining central fixation.
For blocks of trials in which the vibrotactile stimuli were equally
likely to appear on either side, the participants were instructed to di-
vide their tactile attention equally between the two possible target
sides in advance. They were instructed to respond as rapidly as pos-
sible, while making as few errors as possible. Note that the partici-

pants always adopted exactly the same posture, with each uncrossed
hand holding a foam block at a fixed location (see Figure 1), no mat-
ter which type of block (predictable or unpredictable target side)
they were performing.

If no discrimination response was made within 1,500 msec of tar-
get onset, the trial was terminated; otherwise, the participant’s re-
sponse ended the trial. Visual feedback was presented whenever an
erroneous response was made, by illuminating one of the two green
LEDs. One LED, inscribed with the letter “S” (for slow response),
was illuminated on trials in which no response had been made within
1,500 msec of target onset, and the other, inscribed with the letter “W”
(for wrong response), was illuminated on trials in which the partici-
pant raised the wrong foot pedal. These feedback lights were flashed
for 960 msec on trials in which the participants made an incorrect or
slow response. Any feedback was followed by a further delay of
400 msec before the onset of the next trial. After the response and
any feedback, there was a further delay of 1,000 msec before the fix-
ation light came on again to signal the start of the next trial.

Eye movements were monitored for all the participants through-
out the experiment, to ensure that any differences between perfor-
mance in the predictable and the unpredictable target side blocks could
not be attributed simply to the participants’ selectively looking to-
ward the stimulated target hand just during the predictable target-
side blocks (which could have trivially modulated visual processing
for the distractors on one side vs. the other). The eye movement mon-
itor was calibrated to provide a signal to the computer whenever an
eye movement of 2º or more was detected in the period between the
onset of the cue and the initiation of a choice discrimination re-
sponse by the participant. This was the smallest signal that could be
consistently detected across participants with the apparatus used, but
note that the peripheral targets were located very far from central
fixation (i.e., at an eccentricity of 27º). The monitor was recalibrated
to confirm straight-ahead at the beginning of every block of trials,
and also during a block, if fixation appeared to drift from the cali-
brated center point. Trials on which potential eye movements were
detected (note that blinks sometimes resulted in signals that were in-
distinguishable from actual eye movement signals) were automati-
cally excluded from the subsequent analysis of the data.

Results
Trials with an incorrect response were discarded from

the reaction time (RT) analysis. Due to excessive eye move-
ments (or blink artifacts), 9.6% of the trials were removed,
and 0.8% of the trials were removed across all participants
because no response was made within 1,500 msec of the
target onset. The interparticipant mean RTs (after these ex-
clusions), together with the corresponding error rates for
all trials and the mean cross-modal congruency effects
(derived by subtracting incongruent from congruent con-
ditions), are shown in Table 1 as a function of target-side
predictability, relative distractor side, target–distractor
congruency, and SOA. The major results are also summa-
rized in Figure 2.

The data were analyzed using a within-subjects analy-
sis of variance (ANOVA) with four factors: target–distractor
congruency (2) � relative distractor side (2) � target-side
predictability (2) � SOA (3). RT analysis revealed a 
significant main effect of target–distractor congruency
[F(1,9) � 31.1, p � .0003], caused by the participants’ re-
sponding more rapidly on congruent distractor trials 
(M � 475 msec) than on incongruent distractor trials (M �
534 msec) overall, as was expected. These cross-modal
congruency effects were larger when the visual distractor
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was presented from the same side/hand as the vibrotactile
target (mean incongruent minus congruent difference of
87 msec, p � .0002) than when the visual distractor ap-
peared from the opposite side/hand (mean cross-modal
congruency effect reduced to only 30 msec, p � .01), result-
ing in a significant interaction between target–distractor
congruency and relative distractor side [F(1,9) � 17.5,
p � .003; see Figure 2A].

Cross-modal congruency effects were also modulated
by the SOA between the vibrotactile target and the visual
distractor, as was revealed by the interaction between 
target–distractor congruency and SOA [F(2,18) � 3.5,
p � .05]. When the onset of the visual distractor occurred
30 msec before that of the vibrotactile target, the mean
cross-modal congruency effect was 72 msec, as compared
with 59 msec when the two stimuli were presented simul-
taneously and 46 msec when the vibrotactile target pre-
ceded the visual distractor (see Figure 2B; the difference
between the two asynchronous onset conditions was sig-
nificant in a two-tailed paired samples t test, p � .02).

The RT analysis also revealed a significant main effect
of target-side predictability [F(1,9) � 7.8, p � .02], re-
flecting the fact that tactile judgments were more rapid
overall in the predictable target-side blocks (M � 497 msec)
than in the unpredictable target-side blocks (M � 512 msec),
as would be expected. However, there was no interaction
between target-side predictability and target–distractor
congruency or between target-side predictability, target–
distractor congruency, and relative distractor side (all
Fs � 1). This suggests that, contrary to the expectations
outlined in the introduction, the magnitude of the cross-
modal congruency effects reported in Experiment 1 was
quite unaffected by the distribution of endogenous, or vol-
untary, spatial attention (i.e., whether endogenous spatial
attention was focused on just one side/hand or was divided
equally between the two sides/hands; see Figure 2C), even

though overall responding was faster with attention fo-
cused on the expected side for the tactile target. None of
the other terms in the RT analysis reached significance (all
Fs � 2).

A similar analysis of the error data also revealed a 
significant main effect of target–distractor congruency
[F(1,9) � 24.5, p � .0008], caused by the participants
making more errors on incongruent trials (M � 12.5%)
than on congruent distractor trials (M � 3.9%) overall,
consistent with the RT congruency effect. There was also
a significant main effect of relative distractor side [F(1,9) �
44.0, p � .0001], reflecting the fact that the participants
made more errors when the vibrotactile target and the vi-
sual distractor stimuli appeared on the same side/hand
(M � 10.4%) than when they were presented from differ-
ent sides/hands (M � 6.0%). In fact, the participants showed
a larger cross-modal congruency effect in errors when the
target and the distractor stimuli were presented to the same
side/hand (mean effect of 12.5%) than when they were
presented from opposite sides/hands (mean effect of 4.6%),
resulting in an interaction between target–distractor con-
gruency and relative distractor side [F(1,9) � 30.9, p �
.0004], as was also found for RTs.

The participants also made more errors when the onset
of the visual distractors occurred before that of the vibro-
tactile targets (M � 10.2%) than when the stimuli were
presented simultaneously (M � 7.1%, p � .01, by a paired
t test comparison) or when the vibrotactile targets were
presented slightly before the visual distractors (M � 7.3%,
p � .02, by paired t test comparison), leading to a signif-
icant main effect of SOA [F(2,18) � 6.6, p � .007; see
Figure 2B). Finally, the interaction between SOA, target-
side predictability, and relative distractor side also reached
significance [F(2,18) � 5.3, p � .02]. However, visual in-
spection of Table 1 does not provide any theoretically mo-
tivated explanation for this unexpected term, and so it will

Table 1
Mean Reaction Times (RTs, in Milliseconds), Their Standard Deviations, Percentages of Errors (%E), 

and Mean Cross-Modal Congruency Effects (CCEs, Calculated as Incongruent Minus Congruent Conditions) 
for Vibrotactile Targets in Experiment 1, as a Function of Relative Distractor Side, Target–Distractor Stimulus 

Onset Asynchrony (SOA), Target–Distractor Congruency, and Target Side Predictability

Predictable Target Side Unpredictable Target Side

Congruent Incongruent Congruent Incongruent 
Distractor Distractor Mean Distractor Distractor Mean

Relative RT RT CCE RT RT CCE

Distractor Side Target–Distractor SOA M SD %E M SD %E RT %E M SD %E M SD %E RT %E

Same side Visual distractor
leads by 30 msec 443 49 6 547 102 22 104** 16*** 401 56 6 553 84 19 92*** 13*

Simultaneous 455 65 2 536 81 12 81*** 10* 473 66 4 552 135 19 79* 15**
Vibrotactile target
leads by 30 msec 473 58 5 553 86 19 80*** 14** 475 67 3 563 122 9 88** 7

Different sides Visual distractor
leads by 30 msec 476 59 4 515 82 11 39* 7** 492 85 4 544 73 11 52** 6*

Simultaneous 475 62 4 505 87 7 31 3 482 70 4 528 74 6 46** 1
Vibrotactile target
leads by 30 msec 489 68 4 495 69 6 6 2 507 76 2 517 94 10 10 7**

*p � .05. **p � .01. ***p � .001.
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not be considered further here. None of the other terms in
the analysis of the error data reached statistical signifi-
cance (all Fs � 2.5).

Discussion
The results of Experiment 1 clearly demonstrate that

the participants could not entirely ignore the irrelevant vi-
sual distractor stimuli, despite explicit instructions to do
so, when making tactile elevation discriminations (thumb
vs. index finger) for vibrotactile targets presented to ei-
ther of their hands. Significant cross-modal congruency
effects were observed overall, and also within the major-
ity of subconditions, as was revealed by slower elevation
discrimination responses and increased error rates when
the elevation of the visual distractor was incongruent with
that of the vibrotactile target, as compared with when it
was congruent.

