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Multisensory Integration and
Crossmodal Attention Effects in

the Human Brain
Macaluso et al. (1) provided functional mag-
netic resonance imaging (fMRI) evidence for
multisensory processing in the human brain. In
their study, a light presented in the right visual
field produced a larger neural response in the
left fusiform gyrus, a modality-specific area of
visual cortex, when a concurrent tactile stimu-
lus was delivered to the right hand (seen next to
the right light) than when the light was present-
ed alone or when a concurrent tactile stimulus
was delivered to the left hand. These findings
dovetail nicely with evidence for spatially spe-
cific multisensory effects at the behavioral and
neural levels (2, 3) and for bimodal-stimulation
effects on activity in auditory cortex (4, 5).

Macaluso et al. stated [p. 1206 in (1)] that
their finding “provides a neural explanation
for crossmodal links in spatial attention.” We
view that conclusion as premature, however,
because of the stimulus parameters that were
chosen. Attributing modulations in behavior
or neural activity to a spatial attention mech-
anism is a nontrivial task in intramodal situ-
ations as well as in multimodal ones. A non-
predictive visual cue presented at one spatial
location might facilitate responses to a sub-
sequent visual target at that location either
because it elicited an involuntary shift of
attention or simply because the sensory re-
sponses to the cue and target were temporally
integrated (6, 7). In general, converging evi-
dence must be obtained to rule out the latter,
sensory-based explanation for behavioral or
neural facilitation.

A minimum condition that is usually im-
posed to reduce sensory integration is to
present the target stimulus some time after
the initial cue stimulus has disappeared (7).
One might assume that sensory integration
would also be reduced by presenting the cue
and target in different modalities; however,
presenting different-modality stimuli within
100 to 150 ms actually produces a superad-
ditive sensory response from specialized neu-
rons that are capable of responding to both
stimuli (3). As a result of this superadditive
effect, stimuli that appear at about the same
time and place are integrated to form a uni-
fied perceptual object, rather than being left
as a collection of unrelated sensations. This
phenomenon is called multisensory integra-
tion, and it provides a neural explanation for
several dramatic multisensory perceptual ef-
fects such as the ventriloquist’s illusion (8).

Relatively long-lasting visual and tactile
stimuli were presented simultaneously in the
experiments of Macaluso et al. (1); thus, the

neural interactions they observed could have
been those involved in multisensory integra-
tion of vision and touch. Interestingly, in the
Perspectives article that accompanied the
Macaluso et al. study, de Gelder (9) interpret-
ed their finding in terms of multisensory in-
tegration rather than spatial attention and
speculated that simultaneous presentation
was crucial for the fMRI findings. Clearly,
the presentation of visual and tactile stimuli
at the same time and place is sufficient to
produce multisensory integration at both neu-
ral and behavioral levels. However, the ques-
tions remain as to whether and how multisen-
sory integration is related to the crossmodal
consequences of involuntary spatial attention.

If multisensory integration constituted the
neural mechanism that causes involuntary
shifts of attention to modulate processing of
objects in different modalities, then the con-
clusions drawn by Macaluso et al. about the
neurophysiological basis of crossmodal spa-
tial attention effects would be justified. To
our knowledge, however, there is no empiri-
cal evidence supporting the hypothesis that
multisensory integration plays any role in
generating crossmodal attention effects. On
the contrary, there are convincing lines of
evidence that multisensory integration and
shifts of spatial attention are independent. (i)
Multisensory integration occurs in anaesthe-
tized animals (i.e., without any intent). (ii)
The ventriloquism effect, a well-known per-
ceptual consequence of multisensory integra-
tion, has been shown to occur preattentively
and independently of both voluntary and in-
voluntary spatial attention shifts (10, 11), al-
though it can aid voluntary attentional focus-
sing (12). (iii) Whereas multisensory integra-
tion occurs preattentively and without intent,
involuntary shifts of attention depend on the
attentional goals of the observer (13, 14). (iv)
Approximate temporal synchrony is required
for multisensory integration but not for invol-
untary spatial attention effects to occur. Im-
portantly, involuntary spatial attention effects
occur even when stimuli are brief (,100 ms)
and are separated by 100 to 500 ms (15, 16).
Under such conditions, multisensory integra-
tion and many of its perceptual consequences
(e.g., ventriloquism) are greatly reduced (17,
18).

These findings provide evidence that in-
voluntary shifts of spatial attention arise from
stimulus-driven processes that are separate
from those involved in multisensory integra-
tion. Of course, in some experimental para-

digms, the two effects might co-occur and
produce additive facilitation of responses to
targets. The fMRI study by Macaluso et al. is
valuable because it firmly demonstrated an
effect of multimodal stimulation on modality-
specific cortical processing. Because of the
specific experimental procedures used, how-
ever, their demonstration did not provide a
clear explanation for the neural basis of
crossmodal spatial attention effects. Involun-
tary shifts of spatial attention caused by the
appearance of nonvisual stimuli do seem to
produce similar enhancements of neural re-
sponses to visual stimuli within visual cortex
(19, 20), but the details of how this occurs
remain to be discovered.
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Response: McDonald et al. do not challenge
our finding (1) that crossmodal tactile-visual
interactions can affect unimodal visual areas
of the human brain in a spatially specific
manner. Instead, they raise a terminological
issue and an empirical issue, both relating
mainly to the timing of the stimuli used. The
terminological issue is whether the effect we
observed should be labeled as reflecting spa-
tial attention or crossmodal integration; we
think that both terms may be appropriate. We
disagree with the specific suggestion by Mc-
Donald et al. that crossmodal integration is
found only with temporally synchronous
stimulation and attentional effects only with
asynchronies of 100 ms or more.

