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Abstract The crossmodal congruency task is a consoli-
dated paradigm for investigating interactions between
vision and touch. In this task, participants judge the eleva-
tion of a tactile target stimulus while ignoring a visual dis-
tracter stimulus that may occur at a congruent or incongru-
ent elevation, thus engendering a measure of visuo-tactile
interference (crossmodal congruency effect, CCE). The
CCE reflects perceptual, attentional, and response-related
factors, but their respective roles and interactions have not
been set out yet. In two experiments, we used the original
version of the crossmodal congruency task as well as ad
hoc manipulations of the experimental setting and of the
participants’ posture for characterizing the contributions
of multisensory integration, body-mediated attention, and
response conflict to the CCE. Results of the two experi-
ments consistently showed that the largest amount of vari-
ance in the CCE is explained by the reciprocal elevation of
visual and tactile stimuli. This finding is compatible with
a major role of response conflict for the CCE. Weaker yet
distinguishable contributions come from multisensory inte-
gration, observed in the absence of response conflict, and
from hand-mediated attentional binding, observed with the
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modified posture and in the presence of response conflict.
Overall, this study informs the long-standing debate about
mechanisms underlying the CCE by revealing that the
visuo-tactile interference in this task is primarily due to the
competition between opposite response tendencies, with
an additional contribution of multisensory integration and
hand-mediated attentional binding.

Keywords Crossmodal congruency effect - Bodily
attention - Hand-mediated binding - Multisensory
integration - Visuo-tactile - Response conflict

Introduction

The tactile perception of a sensory stimulus very often co-
occurs with the visual perception of the same stimulus.
For example, when we receive a high five from a friend
or when we notice that a ladybug is about to land on our
hand, we generally direct our eyes toward the hand. In
these situations, stimuli that determine a tactile sensation
on our body are also perceived visually. The existence of
close links between vision and touch is supported by a
body of behavioral (Botvinick and Cohen 1998; Ernst and
Banks 2002; Pavani et al. 2000; Spence et al. 2004a, b),
neurophysiological (Graziano and Gross 1993; Wallace and
Stein 1997), neuropsychological (Spence et al. 2001), and
neuroimaging studies (Macaluso et al. 2000a, b, 2002a, b;
Zimmer and Macaluso 2007) in both non-human primates
and humans (see Spence et al. 2007 for an overview). The
prominent connection between vision and touch contributes
to create a robust perception of tactile and visual events that
occur on the body surface and in its close spatial proximity.

The crossmodal congruency task (CCT), first introduced
by Driver and Spence (1998a, b), has been extensively used
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to investigate body-related interactions between the visual
and the tactile modalities. In the typical version of this task,
subjects are required to place their forearms on a table and
hold a foam block with their index and thumb finger of
each hand. Each block embeds a pair of visual and a pair of
tactile stimulators in such a way that a visual and a tactile
stimulator are placed in close proximity with one another
on the top and on the bottom aspect of each block. On each
trial, participants’ task is to indicate the elevation (high or
low) of the stimulus in one modality, typically touch, while
ignoring a simultaneous distracter stimulus in the other
modality, typically vision (but see Walton and Spence 2004
for the opposite visual-target tactile-distracter association).
Importantly, distracter stimuli can occur either at the same
(congruent) or at a different (incongruent) elevation relative
to the tactile stimulus. The typical result consists in faster
responses when both the tactile and the visual stimuli occur
at congruent, rather than incongruent, elevations (Pavani
et al. 2000; Spence et al. 2004a). The slowing down of
responses on incongruent (relative to congruent) trials has
been termed crossmodal congruency effect (CCE). Thus,
the CCE represents a measure of crossmodal interference
between visual and tactile stimuli delivered in the proxim-
ity of the body. The CCE has been used in a multiplicity
of research realms, including crossmodal exogenous spa-
tial attention (Driver and Spence 1998a, b), multisensory
interactions in peripersonal space (Maravita et al. 2003;
Spence et al. 2007; van Elk et al. 2013), rubber hand illu-
sion (Pavani et al. 2000; Zopf et al. 2010, 2013), tool use
(Maravita et al. 2002; Holmes et al. 2002, 2007; Sengiil
et al. 2013), temporal processing (Shore et al. 2006), dis-
tracter suppression (Marini et al. 2013), and even to study
the embodiment of a robotic prosthesis (Marini et al. 2014).

A typical additional finding is that the CCE is larger
when both the tactile target stimulus and the visual distracter
stimulus are presented on the same side (i.e., both stimuli
delivered either to the left or to the right side), relative to
when visual and tactile stimuli are presented on opposite
sides (i.e., the tactile stimulus to the left side and the visual
stimulus to the right side, or vice versa). This finding has
been reported in CCE studies by showing the existence of a
significant interaction between relative elevation (congruent/
incongruent) and relative side (same/opposite) of the tactile
and visual stimuli (e.g., Spence et al. 2004a). However, an
individual and systematical analysis of reaction times (RTs)
to all possible combinations of target and distracter pairs has
not been conducted so far. Then, the question of whether
the reduced CCE for opposite-side (relative to same-side)
stimuli arises from slower responses to congruent stimulus/
target combinations or faster responses to incongruent pair-
ings, or both, has not been addressed yet. This distinction
could imply potentially different mechanisms underlying
the CCE, which have not been completely set out so far.
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At least three different mechanisms have been proposed
to contribute to the CCE: multisensory integration, exog-
enous attention, and response conflict (Driver and Spence
1998a, b; Maravita et al. 2003; Spence et al. 2004a, b;
Shore et al. 2006; Forster and Pavone 2008; Holmes 2012).
Within this theoretical debate, the overarching aim of this
work is to characterize the mechanisms underlying the
CCE. Experiment 1 will investigate the role of multisen-
sory integration and will directly compare individual CCE
conditions against each other, thus providing with a sys-
tematic comparison of individual CCE conditions that has
not been conducted so far. Experiment 2 will investigate
the role of attention and response conflict in the CCE, with
a particular focus on the attentional modulations related to
the placement of body parts such as the participants’ hands
(hand-mediated attentional binding).

