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Abstract

The Colavita effect refers to the phenomenon wherein people tend to not respond to an auditory

stimulus when a visual stimulus is simultaneously presented. Although previous studies have

shown that endogenous modality attention influences the Colavita effect, whether the Colavita

effect is influenced by endogenous spatial attention remains unknown. In the present study, we

established endogenous spatial cues to investigate whether the size of the Colavita effect changes

under visual or auditory cues. We measured three indexes to investigate the effect of endogenous

spatial attention on the size of the Colavita effect. These three indexes were developed based on

the following observations in bimodal trials: (a) The proportion of the “only vision” response was

significantly higher than that of the “only audition” response; (b) the proportion of the “vision

precedes audition” response was significantly higher than that of the “audition precedes vision”

response; and (c) the reaction time difference of the “vision precedes audition” response was

significantly higher than that of the “audition precedes vision” response. Our results showed that

the Colavita effect was always influenced by endogenous spatial attention and that its size was

larger at the cued location than at the uncued location; the cue modality (visual vs. auditory) had

no effect on the size of the Colavita effect. Taken together, the present results shed light on how

endogenous spatial attention affects the Colavita effect.
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Although streams of information from multiple sensory modalities often reach us simulta-
neously, our brain does not give equal weight to different sensory modalities. Visual infor-
mation more frequently receives preferential processing than other sensory information and
eventually dominates awareness and behavior (de Gelder & Bertelson, 2004; Schmid et al.,
2011). One intriguing example of vision’s dominance over audition is the Colavita effect
(Colavita, 1974). In the classic paradigm of the Colavita effect, visual, auditory, and audio-
visual stimuli are randomly presented, and participants are instructed to press one key for the
visual stimulus, another for the auditory stimulus, and both for the audiovisual stimulus.
Although participants could respond accurately to the unimodal visual and auditory stimuli,
they often failed to respond to the auditory component of an audiovisual stimulus and
responded almost exclusively to the visual component. In Colavita (1974), some of the
participants reported after the experiment that they did not even perceive the auditory com-
ponent in the bimodal trials.

The Colavita effect has been revealed to be robust irrespective of a variety of experimental
manipulations, such as stimulus intensity, stimulus type, stimulus position, response
demands, and arousal (Colavita, 1974; Colavita et al., 1976; Colavita & Weisberg, 1979;
Koppen et al., 2008; Koppen & Spence, 2007a; Sinnett et al., 2007). However, it has been
shown that the manipulation of endogenous attention can modulate the size of the Colavita
effect (Colavita, 1974; Sinnett et al., 2007; Spence, 2009). Researchers have found
that although attentional manipulation can reduce or even eliminate the Colavita effect,
it cannot reverse the visual dominance effect (Koppen & Spence, 2007c, 2007d;
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Sinnett et al., 2007). However, in previous studies, researchers have focused on endogenous
modality attention, manipulating attention via instructions or goals through the use of the
endogenous attentional selectivity mechanism to allocate to a specific modality in multisen-
sory streams (Tang et al., 2016).

Paying attention to a specific modality can accelerate information processing in low-level
cortical areas; this effect is referred to as the prior-entry effect (Vibell et al., 2007). Some
studies have found that behavioral and event-related potential responses to audiovisual
stimuli increased when participants paid attention to visual (Wu et al., 2009), auditory
(Li et al., 2010), or audiovisual streams (Giard & Peronnet, 1999). Other studies have dem-
onstrated that the effect of multisensory integration on behavioral performance can be
attenuated or even eliminated under conditions of modality-specific selective attention
(Mozolic et al., 2008; Wu et al., 2012). In a study of sensory dominance in multisensory
integration, it was noted that the Colavita effect can be affected by endogenous modality
attention (Sinnett et al., 2007), specifically, when endogenous attention was biased to the
visual modality, the size of the Colavita effect became larger, while when it was biased to the
auditory modality, the size of the Colavita effect became smaller. Recently, a study showed
that endogenous attention toward one specific sensory modality modulates both the direc-
tion and size of the Colavita effect (Fang et al., 2020). However, Talsma (2015) noted that
attention can influence multisensory processing not only by modality attention but also by
spatial attention. Attention was directed to one particular location or multiple specific
locations by guidance or visual central cues; the two types of attention were referred to as
selective spatial attention and divided spatial attention. Interestingly, endogenous spatial
attention can promote the response to location targets in both selective and divided con-
ditions (Li et al., 2015, Wu et al., 2009).

