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Abstract Participants presented with auditory, visual, or
bimodal audiovisual stimuli in a speeded discrimination
task, fail to respond to the auditory component of bimodal
targets significantly more often than to the visual compo-
nent, a phenomenon known as the Colavita visual domi-
nance effect. Given that spatial and temporal factors have
recently been shown to modulate the Colavita effect, the
aim of the present study, was to investigate whether seman-
tic congruency also modulates the effect. In the three exper-
iments reported here, participants were presented with a
version of the Colavita task in which the stimulus congru-
ency between the auditory and visual components of the
bimodal targets was manipulated. That is, the auditory and
visual stimuli could refer to the same or different object (in
Experiments 1 and 2) or audiovisual speech event (Experi-
ment 3). Surprisingly, semantic/stimulus congruency had
no effect on the magnitude of the Colavita effect in any of
the experiments, although it exerted a significant effect on
certain other aspects of participants’ performance. This
finding contrasts with the results of other recent studies
showing that semantic/stimulus congruency can affect cer-
tain multisensory interactions.
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Introduction

As we interact with the rich and varied multisensory envi-
ronments that surround us, our brains constantly integrate
the information impinging on the different sensory recep-
tors in order to generate the unified multisensory perceptual
experiences that fill our daily lives (Driver and Spence
2000). The phenomenon of visual dominance provides a
particularly fascinating example of multisensory integra-
tion (see Bertelson and de Gelder 2004; Partan and Marler
1999, for reviews). Vision appears to be the dominant sense
when people make spatial judgments, as demonstrated, for
example, by the fact that visual stimuli frequently bias our
judgments of the apparent location of auditory stimuli (e.g.
Hay et al. 1965; Heron et al. 2004; Howard and Templeton
1966), and also modify our perception of auditory stimuli,
as demonstrated by illusions such as the McGurk effect
(McGurk and MacDonald 1976). Under the appropriate
conditions, however, such as in the temporal domain, audi-
tion can also influence people’s perception of visual events
(e.g. Morein-Zamir et al. 2003; Recanzone 2003; Shams
et al. 2000; Shimojo and Shams 2001; Vroomen and Keetels
2006; Watanabe and Shimojo 1998; Welch et al. 1986).
One of the most striking instances of visual dominance
has been provided by research on the Colavita effect. In a
typical study, participants are presented with unimodal
auditory, unimodal visual, or bimodal audiovisual stimuli
in a speeded response task setting, in which they have to
identify the modality of presentation (auditory, visual, or
bimodal) of the target presented on each trial. Participants
typically fail to respond to the auditory component of the
bimodal targets significantly more often than they fail to
respond to the visual component, often responding to the
bimodal stimulus as if only a unimodal visual stimulus
had been presented (Colavita 1974; Colavita et al. 1976;
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Colavita and Weisberg 1979; Egeth and Sager 1977,
Johnson and Shapiro 1989; Koppen and Spence 2007a, b, c;
Quinlan 2000; Sinnett et al., 2007).

The Colavita effect has been shown to be modulated by
both the spatial and temporal coincidence between the audi-
tory and visual stimuli; specifically, a larger Colavita effect
has been reported when the auditory and visual stimuli are
presented closer together in time than when they are
presented asynchronously (Koppen and Spence 2006; C.
Koppen and C. Spence, submitted data). A larger Colavita
effect has also been reported when the auditory and visual
stimuli are presented from the same spatial location rather
than from different locations (see Koppen and Spence
2007b). Koppen and Spence explained these results in
terms of the ‘unity effect’ (Vatakis and Spence, 2007a;
Welch and Warren 1980), according to which, the stronger
an observer’s belief that two sensory events refer to the
same unimodal object rather than to separate events, the
greater the intersensory bias, or intersensory interaction,
between them (Spence 2007). Indeed, an extensive body of
research has highlighted the fact that structural factors such
as the spatial and temporal coincidence of auditory and
visual events can modulate audiovisual integration (see
Calvert et al. 2004; Slutsky and Recanzone 2001; Spence
2007; Stein and Meredith 1993; Wallace et al. 2004; Welch
1999; Welch and Warren 1986; Zampini et al. 2005). It
would therefore seem plausible to hypothesize that the
Colavita visual dominance effect would also be modulated
by factors other than spatial and temporal coincidence that
modulate the strength of the assumption of unity that
people have concerning specific pairs of auditory and visual
stimuli. One such factor that has been considered in this
context recently is semantic congruency (e.g. Heron et al.
2004; Vatakis and Spence, 2007a).

Multisensory cues that originate from a single object (or
event) will typically share not only their temporal and spa-
tial attributes, but may also share certain semantic features,
learnt from prior experience (Laurienti et al. 2004). Thus,
the semantic congruency between the cues originating from
different sensory modalities may also help to facilitate the
cross-modal binding of sensory information. However, the
majority of the multisensory studies that have been pub-
lished to date, including those on the Colavita effect, have
tended to use simple stimuli with little (if any) semantic
content (e.g. bursts of noise or flashes of light have been
used most frequently). Furthermore, researchers have
tended to combine such auditory and visual stimuli in an
arbitrary manner. Consequently, the contribution of seman-
tic congruency to the audiovisual integration observed in
the Colavita effect has not received any attention by
researchers thus far.

The few recent studies that have examined the role of
semantic congruency on multisensory integration have
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shown that the behavioural aspects of audiovisual object
recognition can be affected by the semantic congruence
between the component unisensory stimuli under certain
conditions. In particular, participants tend to respond more
rapidly and accurately to semantically congruent auditory
and visual stimuli than to semantically incongruent stimu-
lus pairings (e.g. Laurienti etal. 2004; Molholm et al.
2004). It is important to note, however, that while certain
studies have shown that the speed and accuracy of object
recognition can be affected by audiovisual semantic con-
gruence, other studies have failed to demonstrate any such
effects on human behaviour (see Taylor et al. 2006).

To date, only one study has attempted to extend the
Colavita effect to the processing of complex and meaning-
ful stimuli. In particular, Sinnett et al. (2007, Experiment 1)
conducted a Colavita study using complex sounds (such as
a cat meowing) and line drawings (such as a light bulb) of
familiar objects as stimuli. In Sinnett et al.’s study, the par-
ticipants had to search for predefined auditory, visual, or
bimodal targets (i.e. the sound of a cat meowing, a picture
of a stoplight, or both stimuli presented simultaneously)
amongst continuous streams of irrelevant distractors. How-
ever, while Sinnett et al. demonstrated a significant Cola-
vita effect when using meaningful stimuli, they did not
investigate the influence of semantic congruency on the
magnitude of the Colavita effect. That is, they made no
attempt to address the question of whether the Colavita
effect would be larger for semantically congruent audiovi-
sual pairings than for semantically incongruent stimulus
pairings. Instead, the stimuli that were presented on the
bimodal trials were always semantically incongruent (e.g. a
picture of traffic lights paired with the sound of a bird).