Experiment 1
Rationale and hypotheses

Multisensory integration refers to the combination of per-
ceptual signals from different sensory modalities during
their processing to form a unitary percept (Stein and Mer-
edith 1993; Ernst and Biilthoff 2004). In principle, multi-
sensory integration could influence the CCE in two ways.
First, because the integration is strongest when multisen-
sory signals occur at the same location in space (Stein and
Meredith 1993; Murray and Wallace 2011), multisensory
integration could facilitate responses on congruent-same-
side (vs. opposite-side) visuo-tactile pairs. Second, because
localization errors are larger when two sensory modali-
ties convey different spatial information (e.g., Alais and
Burr 2004), more spatial ambiguity may occur when con-
gruent visuo-tactile stimuli are presented on opposite (vs.
same) sides. This could determine a slowing down of the
responses on congruent-opposite-side versus same-side tri-
als. Relatedly, qualitative reports of faster and more accu-
rate responses on same- (vs. opposite-) side congruent tri-
als are common in the CCE literature, but a systematical
statistical comparison between the two conditions has not
been reported so far. Experiment 1 was conducted in order
to investigate the contribution of multisensory integration
to the CCE while establishing the pattern of the CCE at the
level of each individual condition.

Methods
Farticipants

A previously unpublished dataset with a sample of 32 healthy
volunteers (mean age + standard deviation: 24.9 & 5.2 years,
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Fig. 1 Experimental setup, rationale, and hypothesis. a The experi-
mental setup of the crossmodal congruency task CCT), as used in pre-
vious experiments and in Experiment 1. Participants held one foam
block with each hand and placed their index fingers on the upper side
of each block and their thumbs on the lower side of each block, in
correspondence with tactile stimulators (blue triangles) and visual
stimulators (red circles). On each trial, one tactile stimulus and one
visual stimulus were delivered at one of the four possible locations.
Participants had to report the elevation of the tactile stimulus (high/
low), regardless of its side, and ignore the visual stimulus. b The typi-
cal results of an experiment with the CCT. The crossmodal congru-
ency effect (CCE) is calculated as the difference in reaction times
(RT, left axis) between incongruent (visual and tactile stimuli pre-
sented at different elevations) and congruent (visual and tactile stim-

10 males, 31 self-reportedly right-handed) was used in Exper-
iment 1. All participants had normal or corrected-to-normal
vision, were naive as to the purpose of the experiment, and
voluntarily agreed to take part in the research. This study
was approved by the ethical committee of the University of
Milano-Bicocca and was conducted in accordance with the
Declaration of Helsinki (World Medical Organization 1996).

Stimuli

The experimental apparatus for Experiment 1 con-
sisted of a black vertical panel in which two foam blocks
(8 x 4 x 3 cm) were fixed to the left and the right side
of a central fixation point, at a lateral distance of 25 cm.
Two tactile stimulators (custom-made electromagnetic
solenoids, Heijo Electronics, Beckenham, UK; www.heijo.
com) were embedded in each block, at the top and the

o>
| 3 -
\\ \\
e
Ll \
1
C Hypothesis
__ 500 -
o /3 cs
% @l co
2 450 ] = 0
& @l IS
5
© 400 A
[72]
E
-
& 350 - = =
A B c

Possible Scenarios

uli presented at the same elevation) trials. The CCE is larger when the
visual and the tactile stimuli are presented on the same side relative to
when they are presented on opposite sides. CS (congruent elevation,
same side), CO (congruent elevation, opposite side), IS (incongruent
elevation, same side), /O (incongruent elevation, opposite side) (data
from Spence et al. 2004a, b). ¢ Three different scenarios may account
for the pattern of results of b. The same CCE would be observed
in either scenario. However, in Scenario A congruent visuo-tactile
stimulus pairs have the same RT regardless of their relative side; in
Scenario B, there is a gradation in RTs when progressing through the
four conditions; in Scenario C, incongruent visuo-tactile stimulus
pairs have the same RT regardless of their relative side. The aim of
Experiment 1 is to determine which scenario takes place in the CCE
(color figure online)

bottom of the lateral side of each block. Two visual stim-
ulators (red light-emitting diodes, LEDs) were embedded
in each block and located in close proximity to the tactile
stimulators (Fig. 1).

The tactile and the visual stimuli consisted of three
30-ms single pulses interleaved with two 30-ms off-phases,
resulting in a total duration of 150 ms for each stimulus.
Visual stimulation led tactile stimulation by 30 ms. This
stimulus-onset asynchrony served to compensate for the
different latencies of the visual and of the tactile sensory
inputs and has been used in previous studies with the same
paradigm (Spence et al. 2004a; Heed et al. 2010; Marini
et al. 2013). The tactile stimulus was the stimulus to which
participants had to respond to (target), while the visual
stimulus was an irrelevant stimulus, which participants had
to ignore (distracter). Presentation and timing of tactile
and visual stimuli were under computer control through a
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custom-made I/O stimulator box and the E-Studio software
(Psychology Software Tools, Inc., Pittsburgh, PA, www.
psychotoolbox.org).

Task

Participants sat in a dimly illuminated room in front of a
table, at a distance of 57 cm from the central fixation point,
and performed a tactile elevation discrimination task. In
Experiment 1, participants placed their forearms on the
table and held the foam blocks (one in each hand) by keep-
ing their index fingers on the upper tactile stimulators and
their thumbs on the lower tactile stimulators. On each trial,
a tactile stimulus (target) and a visual stimulus (distracter)
were delivered at one out of the four possible locations
(upper position on the right block corresponding to the
right index; lower position on the right block correspond-
ing to the right thumb; upper position on the left block cor-
responding to the left index; and lower position on the left
block corresponding to the left thumb). Distracters were
equally likely to occur at congruent or incongruent eleva-
tions and at the same or different side relative to targets.
Thus, every possible spatial combination of targets and
distracters was delivered with the same probability. This
design included four experimental combinations as regards
the respective locations of targets and distracters. The dis-
tracter might be located at the same elevation and on the
same side, relative to the target (congruent-same trial, CS);
at the same elevation, but on the opposite side (congruent-
opposite trial, CO); at a different elevation, yet on the same
side (incongruent-same trial, IS); at a different elevation
and on the opposite side (incongruent-opposite trial, 10).

Participants responded to the elevation of tactile tar-
gets (high/low), regardless of the stimulation side (left/
right) and while ignoring visual distracters. Responses
were delivered using two foot pedals placed one under-
neath the participants’ toes and one below their heel. Par-
ticipants raised their toes to respond “high” (i.e., target on
their index finger) or their heel to respond “low” (i.e., target
on their thumb). This foot pedal method has been used to
collect responses in many previous studies with the CCT
(e.g., Spence et al. 2004a, b; Heed et al. 2010). Measures of
reaction times (RT) and error rates were collected. The total
duration of the task was about 30 min.

