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Abstract The simultaneous presentation of a visual and
an auditory stimulus can lead to a decrease in people’s abil-
ity to perceive or respond to the auditory stimulus. In this
study, we investigate the eVect that threat has upon this
phenomenon, known as the Colavita visual dominance
eVect. Participants performed two blocks of trials contain-
ing 40% visual, 40% auditory, and 20% bimodal trials. The
Wrst block of trials was identical for all participants, while
in the second block, either the visual stimulus (visual threat
condition), auditory stimulus (auditory threat condition), or
neither stimulus (control condition) was fear-conditioned
using aversive electrocutaneous stimuli. We predicted that,
when compared with the control condition, this visual dom-
inance eVect would increase in the visual threat condition
and decrease in the auditory threat condition. This hypothe-
sis was partially supported by the data. In particular, the
results showed that the fear-conditioning of the visual stim-
ulus signiWcantly increased the visual dominance eVect rel-
ative to the control condition. However, the fear-
conditioning of the auditory stimulus did not reduce the
visual dominance eVect but instead increased it slightly.
These Wndings are discussed in terms of the role that atten-
tion and arousal play in the dominance of vision over audi-
tion.
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Introduction

In typical naturalistic environments our various senses are
often overwhelmed with a multitude of incoming sensory
stimuli (Calvert et al. 2004). In order to enable the eYcient
processing of information and to allow coherent behavior,
attention, therefore, has to be coordinated across the diVer-
ent sensory modalities (Spence and Driver 2004). However,
it has for many years been claimed that not all of the senses
contribute equally to our perception and, in particular, that
vision is the dominant sense (e.g., Posner et al. 1976;
Spence et al. 2001a). One of the most impressive demon-
strations of visual dominance was Wrst reported by Colavita
(1974; though see also Osborne et al. 1963). In studies
investigating this phenomenon, typically referred to as the
Colavita eVect, participants are typically instructed to
respond whenever they perceive a light or a tone. On a
small number of trials both the light and tone are presented
at the same time. On these bimodal trials participants typi-
cally exhibit a decreased ability to perceive (or at least to
respond to) the auditory stimulus. More speciWcally, partic-
ipants make signiWcantly more visual-only than auditory-
only errors on the bimodal trials, and actually often report
being unaware of the tone when probed afterward (see, for
e.g., Colavita 1974). By now, the Colavita visual domi-
nance eVect has proved to be robust to a number of experi-
mental manipulations (Colavita 1974, 1982; Colavita et al.
1976; Colavita and Weisberg 1979; Koppen and Spence
2007a, b, c).

Traditionally, the Colavita visual dominance eVect has
been explained in terms of attention. For instance, Posner
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et al. (1976) suggested that the visual system simply has
poorer alerting properties than the auditory system (see also
Klein 1977), and hence that people may tend to endoge-
nously direct their attention toward visual events in order to
compensate for this supposed weakness. Any such biasing
of a person’s endogenous attention toward the visual
modality may have resulted in the failure by participants to
respond to the auditory stimuli on some proportion of the
bimodal trials in previous Colavita-type visual dominance
experiments. This argument has generally been supported
by the results of subsequent research (Egeth and Sager
1977; Sinnett et al. 2007; though see Koppen and Spence
2007b). However, it is important to note that the idea that
visual stimuli necessarily have a poorer alerting ability than
auditory stimuli has been questioned by more recent
research that has shown that visual stimuli actually have a
greater capacity to capture attention exogenously (involun-
tary) than auditory stimuli (Spence et al. 2001b; Turatto
et al. 2002), and Koppen and Spence (2007c) have argued
that this may also contribute to the emergence of the Cola-
vita visual dominance eVect.

The present study was designed to investigate the Cola-
vita visual dominance eVect in the presence of threatening
information. In this context, it is worth describing an early
study by Shapiro et al. (1984) in which they examined the
eVects of arousal on visual dominance using a typical Cola-
vita experimental design. Participants were instructed to
press the tone key as soon as they heard a tone, and the light
key as soon as they saw a light. On (infrequent) bimodal tri-
als, the participants were instructed to press the key corre-
sponding to the signal that they perceived Wrst. While
performing the Colavita task, the participants were threat-
ened or actually presented with aversive electrical stimuli.
In the control conditions, there was neither the threat nor
the presentation of electrical stimuli. Shapiro et al. reported
that the threat of electrical stimulation attenuated the visual
dominance eVect. The proportion of bimodal trials in which
the visual response rather than the auditory response was
made was 59% in the threat condition (no diVerent from
chance) and 73% in the control condition (signiWcantly
above chance level). The presentation of electrical stimuli
reversed the Colavita visual dominance eVect, i.e., auditory
dominance was observed. The proportion of bimodal trials
in which vision was perceived before audition was 38% in
the threat condition (signiWcantly below chance) and 76%
in the control condition (signiWcantly above chance level).

