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Intramodal perceptual grouping modulates multisensory integration:
evidence from the crossmodal dynamic capture task
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Abstract

We investigated the extent to which intramodal visual perceptual grouping influences the multisensory integration (or grouping) of auditory
and visual motion information. Participants discriminated the direction of motion of two sequentially presented sounds (moving leftward
or rightward), while simultaneously trying to ignore a task-irrelevant visual apparent motion stream. The principles of perceptual grouping
were used to vary the direction and extent of apparent motion within the irrelevant modality (vision). The results demonstrate that the
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ultisensory integration of motion information can be modulated by the perceptual grouping taking place unimodally within vision, s
hat unimodal perceptual grouping processes precede multisensory integration. The present study therefore illustrates how intr
rossmodal perceptual grouping processes interact to determine how the information in complex multisensory environments is p
2004 Elsevier Ireland Ltd. All rights reserved.
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espite the subjective impression that perception is an ef-
ortless process, there is a wealth of literature pointing to the
remendous complexity involved in constructing appropriate
epresentations of our environments. One of the complicating
actors is that the incoming information impinges on a range
f different sensory systems, so the brain needs to integrate
ll of this multisensory information in order to derive faith-

ul and adaptive representations[4]. Although most research
n multisensory interaction processes has focused on the in-

egration of static events, there has been a recent growth of
nterest in multisensory interactions specifically influencing
he perception of motion[13].

Soto-Faraco et al.[14] recently developed a paradigm to
nvestigate these multisensory interactions in the perception
f motion. They demonstrated that the presentation of a
isual apparent motion stream can modulate the perceived
irection of an otherwise unambiguous auditory apparent
otion stream. Observers in their study were less accurate

n their judgments of the direction of an auditory apparent
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motion stream on trials where the visual distractor str
moved in the opposite direction (that is, they freque
perceived the sounds as moving in thesamedirection as
the lights), than on congruent trials, where the two stre
moved in the same direction. This crossmodal dyna
capture effect was modulated by the synchrony and sp
coincidence between the auditory and visual stimuli,
larger multisensory interactions being reported when
auditory and visual stimuli were presented from the sam
of locations at about the same time. This phenomenon
gests that visual motion captures the perception of aud
motion and can be seen as an example of perceptual gro
occurring crossmodally. However, we still have very little
derstanding regarding how crossmodal perceptual grou
interacts with the perceptual grouping occurring within e
sensory modality (i.e., with unimodal perceptual groupin

In fact, it is only recently that researchers have sta
to explore the effects of intramodal perceptual groupin
crossmodal dynamic interactions. For instance, San
et al. [12] demonstrated that, in order to modulate
crossmodal dynamic capture effect, the conditions for v
E-mail address:daniel.sanabria@psy.ox.ac.uk (D. Sanabria). perceptual grouping have to be established before the onset
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of the audiovisual motion event. In the present study, we
used an adaptation of Soto-Faraco et al.’s[14] crossmodal
dynamic capture task to examine the influence of intramodal
visual perceptual grouping on the multisensory integration
of auditory and visual motion signals. In particular, we used
the principles of perceptual grouping to vary the perception
of motion within the visual (irrelevant) modality. In Ex-
periment 1, we investigated whether the presentation of the
multisensory audiovisual apparent motion event (composed
of two lights and two sounds) within a more spatiotemporally
extended visual apparent motion stream would modulate the
crossmodal dynamic capture effect. In Experiment 2, we ad-
dressed the question of whether global visual apparent motion
elicited by intramodal perceptual grouping would modulate
the crossmodal dynamic capture effect elicited by local
visual apparent motion. If intramodal perceptual grouping
precedes and supersedes crossmodal perceptual grouping,
then one should expect to see a reduced crossmodal dynamic
capture effect under conditions where intramodal visual per-
ceptual grouping effects were stronger. Namely, intramodal
visual percetual grouping would result in a better perceptual
segregation of the visual and auditory unimodal events[7].

