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Under many conditions, humans display a robust tendency to rely more on visual information than on other
forms of sensory information. Colavita (1974) illustrated this visual dominance effect by showing that naive
observers typically fail to respond to clearly suprathreshold tones if these are presented simultaneously with a
visual target flash. In the present study, we demonstrate that visual dominance influences performance under
more complex stimulation conditions and address the role played by attention in mediating this effect. In Experi-
ment 1, we show the Colavita effect in the simple speeded detection of line drawings and naturalistic sounds,
whereas in Experiment 2 we demonstrate visual dominance when the task targets (auditory, visual, or bimodal
combinations) are embedded among continuous streams of irrelevant distractors. In Experiments 35, we ad-
dress the consequences of varying the probability of occurrence of targets in each sensory modality. In Experi-
ment 6, we further investigate the role played by attention on visual dominance by manipulating perceptual load
in either the visual or the auditory modality. Our results demonstrate that selective attention to a particular
sensory modality can modulate—although not completely reverse—visual dominance as illustrated by the

Colavita effect.

When confronted with stimuli coming from different
sensory modalities, humans often rely on the modality
that is most precise or accurate for the given task (see,
e.g., Ernst & Biilthoff, 2004; Welch & Warren, 1980; but
see also Battaglia, Jacobs, & Aslin, 2003). Both everyday
experience and the available empirical evidence support
the widely held impression that vision is typically the
dominant sensory modality for humans in many situations
(Posner, Nissen, & Klein, 1976; Rock & Harris, 1967;
Rock & Victor, 1964; see also Cooper, 1998; Hohnsbein,
Falkenstein, Hoormann, & Blanke, 1991; Klein, 1977;
Quinlan, 2000), although it is possible, under certain con-
ditions, to demonstrate sensory dominance by the audi-
tory and/or somatosensory systems (Ernst & Banks, 2002;
Ernst, Banks, & Bilthoff, 2000; Lederman & Abbott,
1981; Morein-Zamir, Soto-Faraco, & Kingstone, 2003;
Sekuler, Sekuler, & Lau, 1997; Shams, Kamitani, & Shi-
mojo, 2000). Posner et al. (1976) argued that visual domi-
nance might represent a by-product of attentional pro-
cesses, hypothesizing that humans have a strong tendency
to actively (i.e., endogenously) attend to visual events as
a means of compensating for the poor alerting properties
of the visual system (in comparison with the auditory or

tactile system; see also Klein, 1977; Spence, Nicholls, &
Driver, 2001; Spence, Shore, & Klein, 2001).

The dominance of the visual modality is not confined to
humans. Shapiro, Jacobs, and LoLordo (1980) suggested
that many other species may also be visually dominant
under normal (i.e., nonaroused) conditions, since a ma-
jority of biologically important information is received
visually. Indeed, visual dominance effects over audition
have now been reported in cows (Uetake & Kudo, 1994),
pigeons (Foree & LoLordo, 1973; Kraemer & Roberts,
1985; Randich, Klein, & LoLordo, 1978), and rats (Melt-
zer & Masaki, 1973) with the use of food acquisition pro-
cedures (operant conditioning; see also Partan & Marler,
1999). Interestingly, both animal and human subjects ap-
pear to “switch” their attention more toward the auditory
modality under conditions of high arousal in order to react
more rapidly to potential threats. For example, audition
appears to be dominant for controlling avoidance behav-
iors, such as preventing electric shocks (see, e.g., Foree
& LoLordo, 1973; Gilbert, 1969; Shapiro et al., 1980).
Thus, in the case of animal research, vision seems to be
dominant for certain behaviors, such as appetitive behav-
iors, whereas audition appears to be more dominant for
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others, such as avoidance behaviors. The fact that visual
dominance in animals can be reduced under the appropri-
ate behavioral conditions suggests a role of attention in
explaining why vision appears to be the dominant sense
under normal conditions, supporting Posner et al.’s (1976)
original proposition.

Colavita (1974) described one of the most dramatic ex-
amples of visual dominance, or prepotency (see Posner,
Nissen, & Ogden, 1978; Welch & Warren, 1986, for early
reviews of the phenomenon of visual dominance). In Co-
lavita’s study, participants were asked to press one button
whenever they heard a tone, and another button whenever
they saw a light. In the majority of trials, only one stimulus
(atone or a light) was presented unpredictably, and, as one
would expect, participants responded both rapidly and ac-
curately. A few trials (5 out of 35) interspersed throughout
the experiment were bimodal, consisting of the simultane-
ous presentation of the tone and the light. Strikingly, in
these bimodal trials, participants almost always failed to
respond to the sound, pressing only the visual response
button on 49 of 50 trials, across all 10 participants tested
in the experiment. Furthermore, a number of the partici-
pants reported that they did not even hear the auditory
stimulus on the bimodal test trials on which they had re-
sponded to the light (16 of 49 trials). This tendency to re-
spond only to the visual event was particularly surprising
given that response latencies for unimodal auditory and
visual stimuli were equivalent (297 vs. 299 msec, respec-
tively). Moreover, when presented in separate blocks of
experimental trials (i.e., under conditions of focused at-
tention), participants typically responded more rapidly to
the auditory stimulus than to the visual stimulus (Experi-
ment 1, 179 vs. 197 msec, respectively).

In his pioneering study, Colavita (1974) informed par-
ticipants that the rare bimodal trials occurring during the
course of the experimental session were “accidental” and
gave no specific instruction about how participants should
respond on such trials—even going so far as to apologize
to the participants for their very occurrence! Although
this was done in an attempt to keep participants from re-
alizing the true purpose of the experiment, it does raise
the possibility that task demands and/or experimenter ex-
pectancy effects may have contributed to the pattern of
results obtained (i.e., Intons-Peterson, 1983; Orne, 1962;
Pierce, 1908).! Moreover, in subsequent follow-up experi-
ments (see, e.g., Egeth & Sager, 1977), the auditory and
visual stimuli were presented from different spatial loca-
tions. Consequently, spatial attention may have played a
role in determining the results, given the possible pref-
erence of observers for responding to stimuli presented
at or near fixation (usually the visual event), rather than
to stimuli presented elsewhere, such as inside the head
(when presented over headphones) or from peripheral
loudspeakers.2

The present study had two goals. The first was to ex-
tend the Colavita (1974) visual dominance effect to more
complex situations. The majority of studies that have in-
vestigated the Colavita effect have used comparatively
simple events—such as brief auditory beeps and light
flashes—and have required that subjects passively wait

for the occurrence of a stimulus requiring imperative re-
sponse (see Egeth & Sager, 1977; Hohnsbein et al., 1991;
Quinlan, 2000; Shapiro, Egerman, & Klein, 1984; Sha-
piro & Johnson, 1987). We extended the investigation of
visual dominance to situations involving the presentation
of more complex stimuli in a task involving the search
for predetermined targets (pictures and sounds) embed-
ded amongst a stream of distractor stimuli. Our reasoning
was that this procedure should increase the overall percep-
tual load of the task (Lavie, 2005) in comparison with the
simple detection of beeps and flashes used previously (see
Colavita, 1974), perhaps representing everyday life multi-
sensory contexts more accurately (see also Basil, 1994).