Shapiro et al. (1984) explained this switch in sensory
dominance in terms of the evolutionary advantage of audi-
tion over vision in aversive situations, i.e., the auditory sys-
tem has a 360° detection capability whereas the detection
properties of the visual system are localized in (frontal)
space (cf. HeVner and HeVner 1992a, b). Related to this
issue, it has been reported in the animal literature that when

an aversive shock is paired with a compound auditory-
visual stimulus, conditioned responses are better controlled
by the auditory stimulus than by the visual stimulus (Shap-
iro et al. 1980). Although Shapiro et al.’s (1984) results
show how visual dominance is aVected when a person’s
arousal level is increased they are not particularly informa-
tive with regard to the question of what might happen when
visual or auditory stimuli constitute threat signals. The aim
of the present study was therefore to investigate this impor-
tant question.

Three groups of participants performed an experiment in
which either the visual stimulus (visual threat condition),
the auditory stimulus (auditory threat condition), or neither
modality (control condition) was paired with an aversive
electrocutaneous stimulus by means of classical condition-
ing. Note that, unlike Shapiro et al.’s (1984) study, the elec-
trocutaneous stimuli were exclusively paired with either the
unimodal visual stimuli or with just the unimodal auditory
stimuli (and never with the bimodal stimuli), to make sure
that one sensory modality would acquire threat value
through its signaling of aversive stimulation. By pairing the
conditioned stimulus with an aversive event, it should bet-
ter capture attention, and hence, if attention is an important
component of the Colavita visual dominance eVect, should
modulate the Colavita visual dominance eVect. Two diVer-
ent hypotheses can be put forward. First, following on from
Shapiro et al.’s (1984) study it could be argued that fear-
conditioning, regardless of which modality is conditioned,
would reduce visual dominance in comparison with the
control condition. Second, based on the assumption that
threat-related stimuli are more likely to capture attention
than neutral stimuli (e.g., Bar-Haim et al. 2007; Van
Damme et al. 2006b), it can be hypothesized that an
enhanced Colavita visual dominance eVect would be
observed in the visual threat condition while a reduced
eVect should be observed in the auditory threat condition,
as compared with performance in the control condition.

Methods

Participants

The sample consisted of 57 undergraduates from Ghent
University (8 males and 49 females; mean age of
19.5 years, ranging from 17 to 40 years), who participated
in the study in order to fulWll their course requirements. All
except ten of the participants were right-handed, with nor-
mal or corrected-to-normal vision, and normal hearing. The
experiment lasted for approximately 30 min. The study was
approved by the Ethics Committee of the Faculty of
Psychology and Educational Sciences of Ghent University
and conformed to the Declaration of Helsinki. All of the
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participants gave their informed consent and were free to
terminate the experiment at any time. None of the students
refused to participate in the study.

Apparatus and materials

The task, which involved the presentation of visual and
auditory stimuli, was controlled by the INQUISIT Millisec-
ond software package. INQUISIT measures response times
with millisecond (ms) accuracy (De Clercq et al. 2003).
The visual stimulus consisted of the illumination of a green
light emitting diode (LED) with a luminance of 1.9 cd/m2

for 50 ms. The LED was placed on the table in front of the
participant at a distance of approximately 60 cm. The audi-
tory stimulus consisted of a 4,000 Hz pure tone presented
for 50 ms from a loudspeaker cone placed directly behind
the LED, so that visual and auditory stimuli came from the
same spatial position (cf. Koppen and Spence 2007c). The
tones were presented at 65 dB (A), as measured from the
participant’s head position.