In Experiment 1, every trial contained a two-tones
auditory apparent motion stream moving from left-to-right
or from right-to-left, and a visual apparent motion stream
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apparent motion stimuli consisted of a sequence of two 50 ms
light flashes presented from different LEDs, each separated
by an ISI of 100 ms. These stimulus parameters have been
shown to lead to the perception of apparent motion in both
audition and vision[15].

The participants were instructed to prioritize accuracy
over response speed, and were also informed about the inde-
pendence of the direction of the auditory and visual apparent
motion streams. The participants were instructed to respond
to the direction of the auditory apparent motion stream by
making a spatially compatible keypress response (left or right
thumb). There was no time constraint on the completion of
the trials. The response–stimulus interval was 2000 ms. Par-
ticipants completed 12 sound-only practice trials (these trials
were repeated if participants made more than one error). Af-
ter the practice session, participants completed two blocks of
96 experimental trials.

The logarithmically transformed accuracy data1 were sub-
mitted to a 2 (Number of Visual Stimuli) by 2 (Congru-
ency) repeated-measures analysis of variance (ANOVA).
This analysis revealed a significant main effect of Congru-
ency,F(l,19) = 61.91, MSE = 1.41,p< .01, with participants
performing more accurately on congruent trials than on in-
congruent trials overall (M= 94% versus 67%, respectively).
The main effect of the Number of Visual Stimuli did not
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hat moved in either the same or opposite direction. The
f visual stream (2 lights versus 6 lights) and the congru
etween the direction of auditory and visual motion stre
incongruent versus congruent) were randomized o
rial-by-trial basis. Participants were instructed to indic
eftward versus rightward auditory motion, while attemp
o ignore the irrelevant visual stimuli. In the 2 ligh
ondition, the visual apparent motion stream consisted o
equential activation of the 2 central LEDs in time with th
ounds (as in the majority of previous studies of crossm
ynamic capture). In the 6 lights condition, the flas

rom the two central LEDs were embedded within a m
patiotemporally extended apparent motion stream inclu
he sequential illumination of all six LEDs. Note that in b
onditions, the onset of the two central flashes coinc
emporally with the onset of the two sounds (seeFig. 1a).

Twenty participants (age range: 21–38 years, mean
ears) took part in this experiment. All reported normal h
ng and normal or corrected-to-normal vision.

Six loudspeakers were positioned in a row (30 cm
ration centre-to-centre) at ear level in front of the se
articipants. Orange LEDs, one placed just below each
peaker, were used to present the visual stimuli. A const
lluminated red LED, situated between the two central lo
peakers, served as the central fixation point. Participan
n complete darkness, 90 cm in front of the fixation po
olding a response keypad. The auditory apparent m
timuli consisted of two 50 ms white noise bursts (70 dB
s measured from the participant’s head position), one
resented from each of the two central loudspeakers, an
rated by an interstimulus interval (ISI) of 100 ms. The vi
-

each significance,F(l,19) = 3.03, MSE = 0.27,p= .09. Cru-
ially, the interaction between Congruency and Numbe
isual Stimuli was significant,F(l,19) = 7.42, MSE = 0.61
= .013, with a stronger effect of congruency in the 2 lig
ondition than in the 6 lights condition (seeFig. 1b). Subse
uent post hoc comparisons revealed a significant differ

n performance on incongruent trials between the 2 li
nd 6 lights conditions,t(19) = 2.60,p= .01, Bonferroni cor
ected,α = 0.025[3,6]; but no such difference for congrue
rials, t(19) = 1.91,p= .07, Bonferroni corrected,α = 0.025
3,6]. Note, however, that the numerical trend in the con
nt trials toward better performance in the 2 lights cond

han in the 6 lights condition (96% versus 93%, respectiv
ay not have reached statistical significance here be
f the near ceiling performance. These two results sug

hat intramodal perceptual grouping not only modulates
ormance on incongruent trials (by weakening the effec
isual motion information on the perception of auditory m
ion) but may also affect performance on congruent tria

The results of Experiment 1 highlight the influence
he direction of visual apparent motion on the percep