Cross-modal congruency effects were greatest when the
vibrotactile target and the visual distractor were presented
at the same side/hand (i.e., from the same foam block) and
were significantly reduced when the target and the dis-
tractor were presented from different sides/hands (i.e.,
from different foam blocks; see Figure 2A). Given that the
present findings were obtained under conditions in which
we were able to ensure that the participants successfully
maintained central fixation (by explicitly monitoring eye
position), these results provide some of the most convinc-
ing evidence to date that the spatial modulation of cross-
modal congruency effects cannot be explained simply in
terms of overt orienting, such as if the participants had a
tendency to look toward the visual distractors near the
stimulated hand (see Driver & Grossenbacher, 1996, for
the potential importance of gaze direction in even purely
tactile tasks). Moreover, this spatial modulation of the
cross-modal congruency effect occurred here despite the
fact that the visual distractors were presented from within
peripersonal space in all the conditions. Therefore, our re-
sults could be taken to suggest that the magnitude of the
cross-modal congruency effect may be modulated by the spa-
tial distance between the target and the distractor stimuli in
external space, rather than simply being a function of whether
the visual distractor is presented within peripersonal space,
near the body overall, rather than in more distant extraper-
sonal space (cf. Làdavas, 2002; Rizzolatti et al., 1997).

Two further important new findings also emerged from
Experiment 1. A surprising result was that while making
the target side/hand entirely predictable facilitated re-
sponse latencies overall (thus showing that our partici-
pants did direct covert spatial attention endogenously to-
ward the expected target hand), the magnitude of the cross-
modal congruency effect was not affected by such focus-
ing of attention on one hand (see Figure 2C). These results
therefore suggest that the spatial modulation of the cross-
modal congruency effect is rather immune to the endoge-
nous distribution of spatial attention. That is, our partici-
pants were apparently no more able to filter out irrelevant
visual distractors, to prevent these from influencing the
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Figure 2. Graphs showing modulation of the cross-modal con-
gruency effect (CCE) as a function of spatial, temporal, and at-
tentional manipulations introduced in Experiment 1. In all three
panels, the filled bars show the cross-modal congruency effects in
the reaction time (RT) data, whereas the line plots show the cross-
modal congruency effects in terms of the error data. The error
bars indicate the standard error of the means. (A) The cross-modal
congruency effects were greater when the vibrotactile target and
the visual distractor stimuli were presented from the same foam
block (i.e., from the same lateral spatial location or the same side)
and were smaller when the target and the distractor stimuli came
from different sides (the azimuthal distance between the target
and the distractor in the different-sides condition was 63º later-
ally). (B) Cross-modal congruency effects were larger when the
onset of the visual distractors preceded the onset of the vibrotac-
tile targets by 30 msec, with the effect declining if the onsets of the
two stimuli occurred simultaneously or if the onset of vibrotactile
targets occurred 30 msec before that of the visual distractors. 
(C) The magnitude of the cross-modal congruency effect was un-
affected by whether the participant knew in advance to which
hand the vibrotactile target would be presented (focused atten-
tion), versus when the targets were presented unpredictably to ei-
ther hand on each trial (divided attention).
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efficiency of their tactile judgments, when the target
side/hand was entirely predictable for the tactile task than
when it was unpredictable.

The improvement in overall performance for the tactile
task when the target hand was known agrees with previous
work on endogenous spatial attention in tactile tasks (e.g.,
Lloyd, Merat, McGlone, & Spence, 2003; Soto-Faraco,
Ronald, & Spence, in press; Spence, Ranson, & Driver,
2000; see also Spence, Shore, & Klein, 2001). But no vi-
sual distractor stimuli had been presented in any of these
previous studies. Here, we find for the first time that the
improved tactile performance on an endogenously at-
tended hand does not reduce cross-modal congruency ef-
fects from visual distractors. It might be that when partic-
ipants direct their endogenous spatial attention to one
side/hand or the other, this not only facilitates their per-
ception of the vibrotactile target stimuli, but also (unwit-
tingly) enhances their perception of the visual distractor
stimuli presented from the same side/hand, thus entailing
that visual distractor effects are maintained. Previous re-
search has indeed shown that when people try to direct
their tactile spatial attention to a particular side, their vi-
sual attention will often typically follow to the same
hand/spatial location (see Spence, Pavani, & Driver, 2000,
Experiment 6; see also Driver & Spence, 2004; Eimer,
2004; Eimer & Driver, 2000). The existence of such cross-
modal links in endogenous spatial attention might explain
why no reduction of the cross-modal congruency effect (or
any significant change in the spatial modulation of the con-
gruency effect) was found in the predictable (as compared
with the unpredictable) target- side blocks of Experiment 1.

The second new finding to emerge from Experiment 1
was that small changes in the SOA between the onset of
the vibrotactile target and the onset of the visual distrac-
tor stimuli resulted in a significant modulation of the
overall cross-modal  congruency effects observed (see Fig-
ure 2B). In particular, larger cross-modal congruency ef-
fects were observed in the RT data when the onset of the
visual distractors preceded that of the vibrotactile targets
(by 30 msec) than when their onset occurred shortly after
that of the vibrotactile targets (intermediate results were
reported when the target and the distractor were presented
simultaneously). This temporal modulation of the present
cross-modal congruency effects matches similar results
reported previously in purely visual (i.e., intramodal) con-
gruency studies, such as those in which the Eriksen flanker
task was used (e.g., C. W. Eriksen & Hoffman, 1972). In
the remainder of this study, we used just the SOA that pro-
duced the biggest cross-modal congruency effect of the
three SOAs we had tested (i.e., when the visual distractors
led by 30 msec), to maximize the cross-modal congruency
effect observed when using it as a measure for studying
spatial issues.

Are Cross-Modal Congruency Effects Modulated
by Target–Distractor Spatial Separation?

In Experiment 1, the vibrotactile target and visual dis-
tractor stimuli that were presented on the same side/hand

projected to the same cerebral hemisphere. By contrast,
when the target and the distractor stimuli are presented
from different sides/hands, they will project, at least ini-
tially, to different cerebral hemispheres. Consequently,
there are at least two possible (and by no means necessar-
ily exclusive) explanations for the apparently “spatial”
modulation of the cross-modal congruency effect reported
in Experiment 1 (i.e., for the same- vs. different-side/hand
difference in cross-modal congruency effects; see Fig-
ure 2A). First, it may be that the magnitude of the cross-
modal congruency effect depends on the separation in ex-
ternal space between the vibrotactile target and the visual
distractor. According to this “spatial” account, simply
presenting the target and the distractor stimuli from dif-
ferent spatial positions within the same hemifield (and thus
without necessarily changing the cerebral hemisphere to
which the two stimuli project initially) should result in a
decrease in the magnitude of the cross-modal congruency
effect, when compared with the situation in which the tar-
get and the distractor are presented from exactly the same
external position (i.e., from the same foam block).

Alternatively, it could be argued that the larger cross-
modal congruency effects reported in Experiment 1 when
the target and the distractor stimuli were presented to the
same side/hand, rather than from different sides/hands,
might simply reflect a difficulty inherent in selecting the
relevant vibrotactile spatial information (and ignoring the
irrelevant distracting visual spatial information) when the
stimuli from both sensory modalities project initially to
the same cerebral hemisphere (rather than from the same
spatial position). According to the latter “hemispheric
projection” account, the reduction of the cross-modal con-
gruency effect seen when the target and the distractor
stimuli were presented from different sides/hands might
simply reflect the fact that the participants found it easier
to select between competing sensory inputs when they were
processed, at least initially, by different cerebral hemispheres
(see Banich, 1998; Friedman & Polson, 1981; Kinsbourne
& Cook, 1971; Kinsbourne & Hicks, 1978; Merola & Lie-
derman, 1985; and Passarotti, Banich, Sood, & Wang,
2002, on the topic of hemispheric attentional resources).

Unequivocal evidence in support of either (or both) of
these two interpretations cannot be derived from the re-
sults of Experiment 1, since the same- versus different-
side factor was perfectly confounded with whether the vi-
sual and the tactile stimuli presented together on any trial
would project initially to the same versus different cere-
bral hemispheres. Therefore, in Experiment 2, we looked
more directly for any evidence to support the spatial account
by examining whether varying the proximity between the
target and the distractor stimuli in external space (without
necessarily changing the hemisphere to which they should
initially project) would modulate the magnitude of cross-
modal congruency effects. Any such result would provide
support for there being at least some “spatial” modulation
of cross-modal congruency effects (we further assessed
the evidence for any hemispheric influence on cross-modal
congruency effects in Experiment 3).
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EXPERIMENT 2

Participants made speeded elevation discrimination re-
sponses to vibrotactile targets presented to the index fin-
ger or the thumb of either hand. However, the distracting
lights were now mounted on two boxes attached to the top
of the table at which the participant sat, instead of being
placed directly beside the vibrators on the foam blocks
(see Figure 3 for a schematic view of the modified exper-
imental setup used in Experiment 2). With this setup, the
vibrotactile stimulators could either be held adjacent to
the visual distractors in the same hemifield or could be
positioned far from them within the same hemifield. There-
fore, both the vibrotactile target and the visual distractor
stimuli could still be presented to the same or to different
sides/hemifields, relative to the saggital midline, and they
also could still project to the same (or a different) cerebral

hemisphere; but critically, the spatial proximity between
the two stimuli (tactile target and visual distractor) could
now be systematically varied independently of this. If the
magnitude of the cross-modal congruency effect depends,
at least in part, on the spatial arrangement of the target and
the distractor stimuli in external space, any cross-modal
congruency effects elicited by the visual distractors should
be reduced when the tactile target and the visual distrac-
tor stimuli were presented far apart from each other within
the same hemifield (as compared with when they were
presented from the same position within a hemifield; see
the two possible left-hand positions sketched in Figure 3).
To simplify the experimental design, the vibrotactile tar-
get side was always unpredictable in Experiment 2 (although
note that we shall return to the use of a predictable target-
side design in Experiment 3), and the visual distractor was
now always presented 30 msec before the vibrotactile tar-

