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Abstract The extent to which attention modulates multi-
sensory processing in a top-down fashion is still a subject
of debate among researchers. Typically, cognitive psy-
chologists interested in this question have manipulated
the participants’ attention in terms of single/dual tasking
or focal/divided attention between sensory modalities. We
suggest an alternative approach, one that builds on the
extensive older literature highlighting hemispheric
asymmetries in the distribution of spatial attention.
Specifically, spatial attention in vision, audition, and
touch is typically biased preferentially toward the right
hemispace, especially under conditions of high perceptual
load. We review the evidence demonstrating such an at-
tentional bias toward the right in extinction patients and
healthy adults, along with the evidence of such rightward-
biased attention in multisensory experimental settings. We
then evaluate those studies that have demonstrated either
a more pronounced multisensory effect in right than in left
hemispace, or else similar effects in the two hemispaces.
The results suggest that the influence of rightward-biased
attention is more likely to be observed when the
crossmodal signals interact at later stages of information
processing and under conditions of higher perceptual
load—that is, conditions under which attention is perhaps
a compulsory enhancer of information processing. We
therefore suggest that the spatial asymmetry in attention

may provide a useful signature of top-down attentional
modulation in multisensory processing.
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Our senses are often bombarded by massive amounts of
incoming information. Attention, serving as a mechanism
of selection, can be oriented endogenously (or voluntarily)
to help prioritize those sensory inputs that are critical for
our current goals; alternatively, attention can be oriented
exogenously (or involuntarily) toward salient sensory sig-
nals (e.g., Driver & Spence, 1998; Spence, 2010a; see also
the Attention section in Stein, 2012, for a review). The
role of attention in modulating multisensory perception
has intrigued researchers for more than four decades
now. Early research was taken to suggest that attention
was biased toward the visual modality, leading to visual
dominance over the other senses in human multisensory
perception (e.g., Posner, Nissen, & Klein, 1976; see also
Spence, Parise, & Chen, 2011, for a more recent review).
Subsequently, researchers have addressed the question of
whether different sensory modalities share a common at-
tentional control mechanism, as demonstrated by studies
of crossmodal spatial orienting (e.g., Spence, 2010a, b,
2014; Spence & Driver, 2004) and by the limits on
crossmodal attentional resources that have been identified
at a more central stage of information processing (e.g.,
Arnell & Jolicœur, 1999; Duncan, Martens, & Ward,
1997; Soto-Faraco & Spence, 2002; Soto-Faraco et al.,
2002; Wickens, 2002). Finally, researchers have demon-
strated that people can selectively attend to the stimuli
presented in one sensory modality at the expense of those
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presented in another (Spence & Driver, 1997b; Spence,
Nicholls, & Driver, 2001). Nevertheless, attention may
automatically spread to the stimulus presented in another,
unattended modality when these crossmodal stimuli are
associated in terms of their spatial or temporal coincidence
(known as crossmodal object-based attention; see Busse,
Roberts, Crist, Weissman, & Woldorff, 2005; Turatto,
Mazza, & Umiltà, 2005).

One intriguing, but as yet puzzling, question concerns the
role of attention in the processing of information from the
different senses. One of the problems here is that the effects
of attention and multisensory processing1 on human percep-
tion and performance can be hard to disentangle, because they
often lead to similar outcomes (e.g., Shimojo, Watanabe, &
Scheier, 2001; Spence & Ngo, 2012). What is more, bidirec-
tional interactions are thought to occur between these two
processes. That is, multisensory stimuli may be integrated
preattentively, thus giving rise to a salient multisensory event
that exogenously captures attention; on the other hand, atten-
tion can be endogenously devoted to crossmodal stimuli that
might be associated as a single object/event, leading to a more
pronounced multisensory integration effect (see De Meo,
Murray, Clarke, & Matusz, 2015; Talsma, Senkowski, Soto-
Faraco, & Woldorff, 2010, for reviews). In Macaluso et al.’s
(2016) recent review, ten factors are summarized, including
the characteristics of the stimuli, the task demands, and the
capacity of cognitive resources that may determine how atten-
tion and multisensory processing interact (see Fig. 2 of
Macaluso et al., 2016). For example, strong (i.e.,
suprathreshold) and salient crossmodal stimuli presented in a
simple detection task are more likely to be integrated
preattentively, which may, in turn, lead to the exogenous
orienting of attention. On the other hand, weak (i.e., near-

threshold), complicated, and meaningful stimuli presented in
a discrimination or identification task involving decisional
processes are more demanding, and therefore it is necessary
for the observer to endogenously attend to the stimuli.
Macaluso et al.’s summary highlights that the interaction be-
tween attention and multisensory processing is complicated
and that the two mechanisms are undoubtedly tightly interwo-
ven. To date, our understanding of the relationship between
attention and multisensory information processing is based on
a heterogeneous collection of attentional manipulations and
empirical phenomena.

In the present article, we propose a novel behavioral signa-
ture highlighting the modulatory role of top-down attention on
multisensory processing. We appeal to the fact that spatial
attention is naturally distributed asymmetrically over the two
hemispaces within and across the modalities of vision, audi-
tion, and touch; specifically, the right hemispace is preferred.
In turn, spatial attention can be oriented faster toward the right
than toward the left side. This fact ought, presumably, to lead
to an asymmetrical effect on multisensory processing when
attention is involved, but not on those phenomena of multi-
sensory processing that can be accomplished preattentively.
Indeed, Spence and colleagues have previously reported that
attentional effects in crossmodal settings tend to be unevenly
distributed across the two hemispaces (Spence, Pavani, &
Driver, 2000; Spence, Shore, & Klein, 2001), but more recent-
ly such asymmetries have seemingly been overlooked by
researchers.

Before we review the evidence for spatial attention asym-
metrically modulating multisensory perception, it is important
to consider whether certain phenomena of multisensory pro-
cessing might themselves show some kind of spatial bias.
Indeed, such asymmetries have been reported previously,
though they have mainly been attributed to a particular
lateralized cognitive function, such as face or linguistic pro-
cessing. Specifically, a more pronounced effect of multisenso-
ry processing tends to be observed in the hemispace contra-
lateral (rather than ipsilateral) to the hemisphere that is spe-
cialized for a given cognitive function (see Table 1). One
example of such an asymmetry comes from studies of the
McGurk effect. This classic example of multisensory integra-
tion (e.g., Partan &Marler, 1999) occurs when certain pairs of

1 Using the termmultisensory processing in the present article follows the
definition put forward by Stein et al. (2010, p. 1719), that B... processing
involve more than one sensory modality but not necessarily specifying
the exact nature of the interaction between them.^ Given the fact that
attention may involve various types of multisensory processing that
would not always lead to an outcome of multisensory integration (i.e.,
forming a new multisensory representation), we therefore agree with
using multisensory processing to cover these heterogeneous phenomena.

Table 1 Summary of multisensory processing effects demonstrating a spatial asymmetry

Dominant Hemispace Dominant Hemisphere
and the Lateralized
Cognitive Function

Multisensory
Processing Effect

Studies

Left Right Face processing McGurk effect Byanes et al. (1994) Diesch (1995)

Spatial processing Auditory facilitation of
visual localization performance

Takeshima & Gyoba (2014)

Right Left Linguistic processing Auditory facilitation of visual
letter identification performance

Takeshima & Gyoba (2014)
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incongruent visual lip movements and auditory speech stimuli
are integrated, thus leading to a new percept (McGurk &
MacDonald, 1976). The research shows that the McGurk ef-
fect occurs more frequently when the visual stimulus (i.e., the
lip movements) is presented in the left rather than the right
hemispace (Baynes, Funnell, & Fowler, 1994; Diesch, 1995).
This asymmetry has been explained in terms of a right-
hemisphere advantage for face processing (e.g., Borod et al.,
1998; Ellis, 1983; Sergent, Ohta, & MacDonald, 1992).

Takeshima and Gyoba (2014) recently demonstrated a larg-
er auditory facilitation resulting from the presentation of a
simultaneous tone on visual localization performance in the
left as compared to the right hemispace. Their suggestion was
that this asymmetry could be attributed to the right hemisphere
being specialized for the processing of spatial information
(Kimura, 1969; Umiltà et al., 1974). On the other hand, the
auditory facilitation elicited by a simultaneously - presented
tone on visual letter identification performance was shown to
be more pronounced when the letter was presented in the right
(rather than the left) hemispace. Their suggestion was that this
result reflects the left hemisphere’s specialization for linguistic
processing (e.g., Geffen, Bradshaw, & Nettleton, 1972;
Kimura, 1961; MacKain, Studdert-Kennedy, Spieker, &
Stern, 1983; Scott, Blank, Rosen, & Wise, 2000).2

Therefore, when proposing that any asymmetrical effect of
multisensory processing can be attributed to spatial attention,
such alternative explanations of the results will obviously
need to be ruled out first, especially those leading to an ex-
pected advantage in the right hemispace.

Outline of the article

The revived behavioral signature that we propose when trying
to assess the modulatory role of attention on multisensory
processing is linked to the fact that spatial attention, in the
majority of cases, is preferentially biased toward the right side
in humans (e.g., Hämäläinen & Takio, 2010). Any such right-
ward bias of attention should modulate any multisensory pro-
cessing requiring attention, in terms of an effect that is prior-
itized (i.e., occurs earlier in time) or more pronounced in mag-
nitude when the stimuli happen to be presented in the right
rather than the left hemispace.

We start by reviewing previous studies that have addressed
the question of whether and how attention modulates

multisensory processing. We then go on to review the human
behavioral evidence that has suggested a rightward bias in
unimodal visual, auditory, and tactile attention. We review
the three possible mechanisms that have been put forward
over the years to account for this phenomenon. In the follow-
ing section, we highlight the evidence suggesting that the
rightward attentional bias also extends to crossmodal settings,
as demonstrated by the results of Spence, Shore, and Klein’s
(2001) study ofmultisensory prior entry, and by Spence et al.’s
(2000) crossmodal endogenous-orienting study. Next, we re-
analyze the data reported previously by Chen and Spence
(2011), demonstrating larger crossmodal facilitation on visual
letter identification performance when the visual stimuli are
presented in the right rather than the left hemispace.
Additionally, published research that has failed to show any
such asymmetry in multisensory processing between the two
hemispaces is also reviewed, and the possible implications of
these null results are discussed.

On the basis of the literature that has been published to
date, and that is reviewed here, we suggest that utilizing the
fundamental rightward bias in spatial attention in the future
can extend our understanding of those conditions under which
attention is involved in multisensory processing. In turn, in-
vestigating this issue contributes to an evaluation of whether
attention is a domain-general mechanism that similarly mod-
ulates the processing of the sensory signals coming from ei-
ther a single or multiple modalities (e.g., Klemen &
Chambers, 2012; van Atteveldt, Murray, Thut, & Schroeder,
2014). Finally, such knowledge of multisensory attention can
potentially be applied in the field of ergonomics, such as by
developing multisensory warning systems to improve peo-
ple’s information processing and decision making under high-
ly demanding conditions (e.g., Baldwin et al., 2012; Ho &
Spence, 2008; Ngo, Pierce, & Spence, 2012).

Review of the attentional modulation of multisensory
processing

Researchers have utilized various attentional manipulations to
examine whether or not a particular instance, or type, of mul-
tisensory processing is modulated by attention. For example,
participants can fully attend to a primary task that involves
multisensory processing, or else they can choose to divide
their attention between the primary task and another, second-
ary task involving the unimodal stimuli. Researchers then
compare people’s multisensory performance under single-
versus dual-task conditions. The McGurk effect, for instance,
occurs more frequently under conditions of single than of dual
tasking (see Alsius, Möttönen, Sams, Soto-Faraco, &
Tiippana, 2014; Alsius, Navarra, Campbell, & Soto-Faraco,
2005; Alsius, Navarra, & Soto-Faraco, 2007). Such results
have been taken to suggest that audiovisual speech perception

2 Later studies, however, suggested that, instead of a specific mechanism
lateralized to the left hemisphere, linguistic processing may simply be
embedded in a general neural network for auditory processing. In this
case, the processing of verbal stimuli is distributed in both hemispheres,
depending on the area associated with a particular auditory cue (e.g.,
Friederici & Alter, 2004; Güntürkün, Güntürkün, & Hahn, 2015;
Zatorre & Gandour, 2008).
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is modulated by attention (see also Fairhall & Macaluso,
2009; Fernández, Visser, Ventura-Campos, Ávila, & Soto-
Faraco, 2015, for evidence from neuroimaging studies).