This brings us to the second goal of the present study,
which was to address the role that attention may play in
visual dominance. Posner et al. (1976) tried to explain vi-
sual dominance as a by-product of the attentional system’s
compensating for the poor alerting abilities inherent in the
visual system. However, in a series of experiments, Cola-
vita and colleagues (Colavita, 1974; Colavita, Tomko,
& Weisberg, 1976; Colavita & Weisberg, 1979) claimed
that the phenomenon actually has a sensory basis instead,
occurring regardless of the allocation of a participant’s
attention.

As an improvement over Colavita’s (1974) original ex-
perimental design, participants in the present study were
provided with three response keys corresponding to audi-
tory, visual, and bimodal targets. The participants in all
previous studies of the visual dominance effect by Co-
lavita (1974; Colavita et al., 1976; Colavita & Weisberg,
1979) were provided with just two response keys (auditory
and visual), thereby leaving open the possibility of motor
interference on bimodal trials, in which participants were
instructed to press both response keys at the same time.
By providing a third key for bimodal responses, any pos-
sible role of motor conflict at the response selection stage
was reduced. Finally, we also eliminated the potential
confounds introduced by the spatial layout of the stimuli
in previous studies by presenting our auditory and visual
events from the same spatial location.

Somewhat confusingly, the exact measure of visual
dominance in the paradigm introduced by Colavita has
varied across subsequent studies. In Colavita’s (1974,
p. 411; Colavita et al., 1976, p. 25) original studies, the
visual dominance effect was clearly defined as the failure
of participants to respond to a sound when it was paired
with a visual stimulus that would otherwise elicit a re-
sponse when presented in isolation. Although Colavita
(1974, p. 411) also reported a trend across all experiments
for auditory responses to be faster than visual responses
(185 vs. 197 msec, respectively) when presented in sepa-
rate (unimodal) experiment blocks, the error data can be
interpreted clearly as long as the visual response laten-
cies are not significantly faster than the auditory response
latencies.

Egeth and Sager (1977) introduced a second defini-
tion of visual dominance. In their study (Experiment 2),
response latencies were compared between auditory and
visual erroneous responses to bimodal targets, showing
that, as RT's to auditory errors on bimodal trials were lon-
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ger, the presence of the visual stimulus interfered in the
perceptual processing of the auditory stimulus. Egeth and
Sager (1977) also presented additional data in line with
Colavita’s (1974): When presented in separate blocks—
that is, in conditions of focused attention—response laten-
cies were shorter for auditory targets in comparison with
visual targets; whereas, when mixing auditory and visual
targets in the same block, response latencies did not dif-
fer statistically. In all of the experiments reported here,
unimodal auditory and visual targets were interspersed
within the same block. Therefore, the extent of visual
dominance will be gauged in terms of the percentage of
visually based errors relative to auditory-based errors on
bimodal trials.

In Experiment 1, we tested the basic Colavita visual
dominance effect using stimuli that were more complex
than the beeps and flashes used in previous studies. We
controlled for the spatial location of the stimuli presented
in the two sensory modalities, as opposed to using head-
phones (Egeth & Sager, 1977), informed the participants
clearly about the possible occurrence of bimodal trials,
and provided a three-alternative response set that included
one response key for each of the unimodal targets plus
another response key for their combination (for bimodal
targets). If the Colavita visual dominance effect extends
to the processing of complex stimuli, we would expect to
see an imbalance in errors for bimodal targets, with the
visual response being given significantly more often than
the auditory response.

EXPERIMENT 1

Method

Participants. Twenty-four students from the University of Barce-
lona participated in Experiment 1 in exchange for course credit. All
reported normal hearing and normal or corrected-to-normal vision
and were naive about the purpose of the experiment.

Apparatus and Materials. Ten line drawings of common ob-
jects chosen from the Snodgrass and Vanderwart (1980) database
were used in the visual stream. The pictures were rotated 30° to the
left or right to ensure task difficulty (see Rees, Russell, Frith, &
Driver, 1999). A set of 10 familiar sounds was selected from a da-
tabase of 103 sounds (downloaded from www.alfreesoundeffects
.com, 01/02/2003) on the basis of their clarity and familiarity, as
rated by three reviewers. All of the sounds were edited to a duration
of 350 msec and equivalent average amplitude using Cool Edit soft-
ware (Syntrillium Software Corp.). The pictures and sounds were
presented and randomized using EXPEG6 software (Pallier, Dupoux,
& Jeannin, 1997). Loudspeakers placed directly beside the computer
monitor were used to present the sounds at an average level of 60 dB,
as measured from the participant’s ear position. This stimulus con-
figuration ensured that the auditory and visual stimuli appeared to
originate from the same spatial location.

Procedure. The participants sat approximately 60 cm from a
computer screen in a dimly lit, sound-attenuated room. They were
instructed to monitor the auditory and visual streams and to respond
as rapidly as possible to the unimodally presented auditory and visual
targets or to the bimodal combination of both targets. The partici-
pants had to make one of three keypress responses on the keyboard
as rapidly as possible each time they saw the visual target, heard the
auditory target, or perceived both targets presented at the same time.
The three different response keys (“J,” “K,” “L”) were counterbal-
anced across participants for each response type: visual, auditory, or
bimodal. The streams were presented continuously until all targets

had been presented. Targets occurred on average once every 7.5 sec
(ranging from 5 to 10 sec) and were separated by a combination of
silence and a blank screen. Visual and auditory targets were equi-
probable (44 of each type), whereas bimodal targets were presented
22 times (i.e., 40% auditory targets, 40% visual targets, and 20%
bimodal targets), thereby increasing the proportion of bimodal trials
by more than a factor of four in comparison with Colavita’s (1974)
original study. The participants were given a training session contain-
ing five targets—two visual, two auditory, and one bimodal—before
the main experimental session. The training session was repeated
until the participant felt comfortable with the task.

Results and Discussion

The RT data for correct responses to bimodal and uni-
modal targets, as well as the error data from the bimodal
trials, were analyzed. Specifically, errors on bimodal tar-
gets consisted of one of three types of mistakes: a uni-
modal visual response, a unimodal auditory response
(i.e., responses with the unimodal keys rather than with
the required bimodal response key), or a miss. The par-
ticipants never made an inappropriate response on either
type of unimodal target trial. Misses were infrequent (4%
for unimodal auditory trials, 4% for unimodal visual tri-
als, and 2% for bimodal trials). The error rate for bimodal
target trials was 13% overall and, critically, participants
made erroneous unimodal visual responses significantly
more often than erroneous unimodal auditory responses
[7.8% vs. 2.7%; t(23) = 2.3, p = .032; see Figure 1A]. In
terms of their response latencies, participants responded
significantly more rapidly to unimodal auditory or visual
targets than to bimodal targets [#(23) = 2.6, p = .018; and
1(23) = 2.6, p < .016, respectively]. Finally, RTs to audi-
tory targets (785 msec) were not significantly different
from RTs to visual targets (775 msec) [#(23) = .5, p =
.64; see Figure 1B].