Distractor light

Fixation light

Vibrotactile stimulator

Feedback lights

W S

S W

Figure 3. Schematic view of the apparatus and the two possible postures
adopted by the participants in Experiment 2. The boxes on which the visual dis-
tractor light-emitting diodes were mounted are shown attached to the tabletop
in front of the participant. The foam blocks in which the vibrotactile stimula-
tors were mounted could be inserted into the more eccentric sides of these boxes
(as is shown for the foam block held in the right hand in the figure). The hands-
near posture is shown by the dashed outline of the left hand and arm, whereas
the hands-far posture is represented by the solid outline of the left hand. Note
that for half of the participants, the left arm was the mobile arm (as is shown
here), whereas for the remainder, the right arm was the mobile arm (and the
left hand adopted a stationary posture by the left distractor lights). The mobile
hand was held stationary within blocks, being placed in one or the other pos-
ture between blocks. Eye position was once again monitored by an eye move-
ment monitor (fixation is shown by the dotted line), while white noise was pre-
sented continuously throughout each block of trials over headphones.
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get (since this SOA had been shown to result in the largest
cross-modal congruency effects in Experiment 1).

Method
Participants. Twelve participants (8 women and 4 men) took part

in this experiment. Their mean age was 23 years, with a range from
20 to 25 years. All the participants reported normal touch and nor-
mal or corrected vision. All except 2 were right-handed by self-report.
Each participant took part in one experimental session of approxi-
mately 60-min duration. Three of the participants had taken part in
Experiment 1.

Apparatus and Materials. The apparatus and materials were
the same as those in Experiment 1, with the exception that the four
red LEDs providing the visual distractor stimuli were now mounted
in upper/lower pairs on two boxes, instead of being placed directly
beside the vibrators on the foam blocks themselves (see Figure 3).
The boxes (length, 100 mm; height, 100 mm; depth, 100 mm) were
made of black cardboard and were fixed to the tabletop in front of
the participant, one to the right and the other to the left of the par-
ticipant’s midline. The more eccentric side of each box was situated
27º from central fixation. An LED was placed by the upper and
lower corners of each box and was directed toward the participant.
Note that with this apparatus during central fixation, the LEDs oc-
cupied exactly the same position in the visual field as that in Exper-
iment 1. The more eccentric side of each box was open to allow one
of the foam blocks to be partially inserted into the box.

In half of the experimental blocks, both foam blocks were held in-
side the boxes (condition with hands close to each other). In these
blocks, the vibrators on each side were adjacent to the LEDs in the
same hemifield (just as in Experiment 1). In the remaining experi-
mental blocks, one hand held a foam block inside the box, while the
other hand (illustrated for the left hand in Figure 3) now held its foam
block at 90º from the participant’s sagittal midline (hands-far con-
dition). With this experimental set up, the vibrators held in the 90º
laterally displaced hand were positioned at an eccentricity of 63º
with respect to the visual distractors positioned in the same hemi-
field (see the left side of Figure 3). We refer to the stimulated hand
that changed position across blocks as the mobile hand (shown for
the left hand in Figure 3, but note that this hand did not move during
trials, only shifting from one posture to the other between blocks and
then resting at a fixed location throughout a block), whereas the
stimulated hand that remained stationary across blocks is termed the
fixed hand (right hand in Figure 3, but equally likely to be the left
hand in the experiment, as counterbalanced across participants).
When the arm was extended to the side of the participant’s body, a
wooden support (80 � 80 cm) was added to the table to support the
weight of the participant’s elbow and forearm. It is important to note
that manipulation of posture for the mobile hand did not change the
tactile stimuli to the fingers or thumbs themselves or the visual dis-

tractors, since the eyes maintained central fixation; only the relative
location in external space of tactile stimuli and visual distractors
changed substantially.

Design. The four within-subjects factors were the congruency be-
tween the vibrotactile target and the visual distractor elevations (con-
gruent vs. incongruent, as before), the relative distractor hemifield
with respect to the vibrotactile target (same vs. different), the pos-
ture adopted (hands close vs. hands far), and the stimulated hand
(fixed hand vs. mobile hand).

There were three blocks of 15 practice trials, followed by four test
blocks of 112 trials each. The successive blocks alternated between
the two postures (i.e., hands close vs. hands far). Half of the partic-
ipants started with each hand near to the distractors within its corre-
sponding hemispace, whereas the remainder began with one hand far
from the distracting lights within its hemispace. The mobile hand was
the right hand for half of the participants and was the left hand for the
remainder of the participants. Equal numbers of vibrotactile targets
were presented on either side of fixation from each of the four possi-
ble somatotopic target locations (i.e., finger or thumb on either hand).
Similarly, equal numbers of visual distractors were presented on ei-
ther side of fixation from each of the four possible retinal distractor
locations, regardless of target side or elevation.

Procedure. The procedure was exactly the same as that in Ex-
periment 1, with the exception that the changes of posture for one
mobile hand occurred between experimental blocks. The participants
were informed at the beginning of the experiment that the vibrotac-
tile targets were equally likely to appear in any of the four possible
somatotopic target locations and that any visual distractor was task
irrelevant and so should simply be ignored. As in the previous ex-
periment, the eye position of all the participants was monitored to
ensure adherence with the central fixation instructions.

Results
Trials with an incorrect response were discarded from

the RT analysis. Due to the excessive eye movements (or
blink artifacts), 6.1% of the trials were removed, and 0.4%
of the trials were removed across all participants because
no response was made within 1,500 msec of target onset.
Table 2 gives the interparticipant mean results, including
cross-modal congruency effects (incongruent minus con-
gruent scores), for both the RT and the error data, as a
function of target–distractor congruency, relative distrac-
tor side, posture adopted, and stimulated hand. The key
results are also summarized schematically in Figure 4.

A preliminary within-subjects ANOVA with one factor
(target–distractor congruency [2]) was conducted on the RT
and error data, to evaluate the existence of a cross-modal

Table 2
Mean Reaction Times (RTs, in Milliseconds), Their Standard Deviations, Percentages of Errors (%E), 

and Mean Cross-Modal Congruency Effects (CCEs) for Vibrotactile Targets in Experiment 2, 
as a Function of Relative Distractor Hemifield, Posture, Stimulated Hand, and Target–Distractor Congruency

Stimulated Hand

Fixed Hand Mobile Hand

Congruent Incongruent Congruent Incongruent

Relative 
Distractor Distractor Mean Distractor Distractor Mean

Distractor RT RT CCE RT RT CCE

Hemifield Posture M SD %E M SD %E RT %E M SD %E M SD %E RT %E

Same hemifield Hands close 489 43 6 600 91 16 111*** 10* 496 45 6 624 80 23 128*** 17***
Hands far 497 38 5 576 65 25 79*** 20** 500 31 7 538 31 10 38*** 3

Different hemifields Hands close 527 57 5 564 75 11 38** 6 523 56 5 564 48 10 40*** 5*
Hands far 504 47 6 534 46 11 30* 5* 518 38 4 542 37 9 24 5

*p � .05. **p � .01. ***p � .001.
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congruency effect in Experiment 2. This analysis revealed
that the participants responded more rapidly overall on con-
gruent trials (M � 507 msec) than on incongruent trials
[M � 568 msec; F(1,11) � 54.0, p � .0001]. The partic-
ipants also made fewer errors on congruent trials (M �
5.3%) than on incongruent trials [M � 14.0%; F(1,11) �
18.8, p � .001], replicating the cross-modal congruency
effects reported in the previous experiment. Having demon-
strated the existence of a basic cross-modal congruency
effect, we focused our subsequent analysis on the differences
caused by this (i.e., on the cross-modal congruency effects
themselves, determined by subtracting congruent values
from incongruent values for otherwise matching subcon-
ditions), to simplify the interpretation of the statistical data
(three-factor rather than four-factor ANOVA). Within-
subjects ANOVAs were thus performed on the cross-modal
congruency effects (i.e., difference of incongruent minus
congruent conditions for each participant) for the RT and

error data, with three factors: relative distractor hemifield
(2) � stimulated hand (2) � posture (2).