Our study aimed to investigate whether the Colavita effect is affected by endogenous
spatial attention. Previous studies have shown that endogenous spatial attention influences
multisensory integration, specifically, the redundancy effect, in which responses to the simul-
taneous presentation of stimuli from multiple sensory systems can be faster and more accu-
rate than responses to the same stimuli presented in isolation (Kinchla, 1974; Li et al., 2010,
2015; Wu et al., 2009). However, multisensory integration includes not only the redundancy
effect of multimodality information integration but also the modality dominance of multi-
modality information competition (Colavita, 1974). The Colavita effect is one of the visual
dominance effects of multisensory competition; it is the phenomenon wherein our brain,
which is being inundated concurrently by streams of information from multiple sensory
modalities, does not give equal weight to different modalities (Huang et al., 2015). This
effect is proposed to arise from asymmetric facilitation and inhibition between modalities
(Hirst et al., 2018). As a typical paradigm of multisensory integration, whether and how the
Colavita effect is affected by endogenous spatial attention still remains unknown.

In the present study, we manipulated a cue, the direction of an arrow, to induce endog-
enous spatial attention. Talsma et al. (2010) proposed that top-down directed attention can
influence multisensory processing (Alsius et al., 2005, 2007; Harrar et al., 2014; Talsma et al.,
2007, 2010; Talsma & Woldorff, 2005). Therefore, based on task instructions or informative
central visual cues, attention can be focused on a spatial location, such as the left or right side
of fixation, which is called selective spatial attention. Previous studies have reported that this
endogenous attentional selectivity can facilitate responses to unimodal (visual, V, or audi-
tory, A) signals at the attended (expected) spatial locations relative to the unattended
(unexpected) locations (Coull & Nobre, 1998; Li et al., 2012; Posner, 1980; Tang et al.,
2013). This analogous attention effect has also been found for stimuli from multiple sensory
modalities, for example, the simultaneous presentation of auditory and visual stimuli
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(audiovisual, AV; Li et al., 2010; Wu et al., 2009). In the present study, the cue-target

paradigm was used to explore the effect of endogenous spatial attention on the Colavita

effect. We established endogenous visual (a central arrow pointing left or right in Experiment

1) spatial cue to explore how endogenous spatial attention influence the Colavita effect.

However, since the Colavita effect is a multisensory integration effect generated by the

competition between visual and auditory information, visual cues may interfere with the

Colavita effect. Therefore, we conducted Experiment 2 using an auditory (the semantically

meaningful sounds “right” or “left”) spatial cue to exclude the influence of cue modalities on

the Colavita effect. Although we used both visual and auditory cues, they worked the same

way, directing participants’ attention to specific locations; therefore, we assumed that the

Colavita effect was greater for the cued location than for the uncued location and unrelated

to the modality of the cue.
In our study, we used three indexes to measure the size of the Colavita effect. The first is

the classic index used in previous studies to measure the size of the visual dominance effect:

the difference between the proportion of Visual_Only (where only the “visual key” is pressed)

errors and the proportion of Auditory_Only (where only the “auditory key” is pressed)

errors in bimodal trials. However, visual dominance can also appear in the proportion of

first response in two keys (e.g., Koppen & Spence, 2007a, 2007b, 2007c, 2007d; Van Damme

et al., 2009), which we used as our second index. In a large proportion of bimodal trials,

which have been excluded from classic analyses of patterns of error, participants press the

two response keys corresponding to both the visual and auditory components. In most of

these bimodal trials, although participants make both responses, they cannot press the visual

and auditory keys strictly simultaneously: Either the visual response precedes the auditory

response or vice versa. Thus, by post hoc categorization of bimodal trials into a “vision

precedes audition” response and an “audition precedes vision” response and by comparing

the proportions of the two types of responses, we obtain a new valid indictor of the visual

dominance effect (Fang et al., 2020; Huang et al., 2015; Li et al., 2017; Yue et al., 2015). The

third index is the time difference between the two reactions. The difference in reaction time

(RT) between pressing the visual key first and the auditory key second has been found to be

significantly larger than the difference in the response time between pressing the auditory key

first and the visual key second, demonstrating the visual dominance effect (Huang et al.,

2015).

