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Abstract 

Many of our percepts of the world depend on the integration of information from our 

multisensory environment. Often this integration is facilitatory in nature, but under other 

conditions, sensory information can at times compete, leading to one sense attenuating 

processing in a separate sense. For instance, when presented with competing auditory and 

visual stimuli, adults tend to perceive the visual information more often than the auditory 

information. Indeed, the vast majority of sensory dominance investigations have 

suggested that vision often attenuates auditory processing. Interestingly, Robinson, 

Ahmar, and Sloutsky (2010) recently demonstrated the opposite; auditory dominance, 

suggesting multiple modality dominances may exist under varying conditions. However, 

their methodologies differed from traditional sensory dominance research as they did not 

require explicit responses from participants, and instead measured latency of specific 

event related potentials (ERP) components. Experiment 1 of the thesis replicated their 

findings by demonstrating auditory dominance in a modified, more explicit version of 

Robinson et al. (2010)’s paradigm. Experiment 2 further modified the experiment and 

displayed visual dominance once error rates were measured. Overall, the findings suggest 

that modality dominance type can be modulated in the same population under certain 

conditions.  
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Addressing Conflicts in Sensory Dominance Research 

 

There is a rich history in experimental psychology investigating how individual sensory 

modalities process information. While this unisensory approach has been important and 

often successful, human perception is often multimodal in nature. That is, multiple 

sensory inputs that originate from different sources arrive at different senses and are often 

integrated, perceived, and ultimately acted upon. Essentially, multiple unisensory signals 

(e.g., vision, audition) are integrated to create the percepts that humans are accustomed to 

having, directly influencing how we experience and behave within our environment. 

Consider the classic multisensory example of conversing with another. While it is usually 

easy to understand the speech signal in the absence of viewing the accompanying 

gesticulatory movements, this visual signal can at times be very important. Take for 

instance the frequently used example of speaking with someone in a noisy environment 

(e.g., at a party, sporting event, loud work environment, see Cherry, 1953). In situations 

like this it can be helpful to focus on the mouth movements of the speaker. In the 

laboratory it has been shown that the visual signal can greatly facilitate understanding in 

an environment where the auditory signal of speech has been degraded (Calvert et al., 

2007; Sumby & Pollack, 1954). This facilitation also applies to situations where the 

communicator is whispering (e.g., during a lecture; see for instance Dohen & 

Lœvenbruck, 2009).  

Further highlighting the integration of the auditory and visual signals in speech, 

incongruent visual and auditory speech information (i.e., a foreign movie dubbed into 

another language) can combine to make novel percepts, as seen in the McGurk effect 

(McGurk & MacDonald, 1976). The McGurk effect is demonstrated when one phoneme 
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is uttered visually (i.e., /ga/) but a different phoneme is dubbed over the original audio 

(/ba/), leading to a speech percept (/da/) that is different from either unisensory item. This 

often-cited example of multisensory integration demonstrates that the integrated percept 

can even be different than either of the unisensory signals.       

While there are numerous examples of unisensory signals being integrated, there 

are also examples demonstrating the facilitatory, and at times superadditive, effects of 

bimodal stimulation when compared with unimodal conditions (Nickerson, 1973). For 

instance, responses to bimodal targets are not simply a summation of reaction times (RT) 

of the unimodal presentation but there is statistical shift to quicker RTs when redundant 

stimuli are paired (see Colonius & Diederich, 2006 for a discussion on the Race model, 

also exemplified in Figure 1). For example, Hughes, Reuter-Lorenz, Nozawa and 

Fendrich (1994) demonstrated faster reactions times (RTs) when participants had to 

respond to audiovisual bimodal targets when compared with targets presented in 

isolation. This bimodal advantage extends to conditions even when stimuli are presented 

asynchronously (Forster, Cavina-Pratesi, Aglioti, & Berlucchi; 2002; see also Frassinetti 

& Bolognini, 2002), and is not limited to behavioral studies with humans, but also 

extends to monkeys (Cappe, Murray, Barone, & Rouiller, 2010), pigeons (Watanabe & 

Masuda, 2010), and cats (Jiang, Jiang, & Stein, 2002).  
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Figure 1: Applications of the Race model showing faster response time to bimodal targets (bold line) 

than unimodal targets (gray line) in cumulative distribution functions (CDF). In all three conditions, 

unimodal responses saw a wide range of responses temporally, while responses to bimodal stimuli 

peaked sooner. This graph shows responses to paired stimuli were faster than the expected sum of 

the unisensory stimuli (Colonius & Diederich, 2006).  

 

In addition to numerous behavioral findings, neurological studies have 

demonstrated that multisensory stimuli can elicit a more powerful neural response 

compared to what would be expected by summing the individual components of the 

bimodal source (Meredith & Stein, 1986). For instance, individual neurons in the superior 

colliculus, noteworthy for their ability to receive inputs from both visual and auditory 

sources, show increased activity when exposed to an audiovisual stimulus relative to the 

presentation of either the auditory or visual stimulus alone. In fact, bisensory information 

elicited a multiplicative response that was larger than the expected response based on the 

additive value of the unisensory signals. These superadditive multisensory enhancements 

have been observed neurologically across species, with cats (Meredith & Stein, 1986), 

monkeys (Hikosaka, Iway, Saito & Tanaka, 1988), and humans (Calvert, Campbell & 

Brammer, 2000) all showing similar effects. Although these cases suggests that the 

interaction of sensory information facilitates processing under some contexts, such as 
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passive environments or tasks with noncompeting and often redundant stimuli, there are 

accounts of competition between sensory sources that may lead to one modality 

dominating another.  