The RT analysis revealed a significant main effect of
relative distractor hemifield [F(1,11) � 26.8, p � .0003],
reflecting the fact that cross-modal congruency effects
were again larger when the vibrotactile target and the vi-
sual distractor stimuli were presented from the same hemi-
field (M � 89 msec) than when they were presented from
different hemifields (M � 33 msec). Critically, larger
cross-modal congruency effects were also reported in the
hands-close posture (with the vibrators on each side being
held adjacent to the LEDs positioned in the same hemi-
field; M � 79 msec) than in the hands-far posture (with
the vibrators on the side being held by the 90º laterally dis-
placed hand, 63º from the LEDs positioned in the same
hemifield; M � 43 msec), resulting in a main effect of
posture [F(1,11) � 36.6, p � .0001]. Moreover, this effect
of posture emerged only when the vibrotactile targets and

Mean CCE = 84 msec
(10.9% errors)

Mean CCE = 31 msec
(3.6% errors)

Mean CCE = 75 msec
(7.8% errors)

Mean CCE = 53 msec
(12.4% errors)

(A) (B)

(C) (D)

Figure 4. Schematic view of the postures adopted by the participants holding the foam blocks (represented by
the shaded and partially occluded rectangles held in the participant’s hands) in Experiment 2 and the major re-
sults obtained (in particular, the interaction between posture and stimulated hand; see the main text for details).
The hands-close posture is shown in panels A and C, whereas the hands-far posture is shown in panels B and D.
The vibrotactile targets (indicated by the filled arrowheads) are shown as presented to the mobile hand in panels
A and B and to the stationary hand in panels C and D. The position of the distractor lights are shown schemati-
cally as filled circles. Mean cross-modal congruency effects (CCEs) elicited by visual distractors are shown nu-
merically (in terms of both the reaction time and the error data) above the foam block on which the relevant vi-
brotactile targets were presented. The results show clearly that changing the posture of the hand that received the
current vibrotactile target had a dramatic effect on CCEs (panels A and B) but that there was very little effect
when the stationary hand received the target stimulus instead (panels C and D; note also that any simple com-
parison of just the latter two conditions in terms of either the speed or the accuracy of performance is confounded
by the potential speed–accuracy tradeoff present; see the main text and Note 1).
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the visual distractors were presented in the same hemifield
(hands close, M � 120 msec; hands far, M � 59 msec; p �
.0005), but not when the vibrotactile target and the visual
distractor stimuli were presented in different hemifields
(39 vs. 27 msec, n.s.), resulting in an interaction between
posture and relative distractor hemifield [F(1,11) � 7.8,
p � .02].

Finally, there was an interaction between posture and
stimulated hand [F(1,11) � 6.5, p � .03], caused by larger
cross-modal congruency effects being reported for vibro-
tactile targets presented to the mobile hand with hands
close (M � 84 msec; see Figure 4A) than when the hands
were placed far apart (M � 31 msec, p � .0008; see Fig-
ure 4B). Note that this effect arises even though posture
did not change the tactile targets or the visual distractors
themselves but only their relationship in external space.
By contrast, the two postures affected the cross-modal
congruency effect to a significantly lesser extent when the
targets were presented to the fixed hand (75 vs. 53 msec,
p � .05; see Figures 4C and 4D). It should be noted here
that although both of these posture effects on RTs were sig-
nificant, only the latter effect (for the fixed hand) was actu-
ally offset by a slight reverse trend in the error data, raising
the possibility of a speed–accuracy tradeoff for just that ef-
fect (see below). Overall, these RT results suggest that the
magnitude of the cross-modal congruency effect changed
according to the posture adopted and did so primarily when
the posture affected the distance between the vibrotactile
targets and the visual distractors (i.e., for tactile targets pre-
sented to the mobile hand). This result provides support
for there being some “spatial” component to the modula-
tion of cross-modal congruency effects. None of the other
terms in the analysis reached significance (all Fs � 2.6).

A similar analysis of the mean cross-modal congruency
effects present in the error data revealed a significant main
effect of relative distractor hemifield [F(1,11) � 16.0, p �
.002]. This was again caused by larger cross-modal con-
gruency effects being reported when the target and the dis-
tractor stimuli were presented to the same hemifield (M �
12.5%) than when they were presented from different
hemifields (M � 4.9%). There was also an interaction be-
tween posture and stimulated hand [F(1,11) � 16.4, p �
.002], reflecting the fact that larger cross-modal congru-
ency effects were reported for vibrotactile targets pre-
sented to the mobile hand when the hands were in the
hands-close posture (M � 10.9%; see Figure 4A) than
when they were in the hands-far posture (M � 3.6%, p �
.01; see Figure 4B), in accord with the analogous RT ef-
fect. By contrast, no significant effect of posture emerged
when the vibrotactile targets were presented to the fixed
hand (hands close, M � 7.8%; hands far, M � 12.4%, p �
.13; see Figures 4C and 4D). Note that, as has already
been pointed out, the direction of this nonsignificant trend
in the error data for the fixed hand was actually the reverse
of that seen in the RT data.1

Importantly, the more pronounced effect of posture for
the mobile hand in the error data was observed only when
the vibrotactile target and the visual distractor stimuli were
presented to the same hemifield and was absent when they

were presented from opposite hemifields [relative dis-
tractor hemifield � stimulated hand � posture [F(1,11) �
18.3, p � .001; see Table 2]. That is, the position of the
mobile hand had an effect on the magnitude of cross-
modal congruency effects only when it was the hand re-
ceiving the vibrotactile target and the visual distractor was
presented from within the same hemifield ( just as in the
analysis of the RT data). None of the other terms in the
analysis of the error data reached significance (all Fs � 1.5).

Discussion
The results of Experiment 2 replicate the basic visual–

tactile cross-modal congruency effect reported in Experi-
ment 1. They also show that when the visual distractor was
presented from the same side/hemifield as the vibrotactile
target, cross-modal congruency effects were larger than
when the target and the distractor stimuli were presented
in opposite sides/hemifields. The more important (and
novel) result to emerge from Experiment 2 was that when
the vibrotactile target was presented to the mobile hand
(i.e., the hand that changed its position only between blocks
of trials), cross-modal congruency effects from a distrac-
tor light in the same hemifield (initially projecting to the
same hemisphere as the target) were modulated by the rel-
ative position of the hand with respect to the light in ex-
ternal space within that hemifield. Crucially, this result
was obtained despite the fact that this manipulation of
hand position did not affect the somatotopic representa-
tion of the tactile targets or the retinal visual distractors
themselves. In particular, larger cross-modal congruency
effects were reported when a tactile target on the mobile
hand was directly adjacent to a visual distractor in the
same hemifield than when the hand was placed away from
this (i.e., in the 90º position, introducing an azimuthal sep-
aration of 63º in external space within the same hemifield
between the tactile target and the visual distractor). This
suggests that the magnitude of the cross-modal congru-
ency effect can be modulated by the distance between the
vibrotactile target and the visual distractor within one
hemifield, even when this change does not alter the hemi-
sphere to which the stimuli project.

As can be seen in Table 2, cross-modal congruency ef-
fects measured for tactile targets at the mobile hand when
held in the hands-far posture were not statistically differ-
ent when visual distractors were presented in the same
hemifield (and projecting to the same hemisphere) or in
the opposite hemifield (projecting to the opposite hemi-
sphere; 24 vs. 38 msec, respectively; p � .32 on a paired
t test). However, it is possible that our experiment may
simply have lacked the power to tease out such a small ef-
fect, were one really to be there. Subsequent calculations
revealed that the power in our analysis, assuming an ex-
pected effect size of 12 msec, was 0.17 [� = .99, with N �
12, � � 50.2, � � .05; Howell, 1999]. Nevertheless, if any
effect does exist, it should be very small in magnitude, and
so our main conclusions from this study still stand.

Finally, Experiment 2 also enabled us to examine whether
a visual distractor’s influence on vibrotactile elevation dis-
crimination responses can depend on the relative proxim-
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ity of the visual distractor to an unstimulated, but visible,
hand (cf. di Pellegrino & Frassinetti, 2000; di Pellegrino,
Làdavas, & Farné, 1997). In other words, is the cross-
modal congruency effect elicited by visual distractors on
a particular foam block increased if that block happens to
be held in one of the participant’s hands (even if that hand
does not itself receive any vibrotactile stimulation on a
given trial)? However, no such evidence emerged from
Experiment 2. In particular, when the vibrotactile targets
were presented to the fixed hand, there was no significant
difference in the magnitude of the cross-modal congru-
ency effect elicited by visual distractors presented in the
other hemifield as a function of whether the unstimulated
hand was placed adjacent to those visual distractors (mean
RT difference � 38 msec, mean error difference � 5%) or
far from them (mean RT difference � 30 msec, mean
error difference � 5%; see Table 2). We may have lacked
the power to establish a small (i.e., 8-msec) effect here
[power less than 0.17; � � .53, with N � 12, � � 52.9,
� � .05; Howell, 1999], but the more important point is
the larger effect of distractor proximity for the stimulated
hand. It would appear, then, that simply placing a hand by
a foam block, in which a pair of distractor lights is em-
bedded, does not affect the magnitude of the cross-modal
congruency effects elicited by those lights, at least when
the lights are already positioned within peripersonal space.

Instead, the hand’s proximity to the lights matters signifi-
cantly more for the hand receiving the tactile target.

EXPERIMENT 3

Having shown that spatial proximity within a hemifield
of the vibrotactile target to the visual distractor does play
some role in modulating the magnitude of cross-modal
congruency effects, we went on, in the next experiment, to
examine whether there was also any role at all for the ini-
tial hemispheric projection of the target and distractor
stimuli in determining cross-modal congruency effects. In
Experiment 3, we assessed whether cross-modal congru-
ency effects are based on stimuli that are coded within a rel-
atively high level representation of external space that is
updated even when both of the participant’s hands are
crossed over the midline (see Figure 5), so that the left
hand holds the foam block situated on the participant’s
right, while the right hand holds the foam block situated
on the participant’s left (cf. Spence, Kingstone, et al., 2001,
and Spence, Shore, et al., 2001 for evidence of a failure to
remap visuotactile space across the midline for such a
crossed posture in a split-brain patient).