When the signals from different sensory modalities provide
redundant cues along a certain dimension (known as amodal
features, such as space and size in vision and touch), it has
been suggested that these cues are integrated in a manner that
is statistically optimal in human behavior (i.e., following
Bayes’s rule). Specifically, the weighting of a component sig-
nal in the outcome of multisensory integration is positively
correlated with its reliability (Alais & Burr, 2004; Ernst &
Banks, 2002; Gori, Sandini, & Burr, 2012; Körding et al.,
2007). Later studies have also observed that Bayes’s rule can
be used to explain the activities at the single- and the group-
neuronal levels in multisensory processing (e.g., Fetsch,
Pouget, DeAngelis, & Angelaki, 2012; Rohe & Noppeney,
2015, 2016). Nevertheless, to date, the role of attention in such
optimal multisensory integration remains unclear. For exam-
ple, by adding a secondary visual task that is irrelevant to the
primary task of visuotactile processing (i.e., dual tasking),
optimal integration was maintained and the weighting of the
visual input was similar under both single- and dual-task con-
ditions (Helbig & Ernst, 2008; Wahn & König, 2016). By
contrast, when the secondary task involved the auditory stim-
ulus that might be integrated with a visual stimulus in the
primary task, the reliability of that auditory signal, and so its
weighting, was enhanced by attention (Vercillo &Gori, 2015).
However, note that the latter study failed to verify whether the
participants’ performance was better explained by optimal in-
tegration or sensory dominance.

Another type of attentional manipulation has utilized the
fact that participants’ attention can be selectively focused on a
specific sensory modality or can be distributed over multiple
modalities (e.g., Spence &Driver, 1997b; Spence, Nicholls, &
Driver, 2001). Indeed, several studies have demonstrated a
more pronounced multisensory effect when both of the to-
be-integrated stimuli were attended than when only one of
them was attended. For example, in the task of discriminating
red versus blue presented in the visual modality (color
patches) and/or in the auditory modality (spoken words), peo-
ple’s response times (RTs) were faster than the statistically
estimated RT based on the race model (Miller, 1982) only
when the participants attended to both modalities, rather than
selectively to either one of them (Mozolic, Hugenschmidt,
Peiffer, & Laurienti, 2008). In an event-related potential study,
the neural activities elicited by audiovisual stimuli were larger
than the sum of those elicited by unimodal visual and auditory
stimuli, and the earliest difference was observed at 55 ms after
stimulus onset (called the P50 component); however, such a
P50 effect was observed only when both modalities were
attended (Talsma, Doty, & Woldorff, 2007). Most recently,
Odegaard, Wozny, and Shams (2016) examined the influence
of attention on audiovisual integration in a spatial task (the

spatial-ventriloquism effect; Jackson, 1953) and a temporal
task (the sound-induced flash illusion; Shams, Kamitani, &
Shimojo, 2000, 2002). After the participants’ performance
was fitted with Bayesian models (Körding et al., 2007;
Wozny, Beierholm, & Shams, 2008), the results revealed that
the reliability of the visual and/or auditory signal was higher in
the condition in which attention was focused on that modality
than when dividing attention between both modalities.
However, there was no significant change in the tendency to
bind the visual and auditory signals.

Does spatial attention modulate multisensory processing?

Researchers have demonstrated extensive crossmodal
links in spatial attention between the modalities of vision,
audition, and touch (e.g., McDonald, Teder-Sälejärvi, &
Hillyard, 2000; Spence & Driver, 1996, 1997a; Spence
et a l . , 2000; see Spence , 2014, for a review) .
Nevertheless, it would seem fair to say that the question
of whether spatial attention modulates multisensory pro-
cessing has not, as yet, reached a consensual answer
among researchers (see Santangelo & Macaluso, 2012,
for a review). For example, in one series of spatial-
ventriloquism studies showing that a sound may be mis-
localized toward the location of a spatially discrepant vi-
sual stimulus (Alais & Burr, 2004; Bertelson & Radeau,
1981; Jackson, 1953), the participants’ spatial attention
was oriented either toward or away from the visual stim-
ulus. The results of several such studies have demonstrat-
ed that the audiovisual spatial-ventriloquism effect is not
susceptible to the manipulation of a participant’s spatial
attention, when it is oriented either endogenously or ex-
ogenously (Bertelson, Vroomen, de Gelder, & Driver,
2000; Vroomen, Bertelson, & de Gelder, 2001). By con-
trast, it has been suggested that spatial ventriloquism can
be modulated by the manipulation of a participant’s visual
perceptual load, at least when measured by its afteref-
fects.3 A larger ventriloquism aftereffect was observed
when the participants’ perceptual load was higher during
the adaptation phase (see Eramudugolla, Kamke, Soto-
Faraco, & Mattingley, 2011).

In another series of studies, Santangelo and his colleagues
demonstrated that a peripheral crossmodal cue (either audio-
visual or audiotactile) exogenously captured their participants’
attention even when it was putatively focused on a highly

3 The ventriloquism aftereffect refers to the phenomenon that, after
adapted to a spatially discrepant pair of visual and auditory stimuli, the
spatial representation of the latter should be realigned toward the location
of the visual stimulus if they were integrated during adaptation. Such
audiovisual spatial realignment would remain after adaptation, and there-
fore is called the ventriloquism aftereffect.
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demanding central visual task (Ho, Santangelo, & Spence,
2009; Santangelo, Ho, & Spence, 2008; Santangelo &
Spence, 2007; see Spence, 2010b, for a review). By contrast,
the component unimodal cues (visual, auditory, or tactile),
when presented individually, were rendered entirely ineffec-
tive in terms of capturing participants’ spatial attention under
such highly demanding conditions. The suggestion that has
emerged from this line of research is that simultaneously -
presented multisensory inputs (even when they are not
precisely co-located in space; see Spence, 2010b, 2013,
for reviews) are integrated in an automatic and preattentive
manner. In turn, such multisensory events capture an ob-
server’s attention due to their saliency (e.g., van der Burg,
Olivers, Bronkhorst, & Theeuwes, 2008; van der Burg,
Talsma, Olivers, Hickey, & Theeuwes, 2011; see
Santangelo & Spence, 2008; Talsma et al., 2010, for re-
views). By contrast, van der Burg, Olivers, and Theeuwes
(2012) later demonstrated that such exogenous attentional
capture by multisensory events can be modulated by the
spatial distribution of a participant’s attention (either fo-
cused in the center or distributed over a broad area). In
summary, then, the empirical results that have been pub-
lished to date appear to provide only very weak evidence
for spatial attention having a modulatory effect on multi-
sensory processing, though other types of attentional ma-
nipulation (such as perceptual load or attentional distribu-
tion) might modulate multisensory processing in the same
task.

Hemispheric asymmetry: Rightward biasing
of visual, auditory, and tactile attention

The asymmetry of spatial attention has long been demonstrat-
ed in the neurological disorder known as extinction, which
often occurs in those patients suffering from contralateral spa-
tial neglect following right parietal and/or frontal-lobe damage
(Berlucchi, Aglioti, & Tassinari, 1997; Weintraub &
Mesulam, 1987; see Behrmann & Shomstein, 2015;
Humphreys & Bruce, 1989; Mesulam, 1999; Singh-Curry &
Husain, 2010, for reviews). Patients with extinction are often
unable to detect (i.e., they lack an awareness of) those visual
stimuli that happen to be presented in the left hemispace when
other stimuli are simultaneously - presented in the right
hemispace. They are, however, able to respond accurately to
visual stimuli presented unilaterally, in either the left or the
right hemispace. Hence, the phenomenon of extinction cannot
be attributed to any deficit in early visual sensory processing
(e.g., Brain, 1941; Paterson & Zangwill, 1944). Extinction is
often reported in the left hemispace, whereas the similar
symptoms in the right hemispace following left parietal and/
or frontal-lobe damage are typically milder and more likely to
dissipate (e.g., Stone et al., 1991).

The phenomenon of extinction has not only been dem-
onstrated in the visual modality; it also occurs in both
audition (e.g., De Renzi, Gentilini, & Pattacini, 1984;
Heilman & Valenstein, 1972; see Clarke & Thiran, 2004,
for a review) and touch (e.g., Beschin, Cazzani, Cubelli,
Della Sala, & Spinazzola, 1996; Moscovitch & Behrmann,
1994; Pierson-Savage, Bradshaw, Bradshaw, & Nettleton,
1988; Schwartz, Marchok, Kreinick, & Flynn, 1979). The
existence of extinction in the three spatial modalities (i.e.,
vision, audition, and touch) hints that perhaps a common
spatial attentional mechanism is biased toward the right
side of space (though see Sinnett, Juncadella, Rafal,
Azañón, & Soto-Faraco, 2007).

Rightward-biased attention in neurologically normal
participants

Relevant to the argument that we wish to make here, an
attentional advantage in the right hemispace has also been
reported in healthy adults (e.g., Heilman & van den Abell,
1979; see Hämäläinen & Takio, 2010, for a review).
Supporting evidence has come, for example, from a study
by Railo, Tallus, and Hämäläinen (2011) showing that a
gray disc is rated as having higher visibility when it is
presented on the right rather than the left. In this case,
the researchers suggested that the effect resulted from
rightward-biased attention facilitating the perceived lu-
minance contrast of the visual stimuli (see Carrasco,
Ling, & Read, 2004). In addition, a mild extinction-
like effect in neurologically - normal adults has also
been reported: When two visual targets are presented,
one in either hemispace, participants are more likely to
detect or localize the target presented on the right than
the one presented on the left. Furthermore, such
extinction-like phenomena have been observed more fre-
quently in children and the elderly, whose attentional
capacity and control are limited relative to what is seen
in healthy adults (Takio, Koivisto, Tuominen, Laukka,
& Hämäläinen, 2013; though see Goodbourn &
Holcombe, 2015).

In the auditory modality, the rightward biasing of spatial
attention has been demonstrated in dichotic-listening studies:
When two strings of syllables are presented to each ear, par-
ticipants often preferentially report those syllables that have
been presented to the right, rather than to the left, ear (Kimura,
1961, 1964, 1967; see Hugdahl et al., 2009, for a review).
That the right-side advantage in audition occurs at a percep-
tual, rather than a sensory, level has been shown by presenting
the sounds from free-field loudspeakers instead of over head-
phones (Bertelson, 1982; Morais, 1978; Pierson, Bradshaw, &
Nettleton, 1983). Given that speech stimuli were used in the
above studies, the conventional view that linguistic processing
is lateralized in the left hemisphere provides an alternative
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explanation for such an advantage in the right hemispace
(Geffen et al., 1972; Kimura, 1961; MacKain et al., 1983).
To rule out this alternative possibility, the pure tones used in
a simple detection task still demonstrated a higher accuracy
when the tone was presented on the right rather than on the left
side (Takio, Koivisto, Laukka, & Hämäläinen, 2011). Similar
to the rightward bias that has been shown for visual attention
(Takio et al., 2013), this rightward bias in the distribution of
auditory attention is apparently also more pronounced in chil-
dren and the elderly than in adults (Takio et al., 2009, 2011).

Finally, a rightward attentional bias has also been dem-
onstrated in the tactile modality. For example, partici-
pants’ RTs to detect vibrotactile stimuli presented to either
the left or the right hand are faster when that hand is
placed in the right rather than the left hemispace relative
to the body midline (Bradshaw, Bradshaw, Pierson-
Savage, & Nettleton, 1988; Bradshaw, Nathan, Nettleton,
Pierson, & Wilson, 1983; Bradshaw & Pierson, 1985).
Note that in these experiments, the participants’ heads
and gaze were also manipulated toward or away from the
possible location of the tactile stimulus, which led to the
necessity of coordination between the visual and tactile
spatial frames of reference. The results demonstrated that
the external spatial frame associated with the visual mo-
dality was dominant and was utilized for visuotactile spa-
tial coordination (Bradshaw et al., 1988).

High perceptual load leads to rightward-biased attention
Takio et al. (2009, 2011, 2013) have reported that the effect of
rightward-biased attention in the visual and auditory modali-
ties is more pronounced in children and the elderly than in
healthy adults. This difference may well be attributable to
the fact that attentional capacity is smaller in the former
groups. In healthy adults, rightward-biased attention can be
induced by increasing the perceptual load of the task. For
example, when researchers add a secondary unimodal visual
or auditory task, participants’ performance in the primary vi-
sual task demonstrates an advantage for target(s) presented in
the right as compared to the left hemispace (Peers, Cusack, &
Duncan, 2006; Pérez et al., 2009). Such a result was similar to
the performance of patients with damage to the right parietal
lobe in the same study, though the effect was milder in the
healthy adults (Peers et al., 2006).