 

Sensory Competition 

In a direct example of one sense dominating another under ambiguous conditions, 

the location of visual stimuli can mislead the viewer’s perception of the source of 

auditory information, as exemplified in the ‘ventriloquist effect’. For instance, 

participants credit moving lips of a dummy to be the origin of his/her voice even though 

the source of the sound originates from another place in the environment (Howard & 

Templeton, 1966). This effect has been robustly demonstrated in the laboratory with 

participants misidentifying the origin of an auditory signal, perceiving it as closer to a 

visual event than its veridical location (Bertelson & Gelder, 2001; Vroomen & Keetels, 

2006; see Figure 2 for example). However, it is not the case that vision always dominates 

audition. For instance, Shams, Kamitani and Shimojo (2002) presented a single flash of 

light paired with multiple beeps and the participants perceived the light as a series of 

flashes in what is now known as the ‘illusory flash effect’. Conversely, when multiple 

flashes are paired with a single beep, the analogous illusion is not perceived.  
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Figure 2: As the visual item moves away from the center, where the sound is emitted from, the 

ventriloquist effect occurs. The sound is emitted from the same place on each trial (“0” on the x-axis), 

however, the physical probe moves either left or right (displacement also shown on x-axis). The 

participants’ responses are detailed in the solid black line above (the two curves on the left represent 

responses from different, but similar, experiments in the same paper). Their performance shows that 

as the item moved left, they responded to the sound arriving from the left, as noted by responses 

higher on the y-axis. The opposite occurred as the item moved right.  (Burr & Alais, 2005). 

While it is not completely clear why vision dominates in some conditions and 

audition in others (see Table 1 for summary), the vast majority of competition effects 

may be explained by the ‘modality appropriateness’ hypothesis (Welch & Warren, 1980). 

This hypothesis states that the context of a task determines which input of a multisensory 

stimulus will dominate. Welch and Warren go on to further explain that vision is better 

equipped to handle spatial judgments while audition better evaluates temporal judgments, 

perhaps as a mechanism to help compensate for the poor alerting qualities of vision (see 

also O’Connor & Hermelin, 1972; Spence & Squire, 2003). Thus, visual information will 

dominate in spatial tasks, such as seen in the ventriloquist effect, while auditory 

information will dominate in temporal tasks, as seen in the illusory flash effect described 

above. However, it should be noted that despite the notion that vision and audition are 

capable of dominating each other, examples of visual dominance represent the majority 

of the literature (Bertelson, Vroomen, Gelder & Driver, 2000; Colavita, 1974; Egeth & 
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Sager, 1978; Koppen et al., 2007; Sinnett et al., 2007, 2008; Soto-Faraco, Kingstone & 

Spence, 2004; Spence, 2009).        

  



Authors and Paper Methodology &Result Dominance Type 

Bertelson, Vroomen, Gelder & 

Driver, 2000 

Participants were asked to note the origin of a sound as a moving visual object 

moved in space. Participants associated the sound with the object rather than its 

actual origin. The visual item was able to capture their attention.   

Visual 

Colavita, 1974 
Respond to lights and sounds using two keys. Participants responded using only 

the visual key 98% of the time for bimodal presentations.   
Visual 

Egeth & Sager, 1978 
Modified original Colavita (1974) experiment to make the bimodal explicit rather 

than a surprise trial. Participants continued to press the visual key more often.  
Visual  

Hartcher-O’Brien, 2008 
Paired visual and tactile stimuli in typical Colavita task and found participants 

were inclined to make visually based errors.  
Visual 

Koppen & Spence, 2007 

Participants responded to a stream of bimodal stimuli where they had to press one 

of three keys for auditory, visual and bimodal target. They erroneously pressed 

the visual key in the bimodal trial more often.  

Visual 

Sinnett et al., 2007 
Extended the original Colavita visual dominance to more complex stimuli. This 

meant presenting semantically relevant items rather than simple beeps and 

flashes. Across six experiments visual dominance was robustly observed. 

Visual 

McGurk & MacDonald, 1976 
Participants perceived a novel phoneme when a visual phoneme (mouth moving) 

was paired with a different auditory phoneme.  
None 

Behar & Behan, 1961 
Sounds and flashes were presented at equal durations. However, participants 

perceived the sound as having a long duration.  
Auditory  

Fenderich & Corballis, 2001 

Participants were asked to judge when a flash or click occurred as they observed 

a working clock. When tasked to attend to flashes, participants were biased to the 

position of the click when the click followed the flash.   

Auditory  

Lewkowicz,, 1988a 
Measured looking times for infants and observed that they attended more to novel 

auditory stimuli than visual stimuli. 
Auditory 

Robinson et al., 2010 

Using ERPs, the researchers found combining auditory information with visual 

targets slowed down visual processing but the same did not occur when visual 

information was paired with auditory targets.  

Auditory  

Shams, Kamitani & Shimojo , 

2002 

A single flash of light was perceived as multiple flashes when it was paired with 

multiple beeps. 
Auditory  

Violentyev, Shimojo & Shams, 

2005 

The presentation of two tactile stimuli leads participants to perceive a single flash 

of light as multiple flashes.  
Tactile 

Table 1. Relevant examples of sensory dominance research 



 

Visual dominance 

 Seminal findings by Colavita (1974) provide a classic example of visual 

information eclipsing auditory information during simultaneous bimodal presentations. 

Participants were presented with a stream of beeps and flashes as they sat in front of a 

small transparent panel that housed a small speaker and light source, and were instructed 

to press a key when they observed a flash of light, or a separate key for when they heard a 

beep. In a subset of trials (10%) the sound and light were presented simultaneously. 

Participants did not expect this simultaneous presentation and were not instructed on how 

to respond to such an event. During these bimodal trials, participants pressed only the 

visual key 98% of the time, demonstrating a robust visual dominance effect. Furthermore, 

post-experiment interviews revealed that many participants were unaware of the sound 

during these trials, with some participants claiming to not have even heard the sound. 

Interestingly, response latency for unimodal presentations was faster for auditory targets 

than visual targets (179 ms versus 197 ms). This advantage for auditory stimuli is notable 

when considering that the visual sense nearly exclusively dominated on bimodal trials. 

However, despite this response time advantage for auditory stimuli when presented alone, 

a potential argument regarding this example of visual dominance (and most multisensory 

research for that matter) could be that the intensity of the visual stimulus was greater than 

that of the auditory stimulus. 