In half of the experimental blocks, the participants were
again tested in the uncrossed posture adopted in Experi-
ment 1 (same as the hands-close posture of Experiment 2),

Distractor light

Fixation light

Vibrotactile stimulator

Feedback lightsS W

SW

Figure 5. Schematic view of the apparatus and participant adopting the
crossed-hands posture in Experiment 3. As before, the participant held a foam
cube in each hand. Two vibrotactile stimulators (shaded rectangles) and two vi-
sual distractor lights (filled circles) were embedded within each foam block, by
the thumb and the index finger. White noise was presented over headphones,
and the eye position of all the participants was monitored (fixation is shown by
the dotted line).
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whereas in the remainder of the blocks, the participants
were now tested with both of their hands adopting a crossed-
hands posture. If cross-modal congruency effects are sen-
sitive to changes in posture and the relative locations of vi-
sual and tactile stimuli in external space, we predicted that
it should be visual distractors close by the current target
hand position that would elicit the largest cross-modal
congruency effects no matter what the posture adopted
(see also Spence, Kingstone, et al., 2001; Spence, Shore,
et al., 2001). However, if the initial hemispheric projec-
tions of the stimuli do play a significant role in modulat-
ing cross-modal congruency effects, we predicted that
there should be some difference in the magnitude of the
cross-modal congruency effects reported as a function of
which hand held a particular pair of vibrotactile stimula-
tors, with reduced effects for crossed hands (since hemi-
sphere and spatial effects should now be in opposition).

Experiment 3 is by no means the first experiment in
which the representation of visuotactile space when the
hands are placed in a crossed posture has been investi-
gated. Several previous studies have already addressed
this general question for the specific case of visuotactile
links in both exogenous and endogenous spatial attention
(Kennett, Eimer, Spence, & Driver, 2001; Kennett et al.,
2002; Spence, Pavani, & Driver, 2000). All of these ear-
lier studies showed that the representation of visuotactile
peripersonal space is updated when the hands are crossed
over the midline. However, it should be noted that the
cross-modal cuing effects shown in all those studies were
always demonstrated under conditions in which only a
single stimulus was presented at any one time (i.e., there
were no distractors in these previous studies, whereas the
present studies specifically focus on the ability to ignore
distractors in a task-irrelevant modality). Importantly, sev-
eral recent studies have shown that people may find it
more difficult to remap vibrotactile and visual stimuli
when two stimuli are presented at about the same time
than when they are presented sequentially (e.g., Shore,
Spry, & Spence, 2002; Spence, Baddeley, Zampini, James,
& Shore, 2003; Yamamoto & Kitazawa, 2001). Given that
the presentations of the target and the distractor stimuli
overlapped in the experiments reported here, and given the
many differences between attentional cuing studies and
distractor effects involved in the cross-modal congruency
task (as also is highlighted in Experiment 1 here), we

judged it important to investigate any impact of the cross-
ing of both hands on cross-modal congruency effects.

Method
Participants. Eight participants (6 women and 2 men) took part

in this experiment. Their mean age was 24 years, with a range from
20 to 30 years. All were right-handed by self-report and reported
normal touch and normal or corrected vision. Each took part in one
experimental session, which lasted for approximately 60 min. Three
of the participants had taken part in the preceding experiment.

Apparatus, Materials, Design, and Procedure. The appara-
tus, materials, design, and procedure were the same as those in Ex-
periment 1, with the following exceptions. First, target side was now
entirely predictable in every block of trials. We introduced the latter
change in design (as compared with the previous experiment, in which
target side had always been unpredictable) because we thought a pri-
ori that a complete remapping of visuotactile space with hands
crossed might be more likely if the participants could focus their
spatial attention on a particular side/hand throughout each block of
trials. Second, hand posture (both hands crossed and hands un-
crossed) was manipulated here.

The three within-subjects factors were the congruency between
the elevation of the vibrotactile target and the visual distractor (con-
gruent vs. incongruent), the relative hemisphere to which the target
and the distractor stimuli initially projected (same vs. different), and
the posture adopted (crossed vs. uncrossed hands). There were two
blocks of 15 practice trials, followed by eight test blocks of 64 trials
each. Hand posture remained constant for the first four experimen-
tal blocks but was changed for the remaining four blocks. Half of the
participants started with their hands in the uncrossed posture, whereas
the remainder began with their hands in the crossed posture. In each
block of trials, equal numbers of vibrotactile targets were presented
from each of the two possible target positions (up vs. down) on one
particular side/hand. The visual distractors were always equally
likely to occur from any one of the four possible distractor positions
(two on each side) on each trial.

The procedure was the same as that in Experiment 1, except as fol-
lows. On half of the experimental blocks, the participants were re-
quired to cross both their hands over the midline. In the crossed-
hands blocks, they grasped the right foam block between the forefinger
and the thumb of their left hand and the left foam block between the
forefinger and the thumb of their right hand, at the same eccentric-
ity as before (see Figure 5). The participants were informed at the
beginning of each block of trials about the side of the vibrotactile tar-
gets with the verbal instruction “attend left” or “attend right.” Once
again, eye movements were monitored for all the participants to en-
sure the maintenance of central fixation.

Results
Trials with incorrect response were discarded from the

RT analysis. Due to excessive eye movements (or blink ar-

Table 3 
Mean Reaction Times (RTs, in Milliseconds), Their Standard Deviations, Percentages of Errors (%E), 

and Mean Cross-Modal Congruency Effects (CCEs) for Vibrotactile Targets in Experiment 3, 
as a Function of Visual Distractor Hemifield and Posture

Relative
Congruent Distractor Incongruent Distractor

Distractor RT RT Mean CCE

Hemisphere Posture M SD %E M SD %E RT %E

Same hemisphere Uncrossed hands 440 57 4 502 65 13 62* 9**
Crossed hands 468 86 4 470 76 6 3 2*

Different hemispheres Uncrossed hands 450 60 5 470 56 5 20* 0
Crossed hands 437 70 3 504 62 16 67** 13*

*p � .05. **p � .01.
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tifacts), 8.6% of the trials were removed, and 0.8% of the
trials were removed across all participants because no re-
sponse was made within 1,500 msec of target onset. Table 3
shows the interparticipant mean cross-modal congruency
effects in the RT and error data as a function of the rela-
tive hemisphere, posture, and target–distractor congru-
ency. As in Experiment 2, a preliminary within-subjects
ANOVA with the factor of target–distractor congruency
(2) was conducted on the RT and error data, to evaluate the
presence of an overall cross-modal congruency effect.
This analysis revealed that the participants responded sig-
nificantly more rapidly overall on congruent distractor tri-
als (M � 449 msec) than on incongruent distractor trials
[M � 487 msec; F(1,7) � 16.7, p � .005], as usual. The
participants also made fewer errors on congruent trials
(M � 4.0%) than on incongruent distractor trials overall
[M � 10.0%; F(1,7) � 14.2, p � .007], replicating the
finding of a basic cross-modal congruency effect, as was
found in the two previous experiments.

A within-subjects ANOVA with two factors (relative
hemisphere [2] � posture [2]) was then conducted on the
mean cross-modal congruency effects in the RT data.
Note that in the present analysis, the levels of the relative
hemisphere factor refer to the anatomical hemisphere to
which the target and distractor stimuli initially projected.
That is, a vibrotactile target presented to the right hand
and a visual distractor presented to the right visual field or
a vibrotactile target on the left hand and a visual distrac-
tor presented to the left visual field constituted the same-
hemisphere conditions in both the uncrossed- and the
crossed-hands conditions.

Analysis of the cross-modal congruency effects in the
RT data revealed a significant interaction between relative
hemisphere and posture [F(1,7) � 10.4, p � .01]. When
the participant’s hands were placed in an uncrossed-hands
posture, larger cross-modal congruency effects were ob-
served when the vibrotactile target and the visual distrac-
tor stimuli projected to the same hemisphere (M � 63 msec)
from the same side than when they were projected to dif-
ferent hemispheres (M � 20 msec, p � .01) from opposite
hemifields. This pattern of results was completely re-
versed when the hands were crossed over the midline, with
larger cross-modal congruency effects now being reported
when the target and the distractor stimuli initially pro-
jected to different cerebral hemispheres (M � 67 msec)
than when they projected to the same hemisphere (M �
3 msec, p � .01). None of the other terms in the analysis
of the RT data reached significance (all Fs � 1.5).

A similar analysis of the error data also revealed a sig-
nificant interaction between relative hemisphere and pos-
ture [F(1,7) � 8.8, p � .02]. When the participant’s hands
were placed in an uncrossed-hands posture, cross-modal
congruency effects were again significantly larger when
the target and the distractor stimuli projected to the same
hemisphere (M � 9.0%) from the same side of space than
when they were initially projected to different hemispheres
(M � �0.1%, p � .02). By contrast, when the participant’s
hands were placed in the crossed posture, larger cross-

modal congruency effects were now observed when the
target and the distractor stimuli initially projected to dif-
ferent cerebral hemispheres (M � 12.9%) than when they
projected to the same hemisphere (M � 2.4%, p � .01).
The main effect of posture was borderline significant
[F(1,7) � 4.47, p � .07] but was subsidiary to the two-
way interaction. None of the other terms in this analysis of
the error data approached significance (all Fs � 1).