1 When using direct proportion scores, parametric statistical tests
rovide unrealistic significance values (i.e., overestimating) certain co

sons because of the artificially reduced variability found near to the en
he distribution (i.e., when accuracy scores fall close to 0 or to 1). C
uently, the accuracy data were transformed using the following logari
quation prior to statistical analysis:p= ln[p/(l −p)] to normalize the dat

18]. Note, however, that the data in the text and the figures are still des
n terms of percentages of correct responses for ease of understandi
attern of statistical results was identical when using untransformed
acy data.
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Fig. 1. (a) Four of the trial types presented in Experiment 1, resulting from the crossing of the Number of Visual Stimuli (2 lights vs. 6 lights) and Congruency
(incongruent vs. congruent) factors. There were also four more trial types in which the stimuli moved in the opposite direction (i.e., with the direction of
auditory apparent motion from right to left, and the direction of visual motion from left to right). T1–T6 represents the sequence of onsets of each of the stimuli
(auditory and visual) presented during a particular trial. The upper labels indicate the onset times of the auditory stimuli and the lower labels the onset times
of the visual stimuli, (b) mean accuracy (+S.E.) in discriminating the direction of auditory apparent motion as a function of the Number of Visual Stimuli and
Congruency.

of the direction of auditory apparent motion, replicating
Soto-Faraco et al.’s[14,16]previous findings.2 Critically, our
results also demonstrated that this multisensory integration
(or crossmodalgrouping) effect can be modulated by the
perceptual grouping processes taking placewithin vision
[12]. When the visual distractor consisted of a 2 lights
apparent motion stream, we found significantly more capture
than when it consisted of a 6 lights stream. Note that the
visual events presented in temporal coincidence with the
target auditory stream (the central lights) were identical in
both conditions, differing only in that the central lights were
embedded within a more spatiotemporally extended stream
in the latter condition.

The reduction in the magnitude of the crossmodal dynamic
capture effect reported in the 6 lights condition occurred de-
spite the fact that increasing the number of visual stimuli
in the visual apparent motion stream resulted in a stronger
“impression” of visual apparent motion.3 These somewhat
counterintuitive results (i.e., that better motion produces less
capture) make sense if one considers that, as a consequence
of the spatiotemporally extended duration of the 6 lights vi-
sual apparent motion stream, participants were less likely to

2 In order to determine whether the distractor lights facilitated performance
on congruent trials or impaired performance on incongruent distractor tri-
als, another group of 10 participants (age range: 19–33 years, mean of 24
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perceptually integrate the lights and the sounds, as compared
to the 2 lights condition (where the total number and temporal
sequence of stimuli in each sensory modality was matched).
Hence, the perceptual segregation of the auditory and visual
streams would have been better in the 6 lights condition and,
as a consequence, the higher level conditions for multisensory
integration of visual and auditory motion were weaker[7].

Note that if the influence of the visual apparent motion
stream had simply been to elicit a response bias when re-
sponding to the direction of auditory motion (i.e., if the di-
rection of visual apparent motion had primed the response
consistent with its direction of motion), thenmore(and not
less) crossmodal dynamic capture should have been reported
in the 6 lights condition than in the 2 lights condition (as the
former condition contained stronger directional information).
Our results therefore argue against a response bias interpre-
tation of the dynamic capture effect and suggest instead that
intramodal visual perceptual grouping modulated multisen-
sory integration (i.e., crossmodal grouping).

One might also argue that the first 2 lights in the 6 lights
sequences used in Experiment 1 provided some sort of tem-
poral warning, or alerting, signal[11,17]regarding the immi-
nent onset of the auditory stimuli (which coincided with the
third and fourth lights in the stream). According to this view,
alerting may have facilitated perceptual segregation of visual
a his
p have
s ignal
( e as
t ) has
n mic
c

ther
t ual
m ping
ears) subsequently completed a block of 32 unimodal auditory motio
rimination trials. Performance was near perfect (M= 99%; just as in th
ractice trials of the main experiment), suggesting that the visual distr
rimarily impaired performance on the incongruent distractor trials, r

han facilitating it on congruent trials.
3 This was confirmed by an additional study in which five new particip

ated the quality of apparent motion of the 2 lights and 6 lights unim
isual apparent motion displays on a 7-point Likert scale (1—poor m
o 7—good motion). At-test comparison revealed that the perceived qu
f motion was much higher for the 6 lights (M= 6.0) displays than for the

ights (M= 2.6) displays [t(4) =−6.97p< .01], as expected[21].
nd auditory stimuli in the 6 lights condition. However, t
ossibility has been ruled out elsewhere in studies that
hown that the presentation of a central visual alerting s
the fixation point flashing with the same temporal profil
he first 2 lights in the 6 lights visual streams used here
o significant effect on the magnitude of crossmodal dyna
apture[12].