Addressing the concern of disparate stimulus intensities, in a second experiment 

of this study, intensity was subjectively matched prior to the commencement of the 

detection task (Colavita, 1974). However, despite subjective ratings of equivalent 

intensity for the beeps and flashes, the results of the second experiment replicated the 
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first (i.e., a strong visual dominance effect), thereby suggesting that relative intensity was 

not the underlying cause for the visual dominance. This visual prepotency phenomenon 

has since been termed the Colavita visual dominance effect and has been robustly 

replicated under a number of different conditions. For instance, Egeth and Sager (1978) 

utilized a similar task explicitly instructing participants to press both the auditory and 

visual unimodal response buttons at the same time whenever a bimodal trial occurred. 

When both buttons were pressed, RT was measured for when participants pressed the 

visual key first and also when the auditory key was pressed first. Participants pressed the 

visual key first more often and response latency was also quickest for these trials, again 

demonstrating visual dominance. It is important to keep in mind that both of these early 

works utilized relatively simple stimuli (beeps and flashes) in a laboratory setting. It was 

not until much later were these findings revisited under more realistic settings.  

 Sinnett, et al. (2007) modified the original paradigm (Colavita, 1974; Colavita, 

Tomko & Weisberg, 1976; see also Egeth & Sager, 1978) to include line drawings of 

common objects and animals rather than beeps and flashes. Their underlying logic was 

that the beeps and flashes of lights were too simplistic in nature, and did not provide the 

same level of contextual saliency that we observe in our daily lives. In their experiment, 

participants viewed a series of simultaneously presented images and sounds and were 

required to press one of three keys; one key for the visual target, another key for the 

auditory target, or a third key for the simultaneous presentation of both targets. The 

presentation of the third key gave the participants explicit directions as to how to perform 

when given bimodal targets and eliminated the deception introduced by Colavita (1974). 

On bimodal trials, where both the auditory and visual target were simultaneously 
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presented, three possible types of errors could have been made. Participants could have 

failed to respond (a miss), or have incorrectly pressed the visual or auditory response key. 

When errors were made, a propensity to press the visual key most often was observed, 

thereby replicating the original Colavita visual dominance effect. It was also found that 

RTs to bimodal trials were slower than RTs to unimodal trials just as Colavita had found, 

but participants responded at the same speed to unimodal auditory and unimodal visual 

trials unlike in Colavita where subjects responded more quickly to auditory information. 

However, this contrary finding would only be of concern if responses to visual unimodal 

trials were faster than to unimodal auditory trials. If that were the case, then it could be 

argued that the dominance effect is simply related to a propensity to quickly respond to 

visual targets in all conditions. Lastly, all RTs were longer in this study, which can be 

explained by the increased task difficulty, as participants were required to press three 

keys instead of two.  

 

 

The role of attention and the robustness of the visual dominance effect  

  Theoretically, it is not clear whether the Colavita visual dominance effect is 

sensory based or attentional. Colavita (1974) partially addressed this question by 

exploring if the effect could be modulated by attention. He found that only when 

explicitly instructing the participants to attend to sounds would the effect diminish 

(Colavita, 1974). However, although the effect was attenuated, an inclination towards 

visual information persisted as participants still made visually based errors over half the 

time (i.e., visual dominance remained). Similarly, in Sinnett et al. (2007) the Colavita 



 14 

visual dominance effect was only eliminated when the experimenters exposed the 

participants to a larger ratio of auditory than visual targets. Specifically, the proportion of 

auditory targets was increased to 60% while only 20% were visual targets (the remaining 

20% were bimodal trials). Note however that auditory dominance was not observed. 

When reversing this frequency in a separate condition to favor visual targets, an increased 

visual dominance effect was observed. These results suggests that attention can influence 

the magnitude of visual dominance, however not to the extent that auditory dominance 

can be observed. While auditory dominance in this paradigm has been found under some 

contexts, such as when the auditory stimulus is presented earlier than the visual 

information (Spence, 2009), visual dominance persists under conditions of equal intensity 

and simultaneous presentations of conflicting auditory and visual stimuli. Thus, while 

attention can attenuate visual dominance, there is little evidence suggesting that it is 

capable of completely reversing the effect to show auditory dominance (although, see 

Ngo, Cadieux, Sinnett, Soto-Faraco, & Spence, 2011, described on page 15).     

The robustness of the visual dominance effect has been further exemplified when 

observed in a task that traditionally favors the auditory modality over the visual modality. 

Ngo, Sinnett, Soto-Faraco, and Spence (2010) adapted the Colavita task to a repetition 

blindness paradigm, a task that has largely favored the auditory modality (Soto-Faraco & 

Spence, 2002; Welch, Duttonhurt, & Warren, 1986). Participants saw a stream of 

concatenated images and sounds and were instructed to press one of three keys when they 

observed the image repeating in consecutive trials, the sound repeating, or both the sound 

and image repeat. Visual dominance was once again seen when error rates in bimodal 

trials were calculated.  
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While many studies have successfully modulated the visual dominance effect, 

only one recent study has been able to reverse the effect to auditory dominance. Ngo, 

Cadieux, Sinnett, Soto-Faraco, and Spence (2011) discovered that participants made 

more auditory based responses to bimodal trials in an n-1 task, this occurred when 

extending the amount of time presented between stimuli and introducing a masking 

stimulus between trials. That is, it was hypothesized that visual dominance, as seen in the 

Colavita visual dominance effect, could be a byproduct of the visual signal still being 

available in iconic memory, as the stimulus presentation was well within the upper limits 

of iconic memory (i.e., 1000 ms, see Sperling, 1960). Furthermore, it was also 

hypothesized that the intervening stimulus could act as a mask, potentially eliminating 

the possibility of visual dominance being caused by visual iconic memory. The results of 

this experiment showed a reversal of dominance, with more errors to bimodal trials now 

in favor of the auditory response. However, it should be noted that based on this result it 

is unclear whether it is the increase in time between targets (i.e., well in excess of iconic 

memory boundaries), or the sensory mask confounded reversed the dominance effect. 