Hence, while the Colavita effect has been demonstrated
using complex stimuli, the effect of semantic congruency on
the magnitude of the visual dominance effect has yet to be
explored. Therefore, the aim of the present study was to
investigate whether the Colavita effect would be modulated
by the semantic congruency between the auditory and visual
stimuli, using complex and semantically meaningful stimuli.
In Experiment 1, the participants were presented with audi-
tory and visual stimuli from two different classes of animal
(cats and dogs), as well as bimodal stimuli, which could
either be composed of congruent or incongruent pairings of
audiovisual stimuli. If the Colavita effect reflects a robust
empirical phenomenon, one should expect the Colavita
effect to emerge even though complex, meaningful stimuli
were now being used (cf. Sinnett et al., 2007). If the Colavita
effect is modulated by the semantic congruency between
auditory and visual stimuli, then a larger Colavita effect
would be expected to occur for bimodal targets consisting of
semantically congruent than for semantically incongruent
pairs of stimuli. Furthermore, the use of semantically rich
stimuli should in fact strengthen the assumption of unity



Exp Brain Res (2008) 184:533-546

535

between them (as the stimuli would be more overlapping
features in common with each other). Finally, one might also
expect the Colavita effect to be larger, using complex stimuli
than in similar paradigms that have used simple stimuli (cf.
Koppen and Spence 2007a, b, ¢; Koppen and Spence, sub-
mitted), given that the presentation of more complex stimuli
should presumably increase the perceptual load of the partic-
ipants’ task (e.g. Lavie 2005), which would be expected to
increase the overall error rate.

Experiment 1
Methods
Farticipants

About 12 naive participants (mean age of 21 years, age
range from 18 to 28 years; 6 males and 6 females) took part
in Experiment 1. All except one of the participants were
right-handed by self-report, with normal or corrected-to-
normal sight and normal hearing. The experimental session
lasted for ~25 min. The participants were given a £5 gift
voucher in return for taking part in the study.

Apparatus and materials

The participants sat ~60 cm from the light and sound
sources in a dimly illuminated testing booth. A 17 in. FD
Trinitron CRT monitor (60 Hz refresh rate) positioned
directly in front of the participant at eye-level was used to
present the visual stimuli. The visual stimuli consisted of
full-colour photographs (15 x 25 cm?) of either a cat or
dog, subtending ~8° of visual angle on a white background
for 350 ms. The auditory stimuli (the sound of a cat meow-
ing or of a dog barking) were presented for 350 ms from
two loudspeakers; one positioned 24 cm to either side of
the centre of the monitor, such that the auditory and visual
stimuli appeared to emanate from the same position. The
sounds were presented at 65 dB(A), as measured from the

participant’s ear position. Amplitude enveloping was
applied to the first and last 5 ms of the auditory stimulus,
using the Adobe Audition 1.5 audio editing software. There
was one exemplar of each type of sound or image. There
were four possible unimodal stimuli which could be pre-
sented together in any combination to give rise to four pos-
sible combinations of bimodal stimuli, consisting of both
semantically congruent and semantically incongruent stim-
ulus pairings (see Table 1).

Responses were collected from a computer keyboard
placed on the table directly in front of the participant. The
participants were instructed to press one key in response to
auditory stimuli and another key in response to visual stim-
uli, with the allocation of the stimuli to the response keys
(the ‘n’ and ‘m’ keys) counterbalanced across participants.
The participants were instructed to press both response
keys whenever a bimodal target was presented (i.e. when an
auditory and a visual stimulus were presented at the same
time). No specific instructions were provided to the partici-
pants as to whether they should press the two response keys
simultaneously or not. The experiment was controlled using
the E-Prime software (Schneider et al. 2002a, b).

Design

In order to ensure that the participants were able to discrim-
inate the identity (cat or dog) of the auditory and visual tar-
get stimuli, they were presented with two control blocks
(one auditory and the other visual) consisting of 12 trials
each, in which they had to specify whether the target stim-
uli represented cats or dogs. None of the participants made
any errors in these control blocks.

Next, the participants were presented with 6 blocks of 100
trials, each consisting of 40 visual trials, 40 auditory trials
and 20 bimodal trials (the stimulus probabilities matched
those used in the majority of previous studies, e.g. Colavita
1974; Egeth and Sager 1977; Koppen and Spence 2007a, b,
c; Sinnett et al., 2007). See Table 1 for the relative frequen-
cies of presentation of the four types of unimodal stimuli and
the four types of bimodal stimuli. The order of stimulus

Table 1 Table showing the

. Target type Semantic category Semantic Number of
semantic category (cat vs. dog), .
. - - - - congruency trials per block
semantic congruency (congruent Auditory stimulus Visual stimulus
vs. incongruent) and the number
of auditory and visual stimuli Unimodal Cat — — 20
presented in each block in Dog _ _ 20
Experiment 1
- Cat - 20
- Dog - 20
Bimodal Cat Cat Congruent 5
Cat Dog Incongruent 5
Dog Cat Incongruent 5
Dog Dog Congruent 5
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presentation was randomized within each block of trials. A
block of 30 practice trials that were identical to the main
experimental trials (but which were not analysed) was pre-
sented before the main experimental session.

Procedure

On each trial, the participants were presented with an audi-
tory, visual, or bimodal target. The target was presented at
the start of each trial and was followed by a white screen
which was presented for between 1,450 and 1,700 ms
(ranging randomly with a rectangular distribution). On uni-
modal auditory trials the auditory stimulus was presented
together with a white screen. On unimodal visual trials the
visual stimulus was presented on its own (i.e. silently). The
auditory and visual responses were collected from the onset
of the presentation of the target stimuli. On bimodal trials
in which participants correctly pressed both the auditory
and visual response keys, both the auditory and visual RTs
were collected independently. The next trial began immedi-
ately after the end of the preceding trial. The participants
were instructed to respond to the targets as rapidly and
accurately as possible. Note that response speed was
emphasized over response accuracy. No feedback regarding
the correctness of a participant’s responses was provided.

Results

The participants failed to make any response on 0.6% of
the trials overall, and these trials were not included in the

data analyses. The Colavita effect is defined as occurring
when participants make significantly more visual-only
responses (i.e. when the participant only pressed the visual
response key) than auditory-only responses on the bimodal
trials. The magnitude of the Colavita effect therefore refl-
ects the difference between the percentage of visual-only
and auditory-only responses on the bimodal trials. The
results of Experiment 1 are highlighted in Table 2, and in
Figs. 1 and 2.