Analysis

Statistical analyses were conducted on RTs and error rates,
separately. Methodologically, we kept these two measures
separated rather than combining them in the inverse effi-
ciency score, as some previous CCE studies did (e.g., Shore
et al. 2006), because the specific aim of Experiment 1 was
to categorize RT and error rate patterns independently.
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RTs were selected to eliminate outliers, excluding all
trials below values of 200 ms (anticipatory responses) as
well as all trials exceeding three standard deviations above
the mean computed separately for each experimental con-
dition (late responses) (Ratcliff 1993). The crossmodal
congruency effect (CCE) was computed as the RT differ-
ence on incongruent minus congruent distracter condi-
tions (e.g., Spence et al. 2004a). Statistical analyses of RT
were conducted with repeated measures analysis of vari-
ance (ANOVA) as implemented in the software Statistica
6.0 (Statsoft Inc.). Significant ANOVA interactions were
explored with paired ¢ tests corrected for the family-wise
error rate (FWER) with the Holm-Bonferroni method
(Holm 1979).

Error rates were transformed in logit values, fitted to a
binomial distribution, and analyzed with generalized linear
mixed-effect models (Jaeger 2008) using the Ime4 package
(version 1.1-12) in R (R Core Team 2016). Model selection
was performed as follows. First, a model with random fac-
tors Subject (i.e., each participant) and Trial (i.e., each trial
number across participants) was implemented, and then the
most parsimonious random-effect structure was chosen by
eliminating each factor that did not significantly improve
the model’s fit. Then, a mixed-effect model was generated
by adding fixed-effect factors to the chosen random-effect
structure. After the inclusion of each fixed-effect factor, the
resulting model was tested against the random-effect model
and only fixed-effect factors that contributed to improve
the model’s fit were included in the final structure of the
mixed-effect model. All model comparisons used the Chi-
square test (¢ = .01). Statistics for fixed-effect contrasts
were estimated using the /merTest package (version 2.0-
32) and are reported with z values and the corresponding
p values (as returned by the ImerTest). When appropriate,
post hoc tests were conducted with the phia package (ver-
sion 0.2-1), and the relative Chi-square statistics, degrees
of freedom (df), and p values are reported (as returned by
phia).

For significant effects on both RT and error rates, we
report the mean value and the 95% confidence intervals
(CD.

Results

Reaction Time A 2 x 2 ANOVA was conducted with fac-
tors Elevation (congruent/incongruent) and Side (same/
opposite) of the target—distracter pairs. The main factor
Elevation was significant [F(1, 31) = 145.5, p < 0.001],
with congruent trials eliciting faster RTs than incongruent
trials (mean RTs + 95% CI 492 + 25 and 582 4+ 31 ms,
respectively). The main factor Side was not significant
[F(1,31) <0.01, p > 0.99]. The interaction between Eleva-
tion and Side was significant [F(1, 31) = 33.2, p < 0.001].
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The RT difference on incongruent minus congruent trials,
namely the CCE, was larger when the target and the dis-
tracter were presented on the same side (mean CCE =+ 95%
CI 122 £ 22 ms) relative to when they were presented
on opposite sides (mean CCE £ 95% CI 58 + 13 ms)
[#(31) = 5.76, p < 0.001] (Fig. 2a, left). In order to identify
the scenario (among those presented in Fig. 1) correspond-
ing to the observed CCE pattern, the interaction between
Elevation and Side was explored by running the following
comparisons: congruent-same versus congruent-opposite
trials; congruent-opposite versus incongruent-opposite tri-
als; and incongruent-opposite versus incongruent-same tri-
als. All these three comparisons yielded significant results.
Congruent-same trials (mean RT 4 95% CI 477 £ 24 ms)
were faster than congruent-opposite trials (mean RT £ 95%
CI 508 + 26 ms) [#31) = 6.35, p < 0.001]. Congruent-
opposite trials were faster than incongruent-opposite tri-
als (mean RT + 95% CI 567 £ 30 ms) [#31) = 8.37,
p < 0.001]. Incongruent-opposite trials were faster than
incongruent-same trials (mean RT &£ 95% CI 598 + 35 ms)
[#(31) = 3.90, p < 0.001]. Therefore, these results suggest
that the typical finding of larger CCE on same-side versus
opposite-side trials arises from a finely graded pattern of
RTs (Fig. 2b, left).

Error Rate The best-fit model included one random-
effect factor (Subject), the two fixed-effect factors Eleva-
tion (congruent/incongruent) and Side (same/opposite), and
the fixed-effect interaction Elevation*Side. The analysis
revealed higher error rates on incongruent relative to con-
gruent trials (mean error rates £ 95% CI 17.4 £ 3.7 and
3.% =+ 1.2, respectively) (Z = 14.76, p < 0.001). No sig-
nificant differences were observed between same-side and
opposite-side trials (Z = 0.52, p = 0.60). The interaction
between Elevation and Side was significant (Z = 2.47,
p = 0.01), indicating that on incongruent trials (but not on
congruent trials), same-side stimuli yielded less accurate
performance relative to opposite-side stimuli (mean error
rates & 90% CI 20.1 + 4.6 and 14.7 £ 3.2%) (X* = 19.28,
p <0.001) (Fig. 2c, left).

Discussion

In principle, at least three different patterns may underlie
the typical observation of a larger CCE on same-side ver-
sus opposite-side trials (Fig. 1¢). The typically found same-
side/opposite-side modulation of the CCE may arise from
a speeding-up of responses on congruent-same (relative to
congruent-opposite) trials, a slowing down of responses on
incongruent-same (relative to incongruent-opposite) trials,
or both. Experiment 1 helped distinguishing between these
possibilities. Results clearly point to a graded pattern of RT
responses (compare Fig. 2b, left panel, with Scenario B in
Fig. 1c). However, error rates did not show any statistically

significant same-side/opposite-side modulation on con-
gruent trials, thus pointing to a different pattern (compare
Fig. 2c, left panel, with Scenario A in Fig. lc).

The direct comparison between congruent-same and
congruent-opposite trials helped clarifying the role of
multisensory integration in the CCE. For this, we focused
on congruent trials because additional cognitive mecha-
nisms—such as response conflict—do intervene on incon-
gruent trials (Spence et al. 2004a; Forster and Pavone
2008). If we were to find a reliable statistical effect of
faster and/or more accurate responses on congruent-same
(vs. congruent-opposite) trials, this would indicate that
multisensory integration plays a role in the crossmodal
congruency task (at least on congruent trials). Such hypoth-
esized difference was observed on RT data but not on error
rates. The faster RTs observed on congruent-same (vs. con-
gruent-opposite) trials might attest to visuo-tactile multi-
sensory enhancement (Stein and Meredith 1993; Bolognini
and Maravita 2007; Longo et al. 2012), although this seems
rather limited because of the absence of significant differ-
ences in error rates. Furthermore, such a conclusion could
be drawn more strongly if the speeding-up of responses to
co-localized signals were observed relative to a “baseline”
unimodal tactile condition, which was not included in the
current study. Instead, a previous study that used a version
of the CCE in which unimodal tactile trials were inter-
mixed with crossmodal visuo-tactile trials found no differ-
ence in RTs between unimodal tactile trials and congruent
visuo-tactile trials (Marini et al. 2013).