Subsequent experimentation showed that the mask was the key, as decreasing the SOA 

did not lead to visual dominance or production of auditory dominance observed in their 

original experiment. Thus, Ngo et al. (2011) suggest the presence of masking items, both 

meaningful and semantically meaningless, introduces processes other than those typically 

seen in Colavita research and can eliminate visual dominance and even introduce 

auditory dominance. However, it should be noted that auditory dominance only arose 

under major modifications to the classic paradigm, again attesting to the robustness of 

visual dominance. In summary, the visual dominance effect can be modulated but is not 
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readily reversed, with the effect persisting under many conditions when studying adults 

(for a review see, Spence, 2009). Infant studies, on the other hand, have generally favored 

auditory dominance.    

 

 

Developmental stages of sensory dominance 

Infants have been trained to habituate toward auditory and visual stimuli, and 

their subsequent orientation time to presentations of novel stimuli has been measured to 

assess sensory dominance (Lewkowicz, 1988a; 1988b). Infants dishabituate (i.e., they 

begin to orient toward the presented stimulus once again) in the presence of novel sounds 

paired with an habituated image, while ignoring novel images compounded with an 

habituated sound. This passive task suggests that auditory information might have the 

ability to supersede visual processing while visual information might lack the power to 

interfere with auditory processing. These results have been taken as evidence for auditory 

dominance and have received support in other studies involving infants using passive 

tasks (Robinson & Sloutsky, 2004; 2010; Sloutsky & Robinson, 2008). However, it is 

important to note that the methodologies involved in auditory dominance differ vastly 

from those used in the traditional visual dominance effect. For instance, typically looking 

times or heart rate has been used as a dependent measure with infants, due to the fact that 

it would be difficult to require an overt response with this sample. Regardless (or perhaps 

due to) of the different methodologies used between adults and infants, two different 

types of dominance reported have nevertheless been reported. Robinson, Ahmar, and 
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Sloutsky (2010) attempted to address these contradictory results by presenting a similar 

(passive) paradigm used in infant studies to adults.  

Robinson et al. (2010) collected Event Related Potentials (ERP) while presenting 

adult participants with a passive presentation of auditory and visual stimuli, presented 

both individually and simultaneously (i.e., unimodal and bimodal trials) in an oddball 

detection paradigm. An oddball paradigm presents a series of stimuli to a participant in 

which one stimulus is presented often (i.e., the standard) while other stimuli are presented 

infrequently (i.e., the oddballs). The oddballs differ from the standard in their rate of 

frequency allowing oddballs to be a relatively novel event. Oddball stimuli typically 

produce a strong response in positive amplitude 300 ms after the presentation of the 

target; thus, the latency, which is computed through the position of the peak, of P300 was 

the most important measure during the presentation of oddball stimuli. Participants were 

exposed to unimodal auditory, unimodal visual, and bimodal conditions, separated in 

three different blocks. Importantly, in the bimodal condition, auditory oddballs consisted 

of an auditory oddball paired with the visual standard, while the bimodal visual oddball 

consisted of a visual oddball paired with the auditory standard.  

The result of importance to this discussion was that bimodal auditory oddballs led 

to an earlier P300 than did the unimodal auditory oddballs. That is, processing speed 

(latency of P300) was quicker when a visual item was added to the auditory oddball than 

when the auditory oddball was presented by itself (see Figure 3). However, a reversal was 

seen when bimodal visual oddballs were compared to unimodal visual oddballs, with 

processing speed being quicker for unimodal visual oddballs than when auditory 

information was added to visual oddballs. The authors purported that these findings 
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demonstrate auditory dominance, as participants responded more slowly when they were 

exposed to a visual target paired with a non-target sound versus their relatively quick 

responses to isolated visual items Thus, adding auditory information to a visual target did 

in fact slow down overall processing, while adding visual information to auditory targets 

did not slowdown processing speed. These results dovetail with findings from the infant 

literature in that auditory information is able to disrupt visual processing while visual 

information lacks the ability to disrupt auditory processing (see Lewkowicz, 1988a; 

1988b; Robinson & Sloutsky, 2004; 2010; Sloutsky & Robinson, 2008).      

  

Figure 3: Summary of Robinson et al. (2010)’s findings using ERPs. An interaction was observed as 

participants displayed a slow down when auditory information was added to visual targets but no 

slow down occurred when auditory targets were paired with visual information. Robinson et al. 

claim this is an example of auditory dominance in adults.  

Despite Robinson et al.’s (2010) claim that their discovery of auditory dominance 

contrasts with the myriad of support for visual dominance in related research, their study 

includes two paradigm differences that make a direct comparison difficult. First, they did 

not require an explicit response from their participants. Thus, it is probable, if not likely, 

that their measure reflects a difference between early sensory processing of auditory and 
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visual signals (King & Palmer, 1985), while the other research involves later perceptual 

processes and responses. That is, it is possible that the different approaches target 

different points in information processing, with the passive tasks measuring earlier 

sensory and perceptual processes than the explicit tasks, where by definition the stimuli 

must have been processed sufficiently to enable a motor response. Second, while 

traditional research has looked at error rates in bimodal trials as a measure of dominance, 

Robinson et al. observed latency in an ERP measure to arrive at their conclusion. It is not 

clear whether the contradictory findings are based in methodological differences (i.e., not 

requiring an explicit response) such as the way modality dominance was measured (i.e., 

measuring latency rather than error type). Thus, the current study aims to help elucidate 

sensory dominance by adapting the passive oddball task used by Robinson et al. to a 

more traditional Colavita task, which is not passive, by requiring an explicit response in 

Experiment 1. Experiment 2 further expanded the oddball task to also include measures 

of error rates, which ultimately requires multiple response buttons in order to elicit an 

error.  