Experiment 1

Method

Participants. We recruited 33 healthy volunteers (21 female, 12 male, aged 18–26 years) in the

study. They were all right handed, with normal hearing and normal or corrected-to-normal

visual acuity. None of them had a history of neurological or psychiatric disorders. All

participants gave informed consent prior to the experiment in accordance with the

Declaration of Helsinki and were paid afterward. This study was approved by the Ethics

Committee of Department of Psychology, Soochow University.
To test the suitability of the sample size, we performed a sensitivity analysis of the two-

tailed paired sample t test in G*power 3.1.9.2 (Faul et al., 2007, 2009). Input parameters: A
err prob¼ 0.05, power (1–b err prob)¼ 0.80, and total sample size¼ 33. Output parameter:

Cohen’s d¼ 0.50. The results showed that we have enough power to achieve moderate effect,

so our sample size was appropriate.
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Apparatus and Materials. The visual cue was a white central arrow pointed at the left or right

(0.7��1.5� of visual angle) which was presented for 300ms, and then the central fixation

point appears in the center of the screen for a duration of 50ms. The visual target was a

black sphere (2.98��2.98� of visual angle) which was presented for 50ms, both them were

presented on a 17-inch CRT monitor controlled by Presentation software (Neurobehavioral

Systems Inc., Albany, CA; https://www.neurobs.com/). The auditory target was a pure tone

(4000 Hz, 55–68 dB, measured via a sound level meter) which was presented for 50ms via

two headsets. Amplitude enveloping was applied to the first and last 5ms of the pure tone,

using the Cool Edit software. Responses were collected with a keyboard.

Procedure. Participants sat 60 cm away from the monitor in a dimly lit room (see Figure 1).

They were instructed to put their chin on a chin rest and maintain central fixation through-

out the experiment. Before the target was presented, the visual cue was presented. The cue

pointed to the left or right locations, followed by the target presented at the cued or uncued

location. There were three types of targets: (a) unimodal visual stimuli, in which participants

were instructed to press “F” key once they saw the visual target, (b) unimodal auditory

stimuli, in which participants were instructed to press “J” key once they heard the auditory

target, and (c) bimodal audiovisual stimuli, in which participants were instructed to press

“F” key and “J” key at the same time as possible. The mapping between the auditory/visual

stimulus and the two response keys was counterbalanced across participants. There were

2,100 trials in total, among which the proportion of visual, auditory, and audiovisual stimuli

was 2:2:1 (i.e., 40% visual stimuli, 40% auditory stimuli, and 20% bimodal stimuli). The

three types of trials were randomly presented. The validity of the cue was 80%, that is, the

cue and the target appeared the same location. The intertrial interval was randomized from

1,400ms to 1,900ms (i.e., 1,400, 1,650, and 1,900ms). Participants practiced for 5 minutes

before the formal experiment; the formal experiment lasted 120 minutes.

Figure 1. The stimulus and experimental procedure in Experiment 1. The visual cue was an arrow pointing
to the left or right. There were three types of target stimulus: visual stimuli, auditory stimuli, and bimodal
stimuli; ITI was randomized from 1,400ms to 1,900ms.
ITI¼ intertrial interval.
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Data Analyses. We used methods that have been used in recent years to analyze the Colavita
effect (Fang et al., 2020; Huang et al., 2015; Li et al., 2017; Yue et al., 2015). In addition to
the two types of unimodal trials, the bimodal trials were categorized into the following six
types according to participants’ responses: (a) the Visual_Auditory trials, in which partic-
ipants first responded to the visual component and then to the auditory component; (b) the
Auditory_Visual trials, in which participants first responded to the auditory component and
then to the visual component; (c) the Visual_Only trials, in which participants responded to
the visual component only; (d) the Auditory_Only trials, in which participants responded to
the auditory component only; (e) the “Simultaneous” trials, in which participants responded
simultaneously to the auditory and the visual components (the visual and auditory responses
were made within 5ms); and (f) the “Missed” trials, in which no responses were recorded.
The proportion of each type of bimodal trial was calculated as the proportion between the
number of each type of bimodal trial and the overall number of bimodal trials.