Discussion
Experiment 3 once again replicated the existence of the

basic cross-modal congruency effects observed in the two
previous experiments. When the participant’s hands were
placed in an uncrossed posture (analogous to the posture
adopted in Experiment 1 and to the hands-close condition
of Experiment 2), visual distractors presented from the
same foam block (and initially projecting to the same hemi-
sphere) as the vibrotactile targets elicited larger cross-
modal congruency effects than did visual distractors pre-
sented from the foam block situated on the opposite side
to the vibrotactile targets (and projecting initially to the
other hemisphere), again replicating the basic “spatial”
modulation of the cross-modal congruency effect, as was
reported in the previous two experiments.

The new finding to emerge from Experiment 3 comes
from the crossed-hands condition, in which the visual and
the vibrotactile stimuli that were initially projected to the
same cerebral hemisphere (e.g., a touch to the right hand
and a flash in the right visual field, both projecting ini-
tially to the left hemisphere) were now actually positioned
on opposite sides in external space (e.g., the crossed right
hand was adjacent to visual distractors in the left visual
field), and vice versa for stimuli that were on “different
sides” in terms of their initial hemispheric projections but
now on the same side in external space. When analyzed in
terms of their initial hemispheric projections, the results
showed a complete reversal of the cross-modal congru-
ency effect across the two hand postures, with a larger
cross-modal congruency effect for different-hemisphere
than for same-hemisphere trials when the hands were
crossed over the midline. In other words, there was a com-
plete remapping of visuotactile space for cross-modal
congruency effects when the participants crossed their
hands over the midline.

The results of Experiment 3 accord with the findings
reported in a number of previous behavioral and electro-
physiological studies of cross-modal links in spatial at-
tention between vision and touch (e.g., Kennett et al., 2001,
2002; Spence, Pavani, & Driver, 2000). Here, the remap-
ping result is extended for the first time to cross-modal
distractor congruency effects from task-irrelevant stimuli
in a task-irrelevant modality. They contrast with the par-
tial remapping reported in Spence et al.’s (2003) visual–
tactile temporal order judgment studies (cf. Röder, Rösler,
& Spence, 2004; Shore et al., 2002; Yamamoto & Ki-
tazawa, 2001).

We wondered what role, if any, continuous visual in-
formation regarding posture may have played in main-
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taining the updated representation of visuotactile space in
the hands-crossed posture of Experiment 3. We therefore
conducted a final experiment in which we compared the
pattern of cross-modal congruency effects observed when
participants adopted the crossed-hands posture with the
room lights illuminated throughout a block of trials (so
that the participants could see their arms continuously, as
in all the previous experiments reported here) with those
seen when all ambient illumination was extinguished and
the blocks of trials were conducted in complete darkness
(so that the participants no longer had any direct visual in-
formation regarding the position of their limbs). The re-
sults showed that the complete remapping of visuotactile
peripersonal space when the participant’s hands were crossed
over the midline was maintained regardless of whether the
participants could see their hands or not.2 In fact, our par-
ticipants’ ability to see their hands (the hand visibility fac-
tor) had absolutely no significant effect on performance
whatsoever in this follow-up study. This result suggests
that a posture-dependent representation of peripersonal
visuotactile space can be maintained in the absence of
continuous visual cues regarding current limb position.

It should, however, be noted here that the participants
would have been able to see their hands at the very start of
each block of trials in this follow-up study. Moreover, the
fact that the participants knew that the distractor lights were
situated on the two foam cubes held in their hands and the
fact that the visual distractors were illuminated shortly
(i.e., 30 msec) before the target vibrations occurred means
that some residual visual cues regarding hand position were
occasionally available in the follow-up. Nevertheless, run-
ning this follow-up in an otherwise dark setting did elim-
inate the continuously available sight of one’s limbs in the
crossed posture that had been available in Experiment 3.

GENERAL DISCUSSION

A number of conclusions can be drawn from the exper-
iments reported here. First, a robust cross-modal congru-
ency effect was demonstrated (in terms of both the RT
and the error data) in all the experiments. This result high-
lights our participants’ inability to completely ignore irrel-
evant inputs presented to one sensory modality (vision
here) while attempting to respond selectively just to stim-
uli presented in another relevant target modality (touch
here; see Marks, 2004, and Pashler, 1998, on this general
topic). Second, the magnitude of the visual–tactile cross-
modal congruency effect in all of our experiments was mod-
ulated by the relative spatial location of the tactile target
and the visual distractor stimuli in external space. In par-
ticular, the participants found it harder to ignore irrelevant
visual distractors when they were presented from the same
foam block as the vibrotactile targets (i.e., from the same
lateral location in space) than when they were presented
from different foam blocks (i.e., from different lateral spa-
tial locations, in separate hemifields; see Figure 2A). Such
spatial modulation of cross-modal interference (or dis-
tractor congruency) effects has received relatively little re-

search to date, despite the long-standing work on distrac-
tor interference effects within single modalities (e.g., B. A.
Eriksen & C. W. Eriksen, 1974). Jones and Hapeshi (1991)
and Spence, Ranson, and Driver (2000) published some
of the initial cross-modal research on the difficulty of ig-
noring distractors in a second modality (although see also
Pavani et al., 2000; Maravita, Spence, Kennett, & Driver,
2002; Maravita, Spence, Sergent, & Driver, 2002), with
both groups reporting some spatial modulation of audio-
visual cross-modal distractor interference, as we show
here for a tactile–visual situation.

Experiment 1 also demonstrated that the participants
found it harder to ignore irrelevant visual distractors (i.e.,
they made significantly more errors) when their onset
slightly preceded that of the vibrotactile targets than when
the two stimuli were presented simultaneously or when the
onset of the target preceded that of the distractor by 30 msec
(see Figure 2B). This result is in line with the results of a
number of other previous studies of single sensory modal-
ities that have shown that many different kinds of distrac-
tor interference effect are modulated by the relative timing
of the processing of the relevant and irrelevant stimulus
information (e.g., Dyer, 1971; C. W. Eriksen & Hoffman,
1972; Hommel, 1993b; see also Lu & Procter, 1995).

We also found that making the target side/hand pre-
dictable in Experiment 1 facilitated the overall latencies of
tactile discrimination responses, when performance was
compared with that in the unpredictable target-side blocks
(see Table 1). Somewhat surprisingly, however, this effect
of endogenous (or voluntary) focusing of tactile spatial at-
tention on a particular side/hand had no significant effect
on the magnitude of the overall cross-modal congruency
effects reported (i.e., it did not affect the ease with which
the participants ignored the irrelevant visual distractors on
one side or the other; see Figure 2C) or on the spatial mod-
ulation of cross-modal congruency effects that was equiv-
alent to that found when target side was predictable. This
particular cross-modal result contrasts with the results of
a number of previous intramodal studies in which focus-
ing spatial attention on a particular location has been
shown to reduce, or even to eliminate, distractor interfer-
ence effects from task-irrelevant stimuli at other locations
(e.g., Besner & Stolz, 1999; Soto-Faraco, Ronald, & Spence,
in press; see also Yantis, 1996, 2000).

In our second experiment, we examined any effect of
posture change on the magnitude of the cross-modal con-
gruency effects elicited by visual distractors presented
from the same locations in front of the participants as be-
fore (in the same retinal positions as the distractor lights
in Experiment 1). One of the participant’s hands was al-
ways held close to the distractor lights in the same hemi-
field, while the other hand was either held by the distrac-
tor lights on the other side of fixation (the hands-close
posture) or positioned more eccentrically on that side (i.e.,
63º from the distractor lights within that same hemifield;
the hands-far posture). When the hand receiving the vi-
brotactile target (i.e., the target hand ) was placed close to
visual distractors within the same hemifield in Experi-
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ment 2, cross-modal congruency effects were much larger
than when the target hand was placed far from the visual
distractors within that same hemifield (compare Figures 4A
and 4B). Crucially, this modulation of the cross-modal
congruency effect as a function of the proximity of the
tactile target and the visual distractor within one hemifield
in external space occurred despite the fact that the vibro-
tactile stimuli were applied to the same tactile receptors
and, likewise, the possible visual distractors occupied ex-
actly the same retinal positions, no matter what posture was
adopted. Our results add to a growing body of evidence
highlighting the multisensory nature of spatial judgments
concerning vibrotactile stimuli. They also provide further
support for the growing body of empirical evidence show-
ing that the perception of tactile stimuli tends to incorpo-
rate information about the current spatial position of tac-
tile receptors in external space (cf. Driver & Grossenbacher,
1996; Kennett et al., 2001; Kennett et al., 2002; Shore et al.,
2002, 2004; Soto-Faraco, Ronald, & Spence, in press; Ya-
mamoto & Kitazawa, 2001), even though posture may be
completely irrelevant to the participant’s task.