Eramudugolla et al. (2011) demonstrated an effect of
rightward-biased attention in the study of the crossmodal ven-
triloquism aftereffect: During the adaptation phase, in addition
to the spatially discrepant visual and auditory stimulus pair
used for inducing the ventriloquism effect, a series of central
visual patterns were also presented as part of an additional
visual detection task. The participants’ perceptual load was
manipulated by designating that the target was either a simple
pattern (low-load condition) or multiple complex patterns
(high-load condition). The results demonstrated that a

significantly larger ventriloquism aftereffect was ob-
served in the high- than in the low-load condition when
the sound was realigned toward the right side; neverthe-
less, such a difference was only observed in right rather
than in left hemispace. Eramudugolla et al. therefore
demonstrated that by increasing the perceptual load, an
attentional modulation of multisensory processing can
be revealed asymmetrically (in the right, but not in the
left, hemispace).

Mechanisms underlying the rightward attentional bias

Over the years, at least three possible mechanisms have
been put forward to account for the rightward bias in
spatial attention. The first two are neural models based
on lateralization and interactions between the two hemi-
spheres. These two models still need further evidence to
verify whether one of them is more comprehensive, or
whether instead they operate hierarchically (e.g.,
Duecker & Sack, 2015; Scolari, Seidl-Rathkopf, &
Kastner, 2015). The third model provides an ecological
perspective, according to which the biasing of people’s
spatial attention toward the right results from an adap-
tation to their interaction with the outside world. These
three models should nevertheless not necessarily be con-
sidered mutually exclusive.

The right-hemisphere specialization model Dominant
among these models is the right-hemisphere specialization
model of spatial attention (see Fig. 3 of Mesulam, 1999).
This model is based both on evidence from neglect pa-
tients and on psychophysiological studies of visual per-
ception in healthy participants. Specifically, the left hemi-
sphere mainly coordinates the distribution of attention in
the right hemispace and directs attention rightward; on the
other hand, the right hemisphere coordinates the distribu-
tion of attention in both hemispaces and directs attention
toward either side in a more evenly balanced manner (see
also Corbetta & Shulman, 2002; Heilman & van den
Abell, 1980; Iturria-Medina et al., 2011). According to
this model, both hemispheres control attention in the right
hemispace, so that one may substitute for the other if ei-
ther happens to be engaged temporally, or to be damaged
following stroke (see also Hämäläinen & Takio, 2010).
Subsequently, a rightward biasing of spatial attention has
been demonstrated under conditions of high (as compared
to low) perceptual load in both healthy adults and patients
with parietal lesions (Eramudugolla et al., 2011; Peers
et al., 2006; Pérez et al., 2009).

The interhemispheric competition model According to the
second model, the interhemispheric competition model, each
hemisphere only directs attention to the contralateral
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hemispace, and hence the distribution of spatial attention to-
ward either side is thought to be controlled by reciprocal in-
hibition between the two hemispheres (e.g., Cohen, Romero,
Servan-Schreiber, & Farah, 1994; Kinsbourne, 1970; Posner,
Walker, Friedrich, & Rafal, 1987). A slight imbalance in in-
hibition—in most cases, stronger inhibition from the left than
from the right hemisphere—is then thought to result in the
rightward attentional bias (Szczepanski & Kastner, 2013).

The handedness preference model According to this last
model, the handedness preference model, the bias results from
a developmental consequence of a right-side preference for
motor planning and control. A preference for head turning
toward the right and using the right hand (such as thumb
sucking) has been demonstrated in infancy, even in utero
(Ginsburg, Fling, Hope, Musgrove, & Andrews, 1979;
Hepper, Shahidullah, & White, 1991; Turkewitz, Gordon, &
Birch, 1965). Some researchers have further suggested that
later on, this bias might lead to the emergence of right hand-
edness (Coryell, 1985; Michel, 1981).

In adults, a rightward attentional bias has been reliably
observed in right-handers (Le Bigot & Grosjean, 2012;
Lloyd, Azañón, & Poliakoff, 2010; Railo et al., 2011;
though see Szczepanski & Kastner, 2013), since this is
the dominant side on which right-handers are used to
interacting with the outside world. This hypothesis seems
plausible; however, left-handers fail to demonstrate a reli-
able leftward bias in attention, even when the left- and
right-handers who were tested had matched handedness
scores (Le Bigot & Grosjean, 2012; Railo et al., 2011;
though see Kerr, Mingay, & Elithorn, 1963). One possible
explanation is that left-handers often use their left and
right hands similarly well in a single-handed task, and
therefore they can flexibly distribute spatial attention to
either hemispace. In sum, the rightward bias of spatial
attention is correlated with the fact that most people are
right-handed.

The rightward bias in crossmodal spatial attention

The results reviewed above clearly highlight a rightward
attentional bias in the visual, auditory, and tactile modal-
ities when they are studied individually. Given the exis-
tence of extensive crossmodal links in spatial attention
between these three senses (see Spence, 2010a, 2014, for
reviews), it would seem only natural to assume that
rightward-biased attentional effects should also be ob-
served in the case of multisensory processing, as well.
Indeed, neuropsychological evidence from patients has
demonstrated that extinction occurs between stimuli that
happen to be presented in different sensory modalities. For
example, a tactile stimulus presented to a patient’s left

hand may well go undetected in some proportion of trials
when a visual stimulus happens to be presented some-
where close to the patient’s right hand at around the same
time (di Pellegrino, Làdavas, & Farnè, 1997; Mattingley,
Driver, Beschin, & Robertson, 1997; Rapp & Hendel,
2003).4

Spence, Shore, and Klein’s (2001) study of multisenso-
ry prior entry provided evidence of rightward-biased at-
tention modulating multisensory perceptual performance
in healthy adults. Prior entry refers to the phenomena that
when a stimulus is attended, it is perceived to have been
presented earlier in time than another stimulus that is pre-
sented simultaneously but is unattended (Titchener, 1908;
Zampini, Shore, & Spence, 2005; see Spence & Parise,
2010, for a review). For example, in a series of
temporal-order judgment experiments reported by Spence
et al. (2001), pairs of visual and tactile stimuli were pre-
sented to left and/or to right hemispace (27° into the pe-
riphery) at various stimulus onset asynchronies (SOAs).
The participants had to report the modality of the first
stimulus. The point of subjective simultaneity (PSS)
corresponded to the SOA at which participants reported
50 % Btouch first^ responses (i.e., the participants were

4 Extinction between vision and touch provides a critical condition re-
garding how the spatial frames of reference in the two sensory modalities
are mapped in patients. In di Pellegrino et al.’s (1997) study, crossmodal
extinction was demonstrated when the tactile stimulus was presented on
the left hand, whereas the visual stimulus (a movement of the experi-
menter’s finger that looked as if it was going to touch the patients’ finger)
in front of the right hand. Two additional conditions were also tested for
comparison: In one condition, the tactile stimulus remained on the left
hand and the visual stimulus was at the same spatial location as in the
previous condition; however, now the patient’s right hand was placed
behind his back. In this condition, no crossmodal extinction was observed
(i.e., the patient detected the tactile stimulus on the left hand correctly; see
also Làdavas, di Pellegrino, Farnè, & Zeloni, 1998). In the other condi-
tion, the patient was asked to cross his hands, so now the tactile stimulus
was on the left hand (in right hemispace) and the visual stimulus was near
the right hand (in left hemispace). In this condition, crossmodal extinction
of the tactile stimulus on left hand remained. Taken together, these results
suggest that the patient’s peripersonal spatial frame was hand-centered,
and therefore crossmodal extinction was not induced by a visual stimulus
presented far from the right hand, and not influenced by the hands’ loca-
tions in terms of the external space frame (di Pellegrino et al., 1997;
Làdavas, Berti, Ruozzi, & Barboni, 1997; Làdavas et al., 1998).
However, a later study demonstrated that crossmodal extinctionwasmod-
ulated by the manipulation of an external spatial frame: In Kennett,
Rorden, Husain, and Driver’s (2010) study, a tactile stimulus on the left
hand was extinguished when an LED light was presented near the right
hand; however, crossmodal extinction was eliminated when the patient
turned her head toward the left, leading to the tactile stimulus on the left
hand now spatially to overlap the LED in the right hemispace. This result
therefore suggests that the patient utilized an external spatial frame tomap
the visual and tactile signals on the hand, which is plausibly mediated by
proprioceptive perception (see also Kennett, Eimer, Spence, & Driver,
2001; Kennett, Spence, & Driver, 2002; Moseley, Gallace, & Spence,
2009).
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assumed to perceive crossmodal simultaneity). The prior-
entry effect is indexed by the magnitude of the shift in the
PSS: Given that attention speeds up the relative time of
arrival of an attended, as compared to an unattended, stim-
ulus (Vibell, Klinge, Zampini, Spence, & Nobre, 2007),
the unattended stimulus therefore needs to be presented
even earlier in time for perceptual simultaneity to be
achieved (see Fig. 1 for an example of a condition in
which a tactile stimulus is presented on the left side and
a visual stimulus on the right side).

First, Spence, Shore, and Klein (2001) measured base-
line performance under those conditions in which the vi-
sual and tactile stimuli were presented on either side with
equal probability, and presumably the participants’ atten-
tion was divided spatially (Exp. 1). In subsequent experi-
ments, the participants’ attention was endogenously ori-
ented toward either the right or the left side on a block-
by-block basis. That is, the majority of the visual and
tactile stimuli in a particular block of trials were presented
either on the left or on the right side. In half of the trials,
the visual and tactile stimuli were presented on opposite

sides, and this was the condition in which multisensory
prior entry was documented (Exps. 3 and 4). Note that the
participants’ responses (reporting either Bvisual first^ or
Btactile first^) were independent of the side (left or right)
to which attention had been oriented endogenously.
Interestingly, the multisensory prior-entry effect was
smaller when the participants endogenously attended to
the right than to the left when the divided-attention con-
dition served as the baseline. The smaller prior-entry ef-
fect in the attend-right than in the attend-left condition
was observed when calculating the amount of PSS shift
across Experiments 1 and 3 (when combining the condi-
tions of both tactile/left–visual/right and tactile/right–vi-
sual/left, attend right = 3 ms, attend left = 38 ms) or
within Experiment 4 on a within-participant basis (attend
right = 29 ms, attend left = 38 ms). According to Spence
et al. (2001), the smaller difference between the divided-
attention and attend-right conditions than between the
divided-attention and attend-left conditions could be at-
tributed to the fact that participants’ attention was natu-
rally biased toward the right side of space in the divided-
attention condition. The results of this study therefore
provide an example that people’s rightward-biased atten-
tion can selectively enhance the perception of the stimulus
presented on the right in a crossmodal setting.

Spence et al. (2001) also reported another result consis-
tent with a natural bias of attention between sensory mo-
dalities: Posner et al. (1976) proposed that people’s atten-
tion is preferentially directed toward vision rather than
other modalities, which leads to visual-dominance phe-
nomena (e.g., Colavita, 1974). Consistently, Spence et al.
(2001) observed a smaller prior-entry effect when the par-
ticipants were induced to attend to vision rather than to
touch. Specifically, when the condition in which the par-
ticipants divided their attention to both vision and touch
served as the baseline, the PSS shift in the attend-vision
condition (31 ms) was smaller than that in the attend-touch
condition (102 ms). Taken together, in their multisensory
prior-entry study, Spence et al. (2001) demonstrated two
effects caused by the natural biasing of attention. That is,
people’s attention tended to be biased toward vision rather
than touch and, critically, toward the right rather than the
left side of space.

However, an alternative explanation needs to be ex-
cluded here: The smaller prior-entry effect on the right
than on the left side might be due to it being harder for
the participants to orient their attention endogenously to-
ward the right than toward the left. The rightward-biased
attention observed by Spence et al. (2000) also helps rule
out this possibility. In their Experiment 3, an orthogonal-
cuing design was used: The participants’ attention was
endogenously oriented toward either the left or the right
by a central arrow cue, and they had to discriminate the
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Fig. 1 Schematic representation of the multisensory prior-entry effect
reported by Spence et al. (2001). The proportion of Btouch first^
responses increased as a function of stimulus onset asynchrony (SOA;
negative values indicate the visual-leading conditions, and positive
values, the tactile-leading conditions), giving rise to a cumulative curve.
In this curve, the 50 % Btouch first^ responses point corresponds to the
SOA at which participants presumably perceived the two stimuli as
simultaneous (i.e., the point of subjective simultaneity [PSS]). When one
of the stimuli happened to be attended, it would be perceived as having
been presented earlier in time than the other stimulus, thus leading to a shift
of the PSS. Here we demonstrate an example in which the visual stimulus
was presented on the right side and the tactile stimulus on the left (one of
the conditions in their Exp. 4). The gray shading represents how the
participants’ spatial attention was distributed. As compared to the
baseline condition in which the participants divided their attention
between both sides (black solid line), the shift of the PSS was smaller
when the participants attended to the right (gray dashed line; the visual
stimulus was attended, and therefore the PSS shifted toward the tactile-
leading condition) than when the participants attended to the left (gray
dotted line; the tactile stimulus was attended, so the PSS shifted toward
the visual-leading condition). V, visual stimulus; T, tactile stimulus
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presentation of a visual or a tactile target at a higher or
a lower elevation. The results demonstrated an overall
shorter RT for right than for left targets (494 vs.
512 ms; see also Bradshaw & Pierson, 1985), suggest-
ing an advantage for orienting attention toward right
rather than left hemispace. Taken together, the fact that
spatial attention is naturally biased toward right
hemispace likely leads to the similar performance in
the baseline and attend-right conditions (as compared
to the attend-left condition), as well as faster orienting
responses toward right than toward left hemispace.

