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In the present study we investigate the role of attention in audiovisual semantic interference, by using an
attentional blink paradigm. Participants were asked to make an unspeeded response to the identity of a
visual target letter. This target letter was preceded at various SOAs by a synchronized audiovisual letter-
pair, which was either congruent (e.g. hearing an ‘‘F” and viewing an ‘‘F”) or incongruent (e.g. hearing an
‘‘F” and viewing a ‘‘Z”). In Experiment 1, participants were asked to match the members of the audiovisual
letter-pair. In Experiment 2, participants were asked to ignore the synchronized audiovisual letter-pairs
altogether and only report the visual target. In Experiment 3, participants were asked to identify only one
of the audiovisual letters (identify the auditory letter, and ignore the synchronized visual letter, or vice
versa). An attentional blink was found in all three experiments indicating that the audiovisual letter-pairs
were processed. However, a congruency effect on subsequent target detection was observed in Experi-
ments 1 and 3, but not in Experiment 2. The results indicate that attention to the semantic contents of
at least one modality is necessary to establish audiovisual semantic interference.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

We live in a multimodal environment and receive an enormous
amount of information via the different senses. This information of-
ten interacts when presented in close temporal or spatial proximity
(see Welch & Warren, 1980, for a review). For instance, when watch-
ing television, sounds seem to come from the actors lip-movements,
instead of coming from the location of the loudspeakers – an effect
known as the ventriloquism illusion (e.g. Alais & Burr, 2004;
Thomas, 1941). Whereas these studies reported a visual effect on
audition, other studies have reported the reverse, an auditory effect
on vision (e.g. Vroomen & De Gelder, 2000). For instance, the presen-
tation of a visual event is perceived as being brighter when that
visual event is accompanied by an auditory signal (Stein, London,
Wilkinson, & Price, 1996). More recently, Van der Burg, Olivers,
Bronkhorst, and Theeuwes (2008b) have shown that events that
are hard to distinguish visually capture attention when they are
synchronized with an auditory signal.

In addition to many studies reporting multisensory interactions
when using simple stimuli (e.g. flashes in combination with beeps),
quite a few studies have reported multisensory interactions on the
level of more semantic representations (Calvert, Campbell, &
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Brammer, 2000; Laurienti, Kraft, Maldjian, Burdette, & Wallace,
2004; McGurk & MacDonald, 1976; Molholm, Ritter, Javitt, & Foxe,
2002; Soto-Faraco, Navarra, & Alsius, 2004; Van Atteveldt, Formisa-
no, Goebel, & Blomert, 2004). For instance, McGurk and MacDonald
(1976) reported that the auditory percept of a phoneme is influ-
enced by the observation of the speaker’s lip-movements. Soto-Far-
aco et al. (2004) found evidence that this McGurk effect is an
automatic process and occurs prior to attentional selection. In line
with the idea that semantic information is automatically inte-
grated, Calvert et al. (2000), and more recently, Van Atteveldt
et al. (2004) reported effects of audiovisual letter congruency (i.e.
same vs. different audiovisual letter-pairs) in the human brain, even
though participants listened and viewed the letters passively (i.e.
there was no task involved).

In a follow-up study, Van Atteveldt, Formisano, Goebel, and
Blomert (2007) replicated their 2004 findings, by showing a con-
gruency effect when participants viewed and listened to the let-
ter-pairs passively. Surprisingly, however, no congruency effect
was observed, neither in terms of brain activity, nor in terms of
behavioral data, when participants were asked to actively respond
to the audiovisual letter-pairs. These findings suggest that when
the task requires participants to attend both modalities, the auto-
matic integration of multisensory information ceases to exist.
Interestingly, such a conclusion is inconsistent with earlier findings
indicating that some attention to both modalities is a prerequisite
to achieve audiovisual integration in the first place (Fujisaki,
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Fig. 1. Example trial of Experiment 1. Participants were asked whether the
synchronized auditory and visual letters were similar or different (avT1), and to
identify the second target letter (vT2; an A, B or C). The stimulus onset asynchrony
(SOA) between avT1 and vT2 was manipulated. Participants were required to make
unspeeded responses, after the presentation of the mask.
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Koene, Arnold, Johnston, & Nishida, 2006; Talsma, Doty, & Wold-
orff, 2007), although it should be noted that these studies did not
use semantic stimuli. In contrast with Van Atteveldt et al. (2007),
other studies have reported a semantic congruency effect when
participants were asked to attend and actually respond to the pre-
sentation of the audiovisual stimuli (see e.g. Blau, Van Atteveldt,
Formisano, Goebel, & Blomert, 2006; Laurienti et al., 2004). For in-
stance, Laurienti et al. reported that participants were faster when
they responded to congruent stimuli (e.g. hearing the word ‘‘red”,
and seeing a red circle) than when they responded to incongruent
stimuli (i.e. hearing the word ‘‘red”, and seeing a blue circle).