Although most previous studies have used the difference in proportion between
Visual_Only trials (where only the “F” key is pressed) and Auditory_Only trials (where
only the “J” key was pressed) in bimodal trials to measure the size of the Colavita effect
(e.g., Koppen & Spence, 2007a, 2007b, 2007c, 2007d; Van Damme et al., 2009), the Colavita
effect can also appear in RT data (see Egeth & Sager, 1977; Koppen & Spence, 2007c). For
instance, in most bimodal trials, although participants made both responses, they could not
press the visual and auditory keys absolutely simultaneously: They could exhibit either the
“vision precedes audition” response or the “audition precedes vision” response. Thus, by
comparing the proportions of the Visual_Auditory trials and Auditory_Visual trials, the
Colavita effect can be measured. More interestingly, previous studies have found that the
RT difference in pressing the visual key before the auditory key is greater than the RT
difference in pressing the auditory key before the visual key (Huang et al., 2015). The for-
mulas used to calculate the RT difference are as follows: In Visual_Auditory trials,
DRT1¼RT(auditory response) – RT(visual response); in Auditory_Visual trials, DRT2¼RT(visual

response) – RT(auditory response), DRT1>DRT2. By comparing DRT between Visual_Auditory
trials and Auditory_Visual trials, the Colavita effect can be measured.

Therefore, we can investigate the influence of endogenous spatial attention on the
Colavita effect through three indexes. In this study, first, we analyzed the proportions of
trials when the participants pressed only a single key and conducted 2 (cue validity: cued vs.
uncued)� 2 (type of incorrect bimodal trial: Visual_Only vs. Auditory_Only) repeated-
measures analysis of variance (ANOVA). We verified the existence of the Colavita effect
by observing whether the main effect type of incorrect bimodal trial was significant. Then, we
used the difference in proportion between the Visual_Only trials and the Auditory_Only
trials as the size of the Colavita effect to conduct a comparison between the cued and
uncued locations. Second, we analyzed the proportions of trials in which the participants
pressed two keys at different times and conducted a 2 (cue validity: cued vs. uncued)� 2
(type of correctly responded bimodal trial: Visual_Auditory vs. Auditory_Visual) repeated-
measures ANOVA. We verified the existence of the Colavita effect by observing whether the
main effect of type of correctly responded bimodal trial was significant. Then, we used the
difference in proportion between the Visual_Auditory trials and Auditory_Visual trials as
the size of the Colavita effect to conduct a comparison between the cued and uncued
locations. For analysis of RT, the trials with omissions, incorrect responses and RTs exceed-
ing 3 SDs from the mean RT for each condition were excluded from further analysis. We
used simple effect analysis with Bonferroni correction to further analyze the interaction
effect; we report the effect size by using g2p for ANOVA and Cohen’s d for t test to ensure
statistical validity.
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Results

Proportions of Different Types of Bimodal Trials. The proportions of different types of bimodal
trials in the present experiment were illustrated in Figure 2. First, we followed the first
method of data analysis on the Colavita effect: The proportions of incorrect bimodal
trials (i.e., Visual_Only and Auditory_Only bimodal trials) were submitted to a 2 (cue valid-
ity: cued vs. uncued)� 2 (type of incorrect bimodal trials: Visual_Only vs. Auditory_Only)
repeated-measures ANOVA; this is shown in Figure 3A. The main effect of the type of
incorrect bimodal trials was significant, F(1, 32)¼ 5.06, p< .05, g2p ¼ 0.14, indicating that
the proportion of the Visual_Only trials (3%) was significantly larger than the
Auditory_Only trials (2%), suggesting that there was the Colavita effect. The main effect
of cue validity was not significant, F< 1. In addition, the interaction between the cue validity
and the type of errors was not significant, F< 1. The size of the Colavita effect at the cued
location (2%) and at the uncued location (2%) was not significant, t< 1.