For the purpose of fear-conditioning, a 300 ms low-
intensity unpleasant electrocutaneous stimulus was admin-
istered, which was delivered by an AC stimulator with an
internal frequency of 50 Hz. This stimulus was presented to
the median nerve of the non-dominant hand by means of
two standard Ag/AgCl electrodes (1 cm diameter) Wlled
with ECG conductance gel (MedCat Supplies). The skin at
the electrode sites was Wrst abraded with a peeling cream
(Nihon Kohden) in order to reduce the resistance of the
skin. The intensity of the stimulus was then individually
determined in order to ensure the delivery of a tolerable but
unpleasant sensation, with an initial value of 1.5 mA. The
mean intensity used was 2.14 mA (SD = 0.57, ranging
between 1.50 and 3.50 mA), and the mean unpleasantness
rating was 7.25 (SD = 0.74, range between 5 and 9) on a
scale from 0 (not aversive at all) to 10 (extremely aversive).

Design

The experiment consisted of two blocks of 100 trials. The
order of stimulus presentation was randomized within
each block of trials. There were 40 visual, 40 auditory,
and 20 bimodal trials in each block of trials. In the second
block, visual stimuli (visual threat condition; N = 20),
auditory stimuli (auditory threat condition; N = 20), or no
stimuli (control condition; N = 17) were fear-conditioned.
Fear-conditioning of a particular stimulus modality
occurred with a reinforcement ratio of 25% (10 trials). In
these trials, an electrocutaneous stimulus was adminis-
tered immediately after the target stimulus. The rein-
forced trials were excluded from all analyses in order to
prevent any interruption eVects. A block of 20 practice tri-
als (without fear-conditioning) was presented before the

two main experimental blocks of trials. The trials were the
same as in the experimental blocks, but they were not
analyzed.

Procedure

The participants were tested individually in a dimly-illumi-
nated testing room. First, they were informed about the task
and the stimuli that would be used. It was made clear in
both threat conditions that an electrocutaneous stimulus
would be used during one block of trials. The experimenter
stated that “most people Wnd this kind of stimulation
unpleasant”.

After the participants had given their informed consent
to take part in the study, the electrodes were attached. The
task was then explained to the participants. They were told
that a visual, auditory, or bimodal target would be pre-
sented on each trial, and that they had to determine as
quickly and accurately as possible which type of target had
been presented. Participants responded using the thumb,
index Wnger, and middle Wnger of the dominant hand.
Responses were collected using a Cedrus RB-730 response
box (Cedrus Corporation, San Pedro, CA) which was
placed on the table directly in front of the participant. The
participants were instructed to press one button in response
to unimodal visual targets, another button in response to
unimodal auditory targets, and a third button in response to
the bimodal targets. Note that in line with recent work in
this area (see Hartcher-O’Brien et al. 2008; Koppen and
Spence 2007a; Sinnett et al. 2008) a 3-button response pro-
cedure was used in order to rule out response selection con-
founds. More speciWcally, we wanted to make sure that any
failure to respond correctly on the bimodal target trials did
not simply reXect a problem with initiating two responses
(one to the auditory target and the other to the visual tar-
get). Targets were presented at the start of the trial for
50 ms, followed by a response window of 1,950 ms. Each
target was presented 2,000 ms after the onset of the preced-
ing target.

At the start of the second block of trials, participants in
the visual (auditory) threat condition were explicitly told
that a number of electrocutaneous stimuli would be admin-
istered, but that this would only occur in a proportion of tri-
als in which a light (tone) was presented. They were also
told that the administration of electrocutaneous stimuli
would be completely independent from the response they
happened to give. In the control condition, no speciWc
instructions were given between blocks 1 and 2.

After the experiment, the participants rated the extent to
which they were expecting that the electrical stimulus
would follow the visual and the auditory stimulus, respec-
tively, on a rating scale going from 0 (not at all) to 10 (all
the time). This allowed us to conWrm the eYcacy of the
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fear-conditioning procedure that was utilized in the present
study.

Results

Participants in the visual threat condition expected the elec-
trocutaneous stimulus signiWcantly more after the visual
stimulus (M = 5.70, SD = 2.13) than after the auditory stim-
ulus (M = 0.75, SD = 1.25), t(19) = 11.15, P < 0.001. By
contrast, the participants in the auditory threat condition
expected the electrocutaneous stimulus signiWcantly more
after the auditory stimulus (M = 6.30, SD = 1.84) than after
the visual stimulus (M = 0.85, SD = 1.31), t(19) = 12.27,
P < 0.001. These results therefore show that participants
were aware of the contingency between the sensory modal-
ity of the target and the presentation of the electrocutaneous
stimuli.

The participants failed to make any response on fewer
than 1% of trials overall, and these trials were excluded
from the data analyses. The results are shown in Table 1.