The results of Experiment 2 also revealed that the cross-
modal congruency effects elicited by a particular pair of
visual distractor stimuli were not significantly affected by
whether the nontarget (currently tactually unstimulated)
hand was placed close to or far from the visual distractors
(i.e., either holding the foam block directly next to the dis-
tractor lights or positioned at a far more eccentric location,
63º further away on the same side; compare Figures 4C
and 4D). This finding may be particularly relevant for the
interpretation of some previous evidence showing that
cross-modal congruency effects elicited by visual distrac-
tors far from the participant’s hands can increase when a
pair of rubber hands (e.g., Austen et al., 2001; Pavani et al.,
2000; see also Walton & Spence, 2004) or the mirror-
reflection of the participant’s hands (Maravita, Spence,
Sergent, & Driver, 2002) appear to grasp the distractor
lights. Since distractor lights are apparently not made
more salient merely by their proximity to a currently un-
stimulated hand (as is shown for the first time here), the
increased cross-modal congruency effects in those other
studies seem likely to reflect genuine effects on the cross-
modal representation of peripersonal space, due to visuo-
proprioceptive illusions (e.g., Pavani et al., 2000) or to re-
peated identification of mirror-reflected body parts as the
participant’s own (Holmes, Crozier, & Spence, 2004; Mara-
vita, Spence, Sergent, & Driver, 2002).

In Experiment 3, we investigated any effects of a more
extreme change of posture—namely, crossing the hands—
on the spatial modulation of cross-modal congruency ef-
fects. Our results suggested a remapping of visuotactile
space when the hands were crossed, since it was the rela-
tive spatial location of target and distractor stimuli in ex-
ternal space, and not simply the cerebral hemisphere to
which the stimuli projected initially (cf. Kinsbourne &
Cook, 1971; Kinsbourne & Hicks, 1978; Passarotti et al.,
2002), that determined the magnitude of cross-modal dis-
tractor congruency effects. A follow-up experiment fur-

ther showed that this remapping of visuotactile space took
place even when no continuous visual cues regarding limb
position were provided. Such results suggest that the
remapping of visuotactile space following posture change
might involve proprioceptive cues regarding limb posi-
tion. Our results are thus consistent with a number of pre-
vious findings according to which cross-modal links in vi-
suotactile attention are updated to take current posture
into account when the hands are crossed over the midline
(e.g., Kennett et al., 2001, Kennett et al., 2002; Spence, Pa-
vani, & Driver, 2000). These results are also consistent
with the findings emerging from a number of neuropsy-
chological studies of patients exhibiting cross-modal ex-
tinction (e.g., di Pellegrino et al., 1997; see Làdavas, 2002,
and Làdavas & Farnè, 2004, for reviews). Here, we show
for the very first time that such updating of visual–tactile
space occurs even for distractor effects arising cross-
modally from an entirely task-irrelevant modality (vision
here).

However, it is also worth noting that, in contrast to the
findings reported here, a number of researchers have ac-
tually documented some impairment in certain behavioral
responses to tactile stimuli when participants adopt a
crossed-hands, as opposed to an uncrossed-hands, posture
(see, e.g., Driver & Spence, 1998; Groh & Sparks, 1996;
Pierson, Bradshaw, Meyer, Howard, & Bradshaw, 1991;
Röder et al., 2004; Shore et al., 2002; Yamamoto & Ki-
tazawa, 2001). Interestingly, such behavioral impairments
have typically been demonstrated under conditions in
which the participants were required either to make a sim-
ple speeded detection response or, more commonly, to
make some form of left–right discrimination response. It
is possible that a confusion between the coding of left–
right responses in an allocentric versus an egocentric frame
of reference may have accounted for the behavioral im-
pairments seen in at least some of the studies on left–right
judgments (e.g., Hommel, 1993a; Riggio, Gawryszewski,
& Umiltà, 1986; Shore et al., 2002; Yamamoto & Ki-
tazawa, 2001). By contrast, the left–right manipulations
of hand position in the present study were always orthog-
onal to the up–down direction in which the participants
had to make their elevation discrimination responses,
hence potentially avoiding any such confusion.

Taken together, the results of the experiments reported
here show that spatial modulation of the cross-modal con-
gruency effects found in normals arises in representa-
tion(s) of space that show some appropriate remapping of
one sensory modality with respect to the other (in terms of
the combination of receptor stimulations that produce
maximal effects) across changes in posture (e.g., such that
the right hand becomes the effective partner of the left vi-
sual field, and vice-versa, when the hands are crossed,
whereas the reverse pairings apply for uncrossed hands in
Experiment 3; see Table 3). This conclusion makes con-
siderable functional sense. In daily life, our posture changes
frequently (e.g., during eye and hand movements), so that
which particular tactile receptors represent the same ex-
ternal location in space as that represented by particular
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visual receptors will continuously vary. If the modulation
of the cross-modal congruency effects were to reflect a
fixed anatomical mapping between the senses, this could
not always serve the adaptive function of relating sensory
information from a common external source across the
modalities. Achieving this requires that the cross-modal
links in information processing should operate within
more abstract spatial coordinates (as we have found) that
treat a common external location as the same across the
modalities regardless of which particular receptors within
each sensory modality currently correspond to that com-
mon external position. This should facilitate cross-modal
integration for stimuli from the same or neighboring lo-
cations in external space (Spence & Driver, 2004; Stein &
Meredith, 1993), but as was found here, this may be at the
cost of making distractor information from such locations
harder to ignore. The robustness of the visual–tactile cross-
modal congruency task as an index of the apparent co-
location of visual and tactile stimuli in space having been
demonstrated, one particularly interesting question for fu-
ture research may be to determine how quickly this remap-
ping of visuotactile space can occur following continuous
postural changes: Does it, for example, occur immedi-
ately, or does remapping across postures take time to arise?
Although there would obviously be evolutionary advan-
tages to the immediate updating of the visuotactile repre-
sentation of space following posture change, recent stud-
ies have shown that, at least for the case of the “plastic”
modification of peripersonal space seen following tool
use, such changes may take some time to occur (Maravita,
Spence, Kennett, & Driver, 2002; see also Holmes, Calvert,
& Spence, 2004).

In addition to making functional sense, our results may
also accord with recent neuroscience findings of single
units that appear to represent common external locations
in vision and in touch (e.g., Duhamel, Colby, & Goldberg,
1991; Rizzolatti, Scandolara, Matelli, & Gentilucci, 1981)
and to show appropriate remapping between these senses
across changes in posture. For instance, Graziano, Gross,
and their colleagues have observed neurons in parietal
area 7b, the ventral premotor cortex, and the putamen that
respond to both tactile and visual stimulation (see Graziano
& Botvinick, 2002, for a recent review). These multi-
modal neurons typically have receptive fields for corre-
sponding sectors of space in the two sensory modalities.
For instance, a unit with a tactile receptive field on the
right hand would typically have a visual receptive field
close to that hand. Critically, such visual receptive fields
have been shown to follow the corresponding body part
around to some extent as it is moved (whether passively or
actively), even when the eyes do not move. These units
therefore exhibit remapping in terms of which visual and
tactile receptors serve to stimulate the neuron. Although
it seems tempting to suppose that similar units might be
involved in generating the spatial modulation of the cross-
modal congruency effects that we observed behaviorally in
the present study (cf. Làdavas, 2002; Spence, Kingstone,
et al., 2001), it is important to note that the exact func-

tional roles of such neurons has yet to be determined em-
pirically (see Maravita et al., 2003). Functional imaging in
humans of paradigms related to the present work could
shed light on this issue.

Spatial Constraints on Cross-Modal Focused
and Divided Attention

The results of the experiments reported here show that
increasing the separation between relevant and irrelevant
stimuli in external space can allow for the more efficient
selective processing of information, even when the stim-
uli in question are presented in different sensory modali-
ties. This extends the spatial separation principle, tradi-
tionally found for efficient selective attention, from the
strictly unimodal settings in which it has previously been
studied (see, e.g., Chan, Merrifield, & Spence, 2004; 
B. A. Eriksen & C. W. Eriksen, 1974) to a multisensory
case. It is a well-known generalization (e.g., Kahneman &
Treisman, 1984) that factors that make the division of at-
tention more difficult (such as the presentation of two in-
formation sources from different positions) often tend to
make selective attention easier, as was found here when
irrelevant visual stimuli were placed in very different lo-
cations from the relevant vibrotactile target stimuli. When
the present focused, or selective, attention results are taken
together with some of our previous findings regarding the
spatial constraints on the division of visual and tactile at-
tention across different spatial locations (Spence, Pavani,
& Driver, 2000), it would appear that there are constraints
on the effective deployment of spatial attention that oper-
ate cross-modally that are similar to those previously
shown to operate intramodally. Moreover, similar spatial
constraints on focused and divided attention have now
also been shown to exist cross-modally between both au-
dition and vision (e.g., Driver & Spence, 1994; Spence &
Driver, 1996; Spence, Ransom, & Driver, 2000; although
see Soto-Faraco, Morein-Zamir, & Kingstone, in press)
and between audition and touch (see, e.g., Lloyd, Shore,
Spence, & Calvert, 2003; Merat, Spence, Lloyd, Withing-
ton, & McGlone, 1999), suggesting that efficient division
of attention across stimuli at neighboring external loca-
tions, but efficient selective attention when targets and
distractors are at very different locations, may be a rather
general rule reflecting a fundamental constraint on human
information processing (see Driver & Spence, 2004, for a
recent review).