In psychology and neuroscience, spatial at-
tention refers to spatially selective internal pro-
cessing of stimulus information. It is now con-
ventional to distinguish between two forms of
spatial attention: endogenous attention, which
can be directed voluntarily, and exogenous at-
tention, which is captured automatically by sa-
lient stimulus events (2, 3). Our study (1) con-
cerned strictly the latter. A common way to
study exogenous spatial attention is to measure
how a spatially nonpredictive cue event (such
as tactile stimulation on one hand) affects re-
sponses to targets (such as a visual event on one
side), at the same location or a different one
(4–7). The issue in crossmodal cueing studies
of exogenous attention is thus how stimulation
in one modality can spatially affect responses to
another modality. Note that this stimulus-driven
issue closely overlaps with that of crossmodal
integration, because the latter also concerns
how stimulation in one modality can affect
responses in another modality (8–10). Although
a distinction between crossmodal integration
and crossmodal attention may be drawn for the
case of endogenous attention (10), this is less
straightforward for the stimulus-driven case of
exogenous attention.

McDonald et al. particularly emphasize
one example of crossmodal integration: the
interactions found in multimodal neurons
when stimulation is presented at a common
location in several modalities. Such interac-
tions have been found at the single-cell level
in animals for several brain areas, including
the superior colliculus (8) plus regions of the
cortex (11). Here, neurons respond to stimuli
in more than one modality, typically have
spatially corresponding receptive fields in
these different modalities, and can show
overadditive responses to multimodal stimu-
lation at the same location, compared with
responses to unimodal stimulation there (8,

11). Neurons of this type could in principle be
involved in crossmodal spatial cueing effects
of the type found behaviorally in studies of
human exogenous spatial attention (4, 5), as
previously suggested (12). McDonald et al.,
however, argue that such effects can reflect
only crossmodal integration, never exoge-
nous spatial attention. They base this argu-
ment on their claim that these integration
effects depend on temporally synchronous
multimodal stimulation, whereas behavioral
cueing effects can be found even when a
spatial cue in one modality precedes a subse-
quent target by 100 to 500 ms [see (2, 4, 5)].

Yet these cellular integration effects ac-
tually can apply for asynchronies extending
up to 600 ms (13), well within the range of
behavioral cueing effects in humans. More-
over, the temporal window for these inter-
actions depends on the physical character-
istics of the stimuli used, plus the particular
discharge properties (for example, duration
of sustained firing or timing of peak re-
sponse) for each neuron. Maximal cross-
modal interaction within a multimodal neu-
ron is not necessarily observed for synchro-
nous stimulation in the external world, but
rather for temporally overlapping discharg-
es in response to the stimuli in the different
modalities (13). In the cat superior collicu-
lus, response latencies to visual stimulation
can lag behind tactile responses by around
100 ms, in which case maximal crossmodal
interaction may be observed with the visual
stimulus preceding the tactile, when short
bursts of neuronal activity are induced. But
note that the time window of interaction
will depend on the stimuli used and on the
specific multimodal brain area (and the
pathways to it from each modality).

We thus cannot agree with the proposal by
McDonald et al. of a simple timing rule for
distinguishing between integration and exoge-
nous attention effects. The 100-ms rule of
thumb they propose has arisen within purely
visual studies of exogenous attention (14), but
only to ensure that intervals between visual
cues and visual targets exceed retinal integra-
tion time. Stimulation from different modalities
(for example, vision and touch) cannot interact
on the retina, but only in central multimodal
neurons, where interactions arise for substantial
asynchronies overlapping with those at which
crossmodal cueing effects are found behavior-
ally. Conversely, attentional effects can arise
even for synchronous stimuli [as, for example,
in the neurological syndrome of extinction; see
(15)].

We suggest that in multimodal brain areas,
there may be considerable overlap between the
machinery for stimulus-driven crossmodal spa-
tial integration and that for stimulus-driven (ex-
ogenous) crossmodal spatial attention. We
stress, however, that the main point of our study
was that unimodal areas of visual cortex can

also be affected. Our study (1) suggested one
possible mechanism for this (feedback from
multimodal convergence zones to unimodal ar-
eas), and found some evidence that may accord
with this from an analysis of coupling between
brain areas.

Apart from the terminological issues, the
comment of McDonald et al. does raise the
issue of how the results that we obtained (1)
might change if the timing of the stimuli were
varied systematically. We doubt that intro-
ducing a 100-ms asynchrony between the
onset of tactile and visual stimuli would have
affected the outcome, given that each stimu-
lus was 300 ms in duration, but this is an
empirical issue. By using much briefer stim-
uli and varying their temporal offset across a
considerable range, one could map out the
time windows of crossmodal spatial interac-
tions for different areas of the human brain. It
would be useful to address this with event-
related potentials or magnetoencephalogra-
phy in addition to the fMRI procedure we
used, given the greater temporal resolution of
those techniques.
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