Experiment 1 

While Experiment 1 still differs from previous work following the Colavita study in 

which multiple keys are used, it nonetheless requires an explicit response, albeit with 

only a single response key, and is therefore in fact more similar to studies demonstrating 

the Colavita visual dominance effect (see Colavita, 1974; Egeth & Sager, 1978 Koppen et 

al., 2007; Sinnett et al., 2007; Soto-Faraco, Kingstone & Spence, 2004; Spence, 2009). 

Despite the lack of multiple response keys, one could hypothesize that given its 

resemblance to classic studies in allowing explicit responses, then visual dominance 

should be observed, as seen commonly in traditional studies. However, it should be 
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emphasized that multiple and competing response keys have traditionally been used. 

Therefore, if competition and attentional demands are key to visual dominance then 

auditory dominance should continue to be observed in this experiment (this will be 

addressed in Experiment 2).  

In Experiment 1 participants were presented with the same task as utilized in 

Robinson et al.’s (2010) study. All methodology remained the same except that rather 

than collecting electrophysiological responses via ERP, an explicit behavioral response 

(e.g., keypress) was required with reaction time being the measure. That is, participants 

were required to respond to any oddball (visual, auditory, bimodal) by pushing a response 

key. By modifying the task to a more explicit one, it is possible to discover if Robinson et 

al.’s novel finding of auditory dominance can be extended to a more traditional Colavita 

visual dominance task requiring explicit responses. It is possible to help elucidate 

whether Robinson et al.’s effect is more sensory based, or if visual dominance emerges 

due to either an attentional or motor (response) consequence. If attention is the (or at least 

part of the) underlying mechanism for visual dominance, then the added response should 

attenuate auditory dominance. Note however, that the current experiment does not 

disentangle attentional and motor responses, therefore making it difficult to claim that 

any modulation is dependent on attention. However, it should be mentioned that all 

research involving the Colavita visual dominance effect involves multiple responses and 

a measure of error rates. These are incorporated in Experiment 2.  

Participants 
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Thirty-three participants were recruited in exchange for course credit
1
. Participants were 

required to have normal or corrected-to-normal hearing and vision. Written consent was 

given to participants prior to the experiment.  

Stimuli and apparatus 

The stimuli were originally created and used by Robinson et al. (2010) and have been 

adapted to the present experimentation. Five shapes and five sounds were created for the 

auditory and visual stimuli (see Figure 4). The monochromatic shapes (400 x 400 pixels) 

were novel creations from Microsoft Word by Robinson et al. (2010). The sounds were 

pure tones ranging between 200 Hz to 1000 Hz varying at 200 Hz intervals. Sounds were 

created in CoolEdit 2000 and saved as 22 kHz files, and were presented at approximately 

70 dB.  A 21.5” iMac displayed the images while external speakers presented the sounds. 

The creation and presentation of the experimental sequences was done through E-Prime. 

 

Figure 4. Example of visual stimuli and overview of experiment. A single asterisk represents a visual 

oddball while two asterisks represent auditory oddballs. Each condition included one standard and 

four oddballs.  

                                                 
1
 Unfortunately, due to an oversight, age and gender were not collected. However, age and gender have not 

had a large influence in the past in similar studies.  
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  The standard and oddball items differed between subjects. Of the five sounds and 

shapes, one of each was randomly chosen to be the standard stimulus at the onset of the 

experiment. The remaining four sounds and shapes were allocated as oddball stimuli. 

Standards and oddballs remained the same across all experimental blocks. Oddballs 

differed from standards in their rate of presentation (see table 2). Importantly, standards 

were presented in 80% of the trials in both unimodal and bimodal blocks, while the 

remaining oddballs were presented 5% of the time each. Both of the unimodal blocks 

(one each for auditory and visual stimuli) consisted of 360 trials in total, and the standard 

stimulus represented 80% (i.e., 280 trials) of these trials while the remaining trials were 

separateded among the four oddball stimuli (5% each). The bimodal block was composed 

of twice as many trials, allowing for twice as many presentations of the standard as well 

as the oddballs.     

Each condition (i.e., unimodal visual, unimodal auditory, and bimodal) was 

presented in three blocks (counterbalanced). Bimodal standard stimuli consisted of the 

standard auditory and visual stimulus presented simultaneously. Bimodal auditory 

oddballs compounded the visual standard with an auditory oddball while the bimodal 

visual oddballs paired the auditory standard with a visual oddball. Both unimodal visual 

and auditory oddballs differed from their bimodal counterparts by being presented in 

silence with no pairings. 
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 Unimodal 

Auditory 

Unimodal 

Visual 

Bimodal 

Standard A1 (280) V1 (280) A1V1 (560) 

Oddballs (A) A2 (20)  A2V1 (20) 

 A3 (20)  A3V1 (20) 

 A4 (20)  A4V1 (20) 

 A5 (20)  A5V1 (20) 

Oddballs (V)  V2 (20) A1V2 (20) 

  V3 (20) A1V3(20) 

  V4 (20) A1V4 (20) 

  V5 (20) A1V5 (20) 

Table 2. Overview of stimuli and tasks (frequency of each stimulus) 

   

Procedure  

The participant’s task was the same for all conditions. They were instructed to respond to 

each of the oddballs as quickly as they can by pressing the number key “1” on the 

keyboard. Thus, the participants should not respond to 80% of the trials (frequency of the 

standard) while responding to the relatively rare oddballs presented in the stream of 

stimuli.   

 A short, repeatable practice session preceded each block to determine if the 

participant understood the instructions and to also make the standard stimulus apparent. 

First, the standard was presented twice to allow the participant to acknowledge the 



 24 

standard before the experimental session began. After another set of instructions, the 

remainder of the practice session was presented and consisted of 10 trials composed of 7 

standards and 3 oddballs of the respective experimental block. Feedback was given on 

their performance in the training block, as well as the main experiment, and the 

experimental session would either continue if they understood the instructions or they 

would repeat the practice session until the instructions were clear. For each condition, the 

participant was explicitly told to ignore the standard and respond as quickly and 

accurately as possible to only the oddball stimuli. Half the participants began the 

experiment with the bimodal block while the other half began with one of the unimodal 

blocks (see also Robinson et al., 2010). The first unimodal block was always followed by 

the remaining unimodal block.  