All in all then, the role of attention in audiovisual semantic
interference (i.e. interference between two modalities based on
the semantic content) is rather inconsistent and mixed. Here we
sought to further investigate whether synchronously presented
audiovisual letters automatically interfere at a semantic level.
Can participants ignore semantic information from one modality
(e.g. audition) while simultaneously processing semantic informa-
tion presented to another modality (e.g. vision)? In the present
study, we use the performance on an attentional blink task (Ray-
mond, Shapiro, & Arnell, 1992) as an indirect measure of the effects
of semantic congruency across vision and audition under different
attentional circumstances.

1.1. The attentional blink paradigm as an indirect measure of
congruency effects

The attentional blink paradigm is often used to study the tempo-
ral limitations of the human brain in processing multiple stimuli.
The attentional blink is the term that refers to an impairment in
detecting the second of two visual targets (T1 and T2) when it ap-
pears within roughly half a second after the first. The attentional
blink has been found within modalities (Duncan, Martens, & Ward,
1997; Tremblay, Vachon, & Jones, 2005; Vachon & Tremblay, 2005;
Vachon & Tremblay, 2006), and also between modalities (Arnell &
Jenkins, 2004; Arnell & Jolicoeur, 1999; Arnell & Larson, 2002; Potter,
Chun, Banks, & Muckenhoupt, 1998). The latter version, however,
turns out to be more difficult to find (Duncan et al., 1997; Hein, Parr,
& Duncan, 2006), and we have recently suggested that a cross-modal
attentional blink may depend on the complexity of the stimuli (Van
der Burg, Olivers, Bronkhorst, Koelewijn, & Theeuwes, 2007). Specif-
ically, an auditory T1 may interfere only with a visual T2 if both are
processed at a semantic level. This is because a semantic processor
may supersede the different modalities. In the Van der Burg et al.
study, no audiovisual attentional blink was found with T1s that
are specific to the auditory modality (i.e. different beeps).

Whereas most studies reported an attentional blink when T1
and T2 were separated by distractor elements (e.g. letters), re-
cently, Nieuwenstein, Potter, and Theeuwes (2009) reported an
attentional blink within the visual modality when the targets were
separated by a blank interval (i.e. in the absence of distractors be-
tween T1 and T2). Moreover, Nieuwenstein, Van der Burg, Theeu-
wes, Wyble, and Potter (2009) reported an attentional blink
when a single target (i.e. the former T2) was preceded by a single
distractor letter, indicating that irrelevant events can trigger an
attentional blink as well. The experimental design used in the
Nieuwenstein, Van der Burg, et al. (2009) study makes it possible
to re-investigate whether audiovisual stimuli from different senses
automatically integrate at a semantic level. For instance, one might
expect that an unmasked audiovisual letter-pair can trigger an
attentional blink for an upcoming visual target, and that the mag-
nitude of the attentional blink depends on the semantic content of
the synchronized audiovisual events. In other words, similar audio-
visual letters would lead to faster T1 processing and thus to a re-
duced attentional blink for an upcoming second target compared
to the condition that the audiovisual letters are different.
In the present study, participants were asked to detect a visual
target letter (vT2), which was preceded by an audiovisual letter-
pair (avT1). The members of avT1 were either congruent or incon-
gruent (e.g. hearing an ‘‘F” while seeing an ‘‘F”, or hearing an ‘‘F”
while seeing a ‘‘Z”). Furthermore, the relevance of processing the
two members of avT1 was manipulated. Experiment 1 set one
boundary condition by asking participants to match the two mem-
bers of the audiovisual letter-pair and investigate the effects of
semantic congruency on the detection of the subsequent visual tar-
get letter (vT2). As participants needed to attend to both modalities
to perform the task, semantic congruency effects between the two
were expected, and indeed occurred: vT2 detection improved
when a congruent avT1 was presented. Experiment 2 then set
the other boundary condition by asking participants to fully ignore
avT1. Thus no attention should be paid to the semantic content of
the letter-pair, while vT2 still had to be detected. The data will
show that avT1 then still generated an attentional blink (indicating
processing of the avT1 pair), but that the congruency effect indeed
disappeared. Finally, in Experiment 3, participants were asked to
look or listen to only one of the members of avT1, and to ignore
the other. If semantic information stemming from the ignored
modality can be ignored, no congruency effect should be found.
If this information is automatically processed, a congruency effect
should emerge. In Experiment 3, vT2 detection improved when the
preceding avT1 was congruent compared to the condition that
avT1 was incongruent.
2. Experiment 1

In the present experiment, participants viewed and listened to
the presentation of two synchronized letters, which were either
congruent (e.g. hearing an ‘‘F” and seeing an ‘‘F”) or incongruent
(e.g. hearing an ‘‘F” and seeing a ‘‘Z”). Subsequently, after a speci-
fied stimulus onset asynchrony (SOA), participants viewed another
target letter (A, B, or C), which was immediately followed by a
mask. Participants were asked to report whether the synchronized
auditory and visual letters were similar or different (avT1), and to
identify the second target letter (vT2; an A, B or C). Fig. 1 presents
an example trial.