Analysis of unimodal target performance

Participants’ performance on the unimodal trials was ana-
lyzed using a 2 (Target: visual, auditory) £ 2 (Block: 1,
2) £ 3 (Condition: visual threat, auditory threat, control)
analysis of variance (ANOVA). Analysis of the error data
revealed a signiWcant main eVect of Target
[F(1,54) = 14.14, P < 0.001], with participants making
more mistakes on the unimodal visual trials (M = 5.8%,
SE = 0.6) than on the unimodal auditory trials (M = 3.5%,
SE = 0.4). None of the other eVects reached signiWcance.

A similar analysis of the RT data revealed a signiWcant
main eVect of Target [F(1,54) = 38.12, P < 0.001], with

participants responding more rapidly to the auditory targets
(M = 510 ms, SE = 11) than to the visual targets
(M = 550 ms, SE = 10). The analysis also revealed a sig-
niWcant interaction between Target and Block
[F(1,54) = 11.95, P = 0.001], indicating that the diVerence
in RTs to the visual and auditory targets was larger in the
second block of trials [t(56) = 7.17, P < 0.001] than in the
Wrst [t(56) = 3.33, P < 0.01]. None of the other terms in this
analysis reached signiWcance.

Analysis of bimodal trial performance

Errors on the bimodal trials (i.e., those trials in which the
participants pressed the auditory or visual target response
keys rather than the bimodal response key) were analyzed
using a 2 (Response: visual, auditory) £ 2 (Block: 1, 2) £ 3
(Condition: visual threat, auditory threat, control) ANOVA.
This analysis revealed a main eVect of Response
[F(1,54) = 116.15, P < 0.001], with participants making
signiWcantly more visual (M = 15.2%, SE = 1.2) than audi-
tory responses (M = 3.8%, SE = 0.5). None of the other
main eVects were signiWcant. The signiWcant interaction
between Block and Condition [F(2,54) = 9.96, P < 0.05],
revealed that the participants made more errors in the sec-
ond block of trials in both threat groups, while they made
fewer errors in the control group. Of particular interest here
was the signiWcant interaction between Response, Block,
and Condition [F(2,54) = 7.53, P = 0.001]. In order to
interpret this three-way interaction, we calculated the diVer-
ence in the magnitude of the visual dominance eVect
(VD = percentage of visual-only errors minus the percent-
age of auditory-only errors) between blocks 1 and 2
(VDchange = VD2 ¡ VD1) for each condition separately
(see Fig. 1). A positive VDchange indicates an increase in
VD from block 1 to block 2, whereas a negative VDchange

Table 1 Means and standard errors of error rates and RTs as a function of the block (1, 2) and condition (visual threat, auditory threat, and neutral
control)

Condition 1 Condition 2 Condition 3

Block 1 
(baseline)

Block 2 
(visual threat)

Block 1 
(baseline)

Block 2 
(auditory threat)

Block 1 
(baseline)

Block 2 
(neutral control)

Bimodal trials

Visual response (%) 13.0 (2.3) 19.5 (3.0) 15.3 (2.0) 17.3 (2.2) 17.4 (2.7) 8.8 (2.0)

Auditory response (%) 4.3 (1.6) 2.5 (0.9) 1.8 (0.6) 4.8 (1.1) 4.7 (1.3) 4.7 (1.0)

RT bimodal response (ms) 600 (18) 654 (24) 621 (18) 679 (24) 650 (25) 632 (24)

Unimodal trials

Visual errors (%) 4.8 (0.9) 4.1 (1.2) 4.9 (0.9) 6.1 (1.2) 6.8 (1.2) 8.1 (1.9)

Auditory errors (%) 2.3 (0.4) 2.7 (0.6) 4.6 (1.0) 3.7 (0.9) 3.2 (0.7) 4.7 (0.8)

RT visual (ms) 527 (20) 551 (19) 537 (14) 565 (20) 551 (20) 569 (18)

RT auditory (ms) 502 (18) 503 (21) 509 (19) 505 (21) 529 (21) 515 (20)
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indicates a decline in VD over time. Post-hoc comparisons1

between the conditions showed that the VDchange was sig-
niWcantly larger in the visual threat condition (M = 8.25,
SD = 12.70) than in both the auditory threat condition
(M = ¡1.00, SD = 13.73) (P < 0.05) and the control condi-
tion (M = ¡8.53, SD = 13.08) (P < 0.001). Furthermore,
there was a non-signiWcant trend for a larger VDchange in the
auditory threat condition than in the control condition
(P < 0.10).