The main result to emerge from the analysis of Experi-
ment 1 was that after bimodal stimulation, participants
exhibited a tendency to erroneously press the visual re-
sponse key more often than the auditory response key
(a 5.1% difference). These results demonstrate that the
Colavita effect (one example of the phenomenon of vi-
sual dominance) extends beyond the perception of simple
stimuli, such as the brief tones and light flashes used in
a number of previous studies (see, e.g., Colavita, 1974;
Colavita et al., 1976; Colavita & Weisberg, 1979; Egeth
& Sager, 1977; Quinlan, 2000), to affect the processing
of more complex stimuli. In addition, the trend in the re-
sponse latency data seen throughout Colavita’s original
experimentation—namely, that RTs to bimodal targets are
slower than those to either auditory or visual unimodal
targets, with no differences in unimodal RTs, when pre-
sented within the same block (Colavita, 1974; Colavita
et al., 1976; Colavita & Weisberg, 1979; Egeth & Sager,
1977)—was also observed here.

Experiment 1 produced a relatively small number of
errors on the bimodal trials (13% overall) in compari-
son with those reported by Colavita and his colleagues
in their original studies (Colavita, 1974; Colavita et al.,
1976; Colavita & Weisberg, 1979). The methodological
improvements incorporated into the present study, such
as (1) informing participants of the possibility of bimodal
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Figure 1. Results of Experiment 1. (A) The distribution of errors displayed as percentages
of unimodal visual or unimodal auditory responses to bimodal trials. (B) Average RTs across
the 3 target types (visual, auditory, and bimodal). The error bars represent the standard error

of the mean for each condition.

targets, (2) including a greater proportion of bimodal tri-
als, and (3) using a third, unique response key for these
trials, might account for this reduction in the magnitude of
the effect. In fact, our experiment provides the first dem-
onstration of the Colavita effect incorporating a specific
key for bimodal target stimuli to minimize the possible
role of motor conflict. That is, participants in the present
study were able to choose the bimodal response using a
specified response key, rather than being forced to choose
one of the two unimodal response keys with no instruc-
tions about how to respond to bimodal trials, or else hav-
ing to respond by pressing both the auditory and visual
target response keys simultaneously (Colavita, 1974). We
believe that our experimental manipulation may therefore
better control for the possibility of experimenter expec-
tancy effects or task demands artificially contributing to
the observed pattern of results (see, e.g., Intons-Peterson,
1983; Orne, 1962; Pierce, 1908).

After successfully replicating the Colavita effect in Ex-
periment 1, using stimuli that were more complex than
those that had been used previously, we attempted to ex-
tend these results to a search situation with serially pre-
sented stimulus arrays in Experiment 2. This procedure
was designed to increase the overall perceptual load of
the participant’s task (see Lavie, 2005), perhaps creating
a testing situation that better represents everyday experi-
ence with multisensory stimuli (see Basil, 1994). If the
Colavita visual dominance effect can be demonstrated
to affect responses to complex stimuli in a task requiring
participants to search for targets, we would once again
expect to see an imbalance in errors for bimodal targets,
with the visual response being given more frequently.

EXPERIMENT 2

Method

Participants. Fifty-four students from the University of Barce-
lona participated in Experiment 2 in exchange for course credit. All
reported normal hearing and normal or corrected-to-normal vision,
and were naive about the purpose of the experiment.

Apparatus and Materials. Forty additional line drawings of
common objects (Snodgrass & Vanderwart, 1980) were added to the

original 10 drawings from Experiment 1 to create a total of 50 line
drawings. As in Experiment 1, the pictures were rotated 30° to the
left or right to ensure task difficulty. The original set of 10 familiar
sounds used in Experiment 1 was expanded to a set of 50; the ad-
ditional 40 sounds were also selected from the same database of
103 sounds. As in Experiment 1, sounds were selected on the basis
of their clarity and familiarity (using the same three reviewers). All
other stimulus parameters remained the same as for Experiment 1.

Procedure. Rather than simply waiting for the appearance of any
unimodal or bimodal target and responding accordingly, participants
in this experiment were instructed to actively monitor the auditory
and visual streams and to respond to predefined auditory and visual
targets (specifically, the sound of a cat meowing or the picture of a
stoplight), or to the combination of both targets. The pictures and
sounds were presented synchronously for 350 msec followed by
an empty interstimulus interval (ISI) of 150 msec, the SOA being
500 msec (see Figure 2). The participants had to make one of three
keypress responses on the keyboard as quickly as possible each
time they saw the visual target (stoplight), heard the auditory target
(cat meow), or perceived both targets presented at the same time.
The three different response keys (“J,” “K,” “L”) were counterbal-
anced across participants for each response type: visual, auditory,
or bimodal. As in Experiment 1, targets occurred on average every
7.5 sec, but were now separated by 10 to 20 items, instead of by
silence and a blank screen. The proportion of visual, auditory, and
bimodal targets was the same as in Experiment 1: 40% auditory tar-
gets, 40% visual targets, and 20% bimodal targets. The participants
were given a training session containing five targets (two visual, two
auditory, and one bimodal) before the main experimental session.
Again, the training session was repeated until the participant felt
comfortable with the task.

Results and Discussion

The RT data, as well as the error data from the bimodal
target trials, were analyzed in the same way as in Experi-
ment 1. False alarm rates for nontarget trials were less than
0.01%. Misses were slightly more frequent than in Experi-
ment 1, perhaps because of the increased perceptual load
of the task (11% for unimodal auditory target trials, 10%
for unimodal visual target trials, and 0.8% for bimodal
target trials). Errors were frequent on the bimodal target
trials (49.4% error rate overall) and, critically, participants
made erroneous unimodal visual responses significantly
more often than erroneous unimodal auditory responses
[27.8% vs. 20.5%, t(53) = 2.1, p = .038; see Figure 3A].
In terms of the RT data, participants responded signifi-
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Figure 2. Illustration of the experimental design used in Experiments 2—6. Picture—sound pairs were presented simultane-
ously for 350 msec and separated by 150 msec of silence and a blank screen. The participants were instructed to monitor the two
streams and to make one of three responses depending on whether (1) they saw a stoplight presented on the screen (unimodal
visual target), (2) they heard a cat meowing (unimodal auditory target), or (3) they perceived both target stimuli at the same

time (bimodal target).

cantly more rapidly to unimodal auditory and visual tar-
gets than to bimodal targets [#(53) = 7.0, p < .001; and
t(53) = 5.8, p < .001, respectively]. Finally, auditory tar-
gets (695 msec) were responded to slightly more rapidly
than were visual targets (721 msec), although the differ-
ence was only marginally significant [#(53) = 2.0, p =
.055; see Figure 3B].