We expected that avT1 would trigger an attentional blink de-
spite the fact that it is not followed by a mask (Nieuwenstein, Pot-
ter, et al., 2009; Nieuwenstein, Van der Burg, et al., 2009). If
attending to the audiovisual stimuli overrules multisensory inter-
ference, in line with Van Atteveldt et al. (2007), no semantic con-
gruency effect on vT2 performance is expected. In contrast,
theories that predict that audiovisual integration depends on
attention (Talsma et al., 2007) would be supported by the presence
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Fig. 2. Results of Experiment 1. Mean percentage correct vT2 (given that avT1 was
correctly identified) and mean percentage correct avT1, as a function of congruency,
and stimulus onset asynchrony (SOA). The error bars represent the .95 confidence
intervals for within-subject designs, following Loftus and Masson (Loftus & Masson,
1994). The confidence intervals are those for the congruency � SOA interaction
effect.
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of an audiovisual semantic congruency effect, because attention
was assigned to both the auditory and visual letter in order to per-
form the task.

2.1. Method

2.1.1. Participants
Nine students (four female; mean age 21.3 years, range:

18–25 years) participated in the experiment, and were paid €7 an
hour.

2.1.2. Apparatus and stimuli
The experiment was run in a dimly lit, air-conditioned cubicle.

Participants were seated at a distance of approximately 80 cm
from the monitor (120 Hz refresh rate) and wore Sennheiser
(HD202) head phones. The visual stimuli consisted of the letters
A, B, C, F, L, R, S, X, Y and Z. All letters were capitals and were pre-
sented in a gray 48-point Arial font (9.34 cd/m2, 0.8� width, 1.0�
height) at the center of a black background (<0.05 cd/m2). The
auditory stimuli were the letters: F, L, R, S, X, Y and Z. The letters
were spoken in Dutch in a male voice and were compressed, with-
out altering pitch, to a duration of 90 ms (stereo, 16 bit, 44.1 kHz
sample rate). The first target (avT1) was a combination of an audi-
tory and a visual letter (F, L, R, S, X, Y and Z). On half of the trials,
avT1 was congruent (e.g. hearing a ‘‘Z” and seeing a ‘‘Z”), and on the
remaining trials, avT1 was incongruent (e.g. hearing an ‘‘F” and
seeing a ‘‘Z”). The second target (vT2) was a visual letter A, B, or
C. The mask was a ‘‘#” (black, <0.05 cd/m2, 0.8� height, 0.8� width),
on a white background (76.7 cd/m2). AvT1 and vT2 were never
identical to avoid priming (Koelewijn, Van der Burg, Bronkhorst,
& Theeuwes, 2008), or repetition blindness effects (e.g. Kanwisher,
1987).

2.1.3. Design and procedure
Each trial began with the presentation of a fixation cross (0.8�

height, 0.8� width) for 600 ms at the center of the screen followed
by the presentation of an auditory and visual letter, the combina-
tion of which represents avT1. The visual letter was presented
for 88 ms, and the auditory letter for 90 ms. The audiovisual onsets
were synchronized. vT2 then followed at four possible stimulus on-
set asynchronies (SOAs; 100, 200, 300 or 700 ms), and was imme-
diately followed by a mask for a duration of 100 ms. After the
termination of the mask, participants were asked to make an
unspeeded response to avT1 by pressing the g- or n-key when
the auditory and visual vT1 were the same, or different, respec-
tively, and to make an unspeeded response to vT2 by pressing
the 1, 2, 3 key when they saw A, B, or C, respectively. vT2 identity
was balanced, and mixed within blocks. Participants received
instructions prior to the experiment, emphasizing accuracy. Partic-
ipants first performed one practice block of 75 random trials (i.e.
congruent and incongruent trials) in which they only practiced
the vT2 task. During practice, the SOA was fixed (700 ms) and
the duration of the vT2 was adjusted, such that participants’ over-
all vT2 accuracy approached 80% correct. The overall mean dura-
tion for vT2 was subsequently used in the main experiment.
Overall mean vT2 presentation time was 47.1 ms, ranging from
32 to 64 ms. After the practice block, participants completed six
blocks of 48 trials each. SOA and congruency were randomly mixed
within blocks. Participants received feedback about their overall
mean accuracy after each block.