In Experiment 2, we addressed the question of whe
he intramodal perceptual grouping elicited by global vis
otion would modulate the crossmodal perceptual grou
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Fig. 2. (a) Four of the trial types presented in Experiment 2, resulting from the crossing of the Number of Visual Stimuli (2 vs. 4 lights) and Congruency
(incongruent vs. congruent) factors. The direction of apparent motion refers to the direction of the 2 groups of 2 lights with respect to the two sounds(as
shown by the filled black arrows in the figure). In the 4 lights/2 groups condition, two LEDs (one central and the other peripheral on the other side from the
centre) were activated simultaneously with each sound. In this situation, the apparent motion of the group of four lights could be congruent with the sounds
(while the apparent motion of the two central lights was incongruent with them), or vice versa. There were four more trial types, in which the stimuli moved
in the opposite direction (i.e., with the direction of auditory apparent motion from right to left, and the direction of visual motion from left to right). T1 and
T2 represents the sequence of onsets of each of the stimuli (auditory and visual) presented during a particular trial. The upper labels indicate the onset times
of the auditory stimuli and the lower labels the onset times of the visual stimuli, (b) mean accuracy (+S.E.) in discriminating the direction of auditory apparent
motion as a function of the Number of Visual Stimuli and Congruency.

elicited by local visual motion. The 2 lights condition was
the same as in Experiment 1, while the 6 lights condition was
replaced by a 4 lights/2 groups condition (seeFig. 2a). In
this 4 lights/2 groups condition, the two central lights were
presented at the same time as the sounds, just as in the 2
lights condition. However, one of the peripheral lights (on
the opposite side) was also flashed in synchrony with each
of the sounds. Taken together, the 4 lights/2 groups display
induced the perception of global motion of 2 groups of 2
lights in the directionoppositeto the local motion of the two
central lights when considered in isolation. If global motion
prevails over local motion[10], one would expect that the
crossmodal dynamic capture effect should be reversed, and
now be determined by the direction of the global motion of
the 4 lights/2 groups rather than by the local apparent motion
of the two central lights (when considered in isolation). Cru-
cially, we also expected to findlesscapture in the 4 lights/2
groups condition than in the 2 lights condition because the
spatiotemporally extended duration of the 4 lights/2 groups
stream would give rise to a better segregation of the visual
apparent motion stream from the target auditory apparent
motion stream.

Thirty participants took part in Experiment 2, 18 of whom
had taken part in Experiment 1. The order in which the ex-
periments were completed was counterbalanced across par-
t

fol-
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LED was always flashed in time with the inner left LED, and
the outer left LED was always flashed with the inner right
LED. When the central LEDs flashed from left-to-right, it
appeared as if 2 groups of 2 lights moved from right-to-left
(and vice-versa when the central LEDs flashed from right-
to-left). Congruency in the 4 lights/2 groups condition was
defined with respect to the global direction of motion of the
visual display rather than with respect to the local motion of
the two central lights.