Overall, the contribution of multisensory integration to
the CCE, although likely present to some extent, seems
limited and other factors can possibly play a bigger role.
Experiment 2 was conducted to distinguish the relative con-
tributions of response conflict and body-mediated attention.

Experiment 2
Rationale and hypotheses

Visual events can capture covert spatial attention even
when they should be ignored, causing slower RTs to a tar-
get stimulus when a salient yet task-irrelevant visual dis-
tracter is simultaneously presented (see Egeth and Yantis
1997 for review). In the CCT, salient visual distracters
presented away from the target divert attention from the
target location and may slow down responses to the target
stimulus. However, whether or not attentional modulations
of the CCT are influenced by the placement of body parts
(such as the hands of the participants) has not been set out
yet. When a body part is placed to connect two spatial loca-
tions, a special attentional binding may arise between the
two locations, akin to the attentional facilitations observed
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when two distinct visual stimuli are grouped with a line
(Baylis and Driver 1992). We hypothesized that a form of
attentional binding with object-based characteristics (e.g.,
Vecera and Farah 1994; Egly et al. 1994) may be involved
in the CCE: the binding of spatial locations created by
placing one’s own hand across two spatial locations (hand-
mediated binding). Experiment 2 assessed the impact of
hand-mediated binding in the CCE with ad hoc manipula-
tions of participants’ posture.
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Response conflict has been proposed as the major
determinant of the CCE (Spence et al. 2004a; Forster and
Pavone 2008). Response conflict refers to the involuntary
activation of an inappropriate response representation in
the stimulus—response mapping that may occur when a pro-
voking yet task-irrelevant stimulus (or stimulus attribute)
is presented simultaneously with the task-relevant stimu-
lus, such as in the Flanker (Eriksen and Eriksen 1974), in
the Stroop (1935), and in the Simon (1969) tasks. Active
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«Fig. 2 Results of Experiment 1 and of Experiment 2. a left and right
crossmodal congruency effect (CCE, in ms) measured as the average
difference in reaction times (RT, in ms) between incongruent (visual
and tactile stimuli presented at different elevations) and congruent
(visual and tactile stimuli presented at the same elevation) trials for
Experiment 1 (left) and for Experiment 2 (right). Error bars repre-
sent the standard error of the mean. The CCE is shown separately for
same-side and for opposite-side visuo-tactile pairs. Results of Experi-
ment 1 fully replicate previous findings (compare with Fig. 1, panel
b). Results of Experiment 2 are substantially identical to those of
Experiment 1, indicating that controlling both the distance between
lateral stimulators and the “objecthood” of stimulator holders did not
modify the CCE. b left and right average reaction times (RT, in ms)
for the four experimental conditions, for Experiment 1 (leff) and for
Experiment 2 (right). Error bars represent the standard error of the
mean. On congruent-same (CS) trials, visual and tactile stimuli were
presented at the same elevation and on the same side; on congruent-
opposite (CO) trials, visual and tactile stimuli were presented at the
same elevation and on opposite sides; on incongruent-opposite (IO)
trials, visual and tactile stimuli were presented at different elevations
and on opposite sides; on incongruent-Same trials, visual and tactile
stimuli were presented at different elevations and on the same side.
This pattern of results supports Scenario B (Fig. 1, panel c). Results
do not differ between Experiment 1 and Experiment 2. ¢ left and right
average error rates (percentage of errors) for the four experimental
conditions (see above for the experimental conditions and relative
acronyms) for Experiment 1 (left) and for Experiment 2 (right). Error
bars represent the standard error of the mean. The pattern of results
of error rates replicates the pattern of RT results in Experiment 2,
while in Experiment 1 error rates did not differ between CS and CO
trials

inhibition processes may successfully overcome this invol-
untary response tendency (Wijnen and Ridderinkhof 2007),
although at a cost on reaction times, or may fail to do so,
thus encompassing a cost in the overall performance accu-
racy (Logan and Cowan 1984; Mordkoff and Egeth 1993).
In the CCT, the conflict between opposite response tenden-
cies—the correct response primed by the tactile target and
the incorrect response primed by the visual distracter—
contributes the RT cost reflected by the CCE itself. How-
ever, since same-side and opposite-side incongruent dis-
tracters are equally conflicting with the target in terms of
the required response, if the CCE were due uniquely to
response conflict its magnitude should be similar for same-
side and opposite-side pairs, which is not the case (e.g.,
Spence et al. 2004a). Therefore, response conflict does not
suffice to explain the same-side versus different-side modu-
lation of the CCE (see Holmes 2012 for a meta-analysis of
CCE studies with tool use that focused on this aspect) and
the postural manipulation of Experiment 2 helped to clar-
ify why this is the case. We noted that in the classical CCT
setup, same-side incongruent stimuli are always bound by
the same hand while opposite-side stimuli are not. There-
fore, we propose that the same-side versus opposite-side
modulation of the CCE may be explained by hand-medi-
ated attentional binding rather than by response conflict.

Methods
Farticipants

Eighteen new healthy volunteers (mean age =+ standard
deviation: 23.0 £ 1.2 years, 4 males, 17 self-reportedly
right-handed) participated in Experiment 2. All participants
had normal or corrected-to-normal vision, were naive as to
the purpose of the experiments, and voluntarily agreed to
take part in the research. This study was approved by the
ethical committee of the University of Milano-Bicocca and
was conducted in accordance with the Declaration of Hel-
sinki (World Medical Organization 1996).

Stimuli

The experimental apparatus for Experiment 2 consisted of a
black vertical panel in which four small cubic foam blocks
(3 x 3 x 3 cm) were fixed, each one in correspondence
with the vertex of an imaginary square centered in the fixa-
tion point. The resulting center-to-center distance between
each block was 10 cm. One tactile stimulator (custom-made
electromagnetic solenoids, Heijo Electronics, Beckenham,
UK; www.heijo.com) and one visual stimulator (red light-
emitting diodes, LED) were embedded in each block (see
Figs. 3, 4). The tactile and the visual stimuli were identi-
cal to those used in Experiment 1, were delivered with the
same stimulus-onset asynchrony (i.e., visual stimulus lead-
ing tactile stimulus by 30 ms), and were controlled with the
same hardware and software used in Experiment 1.