2.2. Results and discussion

The results of Experiment 1 are presented in Fig. 2. Data from
practice blocks were excluded. avT1 and vT2 accuracy were sub-
jected to a repeated-measures Univariate Analysis of Variance (AN-
OVA) with SOA and congruency as within-subject variables. The
reported values for p are those after a Huynh–Feldt correction for
sphericity violations, with alpha set at .05.

2.2.1. avT1 accuracy
Overall avT1 accuracy was 96.3%. The ANOVA on avT1 accuracy

revealed no significant main effects of SOA and congruency (Fs < 1
and ps > .6). The two-way interaction between SOA and congru-
ency was reliable, F(3, 24) = 4.8, MSE = .001, p < .01, and further
examined by separate two-tailed t-tests for each SOA condition.
When the SOA was 300 ms, avT1 performance was worse when
avT1 was congruent (93.2%) than when avT1 was incongruent
(98.1%), t(8) = 2.5, p < .05. No such congruency effect was observed
for the other SOA conditions (ts < 1.4 and ps > .19).

2.2.2. vT2 accuracy
Overall vT2 accuracy was 66.4%. There was a trend towards a

reliable congruency effect, as vT2 accuracy was overall higher
when the auditory and visual letters were congruent (69.1%) than
when the auditory and visual letters were incongruent (63.6%), F(1,
8) = 4.8, MSE = .011, p = .059. Furthermore, vT2 accuracy increased
as the SOA increased, F(3, 24) = 13.8, MSE = .052, p = .001. More
importantly, the two-way interaction between SOA and congru-
ency was significant, F(3, 24) = 6.1, MSE = .004, p < .005, and further
examined by separate two-tailed t-tests for each SOA condition.
These analyses revealed reliable congruency effects when the
SOA was 200, 300, and 700 ms (ts > 2.4, ps < .05), indicating that
vT2 performance was better when the auditory and visual letters
(avT1) were congruent than when the auditory and visual letters
were incongruent. In contrast, no such congruency effect was ob-
served for the shortest SOA condition, t(8) = 1.1, p = .287.

The present findings are clear. Processing two letters from dif-
ferent sensory modalities (avT1) causes an attentional blink pat-
tern for an upcoming vT2, corroborating many studies showing
within and between modality attentional blinks (e.g. Arnell & Jolic-
oeur, 1999; Raymond et al., 1992). Whereas most studies reported
an attentional blink when avT1 was followed by distractors, the
present study revealed an attentional blink when T1 was followed
by a blank interval (see also Nieuwenstein, Potter, et al., 2009;
Nieuwenstein, Van der Burg, et al., 2009; Vachon & Tremblay,
2008). Furthermore, vT2 accuracy was better when the members
of avT1 were congruent rather than incongruent. Inconsistent with
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Van Atteveldt et al. (2007), a congruency effect was observed when
participants were asked to respond to the congruence of the audio-
visual letters. These results are consistent with Laurienti et al.
(2004) who have reported an audiovisual congruency effect when
participants were also required to respond to the congruence of
audiovisual stimuli. Whereas we observed a clear congruency ef-
fect when the SOA was long (i.e. >100 ms), no congruency effect
was observed for the shortest SOA (100 ms). The absence of a con-
gruency effect in the latter condition might be explained by the
temporal window of multisensory integration (see e.g. Van der
Burg et al., 2008b; Van Wassenhove, Grant, & Poeppel, 2007). In
other words, the temporal window of multisensory integration is
known to be rather lengthy and as a result it could be possible that
the auditory content was matched up with vT2 instead of with the
synchronized visual vT1, explaining the absence of a congruency
effect when the SOA between avT1 and vT2 was short, but not
when the SOA between avT1 and vT2 was long (SOA > 100 ms).

The finding of a congruency effect is in line with Talsma et al.
(2007) who have proposed that attention to both modalities is a
prerequisite to establish multisensory integration. In the next
two experiments we further investigate the automaticity of the ob-
served audiovisual congruency effect on vT2 performance, by
manipulating the relevance to process the semantic contents of
the audiovisual (avT1) events.
3. Experiment 2

In Experiment 1, we found that the semantic congruency of an
attended audiovisual letter-pair affected subsequent detection of a
visual target. This may not be too surprising given that the congru-
ency of the two members was directly relevant to the task (though
see Van Atteveldt et al., 2007). The aim of the second experiment
was to investigate how automatic these congruency effects are.
In contrast to Experiment 1, the avT1 was now completely irrele-
vant to the task. Participants were asked to report only the identity
of a single visual target letter (A, B, or C), and to ignore the synchro-
nized audiovisual events preceding the target event. If the seman-
tic content stemming from the two sensory modalities is
automatically integrated (Van Atteveldt et al., 2004, 2007), then
we expect to see a similar congruency effect as in Experiment 1.
In contrast, if semantic interference depends on the task-relevance
of the semantic content, then we expect no audiovisual congruency
effect here.