 For each trial the stimuli were presented for 200 ms and the inter-stimulus-

interval randomly varied between 1000 ms and 1400 ms. A blank white screen followed 

the presentation of the visual stimuli and a fixation point accompanied the auditory 

stimuli to direct the attention of the participant towards the screen. The experiment took 

approximately 40 minutes to complete with the bimodal block requiring 20 minutes and 

each of the unimodal blocks approximately 10 minutes. An optional rest period was 

offered between blocks.  

Results 

Accuracy for detecting oddballs exceeded 96% in all conditions. Participants responded 

similarly to bimodal auditory oddballs (M = 386 ms, SD = 46.6), unimodal auditory 

oddballs (M = 391, SD = 60.9), and unimodal visual oddballs (M = 388, SD = 38.7). 

Response latency was slowest to bimodal visual oddballs (M = 412, SD = 40.6, see 

Figure 5 for a summary).  
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In order to assess whether auditory dominance would reemerge in our modified 

study, the interaction between modality and presentation style was observed. This 

observation would allow us to see if the addition of irrelevant auditory information to 

visual targets would increase response times (i.e., auditory dominance) or if adding visual 

information to auditory targets would decrease RTs (i.e., visual dominance). A Modality 

(Auditory vs. Visual) x Presentation Mode (Unimodal vs. Bimodal) ANOVA with 

Modality and Presentation Mode as repeated measures revealed a main effect of 

Presentation Mode, F (1, 32) = 5.03, p < .05, and a Modality x Presentation Mode 

interaction F (1, 32) = 9.53, p < .005. There was no main effect of Modality, although it 

approached significance, F (1, 32) = 3.18, p =.084. Response times to auditory oddballs 

did not differ when presented unimodally (391 ms) or bimodally (386 ms), p > .47, 

whereas, detection of visual oddballs was slower in the bimodal condition (412 ms) than 

in the unimodal condition (388 ms), t(32) = 4.66, p < .001. The results replicate the 

findings of Robinson et al. (2010) as auditory information influenced visual processing, 

as seen in the slowdown, while visual information did not have the same effect.  
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Figure 5. Response times in Experiment 1. Note that there is a slowdown in the visual modality while 

none is observed in the auditory modality.   

Discussion 

Experiment 1 replicated the auditory dominance effect observed by Robinson et al. 

(2010) using their stimuli, but in a paradigm that required participants to make explicit 

responses. Specifically, participants were slower at responding to visual oddballs that 

were paired with auditory information versus when they had to respond to single, isolated 

visual oddballs. That is, the auditory information seems to slow down visual processing. 

This slowdown is important, as an analogous effect was not seen when visual information 

was paired with auditory targets. Participants did not produce a response slowdown in the 

presence of the bimodal auditory oddballs when compared with unimodal auditory 

oddballs.  

 This finding is important for a number of reasons. With the exception of Ngo et 

al. 2011 (see introduction, page 14), these data are novel in that they are among the first 

examples of auditory dominance in a paradigm that involves behavioral responses in an 

adult sample. That is, these results replicate the findings of Robinson et al. (2010) in 
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which visual information processing was slowed down with the addition of auditory 

information, but the same did not occur in the auditory domain when visual information 

was introduced, thus, suggesting that auditory information has more influence, taken as 

evidence for auditory dominance. These results also suggests that the dominance effect 

may not solely happen in early sensory processing, as participants here were required to 

make explicit responses. Indeed, if visual dominance had been observed in Experiment 1, 

it would have supported the notion that auditory dominance arises in early stages of 

processing while visual dominance is more likely after motor and attentional resources 

are recruited. However, the findings indicated that auditory dominance occurred and 

suggest that it is possible even when some motor and attentional resources are introduced 

by requiring an explicit response. While Experiment 1 shows a novel example of auditory 

dominance in an adult population (at the very least, using an oddball detection paradigm), 

where visual dominance has been more common (Colavita, 1974; Koppen et al., 2007; 

Sinnett et al., 2007; Spence, 2009), the modified paradigm in Experiment 1 still differs 

from traditional sensory dominance research, in that visual dominance has typically been 

measured using error rates in bimodal trials. Error rate analysis was not possible in 

Experiment 1 as participants only utilized one key. Accordingly, the diverging results in 

Experiment 1 and traditional studies may be due to increased competition and attentional 

demands when there are multiple response options.  

Experiment 2 

 In the second experiment of this thesis the Robinson et al. (2010) paradigm was 

again modified to shape it into a traditional Colavita experiment in order to include 

multiple response keys, thereby enabling a measure of accuracy. Accordingly, 

participants used three keys to respond to unimodal visual, unimodal auditory, and 
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bimodal targets. The increased difficulty with the additional button requirements may 

diminish the auditory dominance effect and perhaps even reverse it to visual dominance. 

Thus, participants are expected to respond in a similar fashion as seen in traditional 

sensory dominance research where participants are more likely to respond to the visual 

portion of the bimodal targets (i.e., visual dominance). Experiment 2 will permit better 

understanding of the influence of task difficulty (which arguably involves greater degrees 

of attention given the increased number of competing motor responses) in sensory 

dominance research as well as investigate the robustness of the auditory dominance effect 

found.  

Participants 

Another set of eighteen participants was recruited. Participants were required to have 

normal or corrected-to-normal hearing and vision. Written consent was given to 

participants prior to the experiment. 

Stimuli and apparatus  

Experiment 2 used all of the same stimuli of Experiment 1 with the addition of bimodal 

oddballs in the bimodal block. For bimodal trials in Experiment 1, the type of errors 

participants made could not be measured as participants only used one key. Therefore, it 

was unnecessary to have double bimodal stimuli in Experiment 1. The frequency of 

standard trials remained the same across blocks.     

Procedure  

Participants were required to press one of three keys in the presentation of oddballs. 

