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Abstract

Attentional capture is said to occur when an abrupt, unexpected event draws

attention to itself, without intention. While attentional capture by a unique yet irrelevant

distractor has been well-studied in the visual modality, less is known about how

irrelevant singletons aftact attention in the auditory domain. The current research

investigated whether an abrupt change in frequency (frequency violation) can capture

attention in an involuntary manner (Experiment l). The logic was that if the frequency

violation captures attention, then perception of a target of a different pitch should be

impaired when it is presented immediately following the violation. Experiment 2

evaluated whether auditory attention can be captured by an abrupt location change.

Finally, Experiment 3 explored the possibility that when a violation has a different pitch

and comes from a different location, it more effectively captures attention than does a

violation on a single dimension. Experiments 1 and 2 revealed an effect of attentional

capture. In Experiment 3, attentional capture was observed, however a violation defined

along two dimensions did not capture attention more efficiently than a violation def,rned

along a single dimension. While attentional capture in vision appears to be contingent on

attentional set, the results of the current experiments demonstrate that this is not the case

with auditory attentional capture. Although the violation was irrelevant to the task,

attention was still drawn to it and performance on the target detection task was impaired.

The present study show that voluntary orienting is not always successful and that target

detection can be impaired by the occurrence of an unexpected sound defined by

frequency, location, or both.
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Introduction

Voluntary control of attention is evident in many of our daily activities. In the

visual domain, voluntary control includes looking for a lost item, searching for friends in

a crowd, watching television, or reading a newspaper. In each case, our attention is

consciously focused toward a specific item or location. In the auditory domain, voluntary

control can include following a conversation or listening to music, againwith attention

being consciously directed. In contrast, automatic or involuntary control of attention can

occur when there is an unintentional shift of attention. For example, a flash of light or an

object that suddenly moves can draw attention towards itself. In audition, a sound such as

an alarm, a siren, or any sudden noise can capture attention.

Dichotic Listening Studies

Much of the early research on selective attention used auditory stimuli, which

paralleled situations that are commonly encountered in everyday living. An experiment

by Cheny (1953) demonstrated that attention could be voluntarily oriented on the basis of

spatial location. Cheny presented listeners with two auditory messages presented

dichotically (one to each ear). Listeners were instructed to shadow one of the messages

(repeat it aloud) and ignore the other message. Cherry observed that subjects found the

task fairly easy. He also observed that when subjects were asked to describe the contents

of the rejected message, they were not able to say much about it. Thus, in the unattended

message, when the speech stafted out in English, listeners were unable to detect when the

message switched to German. In addition, they were not able to notice when English

speech was played backwards in the rejected message. However, listeners did notice
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when the speaker switched gender (pitch) and when speech was replaced with a 400 Hz

tone. This early research demonstrated that, when instructed to do so, listeners can easily

attend to one location and effectively ignore irrelevant information (e.g. Cherry,1953;

Deutsch, 1986; see Pashler, 1999 for review).

Aside fi'om voluntarily orienting attention based on spatial location, people can

also selectively attend to a specific frequency based on frequency differences between

attended and unattended messages (Treisman, 7964; Underwood &Moray, I97I).

Treisman (1964) asked listeners to shadow one of two messages presented dichotically.

Listeners were able to shadow a woman's voice more accurately (74o/o) when the

irrelevant message was in a man's voice than when the irrelevant message was in a

different woman's voice (31%). Underwood and Moray (1971) observed similar results

when they asked listeners to attend to one of two messages. Their task was to detect

target digits in the messages. More targets were detected when one voice was a man's

voice and the other a woman's voice than when the messages were spoken by speakers of

the same gender. These early experiments using dichotic listening tasks show that

listeners can voluntarily orient their attention to a particular spatial location or frequency.