20 A

18 -
16 -
14 1 { l

12 4
10 4

Bimodal congruency

[ Congruent

Incongruent

Colavita effect (%)

M\

A\

A\

Experiment 1 Experiment 2 Experiment 3

Fig. 1 Mean magnitude of the Colavita effect (percentage of visual-
only responses minus percentage of auditory-only responses) for the
congruent and incongruent conditions in Experiments 1-3. The error
bars indicate the standard error of the mean

Table 2 Mean error rates for the unimodal auditory, unimodal visual and bimodal target stimuli (congruent and incongruent) in Experiments 1-3

Experiment 1

Experiment 2

Experiment 3

Unimodal Bimodal

Congruent Incongruent

Unimodal Bimodal

Unimodal Bimodal

Congruent Incongruent Congruent Incongruent

Error rates (%)
Unimodal auditory 8.6(2.1) - -
Unimodal visual 114 (23) - -
Bimodal

Auditory-only responses — 7.1 (1.7)

19.9 (4.5)

54023) -

Visual-only responses - 16.4 (3.9) -

RTs (ms)
Unimodal auditory 577 (30) - -
Unimodal visual 522 (30) - -
Bimodal

Auditory responses - 607 (24)

602 (26)

574 (26) -

Visual responses - 579 (29) -

73(1.0) - -
14.1(28) - -

525(15) - -
477 (14) -

35(0.5) - -
38(1.0) - -

9.8 (1.3)
254 (2.7)

7.5(1.4) -
24229 -

4.3(0.9)
10.7 (2.3)

4.8(1.1)
10.6 (2.6)

559 (16) - -
584 (16) - -
624 (16) 631 (13)

567 (16) 579 (17)

There were two types of error that participants could make on bimodal trials: they could either make an auditory-only or a visual-only response.
Mean reaction times (RTs; ms) for correct responses to unimodal auditory, unimodal visual, and congruent and incongruent bimodal target stimuli.
Bimodal auditory and visual responses refer to the RTs to the auditory and visual components of the bimodal target stimuli (on trials where par-
ticipants correctly made both responses). Standard error are shown in parentheses
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Fig. 2 Summary of the a mean RT (ms), and b errors (%) values for
bimodal congruent and incongruent targets in Experiments 1 and 2.
The error bars indicate the standard error of the mean

Error data

A preliminary analysis of the data revealed no significant
main effect of the identity of the targets (i.e. cats vs. dogs),
and so the data were combined across this factor to simplify
the analysis. The data from the bimodal trials in which the
participants failed to respond to one of the two stimuli were
analysed using an analysis of variance (ANOVA) with the
factors of Response (Auditory-only or Visual-only) and
Semantic Congruency (Congruent or Incongruent). In this
and all subsequent analyses, Greenhouse-Geisser correc-
tions were made whenever the assumption of sphericity
was violated. The analysis of the error data revealed a sig-
nificant main effect of Response [F(1, 11)=10.34,
P=0.008], as predicted. In particular, the participants
made significantly more visual-only than auditory-only
responses (18.2% vs. 6.2% of all bimodal trials, respec-
tively); thus demonstrating a robust Colavita visual domi-
nance effect (Koppen and Spence 2007a). The analysis of
the data also revealed a significant main effect of Semantic
Congruency [F(1, 11)=6.91, P=0.023], attributable to
participants making significantly more errors when they

were presented with semantically congruent bimodal stim-
uli (13.5% errors) than when they were presented with
semantically incongruent stimuli (10.9% errors). Crucially,
however, there was no significant interaction between
Response and Semantic Congruency [F < 1, n.s.], thus sug-
gesting that the magnitude of the Colavita effect itself was
not modulated by the semantic congruency between the
auditory and visual components of the bimodal stimulus.

Next, the congruent and incongruent bimodal target data
were combined in order to compare the unimodal with the
bimodal error data. An ANOVA revealed a significant main
effect of Stimulus (Auditory, Bimodal, or Visual) [F(1.06,
11.62) =9.13, P =0.010], attributable to participants mak-
ing significantly more errors on the bimodal trials (24.4%
errors) than on either the unimodal auditory (8.6% errors;
t(11) =3.15, P=0.009) or unimodal visual trials (11.4%
errors; #(11) =2.87, P =0.015), and more errors on unimo-
dal visual trials than on the unimodal auditory trials
(«(11) =2.71, P = 0.020).

RT data

The RT data from those trials in which the participants
responded correctly were analysed in an ANOVA with the
factors of Target Modality (Auditory or Visual) and Target
Type (Unimodal, Congruent Bimodal, or Incongruent
Bimodal). The analysis revealed a significant main effect of
Target Modality [F(1, 11) =5.64, P =0.037], with the par-
ticipants responding more rapidly to visual (567 ms) than to
auditory targets (586 ms) overall. The analysis of the RT
data also revealed a significant main effect of Target Type
[F(2,22)=36.97, P <0.001], with participants responding
more rapidly to unimodal (549 ms) than to either congruent
or incongruent bimodal targets (604 and 576 ms, respec-
tively; #(11)=7.34, P <0.001; #(11)=4.38, P=0.001),
and more rapidly to incongruent bimodal than to congruent
bimodal targets (#(11) =5.27, P < 0.001). There was also a
significant interaction between Target Modality and Target
Type [F(1.27, 13.98)=7.79, P=0.011], attributable to
there being a significant effect of Target Modality for the
unimodal targets but not for either the congruent or the
incongruent bimodal targets (mean difference between
auditory and visual response latencies =55, 5 and 5 ms,
respectively;  #(11)=3.08, P =0.010; #11)=0.64,
P =0.530; 1(11) = 0.63, P =0.542, respectively). Note that
there was a speed accuracy trade-off in participants’
responses to the unimodal auditory and unimodal visual tar-
gets.

Discussion

The results of Experiment 1 revealed a robust Colavita
visual dominance effect; that is, when participants failed to
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respond correctly on the bimodal target trials (which they
did on 24.4% of all bimodal trials), they made significantly
more visual-only than auditory-only responses (18.2 vs.
6.2% of all bimodal trials, respectively). Hence, the results
of Experiment 1 clearly show that the Colavita effect can be
extended to the processing of complex stimuli, in addition
to the simple lights and sounds that have been used in the
majority of previous research (though see Sinnett et al.,
2007, for a recent exception). Note that the magnitude of
the Colavita visual dominance effect (the percentage of
visual-only responses minus the percentage of auditory-
only responses) in this experiment using congruent (12.8%)
and incongruent (11.0%) complex stimuli (colour photo-
graphs and animal vocalizations) was larger than that
reported in many other recent studies of the Colavita effect
that have used simple light and sound stimuli (e.g. Koppen
and Spence 2007a, where a mean Colavita effect of 4.2%
was reported). This difference may reflect the increased per-
ceptual load attributable to the use of complex auditory and
visual stimuli (i.e. meaningful sounds and pictures of actual
objects, rather than simple lights and flashes) in the present
study. Presumably, the additional information contained in
the presentation of the complex, meaningful stimuli (e.g.
including details such as the colour, average frequency,
average volume, how the stimulus changes over time,
semantic category, etc.) would add to the processing load of
the participants, which would, in turn, perhaps result in
more errors being made (see Lavie 2005; Sinnett et al.,
2007).

Contrary to our predictions, however, the magnitude of
the Colavita visual dominance effect was not affected by the
semantic congruency between the auditory and visual com-
ponents of the bimodal target stimuli. The comparison
yielded a P value' of 0.552, with a correspondingly low-
observed power” of 0.129, which suggests that one would
be justified in accepting the null hypothesis (see Frick
1995, for the criteria that should be met before one accepts
the null hypothesis) that the Colavita visual dominance
effect is simply not modulated by the semantic congruency
between the auditory and visual stimuli on bimodal target
trials.