Reaction times (RTs) were analyzed using a 2 (Block: 1,
2) £ 3 (Condition: visual threat, auditory threat, control)
ANOVA. This analysis revealed a signiWcant main eVect of
Block [F(1,54) = 8.24, P < 0.01], with the participants
responding more slowly in the second block of trials
(M = 655 ms, SE = 14) than in the Wrst (M = 624 ms,

SE = 12). The analysis also revealed a signiWcant interac-
tion between Block and Condition [F(2,54) = 4.92,
P < 0.05]. In the visual threat condition, the participants
responded more slowly in the second block of trials than in
the Wrst, t(19) = 3.13, P < 0.01. Similarly in the auditory
threat condition, RTs were slower in the second block than
in the Wrst, t(19) = 2.68, P < 0.05. By contrast, there was no
diVerence in RTs between the two blocks of trials in the
control condition, t(16) = 1.13, ns.

Discussion

In this study, we investigated whether the Colavita visual
dominance eVect (the phenomenon whereby the simulta-
neous presentation of a visual and an auditory (or tactile)
stimulus leads to a decreased ability to perceive or respond
to the auditory (or tactile) stimulus; Hartcher-O’Brien et al.
2008) would be modulated by threat. The participants in the
present study were assigned to a visual threat condition (in
which the visual modality was fear-conditioned), an audi-
tory threat condition (in which the auditory modality was
fear-conditioned), or to a control condition (in which nei-
ther modality was fear-conditioned).

The most important results to emerge from our study
relate to the pattern of performance observed on the bimo-
dal target trials, and can be readily summarized: First, a
robust Colavita visual dominance eVect was observed: that
is, whenever a visual and an auditory stimulus were pre-
sented at the same time, the participants were signiWcantly
more likely to make visual-only responses than to make
auditory-only responses. Second, when the visual stimulus
acquired a threat value (by means of aversive conditioning),
the magnitude of the Colavita visual dominance eVect
increased signiWcantly. The participants also responded
more slowly on the bimodal trials in the visual threat condi-
tion. Third, when the auditory stimulus was made threaten-
ing by means of aversive conditioning, the visual
dominance eVect was not reduced, although RTs on the
bimodal trials did become somewhat slower. In fact, only
the control condition showed any reduction in the magni-
tude of the Colavita visual dominance eVect over time (i.e.,
when performance in Block 2 was compared to that
reported in Block 1), whereas the RTs to the bimodal tar-
gets remained stable across the two blocks in that condi-
tion.

These Wndings conXict somewhat with the results
reported by Shapiro et al. (1984) nearly a quarter of a cen-
tury ago. In particular, they found that the threat (or actual
presentation) of aversive shocks resulted in a reversal of the
Colavita visual dominance eVect (i.e., their participants
started making more auditory-only responses than visual-
only responses on the bimodal target trials). However, there

1 It could be argued that it might take some time for participants to learn
the contingency between sensory modality and electrocutaneous stim-
ulation, and hence that the eVects of threat would be most prominent in
the latter part of block 2. In order to test this hypothesis, we split block
2 in two parts and performed repeated post-hoc comparisons. There
were no signiWcant diVerences in the magnitude of the visual domi-
nance eVect between the Wrst and second half of block 2 (all P > 0.10).
Furthermore, the additional analyses indicated that the eVects of threat
did not increase over time but rather declined. When only the Wrst half
of block 2 was used, VDchange was signiWcantly larger in the visual
threat condition (M = 13.12, SD = 17.06) than in both the auditory
threat condition (M = ¡0.19, SD = 20.43) (P < 0.05) and the control
condition (M = ¡10.72, SD = 13.08) (P < 0.001). Furthermore, there
was a non-signiWcant trend for a larger VDchange in the auditory threat
condition than in the control condition (P < 0.10). When only the sec-
ond half of block 2 was used, VDchange was signiWcantly larger in the
visual threat condition (M = 4.97, SD = 15.62) than in the control con-
dition (M = ¡6.28, SD = 15.66) (P < 0.05). VDchange in the visual
threat condition was still larger than in the auditory threat condition
(M = ¡2.08, SD = 17.61) but the diVerence failed to reach statistical
signiWcance (P > 0.10). There was no signiWcant diVerence in VDchange
between the auditory threat condition and the control condition
(P > 0.10).