The results of Experiment 2 successfully extended the
Colavita effect to a fundamentally different situation in-
volving active searching among sequentially presented
distractors—arguably a more complex and difficult task,
statistically supported by the increase in errors to bimodal
trials [#(23) = 7.7, p < .001].

In turn, this result raises the opportunity to further ex-
plore any potential role that attention may play in the vi-
sual dominance effect. However, before moving on, it is
important to address some potential alternative explana-
tions arising from the particular methodology used in Ex-
periments 1 and 2. In both experiments, bimodal targets
occurred less frequently than either of the unimodal tar-
gets (see, for example, Quinlan & Bailey, 1995; Spence,
Nicholls, & Driver, 2001), mirroring the distribution of
stimuli used in all of Colavita’s previous experiments,
although the imbalance was slightly reduced here. This
imbalance does not, in principle, affect the possible expla-
nation of the results in terms of visual dominance, given
that this explanation relies on the comparison restricted
to the various types of errors made on bimodal trials
only. It is nevertheless interesting to clarify whether the
increase in RTs to bimodal targets, in comparison with
unimodal targets, stems from the less frequent occurrence
of bimodal trials or from the bimodal nature of the stimuli
themselves. Experiment 3 was designed to address this
issue, as well as the concern that there may be something

special (or different) about the particular bimodal stimuli
chosen to serve as the targets in Experiments 1 and 2—a
stoplight for the visual stream and a cat meowing for the
auditory stream). In Experiment 3, therefore, we tested
participants’ responses to three different bimodal targets,
one of them being of lower frequency than either of the
other two.

EXPERIMENT 3

Method

Participants. Thirty-six students from the University of Barce-
lona participated in Experiment 3 in exchange for course credit. All
reported normal hearing and normal or corrected-to-normal vision,
and were naive about the purpose of the experiment.

Apparatus, Materials, and Procedure. The materials and pro-
cedure were identical to those in Experiment 2. The only difference
in Experiment 3 was that participants were instructed to respond
to three different predefined bimodal targets. That is, rather than
monitoring both streams (auditory and visual) for unimodal targets
and the simultaneous occurrence of both targets (bimodal targets),
participants were required to make one of three keypress responses
to the occurrence of only bimodal targets. The three bimodal targets
consisted of the pictures of a stoplight, an airplane, and a lightbulb
respectively paired with the sounds of a cat, a sneeze, and a trumpet.
The target frequency was counterbalanced across participants so that
each target appeared in the low frequency (20%) condition equally
often across participants.

Results and Discussion

There were no differences in RT among the three dif-
ferent bimodal targets when presented in the 20% low-
frequency condition, nor when they were presented in the
40% high-frequency condition. The data were therefore
pooled across target pairings and analyzed in order to
determine whether there were any differences in average
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Figure 3. Results of Experiment 2. (A) The distribution of errors displayed as percentages
of unimodal visual or unimodal auditory responses to bimodal trials. (B) Average RTs across
the 3 target types (visual, auditory, and bimodal). The error bars represent the standard error

of the mean for each condition.

RTs as a function of the different target proportions used.
RTs for the low-frequency target (658 msec) did not dif-
fer significantly from the RTs for high-frequency targets
(663 and 644 msec) [#(35) = 0.2, p = .843, and #(35) =
0.8, p = .449, respectively]. Error rates for each target
frequency did not differ (10% and 7% for frequently oc-
curring targets, 11% for infrequently occurring targets)
and were comparable to the unimodal error rates reported
in Experiment 2 (11% for unimodal auditory target trials,
10% for unimodal visual target trials).

The results of Experiment 3 suggest that neither the
particular choice of experimental target stimuli used in
Experiment 2, nor the relative frequency with which the
bimodal targets were presented, had any sizeable effect on
the response latency or accuracy measures reported. In ad-
dition to the finding that there was no statistical difference
in the RTs as a function of whether the bimodal targets
were presented with a low versus high frequency, it is im-
portant to note that no differences were observed among
the three different versions of the bimodal target when
they occurred with a low frequency (i.e., with a similar
probability of occurrence as used in Experiments 1 and
2; all ps > .5).

Bimodal targets in Experiments | and 2 were always
presented less frequently than unimodal targets in order
to maintain the usual distribution of trials used in previ-
ous experimental studies of the Colavita effect (Colavita,
1974; Colavita et al., 1976; Colavita & Weisberg, 1979)
where the bimodal targets were presented much less fre-
quently. For instance, Colavita et al. presented a total of
just five bimodal targets to each of their participants (14%
of the trials). Experiment 3 showed that the increase in
latency of the bimodal targets in Experiments 1 and 2 is
not a result of the infrequency of bimodal target presenta-
tion. Yet, it could be argued that the response latencies to
bimodal trials were slower in our first two experiments
due to their relatively “unexpected” nature (i.e., their low
frequency of occurrence in comparison with unimodal
targets; whereas in Experiment 3 the comparisons were
always between bimodal targets). In Experiment 4, we
addressed this potential issue by equalizing the propor-

tion of bimodal targets to those of each of the unimodal
targets—33% visual, 33% auditory, and 33% bimodal.

EXPERIMENT 4

In Experiment 4, the proportion of each type of uni-
modal and bimodal target was equalized—33% visual,
33% auditory, and 33% bimodal. This modification ad-
dresses the concern that the infrequency of bimodal tar-
gets in Experiments 1 and 2 could explain the slower RTs
to bimodal targets.

Method

Participants. Twenty-four students from the University of Barce-
lona participated in Experiment 4 in exchange for course credit. All
reported normal hearing and normal or corrected-to-normal vision,
and were naive about the purpose of the experiment.

Apparatus, Materials, and Procedure. The materials and pro-
cedure were identical to those used in Experiment 2, the only dif-
ferences being that the frequency of bimodal targets was increased
from 20% to 33%, and the frequency of unimodal targets was re-
duced from 40% to 33%, yielding 44 unimodal visual targets, 44
unimodal auditory targets, and 44 bimodal targets.

Results and Discussion

The RT data and error data from the bimodal target trials
were analyzed just as in Experiment 2. False alarm rates
for responses to nontarget trials were less than 0.01%.
Participants missed 13% of the unimodal auditory target
trials, 14% of the unimodal visual target trials, and failed
to respond in 0.2% of the bimodal target trials. Errors
were frequent on the bimodal target trials (37.8% error
rate overall) and, critically, participants made erroneous
unimodal visual responses significantly more often than
they did unimodal auditory responses [23.5% vs. 13.8%;
t(23) = 2.1, p = .051; see Figure 4A]. In terms of the RT
data, participants responded significantly more rapidly to
unimodal auditory or visual targets than to bimodal tar-
gets [t(23) = 2.5,p = .019;and #(23) = 2.9, p = .009, re-
spectively]. Finally, response latencies to auditory targets
(713 msec) and visual targets (711 msec) did not differ
significantly [#(23) = 0.1, p = .938; see Figure 4B].
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Figure 4. Results of Experiment 4. (A) The distribution of errors displayed as percentages
of unimodal visual or unimodal auditory responses to bimodal trials. (B) Average RTs across
the 3 target types (visual, auditory, and bimodal). The error bars represent the standard error

of the mean for each condition.