Does rightward-biased attention lead to an
asymmetrical effect on multisensory processing?

In the previous section, the results of studies of
crossmodal extinction in patients and of two crossmodal
attention studies reported by Spence and colleagues
(Spence et al., 2000; Spence et al., 2001) were
reviewed. These results suggest that attention is biased
toward the right hemispace in multisensory settings. In
this section, we evaluate whether an advantage in the
right over the left hemispace can be observed if atten-
tion serves as a top-down modulation in multisensory
processing. To do so, we reanalyze the data from
Chen and Spence’s (2011, Exps. 1 and 5) study of the
crossmodal faci l i ta t ion of visual ident i f icat ion
performance.

Prioritized crossmodal facilitation in right as compared
to left hemispace in the backward-masking paradigm

Chen and Spence (2011) adopted a backward-masking para-
digm in which two letters (i.e., the target and mask) were

presented sequentially but overlapped spatially.5 In
Experiment 1, three factors were manipulated: Sound (present
or absent), Interstimulus Interval (ISI: 0, 13, 27, 40, 80, and
133 ms), and Hemispace (left or right). The pure tone was
randomly presented on half of the trials. Participants were
informed that on some trials they might hear a beep, and that
if the sound was present, it would always accompany the first
letter (i.e., the target). A pure tone was presented simulta-
neously, and with equal amplitudes, from four loudspeaker
cones placed at the four corners of the monitor (Left/Right ×
Top/Bottom). Given the small spatial disparity between the
visual and auditory stimuli (within 10°), the perceived loca-
tion of the sound should have been ventriloquized toward the
location of visual stimulus (Jackson, 1953).

Six ISIs between the target and mask were presented to
demonstrate the masking effect, which typically shows up as

5 In Chen and Spence’s (2011) study, the visual stimuli were 18 uppercase
letters, excluding the letters F, G, I, L, O, P, Q, and V. The mask for a
given target could be any one of the letters used except the target itself or
the next letter in the alphabet. The letters were presented in Arial font,
which ranged in size from 0.79° × 1.28° to 1.19° × 1.28° (Width ×
Height). Both the target and mask letters were presented for a duration
of 40 ms. The auditory stimulus consisted of a 1000-Hz pure tone, pre-
sented simultaneously with the onset of the target and lasting 27 ms. This
free-field sound was presented at 54 dB SPL (the background SPL in the
experimental chamber was 48 dB). Four loudspeakers were used, two of
which (one above and the other below the monitor) were aligned with the
left target location, and the other two were aligned with the right target
location (at 7.17° left or right from the midline). In each trial, a fixation
cross (0.69° × 0.69°) was presented for 1,012 ms and then immediately
followed by the target letter; various ISIs (0, 13, 27, 40, 80, and 133 ms)
were inserted between the offset of the target letter and the onset of a mask
letter. In this case, the 0-ms ISI refers to the condition in which the target
letter was immediately followed by the mask letter. The participants were
instructed to report the identity of the first letter they saw in each trial
(with a chance performance of 6 %), so that the presentation of the tone
did not provide any task-relevant information regarding the letter identi-
fication response that they would have to make.
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Fig. 2 Mean accuracies of participants’ letter identification performance
in Chen and Spence’s (2011) Experiment 1. The central panel represents
the results combining the two hemispaces that were reported by Chen and
Spence. The right and left panels represent the results of a reanalysis of

the data, separating those conditions in which the visual target was
presented in right or left hemispace, respectively. The error bars
represent ±1 standard error of the means
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the participants’ accuracy in target identification monotonically
increasing with increasing ISI. This is because the presentation
of the mask letter would be less likely to interfere with process-
ing of the target letter as the blank interval between them in-
creased. The target and mask were always presented from the
same spatial location, randomly on either the left or the right
(7.17° from central fixation), to avoid participants fixating the
target location.

In Chen and Spence’s (2011) Experiment 1 (see the central
panel in Fig. 2), 17 participants remained in the final analysis.
The accuracy data were subjected to arcsine transformation in
order to linearize the percentage data. The data were submitted
to a two-way analysis of variance (ANOVA) with the factors
Sound and ISI, while the third factor, Hemispace, was col-
lapsed. Crossmodal facilitation by sound was only observed
at the ISIs of 27 and 40 ms.

In a new data analysis, the transformed data were submitted
to a three-way ANOVA with the factors Sound, ISI, and
Hemispace. Critically, the three-way interaction was signifi-
cant [F(5, 80) = 6.25, MSE = 0.05, p < .001, ηp

2 = .28]. Two
two-way follow-up ANOVAs with the factors Sound and ISI
were then conducted for the right and left hemispaces, sepa-
rately. In the right hemispace (the right panel in Fig. 2), the
interaction between sound and ISI was significant [F(5, 80) =
2.28,MSE = 0.05, p = .05, ηp

2 = .13]. Post-hoc t tests demon-
strated that only at the 27-ms ISI was the accuracy higher in
the sound-present than in the sound-absent condition (p <
.008). In the left hemispace (the left panel in Fig. 2), the inter-
action between sound and ISI was significant as well [F(5, 80) =
6.15, MSE = 0.06, p < .001, ηp

2 = .28]. Post-hoc t tests
demonstrated that the accuracy was higher in the sound-present

than in the sound-absent condition only at the 40-ms ISI (p <
.001). These results suggest that crossmodal facilitation occurred
at a shorter ISI (i.e., it was prioritized) when the target letter was
presented in the right rather than the left hemispace. Note that the
main effect of hemispace was not significant [F(1, 16) = 0.86,
MSE = 0.48, p = .37, ηp

2 = .05], suggesting that letter identifica-
tion was not significantly better in the right than in the left
hemispace. This result therefore indicates no advantage for letter
identification in the right over the left hemispace in our design
(cf. Takeshima & Gyoba, 2014).

In Experiment 5, 23 participants remained in the final anal-
ysis. Three factors were manipulated: Sound Location (con-
sistent, inconsistent, and sound absent), ISI (0, 13, 27, 40, 80,
and 133 ms), and Hemispace (right or left). The pure tone was
presented simultaneously from the two speakers on the same
side as the visual target (left or right) in one third of the trials
(spatially consistent), presented from the two speakers on the
other side of the visual target in one third of the trials (spatially
inconsistent), or only the visual target was presented in the rest
of the (sound-absent) trials. Note that in the spatially incon-
sistent condition, the perceived location of the sound, if any,
might be ventriloquized to the center rather than farther to-
ward the location of the target letter (see Bonath et al., 2007).

In Chen and Spence’s (2011) Experiment 5 (the central
panel in Fig. 3), the accuracy data were transformed and sub-
mitted to a two-way ANOVAwith the factors Sound Location
and ISI, while the Hemispace factor was collapsed. The results
demonstrated that the presentation of a simultaneous sound,
from either the consistent or the inconsistent location, elicited
a crossmodal facilitation effect when compared to the sound-
absent condition; nevertheless, the crossmodal facilitation
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Fig. 3 Mean accuracies of participants’ letter identification performance
in Chen and Spence’s (2011) Experiment 5. The central panel represents
the results combining the two hemispaces that were reported by Chen and
Spence. The right and left panels represent the results of a reanalysis of

the data separating those conditions in which the visual target was
presented in right or left hemispace, respectively. In this experiment, the
spatial consistency between the visual target and the sound was
manipulated. The error bars represent ±1 standard error of the means
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induced by the presentation of the spatially consistent sound
(27-ms ISI) occurred at a shorter ISI than that induced by the
spatially inconsistent sound (40-ms ISI).

Next, the accuracy data were transformed and submitted to
a three-way ANOVA on the factors Sound Location, ISI, and
Hemispace. The three-way interaction was significant [F(10,
220) = 2.27, MSE = 0.05, p < .05, ηp

2 = .09]. Two two-way
follow-up ANOVAs on the factors Sound Location and ISI
were then conducted for the right and left hemispaces, sepa-
rately. In the right hemispace (the right panel in Fig. 3), there
was a significant interaction between sound location and ISI
[F(10, 220) = 2.64,MSE = 0.06, p < .01, ηp

2 = .11]. A one-way
ANOVA conducted on the factor Sound Location was signif-
icant at the 27-ms [F(2, 44) = 5.71,MSE = 0.04, p < .01, ηp

2 =
.21] and 40-ms [F(2, 44) = 5.27, MSE = 0.07, p < .01, ηp

2 =
.19] ISIs. Post-hoc t tests (with Bonferroni corrections) dem-
onstrated that, at the 27-ms ISI, the accuracy of participants’
responding was higher in the consistent than in the sound-
absent condition (p < .05); at the 40-ms ISI, accuracy was
higher in the inconsistent than in both the consistent and
sound-absent conditions (ps < .05). In the left hemispace
(the left panel in Fig. 3), by contrast, neither the main effect
of sound location nor the interaction was significant (Fs <
2.56, ps > .09). In summary, then, the crossmodal facilitation
effect reported by Chen and Spence (2011, Exp. 5) derived
mainly from the condition in which the visual stimuli were
presented in right rather than left hemispace. Again, the main
effect of hemispace was not significant [F(1, 22) = 1.38,MSE
= 0.49, p = .25, ηp

2 = .06], indicating that no right-hemispace
advantage for letter identification was observed.

In Chen and Spence’s (2011) study, the crossmodal facili-
tatory effect was accounted for by the notion that the simulta-
neously - presented tone and visual target were bound together
to form a multisensory object representation (see Chen &
Spence, 2011, pp. 1797–1799; see also Busse et al., 2005).
In turn, such multisensory object representations are likely to
be consolidated better than unimodal visual object represen-
tations, and thus, are less likely to be interrupted by the sub-
sequently presented mask (see also Murray et al., 2004).
Critically, the backward masking occurring at the level of
the object representation is modulated by attention (e.g., Di
Lollo, Enns, & Rensink, 2000; Enns & Di Lollo, 2000).

After reanalyzing the data from Experiments 1 and 5 in
Chen and Spence (2011), by separating the hemispaces in
which the visual target was presented (i.e., right or left), the
results demonstrated that the crossmodal facilitatory effect
was either prioritized or only significant in right rather than
the left hemispace. Our contention here is that such an advan-
tage of audiovisual integration in the right over the left
hemispace ought to be attributed to the rightward biasing of
participants’ spatial attention. This might be either the result of
crossmodal spatial attention naturally being preferentially dis-
tributed toward the right, as was suggested by Spence et al.

(2001), or of attention being naturally rightward biased, lead-
ing to faster orienting toward the right than toward the left
(Spence et al., 2000; see the model presented in Mesulam,
1999). In the latter case, for example, it has been suggested
that when a visual target is paired with a simultaneously pre-
sented sound (though not necessarily a sound coming from
exactly the same spatial location), the two would form a sa-
lient multisensory event that is capable of capturing attention
and, in turn, enhancing the processing of the event itself (e.g.,
Santangelo & Spence, 2007; van der Burg et al., 2011; see
Talsma et al., 2010, for a review).6 Currently, it is difficult to
tease apart these two possible attentional mechanisms. Either
way, rightward-biased attention would better facilitate the per-
ception of audiovisual events presented in right as compared to
left hemispace if attention is involved in multisensory process-
ing. In sum, the results of the reanalysis of the data from Chen
and Spence’s (2011) study suggests that the rightward biasing
of spatial attention can prioritize, or enhance, the processing of
visual and auditory information in right versus left hemispace.