It is important to note, however, that stimulus congru-
ency did influence performance. In particular, stimulus

! Frick (1995) has argued that one cannot confidently accept the null
hypothesis when the P value is in the range from 0.200 to 0.500, but if
the P value is greater than 0.500, he argues that this provides one
important criterion for accepting the null hypothesis.

2 Observed power is the probability of correctly rejecting a false statis-
tical null hypothesis (Type II error; the probability of a Type II error is
referred to as f§) and is equal to 1 — f. Thus, while a low P-value and
a high observed power would provide support for the H1 hypothesis, a
P-value above 0.500 and a low observed power would be evidence
supporting the null hypothesis (Frick 1995).
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congruency influenced the difficulty of processing of the
bimodal stimuli; with significantly slower RTs and higher
error rates being reported for congruent bimodal targets
(604 ms; 13.5% errors) than for incongruent bimodal tar-
gets (576 ms; 10.9% errors). The slower RTs and higher
error rates observed for congruent bimodal targets suggest
that participants found it harder to separate the auditory and
visual components of the congruent stimuli (i.e. it took
them longer to realize that a bimodal stimulus had been pre-
sented) than to separate the components of the incongruent
stimuli. This would have resulted in participants taking
longer to respond to both components of the bimodal target
and making more errors (i.e. responding to only one com-
ponent of the bimodal stimulus) on the bimodal trials.

One factor that may have contributed to participants
responding more rapidly and accurately on the incongruent
bimodal target trials (as opposed to on the congruent target
trials) may have been that the mismatch between the stimuli
for the incongruent bimodal targets could have provided
participants with an extra cue to inform them that a bimodal
target had, in fact, been presented. Another explanation for
participants’ difficulty in responding to congruent (versus
incongruent) bimodal targets could be a ‘failure of binding’
(Baylis et al. 2002). That is, when participants bound the
auditory and visual stimuli together, the perception of the
visual stimulus may have hindered their processing of the
auditory stimulus because it adequately described (i.e. it
provided sufficient information concerning) the unitary
audiovisual event. If participants had experienced such a
failure to represent all aspects of the stimuli appropriately,
it would have been more difficult for them to realise that
two stimuli had been presented (which would in turn be
expected to lead to an increase in their RTs and error rates).
In sum, the semantic congruency between the auditory and
visual components of the bimodal targets influenced partic-
ipants’ performance on the Colavita task (in terms of their
RTs and error rates on bimodal trials). It did not, however,
affect the magnitude of the Colavita effect that was
observed.

It has been argued elsewhere that animals have both
more features per se, and also more features in common,
than non-living objects (e.g. McRae et al. 1997; Tyler and
Moss 2001). This makes it more difficult to distinguish two
animals from each other, than to distinguish an animal from
a non-living object. It is therefore possible, if rather
unlikely, that one reason why no effect of semantic congru-
ency on the Colavita effect was observed in Experiment 1
may have been because of the large overlap in the number
of object features for the particular stimuli used. In order to
address this possibility, a control study was run (using an
experimental procedure and design that was identical to
that used in Experiment 1) in which the participants
(N=14) were now presented with stimuli in different



Exp Brain Res (2008) 184:533-546

539

semantic categories (animals and non-living objects; e.g.
cats and phones). However, once again no significant main
effect of semantic congruency on the magnitude of the
Colavita effect was found (mean Colavita effect of 7.2 and
5.9% in the semantically congruent and semantically incon-
gruent conditions, respectively).® This result shows that the
null effect of semantic congruency on the Colavita visual
dominance effect reported in Experiment 1 cannot simply
be attributable to the specific stimuli that were presented.
Another reason why no effect of semantic congruency on
the Colavita effect was observed in either Experiment 1, or
in the control experiment (see Footnote 3), may have been
because there were only four different stimulus pairings on
bimodal trials (auditory-cat auditory-dog, auditory-cat
visual-dog, etc.) and only one exemplar of each stimulus. It
may therefore have been that these particular stimulus pair-
ings may simply have become over-learned by the partici-
pants (even for the incongruent pairings), and consequently,
over-represented in long-term episodic memory. In order to
rule out this possible explanation of the null effect of
semantic congruency on the magnitude of the Colavita
effect reported in Experiment 1, the size of the stimulus set
in the next experiment was increased from 4 to 80 stimuli.
This modification to the design made it possible for us to
present participants with many more different semantically
congruent and semantically incongruent stimulus pairings
than had been the case in Experiment 1. In addition, a
greater number of participants were tested, thus increasing
the statistical power of the experimental design, and hence
making it more likely that an effect of semantic congruency
would be found, should one exist. Finally, in order to make
the experiment more similar to the one reported by Sinnett
etal. (2007), an extra response key was introduced (the
three-key response condition). Thus, there were now three

3 Fourteen naive participants took part in this control study. The appa-
ratus, materials, design, and procedure were exactly the same as in
Experiment 1 with the sole exception that the experimental stimuli now
consisted of pictures and sounds of cats and phones (rather than of cats
and dogs as used in Experiment 1). The data from the bimodal trials in
which the participants failed to respond to one of the stimuli were ana-
lysed using an ANOVA with the factors of Response (Auditory-only
or Visual-only) and Target Congruency (Congruent or Incongruent).
The analysis of the error data revealed a significant main effect of Re-
sponse [F(1, 13) = 12.00, P = 0.004], attributable to participants mak-
ing significantly more visual-only than auditory-only responses (21.3
vs. 8.2% of all bimodal trials, respectively); once again demonstrating
a Colavita effect. The analysis of the error data also revealed a signifi-
cant main effect of Target Congruency [F(1, 13) = 10.64, P = 0.006],
attributable to participants making significantly more errors when the
auditory and visual components of the bimodal stimuli were congruent
(16.4% errors) than when they were incongruent (13.1% errors). Cru-
cially, however, there was no interaction between Response and Target
Congruency [F(1, 13) = 1.47, P = 0.247]. Hence, once again, no effect
of semantic congruence on the magnitude of the Colavita effect was ob-
served.

separate response keys, one for each type of stimulus (an
auditory response key, a visual response key and a bimodal
response key). Adding the third response key made it possi-
ble to evaluate the possibility that the errors participants
made on bimodal trials were due to a difficulty in the pro-
cessing of the stimuli, rather than due to any difficulties in
making two keypresses (cf. Koppen and Spence 2007a).

Experiment 2
Methods
Farticipants

About 30 naive participants (mean age of 21 years, age
range from 19 to 27 years; 11 males and 19 females) took
part in Experiment 2. All except three of the participants
were right-handed by self-report, with normal or corrected-
to-normal sight and normal hearing. The experimental ses-
sion lasted for ~30 min.