Fig. 1 The graph shows the eVects of both threat manipulations on the
magnitude of the Colavita visual dominance eVect as compared to the
pattern of performance observed in the control condition. The values
presented reXect the mean (with standard errors) visual dominance
eVect (percentage of visual minus percentage of auditory responses on
bimodal trials) in the two blocks
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is an important diVerence between their study and the
experiment reported here that might help to account for the
contrasting Wndings. Namely, Shapiro et al. informed their
participants that they would receive a shock whenever their
responses were either too fast or too slow. In the present
study, participants were told that they would receive shocks
after the presentation of a Wxed proportion of the visual or
auditory stimuli, irrespective of their response to those
stimuli. Shapiro et al.’s results might therefore reXect the
eVect of arousal on strategic shifts of attention to the
modality (i.e., audition) which participants believed that
they found it most diYcult to respond to, whereas the
results of the present study are more likely to reXect the
consequence of either the visual or auditory modality sig-
naling threat.

Another important diVerence between the two studies is
that in the present study the auditory and visual stimuli
were presented from exactly the same spatial position,
whereas in Shapiro et al.’s (1984) study, the visual and
auditory stimuli were presented from diVerent spatial loca-
tions. The visual dominance eVect reported in their study
might have been less stable and easier to reduce (or even
reverse) than in our study (perhaps due to the focusing of
participants’ attention on the location where stimuli from
one modality were presented; cf. Spence and Driver 1997).
It should also be noted that the participants in the present
study used a separate response key in order to respond to
the bimodal targets, whereas Shapiro and his colleagues
instructed their participants to respond to the modality that
they perceived Wrst. This important diVerence in task
instructions might be another reason for the contradictory
Wndings between both studies.

In order to further clarify the pattern of results reported
here, it is worth considering the eVects of fear-conditioning
on participants’ performance in the unimodal trials. Analy-
sis of the data from these trials revealed that the participants
responded both more rapidly and made fewer errors on the
unimodal auditory trials than on the unimodal visual trials
across all conditions. This result is somewhat surprising
given the fact that in the bimodal trials we found visual
dominance over auditory processing (i.e., a Colavita visual
dominance eVect was observed). This pattern of results is,
however, in line with the results of recent studies of the
Colavita visual dominance eVect in which the participants
responded to the bimodal targets using a separate (third)
response key (Koppen and Spence 2007c; Sinnett et al.
2007). The RT advantage for the unimodal auditory trials
over the unimodal visual trials indicates that the visual
dominance eVect cannot simply be explained by partici-
pants responding more rapidly to visual stimuli than to
auditory stimuli. It would appear instead that the visual
modality is only prioritized when there is some form of
competition between stimuli presented at the same time in

the two modalities, thus suggesting that the Colavita visual
dominance eVect is indeed an attentional phenomenon (see
Colavita and Weisberg 1979; Egeth and Sager 1977; Kop-
pen and Spence 2007c; Posner et al. 1976).

The results of the visual threat condition are consistent
with this attentional account. Fear-conditioning of the
visual modality is assumed to lead to an increase in the
amount of attention being devoted to visual stimuli (e.g.,
Armony and Dolan 2002; Koster et al. 2004; Stormark
et al. 1999; Van Damme et al. 2004, 2006a). Consequently,
when presented concurrently, visual stimuli that signal
threat are prioritized over neutral auditory stimuli, thus
resulting in an increased visual dominance eVect. Impor-
tantly, however, the results of the auditory threat condition
do not seem to Wt easily with the attentional account of the
Colavita visual dominance eVect. Fear-conditioning of the
auditory modality should have been expected to lead to an
increase in the amount of attention being devoted by partic-
ipants to the auditory stimuli. Unexpectedly, this did not
result in the prioritization of auditory stimuli signaling
threat relative to neutral visual stimuli when presented con-
currently. The Colavita visual dominance eVect was neither
reversed, nor reduced, but rather increased in magnitude
relative to the neutral control condition.