We suggest that such an advantage of multisensory integra-
tion in the right hemispace cannot simply be attributed to the
lateralization of linguistic or temporal processing, because
both should lead to a general advantage in right over left
hemispace. The former possibility, regarding linguistic pro-
cessing, was raised because of the conventional view that
the visual targets were letters, and visual information present-
ed in the right hemispace projects to the left hemisphere,
which is specialized for linguistic processing (Geffen et al.,
1972; Zangwill, 1960). The latter possibility, regarding tem-
poral processing, was raised following evidence showing that
visual temporal resolution is higher in the left hemisphere
(projection from the right hemispace) than in the right hemi-
sphere (projection from the left hemispace; see Nicholls,
1996; Okubo & Nicholls, 2008).

Such lateralized cognitive functions can easily explain the
crossmodal facilitatory effects reported by Takeshima and
Gyoba (2014) using the attentional blink (AB) paradigm:

6 Nevertheless, such an exogenous orienting of spatial attention should
not be elicited by the auditory cue alone, for the following reasons: In
Experiment 1, the auditory cue was presented from all four speakers,
placed at the four corners. That is, the sound should have been perceived
at the center if it was not ventriloquized by the visual target toward left or
right. In Experiment 5, the auditory cue was presented from either the two
speakers aligned with the left or right location of the visual target. If
spatial attention had been oriented by the auditory cue, the effect elicited
by the advantage of rightward-biased attention should have been ob-
served in the congruent condition when the visual target was presented
in the right hemispace, and an inhibitory effect should have been seen in
the incongruent condition when the visual target was presented in the left
hemispace, as compared to the no-sound condition. However, this was
not the case: The spatial congruency effect was only observed when the
visual target was presented in the right hemispace. When these findings
are taken together, attentional orienting elicited by the auditory cue alone
cannot explain the results observed in Chen and Spence (2011).
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The facilitation in the letter identification task was only ob-
served in the right hemispace, whereas the facilitation in the
spatial localization task was only observed in the left
hemispace. Critically, both facilitatory effects were ob-
served over a wide temporal window, rather than being
specific to the time window in which the AB was most
pronounced. Takeshima and Gyoba therefore explained
their results in terms of a general facilitation of linguis-
tic processing in right hemispace (left hemisphere), and
of spatial processing in left hemispace (right hemi-
sphere). By contrast, our results demonstrated that
crossmodal facilitation was observed only in a particular
time window (i.e., at the 27- and 40-ms ISIs) during
which the visual target and mask just happened to be
temporally segregated as two events (see Exp. 1 in Chen
& Spence, 2011). This result is consistent with the sug-
gestion that multisensory integration occurs after
unimodal perceptual grouping/segregation has been
completed, so that the crossmodal signals can be clearly
mapped and integrated (Spence & Chen, 2012; van der
Burg, Awh, & Olivers, 2013; Watanabe & Shimojo,
2001). The underlying mechanisms in our results
(rightward-biased attention enhancing multisensory
integration in the right hemispace) and those reported
by Takeshima and Gyoba’s results (an advantage in
the processing linguistic stimuli presented in the right
over the left hemispace) are therefore different.

Similar sound-induced flash illusion in the two hemispaces

To date, surprisingly few studies have deliberately examined
whether multisensory integration is symmetrical in the two
hemispaces when attention is manipulated. To the best of
our knowledge, the only example comes from the phenome-
non of the sound-induced flash illusion: Avisual flash may be
perceived as two flashes when it is accompanied by two au-
ditory beeps, which is a result of binding visual and auditory
information together (Shams et al., 2000, 2002; Wozny et al.,
2008). In a study by Kamke, Vieth, Cottrell, and Mattingley
(2012), the visual flash was presented on either the left or the
right (8° from central fixation), while the beeps were present-
ed from loudspeakers situated on both sides of the monitor.
Kamke et al. then used transcranial magnetic stimulation
(TMS) to deactivate one of the brain areas associated with
attention—specifically, the right angular gyrus. The results
demonstrated that the probability of perceiving the illusion
was reduced by around 20 % in the trials after TMS. Kamke
et al. suggested that the integration of the flash and beeps in
the perception of the flash illusion was boosted by attention.
Nevertheless, the results also demonstrated that the probabil-
ities of perceiving the illusion were similar when the flash was
presented in either right or left hemispace, both before and
after TMS (see also Innes-Brown & Crewther, 2009).

It should be noted that in Kamke et al.’s (2012) study,
the sound-induced flash illusion still occurred on 40 %–
45 % of the trials after TMS. That is, even though the
illusion can be reduced by deploying TMS over the right
angular gyrus, which is associated with attention, it is still
a robust effect irrespective of this manipulation of atten-
tion. In addition, the right angular gyrus involves multiple
functions other than attention (see Seghier, 2013), and
some of them likely influence the participants’ perfor-
mance in the sound-induced flash illusion task. These rel-
evant functions include number processing (to count the
number of flashes), memory retrieval (to report the num-
ber of flashes after the stimulus presentation), and conflict
resolution (to selectively respond to visual flashes rather
than auditory beeps). It therefore seems premature to con-
clude that the modulatory role of right angular gyrus on
the sound-induced illusion was simply attributable to at-
tention. Furthermore, a behavioral study of the sound-
induced flash illusion has demonstrated that when the
participants were instructed to either focus or divide their
attention between the visual and/or auditory modalities,
the parameters estimated by Bayesian models associated
with audiovisual binding were similar in the two condi-
tions (Odegaard et al., 2016).

A possible mechanism of the modulation
of rightward-biased attention on multisensory processing

Taken together, the asymmetrical effects of audiovisual inte-
gration are currently observed only in the crossmodal facilita-
tion of masked visual target identification (Chen & Spence,
2011), but not in the sound-induced flash illusion (Innes-
Brown & Crewther, 2009; Kamke et al., 2012). By comparing
the two experimental paradigms, we propose that at least two
factors may be critical regarding whether any given example
of multisensory processing would be susceptible to the right-
ward bias of attention (see Fig. 4). The first one is the level of
processing at which the visual and auditory information inter-
act, and the second is the perceptual loading of the partici-
pant’s task.

It has been suggested that the sound-induced flash illusion
occurs at an early perceptual stage. This is because this illu-
sion is associated with brain activity 35–65 ms after the onset
of the flash (Shams, Iwaki, Chawla, & Bhattacharya, 2005),
and also with brain activity in the primary visual cortex
(Watkins, Shams, Josephs, & Rees, 2007; Watkins, Shams,
Tanaka, Haynes, & Rees, 2006). A recent patient study dem-
onstrated that the occurrence of the sound-induced flash illu-
sion is associated with damage in the left and right hemi-
spheres that leads to visual-field deficits, but not with damage
in the right hemisphere that leads to left neglect syndrome
(Bolognini et al., 2016). Hence, even if the flashes and beeps
exogenously capture attention toward the location where they
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are presented, attention likely does not modulate their integra-
tion in a top-down fashion, given that multisensory processing
might have been completed. On the other hand, the
crossmodal facilitation in the backward-masking task is
thought to occur at the level of the object representation. The
latter effect has been shown to be susceptible to at least one
cognitive factor—that is, the probability of the target letter and
the simultaneous tone co-occurring (see Exp. 4 of Chen &
Spence, 2011). Therefore, it is possible that the kinds of mul-
tisensory processing that occur at a later, rather than an early,
processing stage would be more susceptible to the modulation
of top-down attention (see Macaluso et al., 2016).

The second possibility pertains to the perceptual load of the
information processing associated with the task. In the sound-
induced flash illusion, the visual stimulus is a simple flash; by
contrast, the visual stimuli in Chen and Spence’s (2011) study
consisted of two successive letters presented within a short
temporal interval. The perceptual load should therefore be
higher for letters than for flashes. Given that attention is more
likely to show up as a preferential biasing toward the right
hemispace when the perceptual load is high (Eramudugolla
et al., 2011; Peers et al., 2006; Pérez et al., 2009), the asym-
metrical effect of multisensory integration attributed to the
rightward biasing of attention should therefore be more likely
to occur in a higher- than in a lower-load task.

In summary, of the two multisensory effects that have been
reviewed here, one has been shown to be asymmetrical
(crossmodal facilitation in the backward-masking paradigm),
whereas the other has not (the sound-induced flash illusion).

The crossmodal facilitation effect in the backward-masking par-
adigm, suggested to occur at the level of object representation,
was either prioritized or only significant in the right rather than
the left hemispace. On the other hand, the sound-induced flash
illusion, which is plausibly an effect of early-level multisensory
integration, was symmetrical in the two hemispaces. In addition,
a task that is more demanding seems prone to bias the partici-
pants’ spatial attention toward the right hemispace. The right-
ward biasing of spatial attention would seem to offer a promis-
ing testable signature with which to dissociate examples of mul-
tisensory processing that are susceptible to the top-down mod-
ulation of attention from those that are not.

Conclusions

Previous studies of attention have suggested that attentional
mechanisms in the right hemispace are superior to those in the
left in the visual, auditory, and tactile modalities. The results of
Spence et al.’s (2001) multisensory prior-entry study demon-
strate that this rightward bias of spatial attention can be ex-
tended to the case of multisensory processing. Furthermore,
by reanalyzing the crossmodal facilitation of visual masking
by sound reported by Chen and Spence (2011), we suggest
that the rightward bias in attention leads to an asymmetrical
effect of multisensory processing that requires attention; spe-
cifically, it is more pronounced in right than in left hemispace.
By contrast, the sound-induced flash illusion, representing a
case of early multisensory integration that may occur
preattentively, was symmetrical across both hemispaces.

The advantage of utilizing the nature of rightward-biased
attention in studies of multisensory processing lies in the fact
that the attentional modulation is revealed by the same multi-
sensory stimuli presented in left versus right hemispace, so it
is not necessary to manipulate the task difficulty or perceptual
load (e.g., Eramudugolla et al., 2011). This approach may,
then, be especially suitable for those experimental settings in
which the multisensory stimuli are presented only very briefly
and need to be processed very rapidly so as to avoid crosstalk
between the two hemispheres. Finally, the possible alternative
explanation of the right-side advantage in terms of lateralized
cognitive function in the left hemisphere (such as for linguistic
and temporal processing) should be cautiously ruled out. Our
suggestion is that rightward-biased attention provides a novel
testable signature with which to probe the role of top-down
attention in multisensory processing in future studies.
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multisensory integration. Darker gray shading represents a greater
probability of attentional distribution/modulation. In the pathways of human
information processing, multisensory signals interacting at a later rather than
an earlier stage would be more susceptible to the top-down modulation of
attention. In addition, attention is likely to be biased toward the right
hemispace when the task loading is high. Taken together, the hypothesis of
asymmetrical attentional modulation is that multisensory processing that
requires attention would be more pronounced when the stimuli are
presented in right rather than left hemispace (the upper-right corner). V,
visual sensory input; A, auditory sensory input; T, tactile sensory input

702 Psychon Bull Rev (2017) 24:690–707



appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

Alais, D., & Burr, D. (2004). The ventriloquist effect results from near-
optimal bimodal integration. Current Biology, 14, 257–262.
doi:10.1016/j.cub.2004.01.029

Alsius, A., Möttönen, R., Sams, M. E., Soto-Faraco, S., & Tiippana,
K. (2014). Effect of attentional load on audiovisual speech per-
ception: Evidence from ERPs. Frontiers in Psychology, 5, 727.
doi:10.3389/fpsyg.2014.00727

Alsius, A., Navarra, J., Campbell, R., & Soto-Faraco, S. (2005).
Audiovisual integration of speech falters under high attention de-
mands. Current Biology, 15, 839–843.

Alsius, A., Navarra, J., & Soto-Faraco, S. (2007). Attention to touch
weakens audiovisual speech integration. Experimental Brain
Research, 183, 399–404.

Arnell, K.M., & Jolicœur, P. (1999). The attentional blink across stimulus
modalities: Evidence for central processing limitations. Journal of
Experimental Psychology: Human Perception and Performance,
25, 630–648. doi:10.1037/0096-1523.25.3.630

Baldwin, C. L., Spence, C., Bliss, J. P., Brill, J. C., Wogalter, M. S.,
Mayhorn, C. B., & Ferris, T. K. (2012). Multimodal cueing: The
relative benefits of the auditory, visual, and tactile channels in com-
plex environments. In Proceedings of the 56th Human Factors and
Ergonomics Society meeting (Vol. 56, pp. 1431–1435).

Baynes, K., Funnell, M. G., & Fowler, C. A. (1994). Hemispheric con-
tributions to the integration of visual and auditory information in
speech perception. Perception & Psychophysics, 55, 633–641.

Behrmann,M., & Shomstein, S. (2015). Hemispatial neglect, neural basis
of. In D. J. Wright (Editor-in-chief), International encyclopedia of
the social and behavioral sciences (2nd ed., Vol. 10, pp. 766–772).
Amsterdam, The Netherlands: Elsevier.