Furthermore, for the correct and nonsimultaneous bimodal trials, we conducted the
proportions of the Visual_Auditory and the Auditory_Visual trials to a 2 (cue validity:
cued vs. uncued)� 2 (type of correctly responded bimodal trials: Visual_Auditory vs.
Auditory_Visual) repeated-measures ANOVA; this is shown in Figure 3B. The main effect
of the type of correctly responded bimodal trials was significant, F(1, 32)¼ 6.28, p< .05,
g2p ¼ 0.16, indicating that the proportion of the Visual_Auditory trials (45%) was significant-
ly higher than the proportion of the Auditory_Visual trials (32%), suggesting that there was
the Colavita effect. The main effect of cue validity was not significant, F< 1. The interaction

Figure 2. The proportions of the six different types of conditions in the bimodal trials at the cued and the
uncued location. Visual_Auditory trials, in which visual responses preceded auditory responses;
Auditory_Visual trials, in which auditory responses preceded visual responses; Visual_Only trials, in which
only visual responses were made; Auditory_Only trials, in which only auditory responses were made;
Simultaneous trials, in which participants responded simultaneously to the auditory and the visual compo-
nents (RT difference less than 5 ms); and Missed trials, in which no responses were recorded (the error bars
indicate SEs).
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was significant, F(1, 32)¼ 4.59, p< .05, g2p ¼ 0.13. Paired t tests of simple effects revealed that

the proportion of the Visual_Auditory trials (46%) was significantly higher than the pro-

portion of the Auditory_Visual trials (31%) at the cued location, t(32)¼ 2.81, p< .05,

Cohen’s d¼ 0.76. More importantly, the size of the Colavita effect was significantly larger

at the cued location (16%) than the uncued location (12%), t(32)¼ 2.14, p< .05, Cohen’s

d¼ 0.54. This indicated that endogenous spatial attention can regulate the size of the

Colavita effect, and the size of the Colavita effect at the cued location was greater than

the uncued location.

Reaction Time. For RTs in the unimodal trials, a 2 (cue validity: cued vs. uncued)� (DRT of

correctly responded bimodal trials: Visual_Auditory vs. Auditory_Visual) repeated-measures

ANOVA was performed. The main effect of the cue validity was not significant, F< 1. The

main effect of the DRT of correctly responded bimodal trials was significant, F(1, 32)¼ 5.05,

p< .05, g2p ¼ 0.14, indicating that DRT of the Visual_Auditory trials (120ms) was signifi-

cantly higher than the DRT of the Auditory_Visual trials (87ms), suggesting that there was

the Colavita effect. The interaction was also significant, F(1, 32)¼ 4.98, p< .05, g2p ¼ 0.14.

Further tests of simple effects showed that the DRT of the Visual_Auditory trials at the cued

location (128ms) was greater than the DRT of the Auditory_Visual trials at the cued location

(83ms), t(32)¼ 2.80, p< .05, Cohen’s d¼ 0.48 (Figure 4). More importantly, the size of the

Colavita effect was significantly larger at the cued location (42ms) than the uncued location

(22ms), t(32)¼ 2.23, p< .05, Cohen’s d¼ 0.23. This indicated that endogenous spatial atten-

tion can regulate the size of the Colavita effect, and the size of the Colavita effect at the cued

location was greater than that at the uncued location.
By synthesizing the proportions and the RT results, we clearly found that the Colavita

effect was stable at both cued and uncued locations. Specifically, regardless of whether we

used the proportions of type of correctly responded bimodal trials or the RT to analyze the

size of the Colavita effect, the size of Colavita effect was significantly larger at the cued

location than the uncued location; this suggested that endogenous spatial attention enhanced

the size of the Colavita effect.

Figure 4. DRTs of the Visual_Auditory trials and the Auditory_Visual trials at the cued location and the
uncued location. The DRT of the Visual_Auditory trials was significantly longer than DRT of the
Auditory_Visual trials at the cue location (*p< .05. The error bars indicate SEs).
RT¼reaction time.

Wang et al. 9



Experiment 2

In Experiment 1, the cue were arrows oriented to “left” or “right” in visual presentation,
which can effectively regulate the direction of endogenous attention. However, due to the
asymmetry between visual and auditory modalities, visual information and auditory infor-
mation may be processed in different ways (Spence et al., 2000; Wang et al., 2020; Wu et al.,
2019). Therefore, we conducted Experiment 2, changing visual cues to auditory cues, to
further explore the influence of endogenous spatial attention on the Colavita effect.