The data from the control condition indicate that the
visual dominance eVect typically declines over time. Com-
parison of both threat conditions with this control condition
suggests that the induction of fear and arousal increases
visual dominance, but that this increase is more pronounced
in the context of visual threat as compared to auditory
threat. These Wndings seem to suggest that the induction of
threat leads to a visual hypervigilance, no matter which
sensory modality the threat happens to be related to. This
suggestion runs counter to that put forward by Shapiro et al.
(1984), who argued that audition has an evolutionary
advantage over vision in aversive situations. This contra-
diction might be caused by methodological diVerences
between both studies. For example, in our study, auditory
stimuli were presented through a loudspeaker placed in
exactly the same position as the LED delivering the visual
stimuli. In Shapiro et al.’s study, by contrast, auditory stim-
uli were presented via headphones as a result of which there
was no spatial concordance between visual and auditory
information (see Spence and Driver 1997). As has already
been demonstrated, the visual dominance eVect is most
robust when visual and auditory stimuli are presented from
the same spatial position (see Hartcher-O’Brien et al. 2008;
Koppen and Spence 2007c). Therefore the threat manipula-
tion in our study might have been insuYcient to produce a
shift from visual to auditory dominance as reported by
Shapiro et al. (1984). Obviously, more research will be
needed in order to determine the exact mechanisms respon-
sible for these contradictory results.
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A number of issues need further consideration. First,
it should be noted that the visual dominance eVect found
in the present study was substantially smaller than that
reported in early studies (Colavita 1974; Colavita et al.
1976; Colavita and Weisberg 1979; Shapiro et al. 1984).
One plausible explanation for this is the use of a 3-but-
ton response procedure, with a separate button for bimo-
dal targets (see Koppen and Spence 2007a). The use of
the bimodal response category in our study as opposed
to Shapiro et al.’s instruction to respond to the stimulus
that was perceived Wrst might have induced certain
response strategies such as slowing down responses and
waiting to see which stimuli will be presented. Second,
although our self-report ratings showed that participants
in both threat conditions were aware of the contingency
between stimulus modality and electrocutaneous stimu-
lation, this does not necessarily imply that the condi-
tioned stimulus has acquired aversive properties.
Perhaps future studies might beneWt from including more
direct measures of fear-conditioning such as galvanic skin
responses.

Third, contrary to both hypotheses, the visual dominance
eVect was not attenuated by auditory fear-conditioning.
One potential explanation for this is that auditory stimuli
(or, at least the auditory stimuli presented in the present
study), might simply have been less capable of alerting par-
ticipants to the potential administration of aversive electro-
cutaneous stimuli than the visual stimuli that were used.
However, auditory fear-conditioning had some eVect, as
RTs to bimodal trials increased in the auditory threat condi-
tion but not in the control condition. Furthermore, self-
report ratings revealed that the expectation of an electrocu-
taneous stimulus was equally strong after the presentation
of a visual stimulus in the visual threat condition as after
the presentation of an auditory stimulus in the auditory
threat condition.

In conclusion, the present study shows that fear-condi-
tioning increases the Colavita visual dominance eVect. This
is particularly apparent when a visual stimulus is paired
with an aversive electrocutaneous stimulus (fear-condition-
ing the visual stimulus), which gives rise to an increase in
the magnitude of this particular form of visual dominance.
The increase in the magnitude of the visual dominance
eVect by pairing auditory stimuli with aversive electrocuta-
neous stimuli, as opposed to the reduction or reversal that
had been expected, suggests that in a threatening context
visual information is strongly prioritized over auditory
information.

Acknowledgments Stefaan Van Damme is a postdoctoral fellow of
the Fund for ScientiWc Research Flanders (FWO). The authors would
like to thank Dr. Camille Koppen for her helpful discussions regarding
the original research idea.

References

Armony JL, Dolan RJ (2002) Modulation of spatial attention by fear-
conditioned stimuli: an event-related fMRI study. Neuropsycho-
logia 40:817–826

Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ, van
Yzendoorn MH (2007) Threat-related attentional bias in anxious
and non-anxious individuals: a meta-analytic study. Psychol Bull
133:1–24

Calvert GA, Spence C, Stein BE (eds) (2004) The handbook of multi-
sensory processes. MIT Press, Cambridge

Colavita FB (1974) Human sensory dominance. Percept Psychophys
16:409–412

Colavita FB (1982) Visual dominance and attention in space. Bull
Psychonom Soc 19:261–262

Colavita FB, Weisberg D (1979) A further investigation of visual dom-
inance. Percept Psychophys 25:345–347

Colavita FB, Tomko R, Weisberg D (1976) Visual prepotency and eye
orientation. Bull Psychonom Soc 8:25–26