It may be argued that an ignored first target (here avT1) should
not generate an attentional blink in the first place (Raymond et al.,
1992) and hence no congruency effects would be expected any-
way. However, there are several reasons to expect an attentional
blink under the present conditions: (i) the second visual target
(vT2) is a letter, and so are the members of avT1. Studies have
shown that objects contingent with the participant’s attentional
set will capture attention and generate an attentional blink (e.g.
Folk, Leber, & Egeth, 2002; Maki & Mebane, 2006); (ii) if the second
target is made sufficiently sensitive, an attentional blink can be ob-
served even after an irrelevant event (Nieuwenstein, Van der Burg,
et al., 2009). In any case, the data here will reveal a full-blown
attentional blink.
3.1. Method

3.1.1. Participants
Fifteen new students (six female; mean age: 20.5 years; ranging

from 18 to 24 years) participated in the present experiment.
The present experiment was identical to Experiment 1, except

that participants were required to only execute one task, identify-
ing the target letter A, B, or C (i.e. the former vT2 task). Participants
were asked to ignore the synchronized audiovisual events and to
focus on the visual target letter. The congruency between the syn-
chronized audiovisual distractor letters was manipulated within
blocks. On half of the trials, the distractors were similar (congruent
trials), and on the remaining trials the distractors were different
(incongruent trials). Practice was identical to practice in the previ-
ous experiment and determined vT2 duration. Overall mean vT2
presentation time was 48.0 ms, ranging from 32 to 72 ms. After
practice, participants performed six experimental blocks, of 48 tri-
als each. During experimental blocks, SOA and distractor similarity
were randomly mixed within blocks.

3.2. Results and discussion

The results of Experiment 2 are presented in Fig. 3. Target accu-
racy was subjected to an ANOVA with SOA, and congruency as
within-subject variables.

3.2.1. vT2. accuracy
Overall accuracy was 61.2%. There was a significant effect of

SOA, F(3, 42) = 73.9, MSE = .015, p < .001, as the target performance
increased with increasing SOA. The effect of congruency as well as
the two-way interaction between SOA and congruency were far
from significant, Fs < 1, ps > .4.

The present results are clear. Whereas Experiment 1 revealed a
clear audiovisual congruency effect on vT2 performance, the
present experiment yielded no such audiovisual congruency effect
when the synchronized events were irrelevant to the task. Note
that the ignored audiovisual letter-pair did generate an attentional
blink of the same magnitude as in Experiment 1, indicating that the
avT1 was processed. This is consistent with automatic contingent
attentional capture accounts (e.g. Folk et al., 2002; Nieuwenstein,
Van der Burg, et al., 2009). However, the fact that its semantic
content was not task-relevant led to the absence of a congruency
effect, suggesting that cross-modal semantic interference only
occurs when the semantic information is relevant to the task of
the participant.

4. Experiment 3

In Experiment 1, participants were asked to attend to both
members of avT1, with an audiovisual semantic congruency effect
as a result. In Experiment 2, participants were asked to ignore avT1
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altogether, resulting in the absence of a congruency effect. Having
set the two boundary conditions, we can now turn to the question
whether participants can exclusively attend to the semantic infor-
mation stemming from just one modality. In other words, can they
filter for a particular sense when processing semantic content? Or
does semantic content from an irrelevant modality interfere when
semantic content of the relevant modality becomes relevant? In
the present experiment participants were asked to either report
the identity of the auditory letter (and to ignore the synchronized
visual letter, aT1), or to report the identity of the visual letter (and
to ignore the synchronized auditory letter, vT1 condition) as the
first target. In this way, we made one modality irrelevant to the
task. If semantic information from an irrelevant modality interferes
with semantic information from a relevant modality, then we ex-
pect to replicate the results of Experiment 1, by showing an audio-
visual congruency effect on vT2 performance. In contrast, when
attention to both the auditory and the visual letter is a prerequisite
to find semantic interference (e.g. Talsma et al., 2007), then no
audiovisual congruency effect is expected.

4.1. Method

4.1.1. Participants
Fourteen new students (one male; mean age: 20.6 years; rang-

ing from 18 to 29 years) participated in the present experiment.
The experiment was identical to Experiment 1, except that par-

ticipants were asked to report the identity of the target letter from
a predefined modality as a/vT1 task. On half of the trials, partici-
pants were asked to report the auditory target letter (aT1 condi-
tion) and to ignore the synchronized visual distractor letter. On
the other half of the trials, participants were asked to report the
visual target letter as T1 task (vT1 condition), and to ignore the
synchronized auditory distractor letter. The target-distractor con-
gruency was manipulated as before. On half of the trials, the target
letter was congruent with the synchronized distractor letter, and
on the remaining trials, the letters were incongruent. After each
trial, participants made an unspeeded response to the a/vT1 target
letter by pressing the corresponding key on the keyboard.
Participants performed eight blocks of 48 trials each. a/vT1
modality was varied between blocks, presented in alternating
and counterbalanced order. Practice was identical to Experiment
1, and determined the vT2 presentation duration. Overall mean
vT2 presentation time was 38.0 ms, ranging from 24 to 56 ms.
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4.2. Results and discussion

The results of Experiment 3 are presented in Fig. 4. a/vT1 and
vT2 accuracy were subjected to an ANOVA with SOA, T1 modality,
and congruency as within-subject variables.