Method

Participants. We recruited 29 healthy volunteers (25 female, 4 male, aged 17–28 years) par-
ticipated in the present experiment. They were all right handed, with normal hearing and
normal or corrected-to-normal visual acuity. None of them had a history of neurological or
psychiatric disorders. All participants gave informed consent prior to the experiment in
accordance with the Helsinki declaration and were paid afterward. This experiment was
approved by the Ethics Committee of Department of Psychology, Soochow University.

To test the suitability of the sample size, we performed a sensitivity analysis of the two-
tailed paired sample t test in G*power 3.1.9.2 (Faul et al., 2007, 2009). Input parameters: A
err prob¼ 0.05, power (1–b err prob)¼ 0.80, and total sample size¼ 29.Output parameter:
Cohen’s d¼ 0.54. The results showed that we have enough power to achieve moderate effect,

so our sample size was appropriate.

Apparatus, Materials, and Procedure. The apparatus, materials, and procedure in Experiment 2
were exactly the same as those in Experiment 1 except that the cue was presented in auditory
modal, rather than in visual modal. The cue was the sound of “left” or “right” by the voice
that point to the left or right location; sound cues were presented in both ears through
headphones.

Results

Proportions of Different Types of Bimodal Trials. In bimodal trials in which participants made
incorrect responses, we categorized two types of response according to the error type
(“Visual_Only” or “Auditory_Only”). Since the error rates on the bimodal trials were too
low, we did not analyze these effects with repeated-measures ANOVA with the factors of cue
validity (cued vs. uncued) and error type (“Visual_Only” vs. “Auditory_Only”).

The proportions of different types of bimodal trials were illustrated in Figure 5. We
conducted the proportions of the Visual_Auditory and the Auditory_Visual trials to a
2 (cue validity: cued vs. uncued)� 2 (type of correctly responded bimodal trials:
Visual_Auditory vs. Auditory_Visual) repeated-measures ANOVA. The main effect of the
type of correctly responded bimodal trials was significant, F(1, 28)¼ 8.90, p< .01, g2p ¼ 0.24,
indicating that the proportion of the Visual_Auditory trials (45%) was significantly higher
than the proportion of the Auditory_Visual trials (27%), suggesting that there was the
Colavita effect. The main effect of cue validity was not significant, F< 1. Moreover, the
interaction between cue validity and the type of correctly responded bimodal trials was
significant, F(1, 28)¼ 5.63, p< .05, g2p ¼ 0.17 (Figure 6). Paired t tests of simple effects
revealed that the proportion of the Visual_Auditory trials (46%) was significantly higher
than the proportion of the Auditory_Visual trials (26%) at the uncued location, t(32)¼ 3.33,
p< .05, Cohen’s d¼ 0.76. Moreover, the size of Colavita effect was larger at the uncued
location (20%) than the cued location (16%), t(28)¼ 2.37, p< .05, Cohen’s d ¼ 0.44.

10 i-Perception 12(4)



Figure 5. The proportions of the six different types of conditions in the bimodal trials at the cued and the
uncued location. Visual_Auditory trials, in which visual responses preceded auditory responses;
Auditory_Visual trials, in which auditory responses preceded visual responses; Visual_Only trials, in which
only visual responses were made; Auditory_Only trials, in which only auditory responses were made;
Simultaneous trials, in which participants responded simultaneously to the auditory and the visual compo-
nents (RT difference less than 5 ms); and Missed trials, in which no responses were recorded (the error bars
indicate SEs).

Figure 6. The proportions of the Visual_Auditory trials and the Auditory_Visual trials at the cued and the
uncued location. The Visual_Auditory trials occurred more frequently than the Auditory_Visual trials at the
uncued location (the error bars indicate SEs).

Wang et al. 11



This indicated that endogenous spatial attention can regulate the size of the Colavita effect,

and the size of the Colavita effect at the uncued location was greater than the cued location.