Visual, auditory and bimodal were assigned of the following keys (counterbalanced): key 

‘1’, key ‘2’ or key ‘3’ on the number pad. The main manipulation in Experiment 2 is the 
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requirement to press a separate key in the presence of the three oddball types; otherwise, 

the procedure remains the same as Experiment 1.  

Results 

As in Experiment 1, accuracy for detecting oddballs exceeded 96% in all conditions. The 

results are summarized in Figure 6. A repeated measures ANOVA comparing Modality 

(Auditory vs. Visual) and Presentation mode (Unimodal vs. Bimodal) in order to assess 

modality dominance revealed an effect of Presentation Mode, F(1, 17) = 310.84, p < 

.001, with mean response times being slower in the bimodal condition (663 ms) than in 

the unimodal condition (398 ms). There was no main effect of Modality, although it 

approached significance similarly to Experiment 1, F (1,17) = 3.58, p = .076, despite 

overall faster reaction times to auditory oddballs (522 ms) when compared with visual 

oddballs (540 ms). Most importantly, the interaction was significant, F (1,17) = 5.44, p = 

.032, however, it was in the opposite direction of Experiment 1 with responses to 

auditory oddballs (379 ms) being slowed down more in the bimodal condition (664 ms; 

i.e., 285 ms slow down) when compared to visual oddballs (418 ms) in the bimodal 

condition (662 ms; i.e., 245 ms slow down).  
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Figure 6: Summary of RTs in Experiment 2 detailing the decrease in bimodal responding in both 

modalities. Note the slowdown for auditory modality is greater than the visual modality. 

Accuracy to unimodal auditory oddballs (96%) was greater than bimodal auditory 

oddballs (90%) and the same trend was observed between unimodal visual oddballs 

(95%) and bimodal visual oddballs (88%). Accuracies were then submitted to a Modality 

(Auditory vs. Visual) x Presentation Mode (Unimodal vs. Bimodal) ANOVA. Both main 

effects of Modality, F (1, 17) = 4.28, p = .054, and Presentation Mode reached 

significance F (1, 17) = 52.71, p < .001 but no interaction was observed (F < 1). This 

demonstrated that participants were slightly more accurate at detecting auditory oddballs 

than visual oddballs (2% net improvement), and oddballs were more likely to be detected 

when they were presented unimodally than bimodally.  

The critical analysis for Experiment 2 involves the overall error rate for bimodal 

trials, which was 29.5%. In bimodal oddball trials, participants could have made one of 

three errors. They could have missed the trial altogether, mistakenly pressed the auditory 

key or the visual key Of 29.5% errors, significantly more visually based (68%) errors 
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were made when compared with auditory based errors (25%, t (18) = 2.857, p < .05). The 

remaining 7% were misses.  

 

Figure 7: Summary of error types in Experiment 2 

Discussion 

The key finding in Experiment 2 was that the addition of multiple keys elicited 

visual dominance in measures of both response latency and accuracy. This finding 

suggests that task difficultly may play a role in the type of sensory dominance that is 

observed. Experiment 1 showed a novel instance of auditory dominance in adult 

populations when a passive task was made more explicit. However, Experiment 2 

suggests that the effect is not robust. Or at least not in the paradigm it was tested in here.  

The findings from this experiment dovetail with similar results observed by 

Sinnett et al. (2008). In their experiment, participants were required to respond to three 

different targets (unimodal auditory, unimodal visual, and bimodal) presented within a 

stream of concatenated pictures and sounds. One group responded to all targets using just 

one key while another responded using three different keys. Relating to the first 

experiment of this thesis, they found facilitation for bimodal stimuli in that bimodal 

stimuli were always responded to faster than unimodal stimuli. However, their 

experiment was different in two important ways. First, they did not use an oddball 
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paradigm. Second, given the nature of their task, they were unable to measure if there 

was any differential slow-down in responding to bimodal stimuli as the bimodal targets in 

their experiment always included the presentation of both unimodal targets. Having said 

that, their experiment mirrors the two experiments in the thesis, as they also included a 

three-button response condition. In this case, response times to bimodal targets was 

significantly slower than unimodal targets, just as seen here. Furthermore, when looking 

at errors to bimodal stimuli, more visual responses (i.e., visual dominance) were 

observed. Thus, despite the differences in the paradigm, both Sinnett et al.’s findings and 

the results of this thesis converge on the notion that either facilitation or inhibition, or 

auditory or visual dominance, respectively, can be observed simply by making changes to 

how many response keys are used. The implications for this are discussed below.  

 

General Discussion 

Robinson et al.’s (2010) results presented a novel finding of auditory dominance in an 

adult population. However, their methodology contrasted widely from traditional sensory 

dominance research that has followed the original Colavita (1974) study. That is, their 

oddball experiment was completely passive in nature, as explicit responses were not 

recorded (i.e., ERPs were collective passively). At the beginning of this thesis it was 

hypothesized that the passive environment could have been responsible for this finding, 

reflecting the notion that the task, at least how it was presented, was in fact possibly 

measuring something earlier on in information processing. Experiment 1 of this thesis 

therefore tested this by adapting their paradigm and modifying it to a more explicit one. 

 In Experiment 1, participants were required to respond using one key on the 

keyboard while presented with the exact experiment as Robinson et al. (2010). The 
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results showed that participants were more influenced by the addition of auditory 

information than visual information and thus auditory dominance was elicited through a 

measure of response latency. As the key difference between Experiment 1 here and the 

original study was the explicit environment, Robinson et al.’s findings could not have 

simply been a product of a passive milieu. The results would imply that auditory 

dominance may not simply occur in early stages of sensory processing. If we did find 

visual dominance in Experiment 1, this would have suggested that dominance is 

influenced by the recruitment of attentional and motor resources in later stages of sensory 

processing, but participants still displayed auditory dominance even with the introduction 

of explicit responses in a simple detection task.  

 Although the first experiment of this thesis made Robinson et al.’s (2010) 

paradigm more explicit, the methodology still differed from traditional Colavita studies. 