Apparatus, materials and procedure

These were exactly the same as in Experiment 1 with the
exception of the particular stimuli used and the response
requirements of the task. The auditory stimuli consisted of
animal sounds (8 bit; mono-channel; 11,500 Hz digitiza-
tion), some of which were obtained from an online library
(http://www.cofc.edu/~marcellm; downloaded 9 May 2005;
for normative data concerning these stimuli, see Marcell
etal. 2000) and the rest from http://www.alfreesound-
effects.com/animal.html. The visual stimuli were comprised
of 40 line-drawing pictures of different animals which were
chosen from the Snodgrass and Vanderwart picture database
(see Snodgrass and Vanderwart 1980, for standardization
statistics) and edited using Microsoft Paint Version 5.1. On
the congruent bimodal trials, the auditory and visual stimuli
depicted the same animal, while on the incongruent bimodal
trials they depicted different animals. There were now three
response keys (the three-key response condition), one for
auditory, one for visual and one for bimodal targets. The
allocation of the stimuli to the response keys (the ‘b’, ‘n’
and ‘m’ keys) was counterbalanced across participants.

Design

The design was exactly the same as in Experiment 1 with
the exception that the participants were presented with 4
blocks of 200 trials, each consisting of 80 visual trials, 80
auditory trials and 40 bimodal trials. The participants were
presented with an equal number (20) of bimodal congruent
and bimodal incongruent trials per block.
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Results
Error data

The results of Experiment 2 are highlighted in Table 2. The
data from the bimodal trials in which the participants failed
to respond to one of the stimuli were analysed using an
ANOVA with the factors of Response (Auditory-only or
Visual-only) and Semantic Congruency (Congruent or
Incongruent). The analysis of the error data revealed a sig-
nificant main effect of Response [F(1, 29)=52.07,
P < 0.001], attributable to participants making significantly
more visual-only than auditory-only responses (24.8% vs.
8.6% of all bimodal trials, respectively); thus, a large and
highly significant Colavita visual dominance effect was
once again observed. The analysis of the data also revealed
a significant main effect of Semantic Congruency [F(1,
29) =6.61, P =0.016], attributable to participants making
significantly more errors on the congruent bimodal trials
(17.6% errors) than on the incongruent bimodal trials
(15.8% errors). Crucially, however, there was no significant
interaction between Response and Semantic Congruency
[F<1,ns.].

An ANOVA performed on the unimodal and bimodal
error data revealed a significant main effect of Stimulus
(Auditory, Bimodal, or Visual) [F(1.67, 48.43)=45.53,
P < 0.001], attributable to participants making significantly
more errors on the bimodal trials (33.4% errors) than on
either unimodal auditory (7.3% errors; #(29)=8.50,
P <0.001) or unimodal visual trials (14.1% errors;
1(29) = 6.05, P<0.001), and more errors on unimodal
visual than on the unimodal auditory trials (#(29) =3.12,
P =0.003).

RT data

The RT data from the congruent and incongruent bimodal
target trials were combined in order to compare the uni-
modal RT data with the bimodal RT data. An ANOVA
performed on this data with the factor of Stimulus (Audi-
tory, Bimodal, or Visual) revealed a significant main
effect [F(2, 58) =61.74, P <0.001]. This term was attrib-
utable to participants responding significantly more
rapidly to unimodal visual stimuli (477 ms) than to the
unimodal auditory stimuli (525 ms; 1#(29) =5.76,
P <0.001) or to the bimodal stimuli (573 ms;
#(29) = 11.47, P <0.001), and significantly more rapidly
to the unimodal auditory stimuli than to the bimodal stim-
uli (#(29) =5.23, P < 0.001).

Next, the congruent and incongruent bimodal target data
were analysed in an ANOVA with the factor of Semantic
Congruency (Congruent or Incongruent). This analysis
revealed a significant main effect of Semantic Congruency
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[F(1,29) =9.78, P =0.004], with the participants respond-
ing significantly more rapidly to congruent bimodal stimuli
(567 ms) than to incongruent bimodal stimuli (579 ms).
Thus, there was a speed-accuracy trade-off in the data in
terms of participants’ responses to bimodal congruent and
incongruent stimuli.

Discussion

Once again, the results of Experiment 2 revealed a robust
Colavita visual dominance effect, with participants mak-
ing significantly more visual-only than auditory-only
responses (24.8 vs. 8.6% of all bimodal trials). In addi-
tion, no effect of semantic congruence was observed on
the magnitude of the Colavita effect. The comparison
yielded a P = 0.664, with a correspondingly low-observed
power of 0.124, which once again supports the null
hypothesis that the Colavita visual dominance effect is
simply not modulated by the semantic congruency
between the auditory and visual stimuli on the bimodal
target trials. This null effect was observed despite the fact
that a greater variety of stimuli were now presented to the
participants, so that there was less chance of the stimuli
becoming over-learned and over-represented in the partic-
ipants’ long-term episodic memory. Note that the magni-
tude of the Colavita effect, and the overall error rate, was
larger in Experiment 2 (Colavita effect = 16.2%, bimodal
error rate =33.4%) than in Experiment 1 (Colavita
effect = 12.0%, bimodal error rate = 24.4%). This differ-
ence may have been due to the greater variability in the
stimuli that were presented to participants, which would
have been expected to increase the perceptual load of their
task (Lavie 2005), thus increasing the processing demands
of the task somewhat. Indeed, Sinnett etal. (2007)
recently reported a similar increase of error rates as a
result of increasing the size of the stimulus set that they
presented participants with.

Once again, semantic congruency had a significant effect
on participants’ performance (faster RTs but more errors in
the congruent than in the incongruent conditions), showing
that the manipulation of semantic congruency was effective
in modulating certain aspects of participants’ performance
(see Fig. 2). However, one question to arise from the com-
parison of the results of our manipulation of semantic con-
gruency in Experiments 1 and 2 concerns why semantic
congruency resulted in a decrease of the RTs in Experiment
2, while apparently having the opposite effect in Experi-
ment 1.

One explanation for this difference is in terms of the
speed-accuracy trade-off that was present in Experiment
2 but not in Experiment 1 (for bimodal congruent and
incongruent stimuli). The speed-accuracy trade-off
observed in Experiment 2 meant that participants
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responded more rapidly to congruent stimuli at the
expense of response accuracy, thus resulting in faster
RTs but higher error rates for congruent bimodal targets
(than for incongruent bimodal targets). This speed-accu-
racy trade-off could have been caused by participants
experiencing time pressure, possibly caused by the
higher perceptual load (due to the greater variety of
stimuli) in Experiment 2.

A second explanation for the reversal of RTs for con-
gruent and incongruent trials between Experiments 1 and
2 may be related to the different responses requirements
used in the two experiments (i.e. the participants
responded with two responses keys in Experiment 1, but
with three response-keys in Experiment 2) that makes any
simple comparison of the results of the two experiments
somewhat difficult. In Experiment 1, the participants
responded to bimodal targets using the auditory and visual
response keys and thus did not have to suppress their
responses to the individual components of the bimodal
stimuli (i.e. the participants could respond to the bimodal
target in the same way as if they were responding sepa-
rately to the auditory and visual components of the stimu-
lus). In contrast, in Experiment 2, participants responded
to the bimodal targets using a dedicated bimodal response
key, which meant that they had to suppress their tendency
to respond to the auditory and visual stimuli individually
(i.e. they had to refrain from pressing either the auditory
or visual response keys).