The results of Experiment 4 are interesting because they
indicate that, in contrast with the generalized tendency of
making the bimodal target less frequent—and, therefore,
to some extent, unexpected—in all previous studies, the
Colavita effect (1974) persists even when bimodal targets
are presented as frequently as either of the unimodal tar-
gets. Thus, it is difficult to claim that either the increased
latency to bimodal targets or the visual dominance in er-
rors, as observed in Experiments 1 and 2, is somehow
related to presenting the bimodal targets at a lower fre-
quency. On bimodal trials, the participants erroneously
responded with the visual response key significantly more
often than with the auditory response key. Furthermore,
just as in Colavita’s studies, no significant difference in
response latency to unimodal auditory and visual targets
was found when mixing them within the same block of
trials (except in Experiment 2), where RTs to auditory
targets were marginally faster than RTs to visual targets.
This other possible manifestation (faster RTs to unimodal
auditory targets than to unimodal visual targets) has been
observed when targets are not interspersed in the same
block (see Colavita, 1974).

EXPERIMENT 5

Experiments 1-4 successfully addressed the goal of
extending the Colavita (1974) visual dominance effect
to more complex stimulus arrays and situations. At this
point, we adapted our paradigm to address the second goal
of the present study—namely, to discover what role, if any,
attention plays in the Colavita visual dominance effect.

Posner et al. (1976) claimed that visual dominance was
a result of people having an attentional bias toward the
visual modality in order to compensate for the poor alert-
ing qualities of vision. However, in apparent contradiction
with this attentional account, further experimentation by
Colavita (1974, Experiment 2) suggested that the visual
prepotency effect might actually occur at a sensory level,
prior to the engagement of attention. Colavita found that
the visual dominance effect described above was still ob-
served, even after the experimental stimuli were adjusted

so that the auditory stimuli appeared to be (subjectively)
twice as intense as the visual stimuli (i.e., adjusting the
loudness of a 4000-Hz tone until it was judged to be twice
as intense as a 50-footcandle light). Under such condi-
tions, participants still made unimodal visual responses
on 97 out of 122 bimodal trials.?

In a subsequent experiment (Colavita, 1974, Experi-
ment 4), participants were informed about the presence
of bimodal target trials prior to the start of the experiment
and were explicitly instructed to respond to the auditory
tone on those trials. Despite this instruction, participants
once again responded to the light on 36 of the 60 bimodal
trials. Thus, it appears that, while the instructional ma-
nipulation reduced the magnitude of the visual dominance
effect somewhat—in terms of lowering the preponder-
ance of unimodal visual responses on bimodal stimula-
tion trials—it was not possible to abolish it completely,
prompting Colavita to claim that visual dominance may
occur regardless of the allocation of a participant’s atten-
tion. However, it should be noted that values of statistical
significance were not provided in Colavita’s study, nor
were these data compared with any kind of baseline (e.g.,
the same experiment, but without the instructional manip-
ulation). Furthermore, due to experimenter expectancy ef-
fects (see, e.g., Intons-Peterson, 1983; Orne, 1962; Pierce,
1908) and the lack of a third response key, it is possible
that Colavita’s experiments failed to adequately measure
the potential role of attention in affecting the measure and
apparent evidence of visual dominance.

In line with the notion that visual dominance cannot be
explained solely by attentional biases, Colavita et al. (1976)
also failed to abolish the Colavita effect by diverting the
direction of participants’ gaze (their overt attention) away
from the location where the visual stimuli were presented
and toward the source of auditory stimulation. The authors
separated the sources of the auditory and visual stimuli by
25 cm and, in trials where both the light and tone were pre-
sented simultaneously, instructed participants to respond
to whichever stimulus they became aware of first. When
the participants were required to fixate midway between
the auditory and visual stimuli, 84% of the bimodal trials
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yielded visual responses, thus replicating the basic Colavita
visual dominance effect. When participants fixated on the
loudspeaker used to present the sounds instead (i.e., away
from the light flash), the visual dominance effect was only
slightly diminished (78% light responses, although the sta-
tistical significance of this difference was not reported).

In summary, it appears that the only experimental ma-
nipulation that successfully reduced the magnitude of the
Colavita visual dominance effect was the explicit instruc-
tion given to the participant to respond to the auditory
stimulus on bimodal trials, a manipulation that could have
introduced a response bias. Note, however, that even while
using such a strong manipulation, participants still made
visual responses on more than half of the bimodal trials.
These results were interpreted as supporting the notion
that visual dominance may reflect a mechanism that is
little influenced by endogenous attention, in contrast with
the claims made by Posner et al. (1976; see also Spence,
Shore, & Klein, 2001). Experiments 5 and 6 were de-
signed to address these conflicting hypotheses by using
the paradigm introduced in Experiment 2 to investigate
whether the distribution of attention to a sensory modality
(audition or vision) would affect visual dominance.

If the attentional account of visual sensory dominance
were to prove correct, faster response latencies to auditory
targets and a reduction in visual responses to bimodal tar-
gets should be observed when attention is directed toward
the auditory modality. Similarly, when attention is di-
rected toward the visual modality, the attentional account
of visual dominance would predict an increase in visual
errors on bimodal trials and faster response latencies to
visual targets. In contrast, a purely sensory account of vi-
sual dominance would presumably have to predict a bias
of equal magnitude for erroneous visual responses to bi-
modal targets, regardless of the direction of a participant’s
attention, just as reported by Colavita (1974).

We tested this prediction in Experiment 5; we manipu-
lated the direction of participants’ attention toward either
the auditory or visual modality by altering the relative
probability of occurrence of unimodal auditory and visual
targets (see Quinlan, 2000). This manipulation should bias
the direction of attention to the more frequent modality.
It should also be noted that increasing the frequency of
targets in one modality also introduces a potential bias in
response mechanisms: Increased frequency in one modal-
ity may simply prime the particular responses associated
with the more frequent stimuli, thereby confusing any
modulation in visual dominance for attentional reasons.
However, this seemed to represent the strongest possible
experimental manipulation to start with (see also Cola-
vita, 1974, Experiment 4). If changes in the level of visual
dominance were not observed, this would make any future
experimentation investigating the role of endogenous at-
tention in visual dominance useless, and would provide
strong evidence for basing the causes of the Colavita ef-
fect in purely sensory mechanisms.