Typically, dominance type is measured with the type of errors participants make in 

bimodal trials, but this was not possible in Experiment 1 as they only used one key. 

Experiment 2 further modified the procedure to allow the participants to utilize three 

different keys, thereby enabling participants to respond using the wrong key to bimodal 

trials. This modification effectively increased the attentional load of the task as a decision 

was needed to be made between competing response possibilities. The type of errors that 

were made would allow us to determine which modality was dominant. Furthermore, if 

increased task demands (i.e., motor response decision and attentional requirements) are 

indeed responsible for visual dominance, then by including multiple responses the 

auditory dominance that was originally observed in Experiment 1 should have been 

reversed to visual dominance.  
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 Experiment 2 demonstrated visual dominance as participants erroneously pressed 

the visual key more often than the auditory key in the bimodal trials, suggesting an 

inclination towards visual information. Compared to Experiment 1, more attentional and 

motor resources should have been in play as the task required them to choose between 

three different keys and the overall difficulty of the task was also increased. This 

increased task difficulty was exemplified by the increase in errors that were made. It 

appears that difficulty and task load influences dominance type. 

While the findings across experiments seemingly demonstrate that task difficulty 

does play a role in sensory dominance, it is difficult to disentangle whether it is a 

byproduct of multiple response keys, or simply making the task harder. There are 

multiple methods that could be used to test task demands directly. A difficult task, such 

as Experiment 2 in the current study, could be made easier by increasing the interval 

between stimuli in order to observe if visual dominance can be reversed. Additionally, an 

easy task that elicits auditory dominance could be made more difficult to see if visual 

dominance arises. The latter was tested in a pilot study in which the participants (n=18) 

responded using only one key as in Experiment 1, but now with a faster presentation. 

Specifically, the ISI was reduced to 600 ms rather than varied 1000-1400 ms; possibly 

making the task more difficult as seen by a decreased accuracy to oddballs (93-94%) 

versus oddballs in Experiment 1, where accuracy exceeded 96% in all conditions; 

although it was not a statistical difference. If dominance type is dependent on having 

competing motor responses, auditory dominance should have persisted as participants 

would still not have any competition between modalities due to single key press 

responses. However, the results showed an elimination of auditory dominance as the 
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interaction between modality and presentation failed to reach significance (p > .2), and 

Experiment 1 of the thesis had a higher magnitude of auditory dominance when 

compared to the later pilot (p < .05). Thus, while visual dominance was not seen, it is 

important to note that auditory dominance was seemingly eliminated, providing partial 

support to the notion that task difficulty can modulate sensory dominance. It could 

therefore be argued that if the task were made even more difficult, that visual dominance 

might arise. This empirical question will be addressed in future research.  

It is unlikely that the resurgence of visual dominance in Experiment 2 could 

simply have been the number of buttons used, as auditory dominance was not observed in 

either Experiment 1 or the pilot experiment (i.e., both instances of one button tasks). 

Thus, it is possible that attentional processes are also highly influential, and increasing 

the difficulty in future tasks by either making it a three button task or decreasing the ISI 

should increase the rate of visual dominance. At the same time, decreasing the task loads 

(i.e., making the task easier) should then push the dominance type to auditory dominance. 

However, before accepting these tentative suggestions, it is imperative that visual 

dominance is demonstrated in a variety of three button tasks.  

It is interesting to view the experiments in the current thesis, and the larger body 

of work related to the Colavita visual dominance effect, in relation to the modality 

appropriateness hypothesis (Welch & Warren, 1980). Indeed, this hypothesis might in 

fact predict auditory dominance in Colavita tasks, as the task is not spatially based. 

However, the opposite, that is visual dominance, is traditionally seen. Could this be taken 

as evidence that the modality appropriateness hypothesis is incorrect? Further research is 

needed, as it is still too early to make such a claim. That is, it is important to note that 
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most of the tasks involving the Colavita visual dominance task are not exactly temporally 

based either (e.g., determine which item was presented first). Thus, without a clear notion 

of which modality would be favored, it is difficult to claim that auditory dominance 

should have been observed. Furthermore, all things being equal, vision might in fact be 

favored, this would be in line with other research suggesting precisely this (Posner, 

Nissen & Klein, 1976). Regardless, it is important to point out that both visual and 

auditory dominance were seen here, despite the task and stimuli being nearly identical in 

both Experiments. This finding seemingly contradicts the modality appropriateness 

hypothesis.  

The Colavita visual dominance effect was once seen as exclusive to adults but 

recent research shows auditory dominance can also be elicited. As Robinson et al. 

(2010)’s original intent was to bring the passive environment seen in infant research to 

adults, presenting a more explicit task to infants would be a prudent next step in 

understanding how dominance type may be modified. Although the response limitations 

in infants limit how the paradigm could be implemented. The findings from this thesis 

suggest that task demands may be the key influencer in the type of sensory dominance 

observed. The ability to change dominance type suggests small changes in the same 

context allow for different modalities to dominate. However, easily changing dominance 

types also represents a problem for future research, as one begins to question what 

exactly is being measured. That is, sensory dominance may not exist in the way it has 

been defined and studied. What we may be observing is a phenomenon that has yet to be 

defined. Ultimately, a full understanding of how changes can be manipulated to easily 
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observe a specific dominance type is yet to be seen. Future research should target task 

demands to better understand sensory dominance.  

Limitations  

A key component of this study is to qualitatively compare the findings from Experiment 

1 to Experiment 2. However, given the disparate dependent measures (latency in 

Experiment 1 and accuracy in Experiment 2), a direct comparison is difficult. The current 

study is also not equipped to measure whether motor or attentional processes play a 

bigger role in producing dominance types. Having said that, the vital difference between 

the two experiments is the number of keys the participant utilizes. If there is a difference 

between experimental results, it is likely due to task demands. While this study cannot 

conclusively state how much influence task demands hold, any observable differences 

here will lead to more focused task demand modulation experimentations in the future.          
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