Therefore, in Experiment 2, when an incongruent bimo-
dal stimulus was presented, the participants may have
found it easier to distinguish the two stimuli (this may be
reflected in the higher accuracy of their responses to the
incongruent stimuli), but may have taken longer to respond
due to having to suppress their responses to the individual
auditory and visual components of the stimulus. Whereas,
when a congruent bimodal stimulus was presented, the par-
ticipants may have found it harder to distinguish the two
stimuli (as reflected in the higher error rate when they
responded to congruent stimuli), and hence may have
tended to perceive the stimulus array as consisting of a the
presentation of a single stimulus (despite the fact that it
actually consisted of stimuli in two different sensory
modalities). The participants may therefore have
responded more rapidly because they did not have to sup-
press any tendency to respond to the auditory and visual
stimuli individually.

It should be noted here that the analysis of the RT data in
both Experiments 1 and 2 revealed that participants
responded significantly more rapidly to visual than to audi-
tory stimuli overall, and more rapidly to unimodal visual
than to unimodal auditory stimuli. It could therefore be
argued that the occurrence of the Colavita effect may have
been due to participants responding more rapidly to the

visual than to the auditory component of the bimodal target
stimuli. However, this explanation can be ruled out given
that other researchers have demonstrated significant Cola-
vita effects even when participants respond significantly
more rapidly to the auditory stimuli than to the visual stim-
uli (e.g. Colavita 1974; Colavita et al. 1976; Colavita and
Weisberg 1979; Koppen and Spence 2007a; Sinnett et al.,
2007). Furthermore, responses to the auditory and visual
components of the bimodal targets tend to be coupled (see
Koppen and Spence 2007a on these points), further arguing
against this possibility. Finally, as we shall see in Experi-
ment 3, the Colavita effect still occurs even under condi-
tions where participants respond more rapidly to unimodal
auditory targets than to unimodal visual targets. Hence, the
Colavita effect cannot simply occur due to participants
responding more rapidly to the visual component of bimo-
dal target stimuli.

The finding that the participants in Experiment 2
responded significantly more rapidly and accurately to
the unimodal visual and unimodal auditory targets than
to the bimodal targets, suggests that the relatively high-
error rates and response latencies seen for the bimodal
targets in Experiment 1 were not simply caused by the
specific response requirements of the task (i.e. having to
make two responses rather than just one). Instead, these
results suggest that the poorer performance towards
bimodal targets may have been an outcome of partici-
pants’ difficulty in perceptually processing the bimodal
stimuli.

In the two experiments reported thus far, the auditory
and visual stimuli only represented token attributes of the
particular stimulus categories (e.g. cats) concerned. For
example, the actual cat sounds that were presented did
not directly correspond with the particular image of the
cat shown on the screen. A further difference between the
auditory and visual stimuli in Experiments 1 and 2 was
that the auditory signals were dynamic (which, by defini-
tion, auditory signals must be) whilst the visual images
consisted of statically presented images. It could there-
fore be argued that one reason why no modulation of the
Colavita effect by the semantic congruency of the stimuli
was observed in Experiments 1 and 2 was because there
was no dynamic relationship between the auditory and
visual stimuli. One important question that arises here
regards whether using dynamic audiovisual stimuli
belonging to the same underlying perceptual event (so
that there would be a direct correspondence, rather than a
token correspondence, between the auditory and visual
stimuli) would result in a significant modulation of the
Colavita effect as a function of the congruency of the
stimuli.

The time-varying correlation between auditory and
visual stimuli has been shown to be a critical factor
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contributing to multisensory integration (Calvert et al.
2004; Rosenblum et al. 1996); the time-varying relation-
ship between the auditory and visual events contributes to
the structure, or the physical relationship, between the
auditory and visual stimuli. Therefore, a dynamic stimu-
lus pairing would provide an even more rigorous test of
the impact of stimulus congruency on the Colavita effect,
because the likelihood of the auditory and visual stimuli
being ‘bound’ into a singular object or event would be
much greater (presumably because there would be more
automaticity to the binding). For these reasons, the effects
of stimulus congruency on the Colavita visual dominance
effect was explored in Experiment 3 using time-varying
dynamic stimuli (i.e. audiovisual speech). One of the rea-
sons why speech stimuli were used (rather than non-
speech stimuli) was because it has recently been shown
that participants are more sensitive to the match versus
mismatch between dynamic auditory and visual stimuli
for speech stimuli than they are for non-speech stimuli
(see Vatakis and Spence, 2007a, b). Therefore, any effects
of stimulus congruency would be more likely to emerge
with speech stimuli.

Experiment 3
Methods
Farticipants

About 15 participants (mean age of 23 years, age range
from 19 to 36 years; 11 females) took part in Experiment 3.
All of the participants were right-handed by self-report,
with normal or corrected-to-normal sight and normal hear-
ing. The experimental session lasted for ~30 min.

Apparatus and materials

These were exactly the same as in Experiment 2 with the
exception of the particular stimuli used. The auditory and
visual stimuli were created from video clips (DV/PAL,
720 x 576 pixels) which consisted of digital recordings of
an English speaker (only the lower half of the face was
shown) pronouncing the syllables ‘mo’ and ‘da’ (i.e. there
were two video clips). The sound and video clips were
edited using Adobe Premiere 6.0 software. Each clip was
360-ms long (nine frames, at 40 ms/frame). The visual
stimuli were presented at a rate of 25 frames/s. For the
visual stimuli, the speech event started at the point of artic-
ulation of the first consonant (which lasted for 200 ms) and
ended after the production of the vowel (which lasted for
160 ms). Note that, as both /m/ and /d/ are voiced conso-
nants, the acoustic information concerning the pronuncia-
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tion of the syllable was already available at the beginning
of the stimuli. The auditory stimuli were digitized at
48,000 Hz, and presented at 65 dB(A) from the partici-
pants’ ear position.

There was one example of each type of sound or video
clip. There were therefore four possible unimodal stimuli
which could be presented together in any combination to
give rise to four possible combinations of bimodal stim-
uli, consisting of both congruent and incongruent stimu-
lus pairings (as in Experiment 1). The unimodal auditory
stimuli (/mo/, /da/) were presented together with a blank
black screen, whilst the unimodal visual ([mo], [da])
stimuli consisted of faces which articulated silently.
Incongruent bimodal stimuli were created by dubbing the
acoustic syllable /mo/ onto the visual syllable [da], or the
syllable /da/ onto the visual syllable [mo]. On the
incongruent bimodal trials, the participants clearly per-
ceived a conflict between the acoustic and visual compo-
nents of the stimulus (i.e. the features of these two
syllables did not lead to experience a McGurk illusion),
whereas on the congruent bimodal trials, the visual and
the acoustic components matched. The participants were
presented with the three-key response condition (as in
Experiment 2).

Design and procedure

The design was exactly the same as in Experiment 2 with
the sole exception that the participants were presented with
three blocks of trials (rather than four blocks). The proce-
dure was exactly the same as in Experiment 1 with the
exception that the target was presented followed by a silent
black screen which was presented for 800 ms.