Task

Participants sat in front of a table at a distance of 57 cm
from the central fixation point. Experiment 2 included two
separate sessions that differed in the hands’ posture (order
counterbalanced across participants). In one session, simi-
larly to Experiment 1, the index fingers were kept on the
tactile stimulator of the upper blocks and the thumbs on the
tactile stimulators of the lower blocks (“vertical” posture).
In the other session, participants held the upper blocks with
the index and thumb fingers of their left (or right) hand,
and the lower blocks with the same fingers of the opposite
hand (“horizontal” posture) (upper panels in Figs. 3, 4).
Therefore, this postural manipulation created hand-medi-
ated bindings that differed in the presence (vs. absence) of
response conflict between the hand-bound locations (e.g.,
in the vertical posture, the binding was across blocks asso-
ciated with conflicting responses, while in the horizon-
tal posture the binding was across blocks associated with
non-conflicting responses). Akin to Experiment 1, on each
trial one tactile stimulus (target) and one visual stimulus
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Hand-mediated binding on Congruent Trials
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Fig. 3 Results of the analysis of hand-mediated binding on con-
gruent trials in Experiment 2 (corresponding to the conditions with
no response conflict: RC—). Upper panels schematic representa-
tion of the experimental setup for congruent conditions of Experi-
ment 2. Blue triangles represent tactile stimulators, and red circles
represent visual stimulators. At each trial, one tactile stimulus and
one visual stimulus are delivered at one of the four possible loca-
tions. Participants have to report the elevation of the tactile stimu-
lus (high/low), regardless of its side (left/right) and hand position
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(verticallhorizontal). For clarity, only the variant with the tactile stim-
ulus in the upper right position is shown here. Lower panels average
reaction times (in ms, left graph) and error rates (percentage of errors,
right graph) for the congruent conditions of Experiment 2. Error bars
represent the standard error of the mean. The vertical posture is asso-
ciated with faster RTs and lower error rates relative to the horizontal
posture, and same-side stimuli pairs are associated with faster RTs
and lower error rates relative to opposite-side stimuli pairs (color fig-
ure online)
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Hand-mediated binding on Incongruent Trials
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Fig. 4 Results of the analysis of hand-mediated binding on incon-
gruent trials in Experiment 2 (corresponding to the conditions with
response conflict: RC+). Upper panels schematic representation
of the experimental setup for incongruent conditions of Experi-
ment 2. Blue triangles represent tactile stimulators, and red circles
represent visual stimulators. At each trial, one tactile stimulus and
one visual stimulus are delivered at one of the four possible loca-
tions. Participants have to report the elevation of the tactile stimu-
lus (high/low), regardless of its side (left/right) and hand position
(verticallhorizontal). For clarity, only the variant with the tactile stim-
ulus in the upper right position is shown here. Lower panels average
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reaction times (in ms, left graph) and error rates (percentage of errors,
right graph) for the incongruent conditions of Experiment 2. Error
bars represent the standard error of the mean. The vertical posture is
associated with faster RTs and lower error rates relative to the hori-
zontal posture. An interaction is observed in RTs measures between
posture and relative side of the visual stimulus: Same-side visual
distracter stimuli are more interfering with the discrimination of the
elevation of the tactile target stimulus, relative to opposite-side visual
distracters, only when both stimuli are delivered to the same hand
(i.e., in the vertical, relative to the horizontal, posture) (color figure
online)
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(distracter) were delivered to participants. The task was to
indicate the elevation of the target (high/low in the abso-
lute, space-based reference frame), regardless of its side,
while ignoring the distracter. Response collection used the
same foot pedal method described in Experiment 1 (para-
graph 2.3). The total duration of the task was about 40 min.

Analysis

Data analysis was conducted with the same methods
described for Experiment 1 (paragraph 2.4). Briefly, a
classical CCE analysis was conducted on trials with par-
ticipants in the traditional “vertical” posture (note that, for
comparison with Experiment 1 and with the existing CCE
literature, data from the novel “horizontal” posture were
not included in this analysis). Moreover, a global analysis
including all trials was performed in order to investigate the
contribution of hand-mediated binding to the same-side/
opposite-side modulation of the CCE. However, because
the same-side/opposite-side modulation has opposite signs
on congruent and incongruent trials (i.e., RT differences
on same minus opposite trials are negative- and positive-
signed on congruent and incongruent trials, respectively),
hand-mediated binding might be conditional on the pres-
ence of response conflict and therefore observable under
incongruent conditions only (Holmes 2012). Therefore,
in addition to the global analysis, exploratory analyses of
hand-mediated binding were performed separately for con-
ditions with and without response conflict (corresponding
to incongruent and congruent trials, respectively).

Results
Analysis of the crossmodal congruency effect

Reaction Time One 2 x 2 ANOVA was conducted on tri-
als with the vertical posture with factors Elevation (con-
gruent/incongruent) and Side (same/opposite) of the
target—distracter pairs. A significant main effect of Eleva-
tion emerged, with faster responses on congruent versus
incongruent trials (mean RTs £ 95% CI 551 + 25 and
633 £ 32 ms, respectively) [F(1, 17) = 137.98, p < 0.001]
(Fig. 2a, right). Additionally, a significant main effect of
Side was observed, with faster responses overall on same-
side versus opposite-side trials (mean RTs £ 95% CI
588 + 29 and 596 £ 27 ms, respectively) [F(1, 17) = 7.46,
p = 0.01]. More interestingly, a significant interaction
between Elevation and Side was found [F(1, 17) = 24.58,
p < 0.001]. The RT difference between incongruent and
congruent trials, namely the CCE, was larger when the
target and the distracter were presented on the same side
(mean CCE % 95% CI 53 + 10 ms) relative to when they
were presented on opposite sides (mean CCE + 95% CI
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11 £ 24 ms) [#(17) = 4.96, p < 0.001] (Fig. 2a, right). Fur-
ther exploration of this interaction revealed that partici-
pants responded faster on same-side congruent trials rela-
tive to opposite-side congruent trials (mean RTs & 95% CI
532 £ 24 and 570 £ 28 ms, respectively) [#(17) = 6.66,
p < 0.001]. On incongruent trials, however, participants
responded faster on opposite-side (relative to same-side)
trials (mean RTs 4 95% CI 623 + 27 and 643 + 38 ms,
respectively) [#(17) = 2.69, p = 0.02] (Fig. 2b, right). This
pattern replicates the results of Experiment 1 and thus
further supports the scenario (among those presented in
Fig. 1c) of a finely graded pattern of RTs in the CCE.