De Clercq A, Crombez G, Roeyers H, Buysse A (2003) A simple and
sensitive method to measure timing accuracy. Behav Res Meth
Instr Comput 35:109–115

Egeth HE, Sager LC (1977) On the locus of visual dominance. Percept
Psychophys 22:77–86

Hartcher-O’Brien J, Gallace A, Krings B, Koppen C, Spence C (2008)
When vision ‘extinguishes’ touch in neurologically-normal peo-
ple: extending the Colavita visual dominance eVect. Exp Brain
Res 186:643–658

HeVner RS, HeVner HE (1992a) Evolution of sound localization in
mammals. In: Webster DB, Fay RR, Popper AN (eds) The evolu-
tionary biology of hearing. Springer, Berlin, pp 691–715

HeVner RS, HeVner HE (1992b) Visual factors in sound localization in
mammals. J Comp Neurol 317:219–232

Klein RM (1977) Attention and visual dominance: a chronometric
analysis. J Exp Psychol Hum Percept Perform 3:365–378

Koppen C, Spence C (2007a) Seeing the light: exploring the Colavita
visual dominance eVect. Exp Brain Res 180:737–754

Koppen C, Spence C (2007b) Assessing the role of stimulus probabil-
ity on the Colavita visual dominance eVect. Neurosci Lett
418:266–271

Koppen C, Spence C (2007c) Spatial coincidence modulates the Cola-
vita visual dominance eVect. Neurosci Lett 417:107–111

Koster EHW, Crombez G, Van Damme S, Verschuere B, De Houwer
J (2004) Is attention drawn to signals of imminent threat? Emo-
tion 4:312–317

Osborne WC, Sheldon RW, Baker RA (1963) Vigilance performance
under conditions of redundant and nonredundant signal presenta-
tion. J Appl Psychol 47:130–134

Posner MI, Nissen MJ, Klein RM (1976) Visual dominance: an infor-
mation-processing account of its origins and signiWcance. Psychol
Rev 83:157–171

Shapiro KL, Jacobs WJ, LoLordo VM (1980) Stimulus-reinforcer
interactions in Pavlovian conditioning of pigeons: implications
for selective associations. Anim Learn Behav 8:586–594

Shapiro KL, Egerman B, Klein RM (1984) EVects of arousal on human
visual dominance. Percept Psychophys 35:547–552

Sinnett S, Spence C, Soto-Faraco S (2007) Visual dominance and
attention: the Colavita eVect revisited. Percept Psychophys
69:673–686

Sinnett S, Spence C, Soto-Faraco S (2008) The co-occurrence of mul-
tisensory competition and facilitation. Acta Psychol 128:153–161

Spence C, Driver J (1997) On measuring selective attention to a spe-
ciWc sensory modality. Percept Psychophys 59:389–403

Spence C, Driver J (eds) (2004) Crossmodal space and crossmodal
attention. Oxford University Press, Oxford
123



204 Exp Brain Res (2009) 193:197–204
Spence C, Nicholls MER, Driver J (2001a) The cost of expecting
events in the wrong sensory modality. Percept Psychophys
63:330–336

Spence C, Shore DI, Klein RM (2001b) Multisensory prior entry. J Exp
Psychol Gen 130:799–832

Stormark KM, Hugdahl K, Posner MI (1999) Emotional modulation of
attention orienting: a classical conditioning study. Scan J Psychol
40:91–99

Turatto M, Benso F, Galfano G, Gamberini L, Umiltà C (2002) Non-
spatial attentional shifts between audition and vision. J Exp Psy-
chol Hum Percept Perform 28:628–639

Van Damme S, Lorenz J, Eccleston C, Koster EHW, De Clercq A,
Crombez G (2004) Fear-conditioned cues of impending pain
facilitate attentional engagement. Neurophysiol Clin 34:33–39

Van Damme S, Crombez G, Eccleston C, Koster EHW (2006a) Hyper-
vigilance to learned pain signals: a componential analysis. J Pain
7:346–357

Van Damme S, Crombez G, Hermans D, Koster EHW, Eccleston C
(2006b) Extinction and reinstatement of attentional bias to threat:
a conditioning approach. Behav Res Ther 44:1555–1563
123


	Is visual dominance modulated by the threat value of visual and auditory stimuli?
	Abstract
	Introduction
	Methods
	Participants
	Apparatus and materials
	Design
	Procedure

	Results
	Analysis of unimodal target performance
	Analysis of bimodal trial performance

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