Informative Cues in Vision

In addition to instructions, cues have also been used to provide participants with

information about where to orient attention. In the basic cueing paradigm, a cue is

presented before a target. The cue is used to signal that a target is likely to occur in the

cued location. Typically, the time it takes to respond to a target at a cued location is

compared with the time it takes to respond to a target in an uncued location (see Posner,
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1978, 1980). In a basic cueing paradigm, two types of cues may be used: exogenous cues

and endogenous cues. An exogenous cue is one that is not informative about the

subsequent target. Because an exogenous cue has no predictive value about the location

of an upcoming target, there is no incentive for the participant to voluntarily orient their

attention to the location of the cue (Posner, 1980; Ruz and Lupianez,2002).In contrast,

an endogenous cue signals the likely location of the upcoming target. Because an

endogenous cue provides useful information about an upcomingTarget,there is an

incentive for the participant to attend to the location that is signalled by the cue (Jonides,

1981; Posner & Snyder, 1975).

In visual attention, a cueing paradigm has been used to demonstrate that attention

can be oriented to a specific location (e.g. Downing, 1988; Jonides, 1981; Posner &

cohen, 1984, Tipper, weaver, Jereat, & Burak, 1994).In one such experiment, Downing

(1988) presented subjects with 12 stimulus boxes positioned around the circumference of

an imaginary circle. Subjects were told in advance about the probability of certain types

of stimuli appearing at the different locations. Subjects were instructed either to detect a

target stimulus or to make brightness, orientation, or form discriminations about afarget

stimulus. For the first task of luminance detection, subjects were first presented with a

fixation marker located in the center of an imaginary circle of 12 stimulus boxes. After

the trial was initiated, subjects saw either an arrow cue located in the centre of the

imaginary circle, which pointed to one of the 12 boxes, or they saw a neutral cue, which

did not point to any of the boxes. The neutral cue, a circle positioned in the centre of the

display, indicated that a stimulus was equally likely to occur in any of the 12 stimulus

boxes. The arrow indicated that it was very likely thal a stimulus would occur in the
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indicated location (80% of the trials). With this probability manipulation, subjects were

led to expect atarget at a cued location more often than any of the other positions. After

the cue was presented, stimuli occuned in up to 4 of the boxes and, following a stimulus

mask in all 12 boxes, subjects were asked the contents of the cued box and of up to 3

other locations where a stimulus was presented. These other locations where stimuli were

presented were equally likely to contain a target or a non-target. Targets in the luminance

detection task consisted of a short line segment (either horizontal or vertical) and a longer

line segment to one side of the box. Each of the relevant stimulus boxes was randomly

probed and subjects were required to respond by pressing one offour keys. Subjects

indicated whether the stimulus at the probed location was certainly a target, probably a

target, probably a non-target, or ceftainly a non-target. After each response, subjects

received feedback as to whether their response about the stimulus was correct. The

discrimination tasks were similar to the luminance detection task except that four stimuli

were presented on each trial. In addition, rather than targets and non-targets being defined

in terms of presence or absence, some attribute of the stimulus was used instead. For

example, in the brightness discrimination task, targets were bright, whereas non-targets

were dim. Targets in the orientation discrimination task contained a vertical center line

segment, while the line segment for non-targets was horizontal. In comparison, for the

form discrimination task targets contained two perpendicular line segments, and non

targets contained two parallel line segments. It was hypothesized that perceptual

sensitivity would decrease as the distance from the cued location increased. The results

revealed a main effect for distance such that as the distance between the probed location

and the cued location increased, perceptual sensitivity decreased. That is, if the probed



location was far fiom the cued location, target detection / discrimination was impaired.

The results also revealed that more accurate responses were made on cued trials where

the arrow cue directed attending to a specific stimulus box versus a neutral cue that

indicated that stimuli were equally likely to occur in any of the 12 stimulus boxes.

The results that Downing (1988) observed demonstrate that cues can be used to

provide subjects with information about the spatial location of a future target and where

to orient attention in order to facilitate target detection and discrimination. These findings

are consistent with a number of other studies that also used a visual detection task (e.g.

Kurylo, Reeves, & Scharf, 1996). For example, Posner, Nissen, and Ogden (1978)

presented subjects with either a plus sign on the display screen or an anow pointing to the

left or the right. When the plus sign was presented, the target to be detected was equally

likely to occur to the left or the right of f,rxation. On trials where an arrow was presented,

there was a probability of 0.8 that the target would occur on the side indicated (valid

trials) and a probabllify of 0.2 tliat the target would occur on the opposite side (invalid

trials). The results show that reaction times were faster for a target presented at a cued

location and slower for targets presented at an uncued location. Since performance was

significantly better for valid trials compared to invalid trials, this indicates that there is a

benefit from knowing where a target will occur. In addition, there is a cost involved

(impaired performance and slower reaction times) when the target occurs at a position

that is not expected. This is what Posner refers to as "attentional costs and benefits"

(Posner, et al., 1978; Posner, 1980). These results are taken as evidence that cues can be

used to provide information about orienting attention to specific spatial locations.