Error Rate The best-fit model included one random-
effect factor (Subject), the two fixed-effect factors Eleva-
tion (congruent/incongruent) and Side (same/opposite), and
the fixed-effect interaction Elevation*Side. The analysis
revealed higher error rates on incongruent trials relative to
congruent trials (mean error rates &= 95% CI 14.7 & 3.8 and
3.5 £ 1.5%, respectively) (Z = 10.25, p < 0.001) and on
same-side trials relative to opposite-side trials (mean error
rates £ 95% CI 10 £ 2.9 and 8.1 £ 2.5%, respectively)
(Z = 249, p = 0.01). The interaction between Eleva-
tion and Side was significant (Z = 3.91, p < 0.001). Post
hoc tests revealed that on congruent trials performance
was more accurate on same-side versus opposite-side tri-
als (mean error rates & 95% CI 2.6 &= 1.5 and 4.4 + 1.8%,
respectively) (X2 = 6.20, p = 0.01), while on incongruent
trials performance was more accurate on opposite-side ver-
sus same-side trials (mean error rates + 95% CI 11.9 &+ 3.6
and 17.5 £ 4.5%, respectively) (X? = 13.08, p < 0.001)
(Fig. 2c, right). Unlike Experiment 1, a finely graded pat-
tern of error rates was observed in Experiment 2, thus fully
replicating RT results.

Global analysis of hand-mediated binding

Reaction Time One 2 x 2 x 2 ANOVA was conducted
with factors Posture (vertical/horizontal), Elevation (con-
gruent/incongruent), and Side (same/opposite). A signifi-
cant main effect was found for each factor: Posture [F(1,
17) = 60.85, p < .001], indicating faster responses in the
vertical versus horizontal posture (mean RTs + 95% CI
592 4+ 36 and 711 % 55 ms, respectively); Elevation [F(1,
17) = 130.59, p < .001], indicating faster responses on
congruent versus incongruent trials (mean RTs + 95%
CI 608 £ 39 and 694 £ 46 ms, respectively); Side [F(1,
17) = 33.44, p < .001], indicating faster responses on
same-side versus opposite-side trials (mean RTs £ 95%
CI 642 £ 44 and 661 £ 40 ms, respectively). Two sig-
nificant interactions were found. The interaction between
Elevation and Side [F(1, 17) = 24.34, p < .001] indicated
that across postures responses were faster on congruent-
same versus congruent-opposite trials (mean RTs + 95%
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CI 587 £ 42 and 630 £ 50 ms, respectively) but not on
incongruent-same  versus incongruent-opposite trials
(mean RTs £ 95% CI 697 4 52 and 692 £ 51 ms, respec-
tively) [#(17) = 7.21, p < .001, and #(17) = 91, p = .37,
respectively]. The interaction between Posture and Side
[F(1, 17) = 10.33, p = .005] indicated that across eleva-
tions responses were faster on same-side versus opposite-
side trials in the horizontal posture (mean RTs + 95% CI
696 + 65 and 725 £ 64 ms, respectively) and less so—
yet still significantly faster—in the vertical posture (mean
RTs &£ 95% CI 588 + 44 and 596 £ 40 ms) [#(17) = 5.17,
p <.001, and #(17) = 2.73, p = .01, respectively]. Finally,
the three-way interaction between Posture, Elevation, and
Side was not significant [F(1, 17) = 1.27, p = .27]. We
acknowledge that the lack of a significant three-way inter-
action allows to perform subsequent analyses (such as the
two separate ANOVAS on congruent and on incongruent
trials, respectively) with exploratory purposes only. There-
fore, we advise that the related results should be taken with
caution. Nonetheless, since we were interested in exploring
the effects of posture separately for conflict and non-con-
flict trials (“Analysis” section), we conducted subsequent
exploratory analyses of hand-mediated binding within
congruent and incongruent trials (“Exploratory analysis of
hand-mediated binding on congruent trials,” “Exploratory
analysis of hand-mediated binding on incongruent trials”
sections, respectively).

Error Rate The best fitting model included the random-
effect factors Subject and Trial, the fixed-effect factors
Elevation (congruent/incongruent), Side (same/opposite),
and Posture (horizontal/vertical), and the fixed-effect
interactions Elevation*Side and Elevation*Posture. All
the remaining interactions did not improve the model’s fit
and therefore were not included in the model. Fewer errors
were observed on congruent trials relative to incongruent
trials (mean error rates & 95% CI 7 + 1.7 and 17.6 &+ 3.4%,
respectively) (Z = 12.7, p < 0.001), on opposite-side versus
same-side trials (mean error rates = 95% CI 11.9 & 3.5 and
12.6 £ 2.8%, respectively) (Z = 4.04, p < 0.001), and in the
vertical versus horizontal posture (mean error rates + 95%
CI 9.1 + 3.1 and 11.6 £ 3.4%, respectively) (Z = 8.62,
p <0.001). The interaction between Elevation and Side was
significant (Z = 5.23, p < 0.001), indicating that on con-
gruent trials performance was more accurate with same-
side versus opposite-side stimuli (mean error rates = 95%
CI 5.6 &+ 1.6 and 8.4 & 2%, respectively) (X> = 14.44,
p < 0.001) while on incongruent trials performance was
more accurate with opposite-side versus same-side stimuli
(mean error rates &= 95% CI 15.5 4+ 3.8 and 19.6 £ 3.6%,
respectively) (X> = 12.703, df = 1, p < 0.001) (Fig. 2c,
right). The interaction between Elevation and Posture was
significant (Z = 4.83, p < 0.001), indicating that in the ver-
tical posture performance was more accurate on congruent

versus incongruent trials (mean error rates = 95% CI
3.5 £ 0.9 and 14.7 £ 2.5%, respectively) (X2 = 138.67,
df =1, p < 0.001). This was also the case in the horizon-
tal posture (X2 = 7991, df = 1, p < 0.001), yet the dif-
ference in error rates between congruent and incongruent
trials was smaller (mean error rates = 95% CI 10.5 £+ 2.4
and 20.5 % 3.8%, respectively).