Method
Participants. Thirty-six students from the University of Barce-
lona took part in Experiment 5 in exchange for course credit. All

reported normal hearing and normal or corrected-to-normal vision,
and all were naive about the purpose of the study.

Apparatus, Materials, and Procedure. These were identical to
those in Experiment 2, the only difference being the relative propor-
tion of targets presented in each sensory modality. For the auditory
biased group, the frequency of the unimodal auditory targets was
increased to 60%, and the frequency of the unimodal visual targets
was reduced to 20%. The reverse was true of the visually biased
group. Note that the ratio of unimodal to bimodal targets remained
the same as in Experiment 2. Each participant was tested in only
one of the conditions (auditory or visual). The participants were not
informed about the manipulation of target probability (cf. Quinlan
& Bailey, 1995).

Results and Discussion

Auditory biased group. Errors on bimodal targets
(41.9% error rate overall) were divided fairly evenly be-
tween visual and auditory responses (18.7% vs. 21.2%)
[#(17) = 0.6, p = .575; see Figure SA]. Participants re-
sponded significantly more rapidly to auditory targets
(661 msec) than to either visual targets (804 msec) or bi-
modal targets (814 msec) [#(17) = 5.3, p < .001; #(17) =
8.75, p < .001, respectively; see Figure 5SB]. Response
times to bimodal and visual targets did not differ signifi-
cantly [#(17) = 0.3, p = .749]. The false alarm rates for
responses to nontarget trials were less than 0.2%. Partici-
pants missed 10% of the auditory targets, 18% of the vi-
sual targets, and 1% of the bimodal targets.

Visual biased group. Errors on bimodal trials (55.5%
error rate overall) were strongly biased toward visual re-
sponses (33.8% vs. 21.5%) [¢(17) = 2.3, p = .037; see
Figure 5C]. The participants responded significantly more
rapidly to visual targets (618 msec) than to either auditory
targets (723 msec) or bimodal targets (727 msec) [£(17) =
3.3, p = .004; and #(17) = 3.9, p = .001, respectively;
see Figure 5D]. Response latencies to bimodal targets
were not significantly different from RTs to auditory
targets [£(17) = 0.1, p = .937]. The false alarm rates for
responses to nontarget trials were less than 0.01%. Par-
ticipants missed 15% of the auditory targets, 10% of the
visual targets, and 0.3% of the bimodal targets.

Of particular interest, the overall error rate for bimodal
trials was much greater in the visual attention group in
comparison with the auditory attention group [55.5% vs.
41.9%; t(17) = 2.4, p = .026]. This difference can best
be explained by the increase in the visual dominance ef-
fect (i.e., in Colavita errors) in bimodal trials of the visual
biased group. Note that the percentage of auditory-based
errors was the same for both attention conditions; there-
fore, the increase in visually based errors should also be
reflected in the overall error rate for bimodal trials.

The data from the auditory bias group suggest that
Colavita’s (1974) visual dominance effect can be signifi-
cantly reduced by biasing the observers’ focus of atten-
tion toward the auditory modality (i.e., by increasing the
probability of auditory targets relative to that of visual
targets). The data from both conditions of Experiment 5
were pooled in order to explore any effect of bias on re-
sponse latency. An ANOVA with the between-participants
factor frequent modality (auditory vs. visual) and the
within-participants factor target modality (unimodal vi-
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Figure 5. Results of Experiment 5. Panels A and C represent the distribution of errors in
terms of the percentages of unimodal visual or unimodal auditory responses to bimodal tri-
als. Panels B and D represent the average RT's from the 3 target types (visual, auditory, and
bimodal). The error bars represent the standard error of the mean for each condition. Panels
A and B represent data from the auditory bias condition, whereas panels C and D represent

data from the visual bias condition.

sual vs. unimodal auditory) was conducted. This revealed
no main effect of target modality [F(1,72) = 0.53, p =
47], but a significant effect of frequent modality was ob-
served [F(1,72) = 5.7, p = .02]. This latter result shows
that the direction of the bias to a specific sensory mo-
dality had a significant effect on response latencies. The
interaction between frequent modality and target modality
was also significant [F(1,72) = 22.9, p < .001]. Further
t tests revealed that increases in target frequency for each
modality created a decrease in unimodal RTs to the tar-
get with a higher frequency, although this effect was only
marginally significant in the auditory modality, despite a
62-msec RT difference [#(17) = 1.9, p = .074], and highly
significant for visual targets [#(17) = 4.6, p < .001]. It is
interesting to note here that, despite the large advantage in
RTs for auditory versus visual targets in the auditory bias
condition (143 msec faster), the percentage of errors was
equally divided between visual and auditory responses on
the bimodal trials (18.7% vs. 21.2%; nonsignificant dif-
ference). On the other hand, the results of the visual bias
condition showed an exaggerated visual dominance ef-
fect on bimodal trials (12.3% difference in favor of visual
errors) in addition to a visual advantage in the speed of
responses to visual trials (105 msec). Interestingly, it ap-
pears that the frequency manipulation only affected the
visual errors on bimodal trials. That is, auditory errors
remained relatively constant regardless of the proportion
of auditory targets presented (20.5% in Experiment 2;

21.2% in Experiment 5, auditory bias group; and 21.5%
in Experiment 5, visual bias group). This pattern of results
corresponds well with the idea that attentional manipula-
tions might have a major impact on visual processing, just
as Posner et al. (1976) originally claimed. One possible
explanation for the fact that a complete reversal in errors
after bimodal trials was not observed is that there may be
some kind of residual bias toward the visual modality (see
Battaglia et al., 2003; Spence, Shore, & Klein, 2001).

The results of Experiment 5 are revealing: They
show that, by introducing a strong bias (attentional and
response-related) toward a sensory modality, it is possible
to manipulate the size of the Colavita visual dominance
effect, although not to reverse it completely. However, it is
now necessary to investigate whether a purely attentional
component of the manipulation (i.e., without altering the
relative probabilities with which participants have to make
the various responses) can also effectively modulate the
Colavita effect. This was precisely the goal of our next,
and final, experiment.