Berlucchi, G., Aglioti, S., & Tassinari, G. (1997). Rightward attentional
bias and left hemisphere dominance in a cue–target light detection
task in a callosotomy patient. Neuropsychologia, 35, 941–952.

Bertelson, P. (1982). Lateral differences in normal man and lateralization
of brain function. International Journal of Psychology, 17, 173–210.

Bertelson, P., & Radeau, M. (1981). Cross-modal bias and perceptual
fusion with auditory-visual spatial discordance. Perception &
Psychophysics, 29, 578–584.

Bertelson, P., Vroomen, J., de Gelder, B., & Driver, J. (2000). The
ventriloquist effect does not depend on the direction of deliber-
ate visual attention. Perception & Psychophysics, 62, 321–332.
doi:10.3758/BF03205552

Beschin, N., Cazzani, M., Cubelli, R., Della Sala, S., & Spinazzola, L.
(1996). Ignoring left and far: An investigation of tactile neglect.
Neuropsychologia, 34, 41–49.

Bolognini, N., Convento, S., Casati, C., Mancini, F., Brighina, F., &
Vallar, G. (2016). Multisensory integration in hemianopia and uni-
lateral spatial neglect: Evidence from the sound induced flash illu-
sion. Neuropsychologia, 87, 134–143.

Bonath, B., Noesselt, T., Martinez, A., Mishra, J., Schwiecker, K.,
Heinze, H. J., & Hillyard, S. A. (2007). Neural basis of the ventril-
oquist illusion. Current Biology, 17, 1697–1703.

Borod, J. C., Cicero, B. A., Obler, L. K., Welkowitz, J., Erhan, H. M.,
Santschi, C., & Whalen, J. R. (1998). Right hemisphere emotional
perception: Evidence across multiple channels. Neuropsychology,
12, 446–458. doi:10.1037/0894-4105.12.3.446

Bradshaw, J. L., Bradshaw, J. A., Pierson-Savage, J. M., & Nettleton, N.
C. (1988). Overt and covert attention and vibrotactile reaction times:

Gaze direction, spatial compatibility and hemispatial asymmetry.
Canadian Journal of Psychology, 42, 44–56.

Bradshaw, J. L., Nathan, G., Nettleton, N. C., Pierson, J.M., &Wilson, L.
E. (1983). Head and body hemispace to left and right III:
Vibrotactile stimulation and sensory and motor components.
Perception, 12, 651–661.

Bradshaw, J. L., & Pierson, J. M. (1985). Vibrotactile reaction times in
left and right hemispace: Stimulus and response uncertainty and
gravitational and corporeal coordinates. In M. I. Posner & O. S.
M. Marin (Eds.), Attention and performance XI (pp. 221–237).
Hillsdale, NJ: Erlbaum.

Brain,W. R. (1941). Visual orientation with special reference to lesions of
the right cerebral hemisphere. Brain, 64, 244–272.

Busse, L., Roberts, K. C., Crist, R. E., Weissman, D. H., & Woldorff, M.
G. (2005). The spread of attention across modalities and space in a
multisensory object. Proceedings of the National Academy of
Sciences, 102, 18751–18756. doi:10.1073/pnas.0507704102

Carrasco, M., Ling, S., & Read, S. (2004). Attention alters appearance.
Nature Neuroscience, 7, 308–313. doi:10.1038/nn1194

Chen, Y.-C., & Spence, C. (2011). The crossmodal facilitation of visual
object representations by sound: Evidence from the backward
masking paradigm. Journal of Experimental Psychology: Human
Perception and Performance, 37, 1784–1802.

Clarke, S., & Thiran, A. B. (2004). Auditory neglect: What and where in
auditory space. Cortex, 40, 291–300.

Cohen, J. D., Romero, R. D., Servan-Schreiber, D., & Farah,M. J. (1994).
Mechanisms of spatial attention: The relation of macrostructure to
microstructure in parietal neglect. Journal of Cognitive
Neuroscience, 6, 377–387.

Colavita, F. B. (1974). Human sensory dominance. Perception &
Psychophysics, 16, 409–412.

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and
stimulus-driven attention in the brain. Nature Reviews
Neuroscience, 3, 201–215.

Coryell, J. (1985). Infant rightward asymmetries predict right-handedness
in childhood. Neuropsychologia, 23, 269–271.

DeMeo, R., Murray,M.M., Clarke, S., &Matusz, P. J. (2015). Top-down
control and earlymultisensory processes: Chicken vs. egg. Frontiers
in Integrative Neuroscience, 9, 17. doi:10.3389/fnint.2015.00017

De Renzi, E., Gentilini, M., & Pattacini, F. (1984). Auditory extinction
following hemisphere damage. Neuropsychologia, 22, 733–744.

Di Lollo, V., Enns, J. T., & Rensink, R. A. (2000). Competition for
consciousness among visual events: The psychophysics of reentrant
visual processes. Journal of Experimental Psychology: General,
129, 481–507. doi:10.1037/0096-3445.129.4.481

di Pellegrino, G., Làdavas, E., & Farnè, A. (1997). Seeing where your
hands are. Nature, 388, 730.

Diesch, E. (1995). Left and right hemifield advantages of fusions and
combinations in audiovisual speech perception. Quarterly Journal
of Experimental Psychology, 48A, 320–333.

Driver, J., & Spence, C. (1998). Crossmodal attention. Current Opinion
in Neurobiology, 8, 245–253. doi:10.1016/S0959-4388(98)80147-5

Duecker, F., & Sack, A. T. (2015). The hybrid model of attentional con-
trol: New insights into hemispheric asymmetries inferred from TMS
research. Neuropsychologia, 74, 21–29.

Duncan, J., Martens, S., & Ward, R. (1997). Restricted attentional capac-
ity within but not between sensory modalities. Nature, 387, 808–
810. doi:10.1038/42947

Ellis, H. D. (1983). The role of the right hemisphere in face perception. In
A. Young (Ed.), Functions of the right cerebral hemisphere (pp. 33–
64). London, UK: Academic Press.

Enns, J. T., & Di Lollo, V. (2000). What’s new in visual masking? Trends
in Cognitive Sciences, 4, 345–352. doi:10.1016/S1364-6613(00
)01520-5

Psychon Bull Rev (2017) 24:690–707 703

http://dx.doi.org/10.1016/j.cub.2004.01.029
http://dx.doi.org/10.3389/fpsyg.2014.00727
http://dx.doi.org/10.1037/0096-1523.25.3.630
http://dx.doi.org/10.3758/BF03205552
http://dx.doi.org/10.1037/0894-4105.12.3.446
http://dx.doi.org/10.1073/pnas.0507704102
http://dx.doi.org/10.1038/nn1194
http://dx.doi.org/10.3389/fnint.2015.00017
http://dx.doi.org/10.1037/0096-3445.129.4.481
http://dx.doi.org/10.1016/S0959-4388(98)80147-5
http://dx.doi.org/10.1038/42947
http://dx.doi.org/10.1016/S1364-6613(00)01520-5
http://dx.doi.org/10.1016/S1364-6613(00)01520-5


Eramudugolla, R., Kamke, M., Soto-Faraco, S., & Mattingley, J. B.
(2011). Perceptual load influences auditory space perception in the
ventriloquist aftereffect. Cognition, 118, 62–74.

Ernst, M. O., & Banks, M. S. (2002). Humans integrate visual and haptic
information in a statistically optimal fashion. Nature, 415, 429–433.
doi:10.1038/415429a

Fairhall, S. L., & Macaluso, E. (2009). Spatial attention can modu-
late audiovisual integration at multiple cortical and subcortical
sites. European Journal of Neuroscience, 29, 1247–1257.
doi:10.1111/j.1460-9568.2009.06688.x

Fernández, L. M., Visser, M., Ventura-Campos, N., Ávila, C., & Soto-
Faraco, S. (2015). Top-down attention regulates the neural expres-
sion of audiovisual integration. NeuroImage, 119, 272–285.

Fetsch, C. R., Pouget, A., DeAngelis, G. C., & Angelaki, D. E. (2012).
Neural correlates of reliability-based cue weighting duringmultisen-
sory integration. Nature Neuroscience, 15, 146–154.

Friederici, A. D., & Alter, K. (2004). Lateralization of auditory language
functions: A dynamic dual pathway model. Brain and Language,
89, 267–276.

Geffen, G., Bradshaw, J. L., & Nettleton, N. C. (1972). Hemispheric
asymmetry: Verbal and spatial encoding of visual stimuli. Journal
of Experimental Psychology, 95, 25–31.

Ginsburg, H. J., Fling, S., Hope, M. L., Musgrove, D., & Andrews, C.
(1979). Maternal holding preferences: A consequence of newborn
head-turning response. Child Development, 50, 280–281.

Goodbourn, P. T., & Holcombe, A. O. (2015). BPseudoextinction^:
Asymmetries in simultaneous attentional selection. Journal of
Experimental Psychology: Human Perception & Performance, 41,
364–384.

Gori, M., Sandini, G., & Burr, D. (2012). Development of visuo-auditory
integration in space and time. Frontiers in Integrative Neuroscience,
6, 77. doi:10.3389/fnint.2012.00077

Güntürkün, O., Güntürkün, M., & Hahn, C. (2015). Whistled Turkish
alters language asymmetries. Current Biology, 25, R706–R708.

Hämäläinen, H., & Takio, F. (2010). Integrating auditory and visual
asymmetry. In K. Hugdahl & R. Westerhausen (Eds.), The two
halves of the brain: Information processing in the cerebral
hemispheres (pp. 417–437). Cambridge, MA: MIT Press.

Heilman, K. M., & Valenstein, E. (1972). Auditory neglect in man.
Archives of Neurology, 26, 32–35.

Heilman, K. M., & Van den Abell, T. (1979). Right hemisphere domi-
nance for mediating cerebral activation. Neuropsychologia, 17,
315–321.

Heilman, K. M., & Van den Abell, T. (1980). Right hemisphere domi-
nance for attention: The mechanism underlying hemispheric
asymmetries of inattention (neglect). Neurology, 30, 327–330.

Helbig, H. B., & Ernst, M. O. (2008). Visual-haptic cue weighting is
independent of modality-specific attention. Journal of Vision, 8(1),
21:1–16. doi:10.1167/8.1.21

Hepper, P. G., Shahidullah, S., & White, R. (1991). Handedness in the
human fetus. Neuropsychologia, 29, 1107–1111.

Ho, C., Santangelo, V., & Spence, C. (2009). Multisensory warning sig-
nals: When spatial correspondence matters. Experimental Brain
Research, 195, 261–272.

Ho, C., & Spence, C. (2008). The multisensory driver: Implications for
ergonomic car interface design. Boca Raton, FL: CRC Press.

Hugdahl, K., Westerhausen, R., Alho, K., Medvedev, S., Laine, M., &
Hämäläinen, H. (2009). Attention and cognitive control: Unfolding
the dichotic listening story. Scandinavian Journal of Psychology, 50,
11–22.

Humphreys, G.W., &Bruce, V. (1989). Visual cognition: Computational,
experimental and neuropsychological perspectives (pp. 143–190).
Hillsdale, NJ: Erlbaum.

Innes-Brown, H., & Crewther, D. (2009). The impact of spatial incongru-
ence on an auditory-visual illusion. PLoS ONE, 4, e6450.
doi:10.1371/journal.pone.0006450

Iturria-Medina, Y., Pérez Fernández, A., Morris, D. M., Canales-
Rodríguez, E. J., Haroon, H. A., García Pentón, L., & Melie-
García, L. (2011). Brain hemispheric structural efficiency and inter-
connectivity rightward asymmetry in human and nonhuman pri-
mates. Cerebral Cortex, 21, 56–67. doi:10.1093/cercor/bhq058

Jackson, C. V. (1953). Visual factors in auditory localization. Quarterly
Journal of Experimental Psychology, 5, 52–65.

Kamke, M. R., Vieth, H. E., Cottrell, D., & Mattingley, J. B. (2012).
Parietal disruption alters audiovisual binding in the sound-induced
flash illusion. NeuroImage, 62, 1334–1341.

Kennett, S., Eimer, M., Spence, C., & Driver, J. (2001). Tactile–visual
inks in exogenous spatial attention under different postures:
Convergent evidence from psychophysics and ERPs. Journal of
Cognitive Neuroscience, 13, 462–478.

Kennett, S., Rorden, C., Husain, M., & Driver, J. (2010). Crossmodal
visual–tactile extinction: Modulation by posture implicates biased
competition in proprioceptively reconstructed space. Journal of
Neuropsychology, 4, 15–32.