4.2.1. a/vT1 accuracy
Overall a/vT1 accuracy was 96.3%. There was a reliable congru-

ency effect on a/vT1 performance, F(1, 13) = 6.8, MSE = .012,
p < .05, as participants made overall more errors when a/vT1 was
incongruent with the distractor in the other modality (94.4%) than
when a/vT1 was congruent with the distractor in the other modal-
ity (98.2%). The ANOVA revealed a trend towards a reliable SOA ef-
fect as performance was better when the SOA was 200, 300, or
700 ms (SOA = 200 ms, 96.8%; SOA = 300 ms, 96.5%; SOA = 700 ms,
96.6%) than when vT2 immediately followed T1 (SOA = 100 ms;
95.2%), F(3, 39) = 2.7, MSE = .001, p = .063. No other effects were
reliable (all Fs < 2.2 and ps > .126).

4.2.2. vT2 accuracy
Overall vT2 accuracy was 63.2%. vT2 performance increased

with increasing SOA, F(3, 39) = 63.1, MSE = .051, p < .001. There
was a reliable congruency effect, F(1, 13) = 15.3, MSE = .016,
p < .005, as overall vT2 performance was better when a/vT1 was
congruent with the distractor in the other modality (66.5%) than
when a/vT1 was incongruent with the distractor in the other
modality (59.9%). Furthermore, there was a significant two-way
interaction between SOA and congruency, F(3, 39) = 4.0,
MSE = .008, p < .005. The interaction was further examined by sep-
arate two-tailed t-tests for each SOA condition. These analysis
yielded a reliable congruency effect on vT2 performance when
the SOA was 200 ms, and 300 ms [t(13) = 3.2, p < .01, and
t(13) = 5.0, p < .001, respectively], but not when the SOA was 100,
or 700 ms [t(13) = .1, p = .9, and t(13) = 1.7, p = .1, respectively].
More specifically, when the SOA was 200 or 300 ms, vT2 perfor-
mance was better when a/vT1 was congruent with the distractor
in the other modality than when a/vT1 was incongruent with the
distractor in the other modality (SOA was 200 ms: 48.9% vs.
59.4%; SOA was 300 ms: 56.8% vs. 68.9%). Importantly, this congru-
ency effect on vT2 performance was independent of the to be re-
ported T1 modality, as the main effect of T1 modality, and none
of the interactions including T1 modality were reliable (all
Fs < 1.7 and ps > .17).
0 200 400 600 800
SOA (ms)

0

t)

T1: Visual

rectly identified) and mean percentage correct a/vT1, as a function of T1 modality,
dence intervals for within-subject designs, following Loftus and Masson (1994). The
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The present findings are clear. Viewing or listening to the iden-
tity of a visual or auditory target, resulted in a clear attentional
blink pattern for a second visual target. Furthermore, the present
study replicated Experiment 1, by showing a congruency effect
on vT2 performance between the target (a/vT1) and the synchro-
nized irrelevant distractor in the other modality. Thus, even though
participants were required to ignore the irrelevant distractor letter
in the other modality, the synchronization of audiovisual events af-
fected the detection for an upcoming target letter. It is interesting
to note that the size of the congruency effect was unaffected by
whether participants were asked to identify both (Experiment 1)
or only one of the audiovisual letters (Experiment 3), as the ob-
served congruency effect was overall 5.5% and 6.6%, in Experiment
1 and 3, respectively. Moreover, we observed that this congruency
effect was independent of the to be reported T1 modality, as the T1
modality x congruency interaction and the three-way interaction
were not reliable, F < 1 and F = 1, p > .5, respectively. Even though
participants were asked to respond to visual targets, the presenta-
tion of conflicting auditory semantic information did lead to some
interference.

However, one might argue that participants were not able to
ignore the irrelevant distractor in the other modality, but actually
adopted a strategy to use the semantic information of the synchro-
nized distractor letter to improve, or facilitate T1 identification.
This alternative explanation is possible, however, we see this strat-
egy as unlikely. For instance, if the observed congruency effect is
due to active processing of both the audiovisual letters, then it is
unclear why we were not able to find a congruency effect on T1
performance in Experiment 1, in which participants were required
to report T1 congruency. Therefore, we suggest that the observed
T1 congruency effect in the present experiment is due to interfer-
ence of the to-be-ignored distractor letter in the irrelevant modal-
ity instead of a strategy to use the semantic information of the
synchronized distractor letter to improve, or facilitate T1
identification.