For both detection tasks and discrimination tasks, the cueing paradigm has been
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used to demonstrate that attention can be oriented to a specific location. Reaction times

are faster when the target appears at a cued location, than when it appears at an uncued

location. The same holds true for studies using temporal order judgements. For example,

Gibson and Egeth (1994) manipulated the number of target stimuli that were presented

following a cue to determine if reaction time was faster for cued locations only when a

single target was presented. Cueing consisted of brightening one of the stimulus

locations. On half the trials, a single target (T1) was presented randomly at either the

cued or uncued location. On the other half of the trials, a second target (T2) was

presented at the opposite location. The task in this experiment was to identify the location

of T1. The time interval between the onset of T1 and the onset of T2,referred to as target

asynchrony, was varied. On any given trial, subjects could not predict whether one or two

targets would be presented following the cue. After each trial was initiated, subjects were

presented with a stimulus display that consisted of a central fixation point with two

squares positioned on either side. After 500 msec, one of the two squares was brightened

by increasing the thickness of the lines that made-up the square. After a variable cue lead

time, T1 appeared randomly at either the cued or uncued location. On trials where there

was a second target (T2), it appeared in the opposite square following alarget asynchrony

of 14,43, or 1 14 msec. Subjects were instructed to press a key corresponding to the

location of the first target. If T1 appeared in the left square, subjects were required to

press the left shift key and to press the right shift key if T1 appeared in the right square.

On trials where only a single target followed the cue, reaction times were faster in the

cued condition than in the uncued condition. In addition, subjects were significantly more

accurafe in the cued condition (32% errors) than in the uncued condition (97Yo enors).



On trials where both Tl andT2 weïe pïesented, subjects were faster and more accurate

when T1 appeared in the cued location (first-cued condition) than when T1 appeared in

the uncued location andT2 appeared in the cued location (second-cued condition). The

results of this experiment suggest that visual information processing is improved at cued

locations, relative to uncued locations.

Research using visual information provides evidence that having advance

knowledge about where a stimulus is likely to occur facilitates responding at the location

that was expected and delays responding when the stimulus occurs at an unexpected

location (e.g. Downing, l98B; Gibson & Egeth, 1994; posner, 19g0; posner & cohen,

1984).Informative cues provide useful information about where to orient attention.

However, recent studies have found that cues not only provide information about where

to orient attention, but also when to orient attention (Coull, Frith, Buchel, & Nobr e,2000;

coull and Nobre, 1998; Miniussi, v/ilding, coull, & Nobre, lggg). orienting in time,

according to Coull and Nobre (t 998) concerns how information about time intervals can

be used to orient attention to a point in time when an event is expected. V/hat Coull and

Nobre were interested in was whether stimuli that occurred at predictable cued intervals

were detected more efficiently compared to stimuli that did not occur when predicted.

Subjects were presented with a central cue with two boxes positioned on each side of the

central cue. A target, either an"x" or a "*", appeared in one of the boxes and subjects

were required to detect the target as quickly as possible. No discrimination was required.

Two types of targets were used to enable compatibility with future studies where

discrimination was required. On every trial, only one of the target stimuli was presented.

The task used in the experiment manipulated the subject's expectancy about where and
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when the target would occur using four types of cues as follows: cues that predicted both

location and onset time (ST), target location only (S), target onset time only (T), and

neutral cues Q'tr). The neutral cues predicted neither the target location nor the onset time.