Kennett, S., Spence, C., & Driver, J. (2002). Visuo-tactile links in
covert exogenous spatial attention remap across changes in un-
seen hand posture. Perception & Psychophysics, 64, 1083–
1094. doi:10.3758/BF03194758

Kerr, M., Mingay, R., & Elithorn, A. (1963). Cerebral dominance in
reaction time responses. British Journal of Psychology, 54, 325–
336.

Kimura, D. (1961). Cerebral dominance and the perception of verbal
stimuli. Canadian Journal of Psychology, 15, 166–171.

Kimura, D. (1964). Left–right differences in the perception of melodies.
Quarterly Journal of Experimental Psychology, 16, 355–358.

Kimura, D. (1967). Functional asymmetry of the brain in dichotic listen-
ing. Cortex, 3, 163–178.

Kimura, D. (1969). Spatial localization in left and right visual fields.
Canadian Journal of Psychology, 23, 445–458.

Kinsbourne, M. (1970). The cerebral basis of lateral asymmetries in at-
tention. Acta Psychologica, 33, 193–201.

Klemen, J., & Chambers, C. D. (2012). Current perspectives and methods
in studying neural mechanisms of multisensory interactions.
Neuroscience & Biobehavioral Reviews, 36, 111–133.

Körding, K. P., Beierholm, U., Ma,W. J., Quartz, S., Tenenbaum, J. B., &
Shams, L. (2007). Causal inference in multisensory perception.
PLoS ONE, 2, e943. doi:10.1371/journal.pone.0000943

Làdavas, E., Berti, A., Ruozzi, E., & Barboni, F. (1997). Neglect as a
deficit determined by an imbalance between multiple spatial repre-
sentations. Experimental Brain Research, 116, 493–500.

Làdavas, E., di Pellegrino, G., Farnè, A., & Zeloni, G. (1998).
Neuropsychological evidence of an integrated visuotactile represen-
tation of peripersonal space in humans. Journal of Cognitive
Neuroscience, 10, 581–589.

Le Bigot, N., & Grosjean, M. (2012). Effects of handedness on visual
sensitivity in perihand space. PLoS One, 7(8), e43150.

Lloyd, D. M., Azañón, E., & Poliakoff, E. (2010). Right hand presence
modulates shifts of exogenous visuospatial attention in near
perihand space. Brain and Cognition, 73, 102–109. doi:10.1016/j.
bandc.2010.03.006

Macaluso, E., Noppeney, U., Talsma, D., Vercillo, T., Hartcher-O’Brien,
J., & Adam, R. (2016). The curious incident of attention in multi-
sensory integration: Bottom-up vs. top-down. Multisensory
Research, 29, 557–583.

MacKain, K., Studdert-Kennedy, M., Spieker, S., & Stern, D. (1983).
Infant intermodal speech perception is a left-hemisphere function.
Science, 219, 1347–1349.

Mattingley, J. B., Driver, J., Beschin, N., & Robertson, I. H. (1997).
Attentional competition between modalities: Extinction between
t ouch and v i s i on a f t e r r i gh t h em i sphe r e d amage .
Neuropsychologia, 35, 867–880.

704 Psychon Bull Rev (2017) 24:690–707

http://dx.doi.org/10.1038/415429a
http://dx.doi.org/10.1111/j.1460-9568.2009.06688.x
http://dx.doi.org/10.3389/fnint.2012.00077
http://dx.doi.org/10.1167/8.1.21
http://dx.doi.org/10.1371/journal.pone.0006450
http://dx.doi.org/10.1093/cercor/bhq058
http://dx.doi.org/10.3758/BF03194758
http://dx.doi.org/10.1371/journal.pone.0000943
http://dx.doi.org/10.1016/j.bandc.2010.03.006
http://dx.doi.org/10.1016/j.bandc.2010.03.006


McDonald, J. J., Teder-Sälejärvi, W. A., & Hillyard, S. A. (2000).
Involuntary orienting to sound improves visual perception. Nature,
407, 906–908.

McGurk, H., & MacDonald, J. (1976). Hearing lips and seeing voices.
Nature, 264, 746–748. doi:10.1038/264746a0

Mesulam, M.-M. (1999). Spatial attention and neglect: Parietal, frontal
and cingulate contributions to the mental representation and atten-
tional targeting of salient extrapersonal events. Philosophical
Transactions of the Royal Society B, 354, 1325–1346.

Michel, G. F. (1981). Right-handedness: A consequence of infant supine
head-orientation preference? Science, 212, 685–687.

Miller, J. (1982). Divided attention: Evidence for coactivation with
redundant signals. Cognitive Psychology, 14, 247–279.
doi:10.1016/0010-0285(82)90010-X

Morais, J. (1978). Spatial constraints on attention to speech. In J. Requin
(Ed.), Attention and performance VII (pp. 245–260). Hillsdale, NJ:
Lawrence Erlbaum Associates.

Moscovitch, M., & Behrmann, M. (1994). Coding of spatial information
in the somatosensory system: Evidence from patients with neglect
following parietal lobe damage. Journal of Cognitive Neuroscience,
6, 151–155.

Moseley, G. L., Gallace, A., & Spence, C. (2009). Space-based, but not
arm-based, shift in tactile processing in complex regional pain syn-
drome and its relationship to cooling of the affected limb. Brain,
132, 3142–3151.

Mozolic, J. L., Hugenschmidt, C. E., Peiffer, A. M., & Laurienti, P. J.
(2008). Modality-specific selective attention attenuates multisensory
integration. Experimental Brain Research, 184, 39–52.

Murray, M. M., Michel, C. M., de Peralta, R. G., Ortigue, S., Brunet, D.,
Andino, S. G., & Schnider, A. (2004). Rapid discrimination of vi-
sual and multisensory memories revealed by electrical neuroimag-
ing. NeuroImage, 21, 125–135.

Ngo, M. K., Pierce, R. S., & Spence, C. (2012). Using multisensory cues
to facilitate air traffic management.Human Factors, 54, 1093–1103.

Nicholls, M. E. R. (1996). Temporal processing asymmetries between the
cerebral hemispheres: Evidence and implications. Laterality, 1, 97–
137.

Odegaard, B., Wozny, D. R., & Shams, L. (2016). The effects of selective
and divided attention on sensory precision and integration.
Neuroscience Letters, 614, 24–28.

Okubo, M., & Nicholls, M. E. R. (2008). Hemispheric asymmetries for
temporal information processing: Transient detection versus
sustained monitoring. Brain and Cognition, 66, 168–175.

Partan, S., & Marler, P. (1999). Communication goes multimodal.
Science, 283, 1272–1273.

Paterson, A., & Zangwill, O. L. (1944). Disorders of visual space percep-
tion associated with lesions of the right cerebral hemisphere. Brain,
67, 331–358.

Peers, P. V., Cusack, R., & Duncan, J. (2006). Modulation of spatial bias
in the dual task paradigm: Evidence from patients with unilateral
parietal lesions and controls. Neuropsychologia, 44, 1325–1335.

Pérez, A., Peers, P. V., Valdés-Sosa, M., Galán, L., García, L., &
Martínez-Montes, E. (2009). Hemispheric modulations of alpha-
band power reflect the rightward shift in attention induced by en-
hanced attentional load. Neuropsychologia, 47, 41–49.

Pierson, J. M., Bradshaw, J. L., & Nettleton, N. C. (1983). Head and body
space to left and right, front and rear—I. Unidirectional competitive
auditory stimulation. Neuropsychologia, 21, 463–473.

Pierson-Savage, J. M., Bradshaw, J. L., Bradshaw, J. A., & Nettleton, N.
C. (1988). Vibrotactile reaction times in unilateral neglect. Brain,
111, 1531–1545.

Posner, M. I., Nissen, M. J., & Klein, R. M. (1976). Visual dominance:
An information-processing account of its origins and significance.
Psychological Review, 83, 157–171. doi:10.1037/0033-295
X.83.2.157

Posner, M. I., Walker, J. A., Friedrich, F. A., & Rafal, R. D. (1987). How
do the parietal lobes direct covert attention? Neuropsychologia, 25,
135–145.

Railo, H., Tallus, J., & Hämäläinen, H. (2011). Right visual field advan-
tage for perceived contrast: Correlation with an auditory bias and
handedness. Brain and Cognition, 77, 391–400.

Rapp, B., & Hendel, S. K. (2003). Principles of cross-modal competition:
Evidence from deficits of attention. Psychonomic Bulletin & Review,
10, 210–219.

Rohe, T., & Noppeney, U. (2015). Cortical hierarchies perform Bayesian
causal inference in multisensory perception. PLoS Biology, 13,
e1002073. doi:10.1371/journal.pbio.1002073

Rohe, T., & Noppeney, U. (2016). Distinct computational principles gov-
ern multisensory integration in primary sensory and association cor-
tices. Current Biology, 26, 509–514.

Santangelo, V., Ho, C., & Spence, C. (2008). Capturing spatial attention
with multisensory cues. Psychonomic Bulletin & Review, 15, 398–
403. doi:10.3758/PBR.15.2.398

Santangelo, V., & Macaluso, E. (2012). Spatial attention and audiovisual
processing. In B. E. Stein (Ed.), The new handbook of multisensory
processing (pp. 359–370). Cambridge, MA: MIT Press.

Santangelo, V., & Spence, C. (2007). Multisensory cues capture spatial
attention regardless of perceptual load. Journal of Experimental
Psychology: Human Perception and Performance, 33, 1311–1321.
doi:10.1037/0096-1523.33.6.1311

Santangelo, V., & Spence, C. (2008). Is the exogenous orienting of spatial
attention truly automatic? Evidence from unimodal and multisenso-
ry studies. Consciousness and Cognition, 17, 989–1015.

Schwartz, A. S., Marchok, P. L., Kreinick, C. J., & Flynn, R. E. (1979).
The asymmetric lateralization of tactile extinction in patients with
unilateral cerebral dysfunction. Brain, 102, 669–684.

Scolari, M., Seidl-Rathkopf, K. N., &Kastner, S. (2015). Functions of the
human frontoparietal attention network: Evidence from neuroimag-
ing. Current Opinion in Behavioral Sciences, 1, 32–39.

Scott, S. K., Blank, C. C., Rosen, S., & Wise, R. J. (2000). Identification
of a pathway for intelligible speech in the left temporal lobe. Brain,
123, 2400–2406.

Seghier, M. L. (2013). The angular gyrus:Multiple functions andmultiple
subdivisions. The Neuroscientist, 19, 43–61.

Sergent, J., Ohta, S., &MacDonald, B. (1992). Functional neuroanatomy
of face and object processing: A positron emission tomography
study. Brain, 115, 15–36.

Shams, L., Iwaki, S., Chawla, A., & Bhattacharya, J. (2005). Early mod-
ulation of visual cortex by sound: An MEG study. Neuroscience
Letters, 378, 76–81.

Shams, L., Kamitani, Y., & Shimojo, S. (2000). Illusions: What you see is
what you hear. Nature, 408, 788. doi:10.1038/35048669

Shams, L., Kamitani, Y., & Shimojo, S. (2002). Visual illusion induced
by sound. Cognitive Brain Research, 14, 147–152. doi:10.1016
/S0926-6410(02)00069-1

Shimojo, S., Watanabe, K., & Scheier, C. (2001). The resolution of am-
biguous motion: Attentional modulation and development. In J.
Braun, C. Koch, & J. L. Davis (Eds.), Visual attention and cortical
circuits (pp. 243–264). Cambridge, MA: MIT Press.

Singh-Curry, V., & Husain, M. (2010). Visuospatial function and the
neglect syndrome. In K. Hugdahl & R. Westerhausen (Eds.), The
two halves of the brain: Information processing in the cerebral
hemispheres (pp. 533–559). Cambridge, MA: MIT Press.

Sinnett, S., Juncadella, M., Rafal, R., Azañón, E., & Soto-Faraco, S.
(2007). A dissociation between visual and auditory hemi-inatten-
t i o n : Ev i d e n c e f r om t empo r a l o r d e r j u dg emen t s .
Neu ro p s y c h o l o g i a , 4 5 , 5 5 2 – 5 6 0 . d o i : 1 0 . 1 0 1 6 / j .
neuropsychologia.2006.03.006

Soto-Faraco, S., & Spence, C. (2002). Modality-specific auditory and
visual temporal processing deficits. Quarterly Journal of

Psychon Bull Rev (2017) 24:690–707 705

http://dx.doi.org/10.1038/264746a0
http://dx.doi.org/10.1016/0010-0285(82)90010-X
http://dx.doi.org/10.1037/0033-295X.83.2.157
http://dx.doi.org/10.1037/0033-295X.83.2.157
http://dx.doi.org/10.1371/journal.pbio.1002073
http://dx.doi.org/10.3758/PBR.15.2.398
http://dx.doi.org/10.1037/0096-1523.33.6.1311
http://dx.doi.org/10.1038/35048669
http://dx.doi.org/10.1016/S0926-6410(02)00069-1
http://dx.doi.org/10.1016/S0926-6410(02)00069-1
http://dx.doi.org/10.1016/j.neuropsychologia.2006.03.006
http://dx.doi.org/10.1016/j.neuropsychologia.2006.03.006


Exper imenta l Psychology, 55A, 23–40. doi :10 .1080
/02724980143000136

Soto-Faraco, S., Spence, C., Fairbank, K., Kingstone, A., Hillstrom, A. P.,
& Shapiro, K. (2002). A crossmodal attentional blink between vi-
sion and touch. Psychonomic Bulletin & Review, 9, 731–738.