Results

The participants failed to make any response on 9.3% of the
trials overall, and these trials were not included in the data
analyses. The results of Experiment 3 are highlighted in
Table 2.

Error data

The data from the bimodal trials in which the participants
failed to respond to one of the stimuli were analysed using
an ANOVA with the factors of Response (Auditory-only
or Visual-only) and Congruency (Congruent or Incongru-
ent). There was a significant main effect of Response [F(1,
14) =9.24, P =0.009], indicating that participants made
significantly more visual-only than auditory-only
responses (10.6% vs. 4.6% of all bimodal trials, respec-
tively), demonstrating a significant Colavita visual domi-
nance effect. The main effect of Congruency failed to
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reach significance, and crucially, there was no significant
interaction between Response and Congruency, for both
terms [F < 1, n.s.].

An ANOVA performed on the unimodal and bimodal
error data revealed a significant main effect of Stimulus
(Auditory, Bimodal, or Visual) [F(1.08, 15.13)=19.10,
P < 0.001], attributable to participants making significantly
more errors on the bimodal trials (15.2% errors) than on
either unimodal auditory (3.5% errors; #(29)=4.35,
P=0.001) or unimodal visual trials (3.8% errors;
1(29) =4.53, P <0.001), but no more errors on unimodal
visual than on the unimodal auditory trials (#(29) =0.51,
P =0.620).

RT data

The RT data from the congruent and incongruent bimodal
target trials was combined in order to compare the unimo-
dal RT data with the bimodal RT data. An ANOVA per-
formed on this data with the factor of Stimulus (Auditory,
Bimodal, or Visual) revealed a significant main effect [F(2,
28) =19.40, P < 0.001]. This term was attributable to par-
ticipants responding significantly more slowly to bimodal
stimuli (627 ms) than to unimodal visual stimuli (584 ms;
1(14) =4.01, P = 0.001) or to the unimodal auditory stimuli
(559 ms; #(14) =5.95, P <0.001), and more rapidly to the
unimodal auditory than to the unimodal visual stimuli
(1(14) =2.24, P = 0.042).

Next, the congruent and incongruent bimodal target data
were analysed in an ANOVA with the factor of Congru-
ency (Congruent or Incongruent). However, this analysis
did not reveal a significant main effect of Congruency
[F<1,ns.].

Discussion

The results of Experiment 3 highlighted a robust Colavita
visual dominance effect, with participants making signifi-
cantly more visual-only than auditory-only responses
(10.6% vs. 4.6% of all bimodal trials). Once again, no
effect of semantic congruency was observed on the magni-
tude of the Colavita effect. The comparison yielded a
P =0.741, with a correspondingly low-observed power of
0.061, once again supporting the null hypothesis that the
Colavita visual dominance effect is not modulated by the
congruency between the auditory and visual stimuli on
bimodal target trials. This finding was observed despite
the fact that dynamic audiovisual stimuli that belonged to
the same underlying perceptual event (i.e. so that there
was a time-varying correspondence between the auditory
and visual stimuli) were used (cf. Vatakis and Spence,
2007a).

In contrast to the results of Experiments 1 and 2, the
congruency of the stimuli had no significant main effect
on participants’ performance (in terms of their response
latencies and error rates). This does not mean, however,
that the manipulation of stimulus congruency was
ineffective; indeed, other researchers have found effects
of stimulus congruency which did not emerge in the
behavioural data (e.g. see Taylor et al. 2006; where the
effects of stimulus congruency emerged in the fMRI data
instead). One reason why behavioural effects of congru-
ency may not have emerged in Experiment 3 is because
the effects of stimulus congruency on the integration of
audiovisual speech signals is weaker when the auditory
information is clear (i.e. when it is not degraded; Callan
et al. 2001, 2003; Sekiyama et al. 2003). The auditory
speech stimuli presented in Experiment 3 were clear,
which could have meant that the effects of stimulus con-
gruency on participants’ behavioural performance may
have been too weak to have resulted in a significant effect
on performance.

The analysis of the RT data in Experiment 3 revealed
that participants responded significantly more rapidly to
the unimodal auditory than to the unimodal visual tar-
gets. The fact that the Colavita effect still emerged
despite this pattern of response latencies, strengthens our
argument (outlined earlier) that the Colavita effect
cannot simply be attributable to participants responding
to the visual stimuli more rapidly than to auditory
stimuli.

As dynamic audiovisual stimuli were presented in
Experiment 3, which would have been expected to
increase the perceptual load of the participants’ task (rela-
tive to the more static stimuli that were presented in
Experiments 1 and 2), one would predict that the magni-
tude of the Colavita effect, and the overall error rate
would be higher in Experiment 3 than in Experiments 1
and 2. However, the magnitude of the Colavita effect, and
the overall error rate, were in fact smaller in Experiment 3
(Colavita effect = 6.2%, bimodal error rate = 15.2%) than
in Experiments 1 and 2 (Colavita effects =12.0 and
16.2%, respectively; bimodal error rates =24.4 and
33.4%, respectively). This pattern of error rates can be
explained in terms of the speed-accuracy trade-off
between the experiments: that is, participants responded
more accurately and less rapidly to stimuli in Experiment
3 than they did in Experiments 1 and 2. One reason for
this trade-off might have been because different experi-
menters ran the experiments (C. Koppen conducted
Experiments 1 and 2, whereas A. Alsius conducted Exper-
iment 3), which may have resulted in a difference in the
emphasis on participants’ error rates and speed of
responding (i.e. it is possible that speed of response was
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emphasised more strongly in Experiments 1 and 2 than in
Experiment 3).

General discussion

The three experiments reported in the present study repre-
sent one of the very few occasions in which the Colavita
effect has been investigated using stimuli that are more
complex than the simple auditory brief beeps and visual
flashes that have been used in so much of the previous
research on multisensory information processing (and, in
particular, in previous research on the Colavita effect).
Furthermore, Experiment 3 represents the first time that
speech stimuli have been used to investigate the Colavita
effect. The primary aim of the experiments reported in this
study was to investigate whether manipulating the stimu-
lus congruency between the auditory and visual stimuli
would influence the magnitude of the Colavita visual
dominance effect. A null effect of stimulus congruency on
the magnitude of the Colavita effect was found in all three
of the experiments. The fact that this null result was repli-
cated in three separate experiments fulfils the good effort
criterion for accepting the null hypothesis (see Frick
1995).

It should, however, be noted that the participants were
not simply insensitive to the manipulations of semantic
congruency used in the present study. Stimulus congru-
ency had a significant effect on certain aspects of partici-
pants’ behavioural performance in Experiments 1 and 2;
in particular, the congruency of the bimodal targets sig-
nificantly affected the speed and accuracy of participants’
responses to the bimodal targets. This pattern of results
suggests that participants found it harder to separate the
auditory and visual components of a bimodal target when
they were congruent than when they were incongruent.
There was, however, no effect of stimulus congruency on
the magnitude of the Colavita visual dominance effect
itself.