EXPERIMENT 6

We addressed the role of attention in visual dominance
by manipulating the perceptual load within each modal-
ity individually. According to the perceptual load theory
(Lavie, 2005), the processing of task-irrelevant informa-
tion can be reduced considerably if the processing de-



682 SINNETT, SPENCE, AND SOTO-FARACO

mands required by the task-relevant information are suf-
ficiently high. That is, if the perceptual load is relatively
low, extra attentional resources will be available to process
distracting stimuli in the same sensory modality (Rees,
Frith, & Lavie, 2001), and they can therefore exert an in-
terference effect on the task-relevant processes. However,
if the perceptual load is increased, the available attentional
resources will be fully utilized by the task at hand, and
thus no available resources will remain to process other
distracting stimuli in the same modality. Note that the ef-
fects of load manipulation in one modality on the process-
ing of information in another modality tend to be smaller
(Sinnett, Costa, & Soto-Faraco, 2006) or even completely
absent under some conditions (Rees et al., 2001), thereby
suggesting that it is possible to manipulate attentional load
in a specific modality without affecting perception lev-
els in another modality. This logic can be applied to our
paradigm in order to disentangle the role of attention in
modulating the visual dominance effect. By manipulating
the variability among irrelevant distractors in each modal-
ity stream (visual or auditory), we can manipulate the per-
ceptual load in either modality, and therefore the amount
of attentional resources that are available to process the
targets in that modality. Specifically, if there are fewer
types of distracting stimuli in the visual stream, more vi-
sual resources should be available; thus, the level of vi-
sual dominance, as represented by visually based errors
to bimodal trials, should increase. The reverse is expected
if the variability of auditory distractors is reduced—that
is, less visual dominance—as there should be more atten-
tional resources available to process the residual auditory
stimuli.

Method

Participants. Thirty-six students from the University of Barce-
lona took part in Experiment 6 in exchange for course credit. All
reported normal hearing and normal or corrected-to-normal vision,
and were naive about the purpose of the study.

Apparatus, Materials, and Procedure. These were exactly the
same as in Experiment 2, the only difference being the number of
distracting drawings or sounds presented in each stream. Specifi-
cally, to free up visual attentional resources in the visual condition,
the number of distracting drawings (i.e., drawings other than the
stoplight) was reduced from 49 to 3. By comparison, in the auditory
condition, reducing the number of distracting sounds (i.e., sounds
other than the cat meowing) from 49 to 3 should free up auditory at-
tentional resources. As in Experiment 5, each participant was tested
in only one of the conditions, either auditory or visual.

Results and Discussion

Low auditory load group. The overall error rate for
bimodal targets was 38.9%. There were more visually
based errors after bimodal targets than auditory based er-
rors [26.5% vs. 11.6%; t(17) = 4.6, p < .001; see Fig-
ure 6A]. The participants responded significantly more
rapidly to visual targets (632 msec) than to bimodal targets
[702 msec; #(17) = 2.4, p = .031]. Responses to auditory
targets (645 msec) were slightly faster than responses to
bimodal targets, and not significantly different from re-
sponse latencies to visual targets [#(17) = 1.9, p = .078;
t(17) = 0.7, p = .496, respectively; see Figure 6B]. False

alarm rates for responses to nontarget trials were less than
0.01%. Participants missed 10% of the auditory targets,
8% of the visual targets, and 0.8% of the bimodal targets.

Low visual load group. Errors on bimodal trials
(55% error rate overall) were strongly biased toward vi-
sual responses (39.1% vs. 14.1%) [¢(17) = 7, p < .001;
see Figure 6C]. The participants responded significantly
more rapidly to visual (667 msec) or auditory (674 msec)
targets than to bimodal targets (759 msec) [#(17) = 3.9,
p = .001, and #(17) = 2.9, p = .01, respectively; see Fig-
ure 6D]. There was no significant difference between the
response latencies to visual and auditory targets [#(17) =
0.4, p = .699]. False alarm rates for responses to nontarget
trials were less than 0.2%. Participants missed 18% of the
auditory targets, 11% of the visual targets, and 0.8% of
the bimodal targets.

The results of Experiment 6 provide empirical support
for the claim that the Colavita (1974) visual dominance
effect can be affected by attentional manipulations. First,
reducing the perceptual load in the auditory modality
produced less visual dominance than did reducing the
perceptual load in the visual modality [26.5% vs. 39.1%
visually based errors; #(17) = 2.4, p = .03]. When sub-
tracting the percentage of auditory-based errors from the
percentage of visually based errors in both conditions of
this experiment, the difference is much larger (i.e., the
visual dominance effect is greater) when there are more
visual attentional resources available [25.0% vs. 14.9%;
F(1,34) = 4.4, p = .044]. Thus, it appears that the magni-
tude of visual dominance can be significantly affected by
attentional manipulations, at least when driven by changes
in perceptual load.

Although the results of Experiments 5 and 6 converge
on the same conclusion, there are two main differences
between them that deserve to be mentioned. First, the
significant effects that the attentional manipulations in
Experiment 5 had on response latency were not observed
in Experiment 6. The RT data from both conditions of Ex-
periment 6 were pooled, and an ANOVA with the between-
participants factor of perceptual load modality (auditory
vs. visual) and the within-participants factor of target mo-
dality (unimodal visual vs. unimodal auditory) revealed
no main effect of target modality [F(1,72) = 0.2, p = .66],
nor of perceptual load modality [F(1,72) = 2.2, p = .143].
The interaction between perceptual load modality and tar-
get modality also failed to reach statistical significance
[F(1,72) = 0.01, p = .925]. It seems likely therefore that
the increased proportions of targets in a given modality in
Experiment 5 caused a response-related advantage for the
modality that was more frequently responded to, a factor
that was controlled for in Experiment 6.

The second major difference between the results of Ex-
periments 5 and 6 is that visual dominance (indexed by
the imbalance in the number of visual and auditory errors
to bimodal trials) in the latter experiment was not elimi-
nated completely in the auditory condition, as it had been
in Experiment 5. Once again, it is likely that the increased
proportion of auditory targets in Experiment 5 could have
created a response bias and, therefore, correspondingly
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Figure 6. Results of Experiment 6. Panels A and C represent the distribution of errors
displayed as percentages of unimodal visual or unimodal auditory responses to bimodal tri-
als. Panels B and D represent the average RT's from the 3 target types (visual, auditory, and
bimodal). The error bars represent the standard error of the mean for each condition. Panels
A and B represent data from the auditory attention condition, whereas panels C and D repre-

sent data from the visual attention condition.

decreased the magnitude of the visual dominance effect
reported. The experimental modifications introduced in
Experiment 6 eliminated the response bias component.
Combined, the results of these two experiments suggest
that visual dominance is susceptible to manipulations
of attention, although it appears that visual dominance
cannot be entirely reversed (i.e., to create auditory domi-
nance), despite the strong response and attention manipu-
lation introduced in Experiment 5, nor eliminated (i.e.,
cancelling out the imbalance between visual and auditory
errors) when manipulating perceptual load to free up audi-
tory attentional resources (Experiment 6).

GENERAL DISCUSSION

Many aspects of our everyday lives involve the pro-
cessing of multisensory events in highly complex envi-
ronments (see Basil, 1994). The notion that vision is the
dominant sensory modality for humans appears frequently
in the literature (see, e.g., Colavita, 1974; Colavita et al.,
1976; Posner et al., 1976; Rock & Harris, 1967; Rock &
Victor, 1964; Spence, Shore, & Klein, 2001). However,
the majority of the studies on which such claims have been
based have only tested simple stimuli, such as light flashes
and tones, in contexts devoid of any complexity. The ex-
periments reported here represent the only extension of
the Colavita visual dominance effect to study responses
to more complex stimulation conditions.