Exploratory analysis of hand-mediated binding
on congruent trials

Reaction Time One 2 x 2 ANOVA was conducted on con-
gruent trials factoring Posture (vertical/horizontal) and
Side (same/opposite) of the target-distracter pairs. Both
main effects of Posture and Side were significant, while
the interaction between Posture and Side was not sig-
nificant [F(1, 17) = 1.49, p = 0.24] (lower left graph in
Fig. 3). Responses were overall faster in the vertical (mean
RT + 95% CI 551 £ 25 ms) relative to the horizontal pos-
ture (mean RT 4 95% CI 666 £ 41 ms) [F(1, 17) = 63.78,
p < 0.001]. Responses were also faster on same-side (mean
RT + 95% CI 587 +£ 29 ms) relative to opposite-side tri-
als (mean RT + 95% CI 630 & 34 ms) [F(1, 17) = 53.46,
p <0.001].

Error Rate The best fitting model included the random-
effect factors Subject and Trials, both the fixed-effect fac-
tors Posture (vertical/horizontal) and Side (same/opposite),
but not the fixed-effect interaction Posture*Side. Error
rates were smaller in the vertical posture relative to the
horizontal posture (mean error rates + 90% CI 3.5 + 1.5
and 10.5 + 2.6%, respectively) (Z = 8.58, p < 0.001).
Moreover, error rates were smaller on same-side versus
opposite-side trials (mean error rates £ 95% CI 5.6 + 2
and 8.4 % 2.1%, respectively) (Z = 4.08, p < 0.001) (lower
right graph in Fig. 3).

Exploratory analysis of hand-mediated binding
on incongruent trials

Reaction Time One 2 x 2 ANOVA was conducted on
incongruent trials factoring Posture (vertical/horizontal)
and Side (same/opposite) of the target—distracter pairs.
The main effect of Posture was significant, with the verti-
cal posture eliciting faster responses (mean RT + 95%
CI 633 £+ 32 ms) relative to the horizontal posture
(mean RT + 95% CI 755 £ 47 ms) [F(1, 17) = 48.68,
p < 0.001]. The main effect of Side was not significant
[F(1, 17) = 0.83, p = 0.37]. Interestingly, a significant
interaction between Posture and Side was observed [F(1,
17) = 7.49, p = 0.01] (lower left graph in Fig. 4). Direct
comparisons revealed that same-side trials elicited slower
responses relative to opposite-side trials in the vertical
posture (i.e., when same-side incongruent stimuli were

@ Springer



Exp Brain Res

delivered to the same hand) [#(17) = 2.69, p = 0.02], but
no significant difference was observed between same-side
and opposite-side trials in the horizontal posture (i.e., when
same-side incongruent stimuli were delivered to different
hands) [#(17) = 1.1, p = 0.29]. Therefore, the same-side/
opposite-side modulation of the CCE was statistically sig-
nificant only when incongruent-same target—distracter pairs
were subjected to hand-mediated binding.

Error Rate The best fitting model included two ran-
dom-effect factors (Subject, Trial), the fixed-effect factors
Posture (vertical/horizontal), Side (same/opposite), while
the fixed-effect interaction Posture*Side contributed only
marginally (p = .07) to the improvement of model fit and
therefore was not included. Error rates were smaller in
the vertical relative to the horizontal posture (mean error
rates = 95% CI 14.7 £ 3.8 and 20.5 £ 4.6%, respectively)
(Z=4.67, p <0.001). Moreover, error rates were higher on
same-side trials relative to opposite-side trials (mean error
rates £ 95% CI 19.6 £ 4.4 and 15.5 & 3.8%, respectively)
(Z=13.36, p <0.001) (lower right graph in Fig. 4).

Discussion

The standard analysis of the CCE in Experiment 2 repli-
cated most results of Experiment 1. A graded pattern was
observed in reaction time data (compare Fig. 2b, right
panel, with Scenario B in Fig. 1c) as well as in error rates
(compare Fig. 2c, right panel, with Scenario B in Fig. 1c).
The latter finding represents a difference with respect to
Experiment 1, in which no same-side/opposite-side mod-
ulation of error rates was observed on congruent trials.
Interestingly, locations of opposite-side pairs of stimula-
tors in Experiment 2 were closer in external space rela-
tive to Experiment 1 (see Methods). Although speculative,
it is tempting to propose that the higher error rate differ-
ence observed on congruent-opposite (vs. congruent-same)
trials of Experiment 2 might arise from a greater multisen-
sory interference of the visual distracter, possibly due to its
closer spatial proximity to the tactile target.

The experimental manipulation of participants’ posture
in Experiment 2 helped revealing the role of hand-mediated
attentional binding in the CCE. Although the three-way
interaction between Posture, Elevation, and Side was not
significant, subsequent exploratory analyses indicated a
significant difference between hand-bound and non-hand-
bound conditions on incongruent trials, but not on congru-
ent trials. This suggests that a one’s body part, such as the
hand, may be capable of creating a binding between sepa-
rate locations in external space, possibly through exog-
enous mechanisms with object-based attention character-
istics. However, results should be taken with caution, and
further research is needed to investigate the contribution of
hand-mediated binding to the increase of the crossmodal
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interference between visual and tactile stimuli on incongru-
ent trials.

General discussion

This study investigated the contribution of response con-
flict, multisensory integration, and hand-mediated binding
to the crossmodal congruency effect (CCE). The classical
CCE analysis of Experiments 1 and 2 replicated the typi-
cally observed pattern of (1) a slowing down on incongru-
ent (vs. congruent) trials; and (2) an interaction between the
relative side and the relative elevation of tactile targets and
visual distracters. Additional analyses contrasting individ-
ual experimental conditions, which had not been reported
by previous studies, revealed a finely graded pattern of RT
responses in both experiments, and a finely graded pattern
of error rates in Experiment 2.