5. General discussion

An unmasked audiovisual event generated an attentional blink
pattern in all three experiments, regardless of whether this event
was relevant to the task, indicating that T1 was processed in all
experiments. This finding is consistent with earlier studies show-
ing that an unmasked T1 can induce an attentional blink in the vi-
sual modality (Nieuwenstein, Potter, et al., 2009; Vachon &
Tremblay, 2008), and auditory modality (Vachon & Tremblay,
2008), and that even an irrelevant distractor can induce an atten-
tional blink pattern (Folk et al., 2002; Maki & Mebane, 2006; Nieu-
wenstein, Van der Burg, et al., 2009; Olivers & Meeter, 2008). The
result also has implications for theories claiming that adequate
masking of T1 is required in order for an attentional blink to occur
(e.g. Martin & Shapiro, 2008; Olivers & Meeter, 2008; Raymond
et al., 1992). With regard to the observed attentional blink, it is un-
clear whether this attentional blink represents a visual attentional
blink (i.e. vT1 affects vT2), an auditory–visual attentional blink (i.e.
aT1 affects vT2), or perhaps a combination of both (i.e. avT1 affects
vT2). The presence of a cross-modal attentional blink is consistent
with the notion that the attentional blink is due to an amodal cen-
tral processing limitation (Arnell & Jolicoeur, 1999).

More important for the present purpose, T2 performance was
affected by the congruence of the members of the preceding audio-
visual event when either one (Experiment 3) or both (Experiment
1) the letters were relevant to the task, but not when neither
was relevant (Experiment 2). Thus, even though we observed a
clear attentional blink in all experiments, suggesting that the syn-
chronized audiovisual events captured attention, this did not lead
to semantic interference per se (Remington & Folk, 2001). In other
words, audiovisual semantic interference was observed only when
participants were asked to respond to at least one of the modalities
of the synchronized audiovisual event. This finding suggests that
the integration of semantic information provided by different
modalities is not fully automatic, but depends on semantic infor-
mation being relevant to the participant – even if only the seman-
tic information from one modality is relevant. In other words, the
integration of information stemming from different modalities is
partially automatic: if one is looking for the identity of a visual let-
ter, the identity of a spoken letter is automatically processed too,
and vice versa. We suggest that the auditory and visual semantic
information is processed in a single, supramodal semantic system
in which auditory and visual input is converted into the same neu-
ral code. Integration and interference then occurs directly within
this single network. This also explains why we (Van der Burg
et al., 2007) observed an attentional blink between the senses
(audition and vision) when we used semantic stimuli (i.e. a to-
be-identified letter) for the auditory and visual target, but not
when we used simple auditory beeps for the auditory target in
combination with a semantic visual target.

5.1. Memory encoding account

The observed congruency effect in Experiment 1 can be ex-
plained in terms of a memory load effect (Akyürek & Hommel,
2005; Akyürek, Hommel, & Jolicoeur, 2007). For instance, Akyürek
and colleagues reported that T2 performance is susceptible to the
memory load. In other words, they have shown that T2 perfor-
mance decreased as the memory load increased. With regard to
Experiment 1, one might argue that participants stored one letter
in memory in the case of a congruent trial and two different letters
in the case of an incongruent trial, explaining why T2 suffered
more when T1 was incongruent than when T1 was congruent.
However, this memory load account cannot explain the observed
attentional blink in Experiment 2, since there was no need to store
the letters in memory, as participants were asked to ignore the two
synchronized audiovisual events. Moreover, when comparing the
congruent conditions between the different experiments, overall
T2 performance was even worse in Experiment 2 (61.2%) in which
participants were asked to ignore the synchronized letters than in
Experiment 1 (69.1%) or Experiment 3 (66.1% when T1 was an
auditory task; 66.7% when T1 was a visual task) on congruent trials
in which participants stored just one relevant letter. This suggest
that the attentional blink was independent of the number of letters
stored in memory (see also Nieuwenstein & Potter, 2006; Olivers,
Van der Stigchel, & Hulleman, 2007). We suggest that the observed
congruency effects in Experiments 1 and 3 are due to the semantic
content of the synchronized audiovisual letters.

The observed congruency effects are consistent with the ‘‘audi-
tory–visual Stroop effect” (see e.g. Blau et al., 2006; Cowan & Bar-
ron, 1987; Elliott, Cowan, & Valle-Inclan, 1998; Laurienti et al.,
2004; see Stroop, 1935, for the original visual–visual Stroop effect).
For instance, Laurienti et al. observed faster responses when partic-
ipants were asked to make a speeded response to congruent audio-
visual color stimuli than when responding to incongruent
audiovisual stimuli. In the present study, we observed a similar en-
hanced performance in an unspeeded task, in which naming of
visually presented letter is impaired by the simultaneous audito-
rily presented letter. Here too the semantic content stemming from
the auditory modality could not be ignored when the semantic
content delivered by the visual modality was important. The pres-
ent study shows that this type of interference is bidirectional, that
it is modulated by the task-relevance of semantic information, and
that it is just as strong as when both modalities are important.