Spence, C. (2010a). Crossmodal attention. Scholarpedia, 5, 6309.
doi:10.4249/scholarpedia.6309

Spence, C. (2010b). Crossmodal spatial attention.Annals of the New York
Academy of Sciences, 1191, 182–200.

Spence, C. (2013). Just how important is spatial coincidence to multisen-
sory integration? Evaluating the spatial rule. Annals of the New York
Academy of Sciences, 1296, 31–49.

Spence, C. (2014). Orienting attention: A crossmodal perspective. In A.
C. Nobre & S. Kastner (Eds.), The Oxford handbook of attention
(pp. 446–471). Oxford, UK: Oxford University Press.

Spence, C., & Chen, Y. C. (2012). Intramodal and crossmodal perceptual
grouping. In B. Stein (Ed.), The new handbook of multisensory
processing (pp. 265–282). Cambridge, MA: MIT Press.

Spence, C., & Driver, J. (1996). Audiovisual links in endogenous covert
spatial attention. Journal of Experimental Psychology: Human
Perception and Performance, 22, 1005–1030.

Spence, C., & Driver, J. (1997a). Audiovisual links in exogenous covert
spatial orienting. Perception & Psychophysics, 59, 1–22.
doi:10.3758/BF03206843

Spence, C., & Driver, J. (1997b). On measuring selective attention to an
expected sensory modality. Perception & Psychophysics, 59, 389–
403.

Spence, C., & Driver, J. (Eds.). (2004). Crossmodal space and
crossmodal attention. Oxford, UK: Oxford University Press.

Spence, C., & Ngo, M. K. (2012). Does attention or multisensory inte-
gration explain the crossmodal facilitation of masked visual target
identification. In B. E. Stein (Ed.), The new handbook of multisen-
sory processing (pp. 345–358). Cambridge, MA: MIT Press.

Spence, C., Nicholls, M. E. R., & Driver, J. (2001). The cost of expecting
events in the wrong sensory modality. Perception & Psychophysics,
63, 330–336. doi:10.3758/BF03194473

Spence, C., & Parise, C. (2010). Prior-entry: A review. Consciousness
and Cognition, 19, 364–379. doi:10.1016/j.concog.2009.12.001

Spence, C., Parise, C., & Chen, Y.-C. (2011). The Colavita visual dom-
inance effect. In M. M. Murray & M. Wallace (Eds.), Frontiers in
the neural bases of multisensory processes (pp. 529–556). Boca
Raton, FL: CRC Press.

Spence, C., Pavani, F., & Driver, J. (2000). Crossmodal links between
vision and touch in covert endogenous spatial attention. Journal of
Experimental Psychology: Human Perception and Performance,
26, 1298–1319. doi:10.1037/0096-1523.26.4.1298

Spence, C., Shore, D. I., & Klein, R. M. (2001). Multisensory prior entry.
Journal of Experimental Psychology: General, 130, 799–832.
doi:10.1037/0096-3445.130.4.799

Stein, B. E. (Ed.). (2012). The new handbook of multisensory processing.
Cambridge, MA: MIT Press.

Stein, B. E., Burr, D., Constantinidis, C., Laurienti, P. J., Alex Meredith,
M., Perrault, T. J., & Schroeder, C. E. (2010). Semantic confusion
regarding the development of multisensory integration: A practical
solution. European Journal of Neuroscience, 31, 1713–1720.

Stone, S. P., Wilson, B., Wroot, A., Halligan, P. W., Lange, L. S.,
Marshall, J. C., & Greenwood, R. J. (1991). The assessment of
visuo-spatial neglect after acute stroke. Journal of Neurology,
Neurosurgery & Psychiatry, 54, 345–350.

Szczepanski, S. M., & Kastner, S. (2013). Shifting attentional priorities:
Control of spatial attention through hemispheric competition.
Journal of Neuroscience, 33, 5411–5421.

Takeshima, Y., & Gyoba, J. (2014). Hemispheric asymmetry in the audi-
tory facilitation effect in dual-stream rapid serial visual presentation
tasks. PLoS ONE, 9, e104131. doi:10.1371/journal.pone.0104131

Takio, F., Koivisto, M., Jokiranta, L., Rashid, F., Kallio, J., Tuominen, T.,
& Hämäläinen, H. (2009). The effect of age on attentional modula-
tion in dichotic listening. Developmental Neuropsychology, 34,
225–239. doi:10.1080/87565640902805669

Takio, F., Koivisto, M., Laukka, S. J., & Hämäläinen, H. (2011). Auditory
rightward spatial bias varies as a function of age. Developmental
Neuropsychology, 36, 367–387.

Takio, F., Koivisto, M., Tuominen, T., Laukka, S. J., & Hämäläinen, H.
(2013). Visual rightward spatial bias varies as a function of age.
Laterality, 18, 44–67.

Talsma, D., Doty, T. J., & Woldorff, M. G. (2007). Selective atten-
tion and audiovisual integration: Is attending to both modalities
a prerequisite for early integration? Cerebral Cortex, 17, 679–
690. doi:10.1093/cercor/bhk016

Talsma, D., Senkowski, D., Soto-Faraco, S., & Woldorff, M. G. (2010).
The multifaceted interplay between attention and multisensory inte-
gration. Trends in Cognitive Sciences, 14, 400–410. doi:10.1016/j.
tics.2010.06.008

Titchener, E. B. (1908). Lectures on the elementary psychology of feeling
and attention. New York, NY: Macmillan.

Turatto, M., Mazza, V., & Umiltà, C. (2005). Crossmodal object-based
attention: Auditory objects affect visual processing. Cognition, 96,
B55–B64.

Turkewitz, G., Gordon, E.W., & Birch, H. G. (1965). Head turning in the
human neonate: Spontaneous patterns. Journal of Genetic
Psychology, 107, 143–158.

Umiltà, C., Rizzolatti, G., Marzi, E. A., Zamboni, G., Franzini, C.,
Camarda, R., & Berlucchi, G. (1974). Hemispheric differences in
the discrimination of line orientation. Neuropsychologia, 12, 165–
174.

van Atteveldt, N., Murray, M. M., Thut, G., & Schroeder, C. E. (2014).
Multisensory integration: Flexible use of general operations.
Neuron, 81, 1240–1253.

van der Burg, E., Awh, E., & Olivers, C. N. L. (2013). The capacity of
audiovisual integration is limited to one item. Psychological
Science, 24, 345–351. doi:10.1177/0956797612452865

van der Burg, E., Olivers, C. N., Bronkhorst, A. W., & Theeuwes, J.
(2008). Pip and pop: Nonspatial auditory signals improve spatial
visual search. Journal of Experimental Psychology: Human
Perception and Performance, 34, 1053–1065. doi:10.1037/0096-
1523.34.5.1053

van der Burg, E., Olivers, C. N., & Theeuwes, J. (2012). The attentional
window modulates capture by audiovisual events. PLoS ONE, 7,
e39137. doi:10.1371/journal.pone.0039137

van der Burg, E., Talsma, D., Olivers, C. N., Hickey, C., & Theeuwes, J.
(2011). Early multisensory interactions affect the competition
among multiple visual objects. NeuroImage, 55, 1208–1218.

Vercillo, T., & Gori, M. (2015). Attention to sound improves auditory
reliability in audio-tactile spatial optimal integration. Frontiers in
Integrative Neuroscience, 9, 34. doi:10.3389/fnint.2015.00034

Vibell, J., Klinge, C., Zampini, M., Spence, C., & Nobre, A. C. (2007).
Temporal order is coded temporally in the brain: Early event-related
potential latency shifts underlying prior entry in a cross-modal tem-
poral order judgment task. Journal of Cognitive Neuroscience, 19,
109–120.

Vroomen, J., Bertelson, P., & de Gelder, B. (2001). The ventriloquist
effect does not depend on the direction of automatic visual
attention. Perception & Psychophysics, 63, 651–659.
doi:10.3758/BF03194427

Wahn, B., & König, P. (2016). Attentional resource allocation in
visuotactile processing depends on the task, but optimal visuotactile
integration does not depend on attentional resources. Frontiers in
Integrative Neuroscience, 10, 13. doi:10.3389/fnint.2016.00013

Watanabe, K., & Shimojo, S. (2001). When sound affects vision: Effects
of auditory grouping on visual motion perception. Psychological
Science, 12, 109–116.

706 Psychon Bull Rev (2017) 24:690–707

http://dx.doi.org/10.1080/02724980143000136
http://dx.doi.org/10.1080/02724980143000136
http://dx.doi.org/10.4249/scholarpedia.6309
http://dx.doi.org/10.3758/BF03206843
http://dx.doi.org/10.3758/BF03194473
http://dx.doi.org/10.1016/j.concog.2009.12.001
http://dx.doi.org/10.1037/0096-1523.26.4.1298
http://dx.doi.org/10.1037/0096-3445.130.4.799
http://dx.doi.org/10.1371/journal.pone.0104131
http://dx.doi.org/10.1080/87565640902805669
http://dx.doi.org/10.1093/cercor/bhk016
http://dx.doi.org/10.1016/j.tics.2010.06.008
http://dx.doi.org/10.1016/j.tics.2010.06.008
http://dx.doi.org/10.1177/0956797612452865
http://dx.doi.org/10.1037/0096-1523.34.5.1053
http://dx.doi.org/10.1037/0096-1523.34.5.1053
http://dx.doi.org/10.1371/journal.pone.0039137
http://dx.doi.org/10.3389/fnint.2015.00034
http://dx.doi.org/10.3758/BF03194427
http://dx.doi.org/10.3389/fnint.2016.00013


Watkins, S., Shams, L., Josephs, O., & Rees, G. (2007). Activity in
human V1 follows multisensory perception. NeuroImage, 37,
572–578.

Watkins, S., Shams, L., Tanaka, S., Haynes, J. D., & Rees, G. (2006).
Sound alters activity in human V1 in association with illusory visual
perception. NeuroImage, 31, 1247–1256.

Weintraub, S., & Mesulam, M. M. (1987). Right cerebral dominance in
spatial attention. Archives of Neurology, 44, 621–625.

Wickens, C. D. (2002). Multiple resources and performance prediction.
Theoretical Issues in Ergonomics Science, 3, 159–177.

Wozny, D. R., Beierholm, U. R., & Shams, L. (2008). Human trimodal
perception follows optimal statistical inference. Journal of Vision,
8(3), 24:1–11. doi:10.1167/8.3.24

Zampini, M., Shore, D. I., & Spence, C. (2005). Audiovisual prior entry.
Neuroscience Letters, 381, 217–222.

Zangwill, O. L. (1960). Cerebral dominance and its relation to psycho-
logical function. Oxford, UK: Oliver & Boyd.

Zatorre, R. J., & Gandour, J. T. (2008). Neural specializations for speech
and pitch: Moving beyond the dichotomies. Philosophical
Transactions of the Royal Society B, 363, 1087–1104.

Psychon Bull Rev (2017) 24:690–707 707

http://dx.doi.org/10.1167/8.3.24

	Hemispheric asymmetry: Looking for a novel signature of the modulation of spatial attention in multisensory processing
	Abstract
	Outline of the article
	Review of the attentional modulation of multisensory processing
	Does spatial attention modulate multisensory processing?

	Hemispheric asymmetry: Rightward biasing of visual, auditory, and tactile attention
	Rightward-biased attention in neurologically normal participants
	Mechanisms underlying the rightward attentional bias

	The rightward bias in crossmodal spatial attention
	Does rightward-biased attention lead to an asymmetrical effect on multisensory processing?
	Prioritized crossmodal facilitation in right as compared to left hemispace in the backward-masking paradigm
	Similar sound-induced flash illusion in the two hemispaces
	A possible mechanism of the modulation of rightward-biased attention on multisensory processing

	Conclusions
	References