How can it be that the participants in the present study re-
sponded just as rapidly to the unimodal auditory and visual
stimuli (even faster to auditory targets in Experiment 2), but
nevertheless responded more frequently to only the visual
target than to only the auditory target on bimodal trials (Ex-
periments 1, 2, 4, 5 [visual condition], and Experiment 6)?
One possible account for this paradoxical (but clearly rep-
licable) pattern of results (see also Colavita, 1974; Colavita
etal., 1976; Colavita & Weisberg, 1979; Kristofferson,
1967) is based on the notion of attentional capture. It is
likely that, if only one target stimulus (auditory or visual) is
present, then attention will rapidly be directed to that stimu-
lus. It is also known that the brain’s processing of an auditory
event typically takes place somewhat earlier in time (from
stimulus onset) than for a visual event (Giard & Peronnet,
1999), thereby potentially explaining the advantage in RTs
for unimodal auditory stimuli when presented in different
blocks (see also Spence & Squire, 2003). If, however, an
auditory and a visual target are presented at approximately
the same time (as in the bimodal trials of the present study),
then attention may be captured preferentially by the visual
stimulus and hence take a lead in processing (see Bald, Ber-
rien, Price, & Sprague, 1942; Whipple, Sanford, & Cole-
grove, 1899, on this point). This idea fits with Broadbent’s
(1958; see also Lachter, Forster, & Ruthruff, 2004) channel-
switching model of attention, which suggests that in the case
of bimodal stimulation, one channel (in this case, the visual
modality) is sampled first, prior to the processing of stimuli
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in the second channel. Viewed in this way, our results could
be taken to suggest that, under conditions of divided atten-
tion, the visual channel is sampled before, or possibly more
frequently than, the auditory channel. However, because
this difference in sampling rate (or bias) may be attentional
in nature, it can be manipulated by focusing attention on
one sensory modality or another, as seen in investigations
of prior entry (see Spence, Shore, & Klein, 2001; Titchener,
1908) and in the results of Experiments 5 and 6 (see Cooper,
1998, for a similar model).

It should be noted that the attentional manipulations
used in Experiments 5 and 6 were unable to completely
reverse the visual dominance effect (i.e., to create audi-
tory dominance); therefore, it cannot be concluded that
visual dominance is based entirely on attentional mecha-
nisms. The contribution of the present study is that, after
controlling for the methodological shortcomings typically
present in previous research (e.g., Colavita, 1974; Egeth &
Sager, 1977), the magnitude of visual dominance can be
significantly modified by attentional manipulations.

An interesting trend observed across all of the experi-
ments reported in the present study was that bimodal tar-
gets were rarely missed (all experiments, <2%), whereas
the failure to respond to unimodal targets was, relatively
speaking, much more frequent (M = 11.5%, SD = 4.5%).
This would suggest at least some type of enhancement for
bimodal presentations. Indeed, it has been shown that vi-
sual perception is enhanced when the presentation of visual
stimuli is combined with auditory events (see, e.g., Fras-
sinetti, Bolognini, & Ladavas, 2002; McDonald, Teder-
Salejarvi, & Hillyard, 2000). Whether this enhancement is
purely statistical in nature—the base probability of com-
pletely missing a bimodal target being logically smaller
than missing a unimodal target—or arises from a nonlinear
interaction between audition and vision is yet to be seen.

Colavita and his colleagues (Colavita, 1974; Colavita
et al., 1976; Colavita & Weisberg, 1979) had very limited
success in weakening the visual dominance effect through
various task manipulations, such as reducing the tendency
of participants to make a visual response on bimodal tri-
als, leading to the conclusion that visual dominance does
not reflect an attentional phenomenon. However, this ar-
gument holds little weight, as one could easily argue that
the visual stimulus simply exogenously captured attention
before the auditory stimulus could (see Rodway, 2005;
Turatto, Benso, Galfano, & Umilta, 2002). When percep-
tual load is low in a given modality, modality-specific at-
tentional resources become available to process the target,
having the effect of modulating the magnitude of visual
dominance. Therefore, we argue that the present results
support the notion that at least some component of the
visual dominance effect is attentional in nature (see Quin-
lan, 2000, for a related example). However, based on the
results of Experiment 5, it should be noted that, in order
to reduce the magnitude of the visual dominance effect, a
strong bias to attend toward—and to respond toward—the
auditory modality must be induced. That is, even when
greatly increasing the proportion of auditory targets so that
RTs to unimodal auditory targets are much faster than to
unimodal visual targets, participants exhibited only a very

small (nonsignificant) bias toward making more errone-
ous unimodal auditory than unimodal visual responses
after bimodal trials. The fact that a complete reversal in er-
rors under auditory attention conditions was not observed
suggests that visual dominance may also involve residual
biases toward the visual modality (see also Battaglia et al.,
2003). Whether this bias can be attributed to sensory or at-
tentional mechanisms (based on exogenous mechanisms)
is difficult to determine at present.

The neurological underpinnings of sensory perception
have been discussed by Driver and Frackowiak (2001) in
the context of a “biased competition” model of attention
(see also Desimone & Duncan, 1995). Driver and Frack-
owiak argued that multiple concurrent stimulus inputs will
“compete” to drive neurons where these inputs meet—that
is, in the large receptive fields at higher levels of the visual
system, or in multisensory areas for the case of competing
concurrent stimuli presented in distinct sensory modali-
ties (see Macaluso & Driver, 2001). While such competi-
tion may initially be played out within separate contexts,
proponents of the biased competition model argue that
the “winner” of such a competition in one context might
tend to become dominant in other contexts by boosting
the activation of the associated neural populations. As a
result, activity in a network of different areas may come to
converge on a common “winner” (see Macaluso & Driver,
2001). This biased competition model could help to ac-
count for the tendency of participants in the present study
to base their responses on the visual input.
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NOTES

1. In fact, the somewhat unorthodox procedure used by Colavita
(1974), together with the less than impressive results reported in experi-
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ments using simple stimuli (see, e.g., Egeth & Sager, 1977), may help to
explain why there has been so little research on this potentially fascinat-
ing topic in recent years.

2. Moreover, this spatial separation between the source of the auditory
and visual stimuli may inadvertently have tapped into the effects of anxi-
ety on responding to centrally as opposed to peripherally presented stimuli
(see, e.g., Eimer, 2000; Kanwisher, 2001; cf. Shapiro & Johnson, 1987).

3. We thank an anonymous reviewer for pointing out the possibility
that, if Posner et al. (1976) were correct in claiming that attention is

biased to the visual modality in order to compensate for poor alerting
abilities of vision, adjusting the relative intensity of the auditory stimuli
should not have any consequence for the Colavita effect, as the sensitiv-
ity to visual stimuli is of more importance.

(Manuscript received October 7, 2005;
revision accepted for publication September 5, 2006.)
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