The present results are inconsistent with those of Van Atteveldt
et al. (2004, 2007). Whereas they observed no reliable effect of con-
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gruency when participants responded to the congruency of the
audiovisual letter-pair, the present Experiment 1 revealed a clear
congruency effect on T2 performance when participants responded
to the congruency of the audiovisual letter-pair, even though we
did not observe a direct congruency effect on the T1 task itself
(Experiment 1). Conversely, Van Atteveldt and colleagues observed
a congruency effect when participants viewed and listened to the
audiovisual stimuli passively, but not actively, whereas we found
no such effect when participants passively viewed the first target
(Experiment 2). Van Atteveldt and colleagues argued that an expli-
cit task allows participants to completely overrule the congruency
effect while passive viewing gives free play to automatic processes.
It remains unclear why they observed a pattern of results com-
pletely opposite to ours. Obviously there are many differences be-
tween their study and ours, each of which might need
investigation in the future. For instance, in the Van Atteveldt
et al. (2007) study, participants were asked to make a speeded re-
sponse (congruent vs. incongruent) when they saw or heard the
second letter, because on most trials the audiovisual letters were
never synchronized. In their case, the modality to respond to was
unknown and might have reduced the congruency effect. Further-
more, they have used rather lengthy intervals between the visual
and auditory events (up to 500 ms), which might have reduced
the congruency effect as well (see e.g. Van der Burg et al., 2008b;
Van Wassenhove et al., 2007). For instance, participants might
have perceived the auditory and visual events as being two differ-
ent entities in the case that the audiovisual events were separated
by rather long intervals, explaining the absence of semantic
interference.

5.2. The role of attention

The present study indicates that at least some attention to the
semantic content of at least one modality is needed to obtain a
cross-modal congruency effect on a semantic processing level.
Attending to either the visual or the auditory input appears to be
a prerequisite and at the same time a sufficient condition to gener-
ate cross-modal semantic interference. Presently, there are a num-
ber of studies that suggest a role for attention in multisensory
integration (Alsius, Navarra, Campbell, & Soto-Faraco, 2005; Alsius,
Navarra, & Soto-Faraco, 2007; Talsma et al., 2007). For example, it
has been found that audiovisual integration of speech signals suf-
fers when participants attend to yet another modality (Alsius et al.,
2007), or when attentional demands are generally high (Alsius
et al., 2005).

On the other hand, there are also a number of studies that indi-
cate that multisensory integration occurs relatively easy and auto-
matically (Olivers & Van der Burg, 2008; Van der Burg, Olivers,
Bronkhorst, & Theeuwes, 2008a; Van der Burg et al., 2008b; Van
der Burg, Olivers, Bronkhorst, & Theeuwes, 2009; Vroomen & De
Gelder, 2000), and even under high attentional demands (Santan-
gelo & Spence, 2007). For instance, recently we have shown that
synchronized audiovisual events capture attention in a cluttered
dynamic environment (Van der Burg et al., 2008b). This effect oc-
curred even though the synchronized audiovisual events (a beep
in combination with a color change) were completely irrelevant
to the task, suggesting a strong automatic, pre-attentive compo-
nent for multisensory integration (Van der Burg et al., 2008a). Con-
sistently, in an event-related potential study, Giard and Peronnét
(1999) showed audiovisual interactions in the EEG signal emerging
from the visual cortex as early as 50 ms post-stimulus onset. A
coarse analysis of when attention does and does not plays a crucial
role in the integration of information from multiple senses appears
to suggest that pre-attentive integration may be limited to the
space and time dimensions. When lights and sounds co-occur in
space and/or time, their signals are rapidly merged to create a
strong unified percept that can even capture attention (Van der
Burg et al., 2008a, 2008b, 2009). In contrast, attention is necessary
for the integration of content – that is, the integration of non-spa-
tial and non-temporal properties, such as the semantic representa-
tions involved in speech recognition (Alsius et al., 2005, 2007). An
exception is the Talsma et al. (2007) study, in which participants
were presented with simple concurrent beeps and gratings, but
here too the task was to attend to an orthogonal property, namely
the brief softening of the light or sound in a sequence of stimuli. It
is clear that more work is needed to be done. So far, from the cur-
rent study we can conclude that semantic cross-modal integration
requires attention to semantic content. Therefore, we suggest that
the observed congruency effect is due to interference at a late
semantic processing stage, instead of early multisensory
integration.
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