Do Cross-Modal Congruency Effects Reflect
Perception, Response Competition, or Both?

The slowing of performance on incongruent distractor
trials might conceivably reflect a strictly perceptual inter-
action between vision and touch (cf. Austen et al., 2001;
Marks, 2004), such as a mislocation of one stimulus to-
ward the other (i.e., a ventriloquism-like effect; see Ber-
telson & de Gelder, 2004). In principle, this could make it
more difficult to determine the true elevation of the target
event when the distractor is presented from an incongru-
ent, rather than from a congruent, elevation. However, we
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think that such multisensory perceptual interactions in-
ducing strict perceptual mislocalization may account for
only a small component of the overall cross-modal con-
gruency effects reported in the present study (see the Ap-
pendix for some empirical evidence on this point).

Alternatively, it could be argued that there may be some
spatial-cuing explanation for the existence of the cross-
modal congruency effect. Indeed, the fact that the largest
cross-modal congruency effects were reported when the
distractor stimuli were presented shortly before the target
stimuli (see Experiment 1) means that the paradigm used
in the majority of the experiments reported here bears
some methodological similarity to the design of many
cross-modal precuing studies of spatial attention, where a
cuing event is presented shortly before a target event in a
different sensory modality (e.g., Chong & Mattingley,
2000; Kennett et al., 2001; Kennett et al., 2002; Posner,
1980; Spence & Driver, 1997). However, we have argued
previously (see Spence, Shore, et al., 2001) that although
cross-modal attentional spatial-cuing effects may have
some overall effect on performance in the cross-modal
congruency task (such as, perhaps, facilitating all re-
sponses to targets on same-side trials, relative to different-
side trials), they cannot, on their own, account for the con-
gruency effect itself. In particular, they fail to account for
the fact that the spatial modulation of the congruency ef-
fect typically results from a slowing of response latencies
on incongruent same-side distractor trials, with perfor-
mance on congruent trials showing little difference as a
function of the relative side from which the distractor is
presented (i.e., for the worse performance on incongruent
trials, when compared with congruent trials). A traditional
precuing effect from the distractor should speed same-
side conditions, but instead slower performance is found,
especially for incongruent same-side trials.

Our own view is that the cross-modal congruency effect
is likely to primarily reflect response competition between
the response tendencies elicited by the target and the dis-
tractor on incongruent trials (see Coles, Gratton, Bashore,
C. W. Eriksen, & Donchin, 1985; B. A. Eriksen & C. W.
Eriksen, 1974). It seems likely that the presentation of
both the target and the distractor stimuli will prime the up
or down response(s) associated with the elevation at which
they are presented. Given that the distractor will prime the
incorrect response on incongruent trials, this might lead to
a slowing of responses to the target, attributable to the
time taken to overcome the incongruent (i.e., “inappro-
priate”) response tendency (see also Dyer, 1971; Hommel,
1993b). In fact, the slowest responses in cross-modal con-
gruency experiments are typically reported on trials in
which the visual distractor is presented from the same side
as the vibrotactile target, but at an incongruent elevation.
By contrast, a participant’s performance of congruent tri-
als might be expected to show some degree of response
facilitation, since the target and the distractor stimuli
would both prime the same, “correct” response (see also
Marks, 2004, for a detailed review of the various factors—
semantic, perceptual, and synaesthetic—thought to un-

derlie various kinds of congruency effects). But note that
the critical point of the present experiments still remains re-
gardless of all these considerations—namely, that the
cross-modal congruency effects depend strongly on the
relative location of tactile target and visual distractor stim-
uli in external space. They do not depend solely on
whether the target and the distractor agree or disagree in
terms of the up–down response associated with them,
since this response competition is much larger when the
target and the distractor come from similar external loca-
tions. This shows that an incongruent visual distractor in-
trudes more into tactile judgments when arising from a
nearby location.

Whatever the underlying cause(s) of the cross-modal
congruency effect turn out to be, the spatial modulation of
the effect has been shown here to provide a sensitive and
robust measure of what can constitute the same location
across vision and touch. Having gained a better under-
standing of the basic constraints on this effect, we are,
therefore, now in a better position to move forward in using
the cross-modal congruency task to address many impor-
tant questions related to the multisensory construction of
peripersonal space (see Maravita et al., 2003, for a review
of such issues).
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NOTES

1. To investigate the potential speed–accuracy tradeoff for the fixed
hand further, we calculated inverse efficiency (IE) scores for the interac-
tion between posture and stimulated hand. IE scores are a standard way
to combine RT and accuracy data into a single score, computed as the
mean RT divided by the proportion of correct trials in a given condition
(e.g., Townsend & Ashby, 1983); a higher IE value indicates worse per-
formance, just as for RT or accuracy measures. Analysis of IE scores
confirmed a significant effect of posture change when the vibrotactile
target was presented to the mobile hand (hands close, M � 183 msec,
SD � 62; hands far, M � 61 msec, SD � 19; p � .0005 on paired sam-
ple t test) but no effect of posture change when it was presented to the
fixed hand (hands close, M � 158 msec, SD � 141; hands far, M �
185 msec, SD � 44; p � .4 on paired sample t test), thus further sup-
porting the conclusions from our main analyses.

2. Ten new participants completed four blocks of 140 experimental
trials in the crossed-hands posture of Experiment 3. Additional foam
cubes were placed on the tabletop in front of the participant (to support
the upper arm) in order to prevent him or her from receiving tactile cues
regarding the crossed posture of the arms attributable to the forearms
touching each other. The ambient lights in the experimental testing room
were switched on for half of the blocks of trials (as in Experiments 1–3)
and were switched off for the remainder of the blocks, with the order of
presentation of the lights-on and lights-off blocks counterbalanced
across participants. The experimental design was, in all other respects,
similar to that described in Experiment 3. A within-subjects ANOVA
conducted on the mean cross-modal congruency effects, with the factors
of hand visibility (2) and relative distractor hemifield (2), revealed a sig-
nificant main effect of relative distractor hemifield in both the RT
[F(1,9) � 34.8, p � .0001] and the error [F(1,9) � 7.5, p � .02] data.
This was caused by larger cross-modal congruency effects being reported
when the visual distractors were presented from the same hemifield as the
vibrotactile targets (M � 159 msec and 10.3%, respectively) than when
they were presented from different hemifields (M � 69 msec and 6.4%).
Crucially, however, there was no main effect of hand visibility or any in-
teraction between hand visibility and relative distractor hemifield in either
analysis (all Fs � 2.1), thus demonstrating that visual cues played no sig-
nificant role in the remapping of visuotactile space seen in Experiment 3.
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APPENDIX

Support for the existence of a perceptual component to the 
visual–tactile cross-modal congruency effect comes from the re-
sults of a further experiment in which participants (N � 5) were
required to make unspeeded discrimination responses regarding
the elevation of the vibrotactile targets. Using an experimental
design very similar to that of the unpredictable target-side blocks
in Experiment 1, but including an additional, neutral condition in
which vibrotactile targets were presented in the absence of any
visual distractors (the participants performed one block of 20
practice trials, followed by four blocks of 100 experimental tri-
als, and the visual distractors, when present, led the vibrotactile
targets by 30 msec), we found that even when the participants
were prevented from responding until at least 1,000 msec after
the onset of the vibrotactile target, and when the accuracy (rather
than the speed) of their responding was strongly stressed, the par-
ticipants still made some errors when trying to localize the vi-
brotactile targets.

Crucially, these errors were more prevalent when the vibro-
tactile target and the visual distractor were presented from in-
congruent locations on the same side/hand (i.e., from the same
foam block) than when they were presented from incongruent el-
evations on different sides/hands (i.e., from different foam
blocks). (Note that the visual distractor could not have ventrilo-
quized the perceived location of the vibrotactile target on con-
gruent same-side/hand trials, because the two stimuli were al-

ready presented from virtually the same position.) A one-way
within-subjects ANOVA on the arcsin-transformed proportions
of errors (2 arcsin √x; Howell, 1999), with the factor of visual
distractor position (five levels), supported this result statistically
[F(4,16) � 3.74, p � .03]. The percentage of errors when the
visual distractors were presented from an incongruent location
on the same side/hand as the target (M � 5.7%) was significantly
higher than that for any other condition (mean error rate for the con-
gruent same side � 1.8%, for the congruent different sides � 1.6%,
for incongruent different sides � 1.1%, and for the no-distractor
condition � 0.8%; all ps � .04, by Fisher’s LSD post hoc test).
But note that this cost for unspeeded accuracy, on same-side in-
congruent trials, appears to be smaller than the typical cross-
modal congruency effect found in the speeded tasks of our main
experiments and was found only for same-side trials, suggesting
that response competition may also play a role in the speeded ex-
periments.

These results would, therefore, appear to show a perceptual in-
teraction between the perceived locations of the vibrotactile target
and the visual distractor stimuli, at least on incongruent same-
side/hand trials. This spatial ventriloquism of the apparent location
of the vibrotactile stimulus toward the location of the visual dis-
tractor (see also Pick, Warren, & Hay, 1969) supports the view that
at least some component of the cross-modal congruency effect
may have a perceptual origin (see also Marks, 2004, on this point).
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revision accepted for publication April 30, 2004.)