Our results help characterizing the role of multisensory
integration in the CCE. In principle, the advantage on the
speeded elevation discrimination of a tactile stimulus when
it is co-localized with a visual distracter, relative to when
the visual distracter is presented at the same elevation but
farther apart, may indicate that the visual signal, despite
being irrelevant, actually facilitates performance, possi-
bly attesting to the multisensory integration of visual and
tactile signals (Stein and Meredith 1993). However, the
speeding-up of responses to co-localized signals observed
here was relative to non-co-localized signals rather than to
some “baseline” condition. A recent work showed that RTs
to tactile stimuli on congruent-same trials were no differ-
ent in the absence or in the presence of a visual distracter
stimulus (Marini et al. 2013), thus apparently contradict-
ing the occurrence of crossmodal enhancements (Bolog-
nini and Maravita 2007; Longo et al. 2012) in the CCT.
Alternatively, the RT difference on congruent-same versus
congruent-opposite trials might be interpreted as a relative
slowing down (relative to some unimodal baseline condi-
tion) when a visual distracter is presented far apart from the
target. This would support a different role for multisensory
integration in the CCE, not in terms of facilitation on con-
gruent-same trials, but rather in terms of crossmodal inter-
ference leading to the slowing down on congruent-opposite
(relative to congruent-same) trials. If this interpretation is
correct, then the slowing down might be ascribed to greater
spatial uncertainty about target location in the presence
of opposite-side distracters. Greater spatial uncertainty
about target location appears in line with the observation
of larger error rates on congruent-opposite relative to con-
gruent-same trials in Experiment 2. Moreover, target mis-
localization in the CCE has been documented by previous
work, albeit comprising a small sample size (n = 5), with
an unspeeded version of the task (see Appendix in Spence
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et al. 2004a) in which the tactile target stimulus was ven-
triloquized by a visual distracter stimulus.

The decreased performance (slower RTs and higher
error rates) on incongruent (vs. congruent) trials, which
was consistently observed in both experiments, fully com-
plies with the predominant role of response conflict in the
CCE, an idea that is well supported by the existing litera-
ture (Spence et al. 2004a; Forster and Pavone 2008). Based
on three behavioral variations of the CCT, Spence and col-
leagues observed that “perceptual mislocalization may
account for only a small component of CCE” and therefore
“the crossmodal congruency effect is likely to primarily
reflect response competition” (Spence et al. 2004a). Moreo-
ver, psychophysiological modulations of conflict-related
ERP components have been isolated in the CCT, with
increased frontocentral N2 for incongruent (vs. congruent)
trials and larger error-related negativity (ERN) subsequent
to errors on congruent (vs. incongruent) trials (Forster and
Pavone 2008). This pattern of ERP responses is consistent
with the response conflict account of the CCE. Our data
fully agree with the aforementioned studies on the major
role of response conflict in the CCE because in both experi-
ments, we observed a significant slowing down of perfor-
mance on incongruent versus congruent trials, with both
same-side and opposite-side visuo-tactile stimuli, both in
the vertical and in the horizontal posture.

Experiment 2 brought some methodological advance-
ments to the setup of the CCT. In most previous CCE
studies (but see Pavani and Castiello 2004), the binding
between tactile and visual stimuli on each side was not only
created by the participants’ hand, since the two stimulators
were embedded in the same physical object (i.e., a foam
block). Therefore, the larger CCE on incongruent-same
relative to incongruent-opposite trials might be partially
related to the physical properties of the block. In Experi-
ment 2, we controlled this specific aspect by placing each
stimulator in a separate physical object (i.e., a smaller foam
block) and results confirmed the same gradual pattern of
effects already found in Experiment 1. This replication
under more controlled conditions ensures that the pattern
of CCE does not depend on (and is not modulated by) the
objecthood of the foam blocks embedding the two pairs
visuo-tactile stimulators on each side.

A previously uninvestigated issue that was considered
in our study regards the role in the CCE of body-mediated
mechanisms such as attentional binding induced by the
hand posture, or hand-mediated binding. This was inves-
tigated with the posture manipulation of Experiment 2.
First, a large yet unanticipated effect of posture on the CCE
was observed on both RTs and error rates. Participants
responded slower and made more errors when adopting the
horizontal versus the vertical posture. Effects of posture on
cognitive performance have been described in the literature

(see Vercruyssen and Simonton 1994 for review). In our
study, participants anecdotally reported that the horizontal
position was less “natural” and this may reflect the fact that
a larger, sustained effort was required for the maintenance
of the horizontal (relative to the vertical) posture. Inter-
estingly, subjects performing cognitive tasks while main-
taining body positions that are less stable and physically
effortful to maintain manifest a decrease in performance,
which has been related to the increased need for cognitive
attentional control (Teasdale et al. 1993). Therefore, the RT
slowing and the error rate increase in the horizontal (vs.
vertical) posture may be related to the necessity of main-
taining a posture that requires greater effort to control.
Exploratory comparisons on the effects of hand-medi-
ated binding with and without response conflict allowed
us to make some further considerations. Without response
conflict, responses were faster when target and distracter
stimuli occurred on the same (vs. opposite) side, regardless
of posture. Therefore, without response conflict, the pres-
ence (or absence) of hand-mediated binding did not seem to
modulate the same-side versus opposite-side difference in
the CCE. With response conflict, however, hand-mediated
binding modulated performance. In fact, on incongruent
trials, visual distracters located on the same side of tactile
targets yielded larger interference relative to opposite-side
distracters but only when the participants’ hand was bind-
ing the locations of target and distracter stimuli (i.e., in the
vertical but not in the horizontal posture). Therefore, hand-
mediated binding might account for the typically found
larger interference on incongruent-same relative to incon-
gruent-opposite trials, an effect that cannot be explained by
response conflict because it is present in both types of trial.
What mechanism(s) might be responsible for hand-
mediated binding effects in the CCE? Possibly, hand-medi-
ated binding may facilitate the formation of a crossmodal
attentional object in the peripersonal space across which
attention spreads out (Busse et al. 2005; Fiebelkorn et al.
2010; Talsma et al. 2010). Consequently, the selection of
one between two competing response tendencies might be
more difficult when such responses originate from within
the same attentional object (Duncan 1984; Baylis and
Driver 1992; Egly et al. 1994; Vecera and Farah 1994). Due
to such inspiring previous evidence, it would be of interest
to set up future studies to explore the role of hand-medi-
ated binding in the CCE, given that the analyses provided
in the present paper are only exploratory. Moreover, these
effects were observed on incongruent trials only. This could
set specific boundaries for the modulatory effects of any
hand-mediated attentional binding, possibly indicating that
hand-mediated binding does not necessarily create a uni-
tary attentional object with competing attentional effects.
Rather, in the CCE these competing attentional effects
seem to emerge only when opposite response tendencies
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also compete within the attentional object created by hand-
mediated binding.

Conclusion

This study provided a theoretical and empirical characteriza-
tion of visuo-tactile interference effects typically observed in
the crossmodal congruency task. We propose a multifactorial
interpretation of the CCE in terms of three contributing mech-
anisms: multisensory integration, hand-mediated attentional
binding, and response conflict. Multisensory integration
seems involved in the modulation the same-side/opposite-side
difference in the absence of conflict, while hand-mediated
attentional binding contributes to the same-side/opposite-side
modulation in the presence of conflict. Response conflict rep-
resents the major determinant of the CCE.
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