The logarithmically transformed accuracy data were sub-
mitted to a 2 (Number of Visual Stimuli) by 2 (Congruency)
repeated-measures ANOVA. Participants responded more ac-
curately on congruent trials (90%) than on incongruent trials
(65%), resulting in a significant main effect of Congruency,
F(l,29) = 38.70, MSE = 2.60, p< .01. There was no main ef-
fect of the Number of Visual Stimuli,F(1,29) < 1. Once again,
the interaction between Congruency and Number of Visual
Stimuli was significant,F(1,29) = 14.84, MSE 1.25,p< .01,
indicating that the magnitude of the crossmodal dynamic cap-
ture effect in the 4 lights/2 groups condition was smaller than
that seen in the 2 lights condition (M= 15% versus 35%, re-
spectively). Subsequent post hoc comparisons revealed that
participants responded more accurately on incongruent trials
in the 4 lights/2 groups condition than on the incongruent
trials of the 2 lights condition,t(29) = 2.72,p= .01, Bonfer-
r n-
g nif-
i
[ the
4 odal
a ].
icipants.
These were the same as in Experiment 1, with the

owing exceptions. In the 4 lights/2 groups condition, e
isual onset was composed of the simultaneous activ
f two LEDs (50 ms duration), one central and the other
ipheral (on the opposite side; seeFig. 2a). The outer righ
oni corrected,α = 0.025[3,6]. The difference between co
ruent trials in both distractor conditions was also sig

cant, t(29) = 4.17,p< .01, Bonferroni corrected,α = 0.025
3,6]. Note also that performance on congruent trials in

lights/2 groups condition was worse than in the unim
uditory baseline task [t(38) = 3.27,p< .05; see footnote 2
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This latter result seems to suggest that, although global mo-
tion prevailed over local motion (both objectively and subjec-
tively; see the following), the incongruent local motion still
had a distracting effect on the perception of the direction of
motion of the auditory stream.

The results of the post hoc tests in Experiment 2 indicate
that the modulation of the visual capture effect of auditory
apparent motion as a consequence of the perceptual grouping
taking place within vision was not restricted to incongruent
situations but also to performance on motion congruent trials.
It appears then that the lack of a significant difference be-
tween congruent trials in Experiment 1 was probably caused
by participants’ performing at ceiling levels on those trials,
instead of a lack of modulation of the crossmodal dynamic
capture effect by visual perceptual grouping.

The results of Experiment 2 show that there was a re-
duction in the magnitude of the crossmodal dynamic capture
effect in the 4 lights/2 groups condition relative to the 2 lights
condition (seeFig. 2b). One important consideration before
interpreting this result is to ensure that the impression of ap-
parent motion produced by the 4 lights/2 groups condition
was no weaker than that in the 2 lights condition. Otherwise,
it could be argued that the reduction in the magnitude (though
not its sign or direction; see next paragraph) of the crossmodal
dynamic capture effect in the 4 lights/2 groups condition was
n en-
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r

tion of the 4 lights/2 groups display prevailed over the local
motion (i.e., the movement of the two central lights) in Exper-
iment 2, and only one direction of motion was unambiguously
perceived by the majority (all but one) of the participants, as
shown schematically by the arrows inFig. 2a. Note that the
overall direction of the congruency effect, if congruency is
assessed with respect to the local motion (i.e., the movement
of the two central lights), actuallyreversedin the 4 lights/2
groups condition.

Hence, the crossmodal dynamic capture results converge
with the subjective ratings indicating that the two central
lights were grouped with the peripheral lights and perceived
as 2 groups of 2 lights; It was this emergent global motion
that modulated participants’ perception of the direction of
auditory motion, thus reinforcing the case for the modula-
tion of multisensory integration (or crossmodal grouping) by
visual perceptual grouping (independently of the strength of
apparent motion in either condition).

The experiments reported here demonstrate that multisen-
sory grouping (assessed in terms of the magnitude of the
crossmodal dynamic capture effect) depends on how visual
stimuli are perceptually grouped. In Experiment 1, the pre-
sentation of the 6 lights stream resulted in significantlyless
dynamic capture of the perceived direction of auditory mo-
tion than the presentation of just 2 lights, even though the 6
l ap-
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i n (or
c .
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i ht to
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o tory
s oca-
t sec-
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r e
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ot, in fact, the result of a perceptual modulation of multis
ory integration but was instead a consequence of partici
xperiencing a weaker impression of visual apparent m

n this condition than in the 2 lights condition. To exam
his possibility, we conducted an additional study in which
articipants were asked to rate the quality of apparent m
f the visual stream (2 lights versus 4 lights/2 groups; six