It is interesting to contrast the null results of stimulus
congruency on the Colavita effect reported here with the
results of previous studies where significant effects of
semantic congruency on behavioural performance have
been observed (Laurienti etal. 2004; Molholm et al.
2004). In the studies of both Laurienti et al. and Molholm
et al., participants had to identify pre-specified targets
(e.g. an auditory or visual red or blue target in Laurienti
et al.’s study, or a sound or a static image of a cow in Mol-
holm et al.’s study) which could be presented in either a
congruent audiovisual pairing (e.g. the same target would
be presented in both sensory modalities) or an incongru-
ent audiovisual pairing (both a target and non-target
would be presented). In both studies, the participants
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responded significantly faster and more accurately to tar-
gets in congruent pairings than to targets in incongruent
pairings. The authors argued that the redundant target
effect (Miller 1982; the phenomenon whereby participants
respond more rapidly to single versus multiple targets,
which has typically been explained by neural co-activa-
tion) may have contributed to the improved performance
observed for congruent target pairings because partici-
pants had two targets pertaining to a single target
response. In contrast, the participants in the present study
had to make one response to each stimulus, thus any
redundant target effects that may have been the basis of
the stimulus congruency effects observed in the aforemen-
tioned studies would not have affected the Colavita effects
reported in this study.

One final contrast between Laurienti et al.’s (2004) and
Molholm etal.’s (2004) studies and the experiments
reported in this study is that they used an identification
task (in which a redundant target could help to speed up
the identification process), whereas participants in the
experiments reported in this study were presented with a
modality detection task* (in which the identification of the
stimuli may not necessarily have contributed to the judg-
ment of which modality the target appeared in).

In order to investigate whether the RT benefits for
semantically congruent stimuli observed in the afore-
mentioned studies could also be observed in a Colavita-
type paradigm, a follow-up study was conducted in
which participants had to respond to the semantic attri-
butes of the stimuli (cf. Laurienti et al. 2004; Molholm
et al. 2004; Sinnett et al., 2007). The new participants
(N =10) were presented with the same stimuli as in
Experiment 1, but now they had to respond to the seman-
tic category of the target (cat or dog) rather than to its
modality of presentation. Thus, for the congruent bimo-
dal trials, the participants only had to press one key (e.g.
the ‘cat’ response key). Whenever an incongruent bimo-
dal stimulus (containing both a cat and a dog target) was
presented, the participants were explicitly instructed to
press both response keys. Despite the fact that partici-
pants now had to respond to the semantic category of the
targets, the Colavita effect was observed once again
(mean Colavita effect of 10.1%). Furthermore, the mag-
nitude of the Colavita visual dominance effect reported
in Experiment 2 (10.1%) was just as large as that

“It should be noted that the task that participants had to perform could
also be considered to be an identification task (where participants dis-
criminate which modality a target is presented in). Quite what is the
most appropriate description for the task is ambiguous, as participants
were both detecting stimuli in different modalities, and discriminating
which modality a target was presented in.
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observed in Experiment 1
P =0.740).

Importantly, the participants in our follow-up study
responded more rapidly to congruent bimodal targets
(where only a single manual response was required;
512 ms) than to either of the unimodal auditory (570 ms) or
unimodal visual targets (539 ms). They also responded
more rapidly to congruent than to incongruent bimodal tar-
gets (539 ms vs. 712 ms). This result might be explained (in
the same way as the results of Laurienti et al. 2004 and
Molholm et al. 2004) in terms of a redundancy gain effect
(cf. Miller 1982). Thus, it is possible to demonstrate an
effect of semantic congruency, in terms of RT benefits to
congruent targets, whilst using a Colavita task design in
which participants have to identify the semantic category
(but not the sensory modality) of the target. Stimulus con-
gruency does not, however, appear to modulate the Cola-
vita effect itself when participants have to respond to the
sensory modalities of the targets.

While no evidence of an effect of semantic congruency
on the Colavita visual dominance effect was found, spatial
and temporal coincidence, factors that may contribute to
the ‘unity effect’ (and therefore to the multisensory bind-
ing of auditory and visual stimuli; Spence 2007), have
recently been shown to modulate the Colavita effect
(Koppen and Spence 2006, 2007b; C. Koppen and C.
Spence, submitted data). Although both semantic congru-

(10.1%; 1(20) = 0.34,

5 Ten naive participants took part in this control study. The apparatus,
materials, design, and procedure were exactly the same as in Experi-
ment 1 with the sole exception that the participants were now instruct-
ed to press one key in response to cats and another key in response to
dogs. Thus, for the congruent bimodal trials, the participants only had
to press one key (a single-response trial). Whenever an incongruent bi-
modal stimulus (containing both a cat and a dog target) was presented,
the participants were explicitly instructed to press both response keys
(a two-response trial). The data from the incongruent bimodal trials in
which the participants failed to respond to one of the two stimuli were
analysed using an ANOVA with the factors of Response (Auditory-
only or Visual-only) and Auditory Stimulus (Cat or Dog). The analysis
revealed a significant main effect of Response [F(1, 9) = 8.27, P =
0.010], with participants making significantly more visual-only than
auditory-only responses (19.2 vs. 9.1% of all bimodal trials, respec-
tively), thus demonstrating a robust Colavita visual dominance effect.
None of the other terms in this analysis of the error data reached sig-
nificance [both Fs < 1, n.s.]. The RT data from those trials in which
only a single response was required were analysed using an ANOVA
with the factor of Stimulus Type (Auditory, Visual, or Bimodal) and
revealed a significant main effect [F(2, 18) = 17.95, P < 0.001]. Partic-
ipants responded more rapidly to bimodal targets (512 ms) than to ei-
ther auditory (570 ms; #(9) =5.59, P <0.001) or visual targets (539 ms;
#(9) = 3.84, P = 0.004), and more rapidly to visual than to auditory tar-
gets (#(9) =2.79, P =0.021). Finally, an ANOVA performed on the bi-
modal congruent and incongruent RT data with the factors of Semantic
Congruency (Congruent or Incongruent) revealed a significant main
effect [F(1,9)=38.92, P <0.001], with participants responding signifi-
cantly more rapidly to congruent (539 ms) than to incongruent targets
(712 ms).

ency and spatiotemporal factors contribute to multisensory
binding, the important distinction between them is that the
latter can be considered as structural (i.e. bottom-up) fac-
tors that determine the actual physical relationship
between auditory and visual stimuli (see Radeau and Ber-
telson 1977, for a discussion of structural/bottom-up and
cognitive/top-down factors influencing multisensory
perception; Spence 2007; Welch 1999). In contrast, the
semantic congruency of audiovisual stimuli is learnt
through experience, and is thought to occur later in object
processing than, for example, the calculation of an object’s
spatial position (see Laurienti et al. 2004). Therefore, it
could be argued that the Colavita visual dominance effect
is affected by factors that contribute to the structural bind-
ing of audiovisual stimuli, but not by those factors, such as
semantic congruency, that presumably emerge later in
stimulus processing.
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