Reaction Time. For RTs in the unimodal trials, a 2 (cue validity: cued vs. uncued)� (DRT of

correctly responded bimodal trials: Visual_Auditory vs. Auditory_Visual) repeated-measures

ANOVA was performed. The main effect of the cue validity was not significant, F< 1. The

main effect of the DRT of correctly responded bimodal trials was significant, F(1, 32)¼ 4.77,

p< .05, g2p ¼ 0.15, indicating that DRT of the Visual_Auditory trials (148ms) was signifi-

cantly higher than the DRT of the Auditory_Visual trials (108ms), suggesting that there was

the Colavita effect. The interaction was also significant, F(1, 32)¼ 6.90, p< .05, g2p ¼ 0.20.

Further tests of simple effects showed that the DRT of the Visual_Auditory trials at the cued

location (159ms) was greater than the DRT of the Auditory_Visual trials at the cued location

(105ms), t(32)¼ 2.80, p< .05, Cohen’s d¼ 0.48 (Figure 7). More importantly, the size of the

Colavita effect was significantly larger at the cued location (53ms) than the uncued location

(27ms), t(28)¼ 2.63, p< .05, Cohen’s d¼ 0.49. This indicated that endogenous spatial atten-

tion can regulate the size of the Colavita effect, and the size of the Colavita effect at the cued

location was greater than the uncued location.
To further investigate the effect of cue type (visual or auditory) on the proportions of

response types of bimodal trials, we conducted a 2 (cue type: visual cues vs. auditory cues)

� 2 (cue validity: cued vs. uncued)� 2 (type of correctly responded bimodal trials:

Visual_Auditory vs. Auditory_Visual) repeated measure ANOVA. The results showed that

the main effect of cue type was significant, F(1, 60)¼ 4.00, p¼ .05, g2p ¼ 0.06, and the pro-

portion of visual cues (38%) was higher than that of auditory cues (36%); the main effect of

response type was significant, F(1, 60)¼ 15.20, p< .001, g2p ¼ 0.20, and the proportion of the

Visual_Auditory trials (45%) was higher than that of the Auditory_Visual trials (29%). The

interaction of the three was significant, F(1, 60)¼ 10.29, p< .05, g2p ¼ 0.15. Other effects were

not significant. More interestingly, we analyzed the “Simultaneous” trials for different types

of cues by using independent sample t test; our results showed that t(60)¼ 3.01, p< .05,

Cohen’s d¼ 0.54, and the proportion of auditory cues (20%) was higher than that of visual

Figure 7. DRTs of the Visual_Auditory trials and the Auditory_Visual trials at the cued location and the
uncued location. The DRT of the Visual_Auditory trials was significantly longer than DRT of the
Auditory_Visual trials at the cue location (*p< .05. The error bars indicate SEs).
RT¼reaction time.
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cues (15%). These results suggested that the cue type would affect the response of the
participants. Compared with the visual cue, the participants made more simultaneous
response under the auditory cue. These results suggested that visual and auditory cues
were asymmetrical, although both two cue types could well guide endogenous spatial
attention.

Discussion

Our results showed that although we manipulated visual cues and auditory cues to guide
endogenous spatial attention, the Colavita effect was always influenced by endogenous spa-
tial attention, and the size of the Colavita effect was larger at the cued location than at the
uncued location. We used three indexes to measure the size of the Colavita effect. These three
indexes were derived from the following observations: (a) the proportion of Visual_Only
trials was significantly higher than that of Auditory_Only trials (Colavita, 1974); (b) the
proportion of Visual_Auditory trials was significantly higher than that of Auditory_Visual
trials (Van Damme et al., 2009); and (c) the RT difference in Visual_Auditory trials was
significantly greater than that in Auditory_Visual trials (Fang et al., 2020; Huang et al.,
2015). In Experiment 1, we found that regardless of the index used, participants showed the
classic Colavita effect. Perhaps due to too few trials involving the first index, we did not
obtain significant results. However, using the second and third indexes, we found that the
Colavita effect was produced at the cued location and that the size of the Colavita effect was
larger at the cued location than at the uncued location. In Experiment 2, because the
proportions of the Visual_Only trials and the Auditory_Only trials were too small, we did
not analyze them; however, we used the second and third indexes and found that the
Colavita effect was evident. However, we also obtained a seemingly paradoxical result:
Employing the second index, we found that the Colavita effect was not produced at the
cued location, and the size of the effect was larger at the uncued location than at the cued
location, whereas with the third index, we found that the effect was produced at the cued
location, and its size was larger at the cued location than at the uncued location.