rials with the auditory stimuli present and sixteen trials
ented in silence), using a 7-point Likert scale (l = poor ap
nt motion, 7 = good apparent motion). The results sho

hat participants rated the quality of visual apparent mo
o be just as strong in both conditions (4.7 in both cas
urthermore, participants reported perceiving only one
f apparent motion in the 4 lights/2 groups condition; the

nvolving the global motion of the 2 groups of 2 lights.4

As noted earlier, there were two possible visual appa
otion percepts (i.e., local versus globally defined) in t

ights/2 groups condition. These two potential apparent
ion streams hadoppositedirections (i.e., while the two ce
ral lights considered in isolation flashed fromright-to-left,
aken together the group of 4 lights appeared as 2 group
ights moving fromleft-to-right). The direction of global mo

4 Only one participant reported perceiving a zig-zagging pattern of l
n the 4 lights/2 groups displays. Interestingly, this participant showe
nverse pattern of performance in the 4 lights/2 groups condition of E
ment 2, exhibiting less accurate performance on congruent trials th
ncongruent trials (65% versus 87%, respectively). Note that, in this
he local motion of the two central lights in the 4 lights/2 groups cond
resumably dominated over the global motion of the 2 groups of 2 li
nd so, contrary to the other participants, the congruency effect wa
elated to the movement of the 2 central lights.
ights condition induced a stronger impression of visual
arent motion. Experiment 2 replicated these findings, a
howing how changes in intramodal visual perceptual gr
ng can modulate the strength of multisensory integratio
rossmodal grouping; see[12,19,20], for related findings)
hese results support the view that visual perceptual gr

ng precedes multisensory integration, thus adding weig
he idea that the multisensory integration of motion infor
ion depends upon the configuration of unimodal percep
nformation. This claim is consistent with Sanabria et
12] recent demonstration that, in order to modulate the c
odal dynamic capture effect, conditions for unimodal vi
erceptual grouping must concurbeforethe presentation o

he multisensory audiovisual event.
When investigating crossmodal contributions to the

eption of apparent motion an important issue that needs
ddressed regards the role played by static information

nstance, Allen and Kolers[1] observed that under certa
onditions, a single visual flash elicited the same effect
isual apparent motion stream on the perception of aud
pparent motion. In fact, one might wonder whether the c
odal dynamic capture reported in the present study cou

xplained in terms of a ‘ventriloquist-like effect’[2]; That is,
n incongruent trials, the location of the first static audi
timulus may simply have been mislocalized toward the l
ion of the first static visual distractor stimulus, and the
nd static auditory stimulus toward the location of the sec
tatic visual distractor, thus impairing the correct percep
f the direction of the auditory motion stream. However, o
ecent work from this laboratory[14–16]has shown that th
rossmodal dynamic capture effect cannot be accounte
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solely by the influence of the static visual stimuli on the per-
ception of simultaneously presented static auditory stimuli.
Instead, the emergent property of apparent motion within the
display plays a crucial role in eliciting the crossmodal dy-
namic capture effect. For instance, a split-brain patient who
no longer experiences visual apparent motion across the mid-
line (but who is still able to detect and localize static visual
stimuli) experience a much reduced crossmodal dynamic cap-
ture effect when compared to normal participants (using a
design very similar to the 2 lights conditions reported here)
[14]. This result, together with other converging psychophys-
ical data from normal participants[15], confirms that it is the
dynamic properties of the distracting visual stimulation that
mediates the crossmodal dynamic capture effect, over-and-
above any effects attributable to static ventriloquist effects.

Beyond the particular case of the multisensory integra-
tion of motion information, our results support the idea that
multisensory integration, in general, depends on the way our
perceptual system configures incoming sensory information.
In the present study, the visual and auditory stimuli were per-
ceptually grouped under particular conditions, giving rise to
two perceptual objects (one visual and the other auditory; see
[7]). Interestingly, when both perceptual objects are spread
over the same medium (i.e., simultaneous in time; using Ku-
voby and Valkenburg’s[7], terminology), and are of the same
n mul-
t pre-
s
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of motion information depends upon the configuration of
unimodal perceptual information.
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