In Experiment 2, we used the second and third indexes to measure the size of the Colavita
effect and obtained seemingly opposite results. However, when we combined the results from
Experiment 1 and Experiment 2, we found that the proportion of correctly responded bimod-
al trials in Experiment 1 was higher than that in Experiment 2, which meant that compared
with those in Experiment 1, the participants in Experiment 2 had less Visual_Auditory trials
and the Auditory_Visual trials. Moreover, we analyzed the proportion of simultaneous trials
and found that the proportion in Experiment 2 was significantly higher than that in
Experiment 1. As the participants in Experiment 2 had more simultaneous trials, they had
fewer Visual_Auditory trials and Auditory_Visual trials, which affected the Colavita effect.
The reason that the participants showed this response pattern under auditory cues may be
that endogenous modality attention was involved in the multisensory integration task.
Although auditory cues can direct attention to a specific spatial location, the auditory
cues in this study had semantic meaning, which may have resulted in the participants’ partial
attention remaining directed act the auditory modality for a short time. In addition, the
Colavita effect is a visual dominant multisensory integration effect (Colavita, 1974; Sinnett
et al., 2007). At the cued locations, attention to the auditory modality improved the partic-
ipants’ ability to distinguish auditory stimuli, which led to the disappearance of the Colavita
effect at these locations. This explanation is supported by previous studies (Sinnett et al.,
2007; Vibell et al., 2007). Vibell et al. (2007) found that paying attention to a specific modal-
ity can accelerate information processing in low-level cortical areas; this effect is referred to
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as the prior-entry effect. Sinnett et al. (2007) varied the probability of the occurrence of

targets in each sensory modality to assess its influence on the Colavita effect consequences.

Their results demonstrated that selective attention to a particular sensory modality can

modulate—although not completely reverse—visual dominance as illustrated by the

Colavita effect.
Our results using the third index, the RT difference between the Visual_Auditory trials

and the Auditory_Visual trials, showed that the size of the Colavita effect at the cued loca-

tion was larger than that at the uncued location for both visual and auditory cues. This result

is consistent with those of previous studies, suggesting that endogenous spatial attention can

affect multisensory integration and that multisensory integration can be enhanced at the

precued location (Fairhall & Macaluso, 2009; Senkowski et al., 2005; Talsma & Woldorff,

2005). The RT difference is essentially a manifestation of the psychological refractory period

(Pashler, 1994a, 1994b); it refers to the fact that when individuals perform two tasks in

succession, they tend to have a delayed response to the second task. Huang et al. (2015)

found that the visual response recovered quickly in psychological refractory period caused by

auditory response than vice versa. It can be used as a way to represent the visual dominance

effect. Therefore, in our study, we used the RT difference as the third index of the Colavita

effect. Compared with the third index, the first and second indexes demonstrated some

shortcomings. Before the experiment began, the participants underwent a large number of

practice trials, and in the formal experiment, they completed a large number of trials (40%

visual stimuli, 40% auditory stimuli, and 20% bimodal stimuli). Therefore, in our experi-

ment, visual-only trials and auditory-only trials accounted for a small proportion of the total

trials, so the first index was not particularly appropriate. Furthermore, the second index may

be influenced by the proportion of bimodal trials depending on whether visual or auditory

cues are employed. Our results showed that the third index may be a reliable and effective

index for measuring the size of the Colavita effect.
To summarize, this study adopted the cue-target paradigm to investigate the effect of

endogenous spatial attention on the Colavita effect. The results showed that the size of the

Colavita effect can be influenced by endogenous spatial attention: The size of the Colavita

effect was greater when the participants’ endogenous attention was directed to the cued

location than when it was directed to the uncued location under both visual cues and audi-

tory cues. In addition, since the majority of the bimodal trials contained correct and non-

simultaneous responses, the visual dominance effect as defined in the present study provided

a sufficient number of trials to investigate the potential neural mechanisms underlying the

sensory dominance effect for future functional magnetic resonance imaging or event-related

potential studies.
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