The central cue in the visual display consisted of a diamond with a circle positioned

inside and an outer circle surrounding the diamond. Depending on which part of the cue

was highlighted, subjects attended to the position of the target (left or right) or to the time

of the target (300 or 1500 msec from the presentation of the cue) as follows: In the spatial

cueing (S) condìtion, if the left side of the diamond was highlighted, the target was likely

to appear in the left box (the opposite if the right side was highlighted). In the temporal

cueing (T) condition, highlighting the inner circle indicated that a target would appear

aftet a short time interval (300 msec), whereas highlighting the outer circle indicated that

atarget would appear after a longer interval (1500 msec). On trials where the cue

predicted both spatial position and onset time (ST), one of the circles as well as one side

of the diamond was highlighted depending on which combination of location and interval

was to be cued. In the neutral cue condition, the entire cue (inside circle, outside circle,

and diamond) was highlighted. Subjects were required to detect the target by pressing a

button. As expected, reaction times were faster when informative cues were present than

when neutral cues were used. In addition, reaction times were slightly faster in the onset

time condition compared to the spatial location condition. Interestingly, reaction times

were fastest in the condition with informative cues along two dimensions (spatial and

temporal combined). Overall, the results indicate that there is not only an advantage to

knowing where a stimulus is going to occur but also when the stimulus is expected to

occur. Attentional resources can be directed to specific locations as well as to specific



moments in time with the use of cues that provide information about a future target.

Expectancies about when an event will occur, as well as where it will occur can be used

to optimize responding.

Informative Cues in Audition

Relative to research on visual attention, less is known about attending to auditory

events. However, the cue-target paradigm that has been used in visual research has also

been used in studies of auditory perception (e.g. Mondor, Breau, & Milliken,1999;

Mondor, Terio, & Hurlburt,2000; Reuter-Lorenz,Jha,& Rosenquist, 1996; schmidt,

1996). These auditory versions of the cue-target paradigm yield similar results to those

found in the visual domain. As with visual stimuli, the cueing paradigm has been used to

demonstrate that attention can be oriented to a specific location.

Spence and Driver (1994) presented subjects with a cue-target paradigm and

asked them to judge the location of the target sound. The stimulus onset asynchrony or

SOA (the time between the onset of the cue and the onset of the target) was varied. Three

loudspeakers were placed on either side of the listener. The cue was always presented

through the speaker directly to the side of the listener, and the possible target speakers

were positioned 45o toward the front of, and 45o toward the rear of the listener.

Participants were told that the target would be presented on the same side as the cue on

75o/o of the trials. These were called valid trials. The remaining25%o of the trials were

invalid trials, meaning the target occurred on the opposite side from the cue. Before

beginning each trial, subjects were instructed to attend to the first sound since the target

was likely to be presented from the same side. The results showed that target detection
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time improved when the cue correctly predicted the location of the target (valid trials)

compared to trials when the cue did not correctly predict the target location (invalid

trials).

Similar results have been found regarding expectancies about the frequency of a

target sound based on the frequency of a cue that is presented previously. Mondor and

Bregman (1994) conducted an experiment to determine whether attention can be oriented

to a specihc frequency region. In Experiment 1, a 1000 Hz tone was presented in order to

cue subjects to attend to that frequency region. A target was then presented that was the

same frequency as the cue on75%o of the trials (valid trials) and different on the

remaining 25o/o of the trials (invalid trials). On invalid trials, the frequencies of the cue

and target could be either near to, or far from, each other. For example, the cue had a

frequency of 1000 Hz and the target could be either 925 or 1075 Hz(invalid-near trials)

or the target could be either 600 or 1500 Hz (invalid-far trials). Subjects were asked to

judge whether the target was long or short in duration. The results of Experiment I

showed that performance was better on valid trials than on invalid trials and also that

perfotmance on invalid-near trials was better than on invalid-far trials. Mondor and

Bregman (1994) suggest "the focus of attention conforms to a gradient with the density of

attentional resources declining with increasing frequency separation from the focal point

of attention" (p.272).

When listeners are asked to detect a sound embedded in a white noise

background, they are better at detecting expected tones compared to unexpected tones. In

one such study, Greenberg and Larkin (1968) presented listeners with two successive

intervals of white noise. On each tial, apure tone was embedded within one of the white
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noise intervals. Listeners were asked to indicate in which interval the tone was presented.

The experimenters led the listeners to expect that only tones of a particular frequency

would be presented (the expected tone is referred to as the primary). Although listeners

were expecting only tones of a particular frequency, on30%o of the trials the tone that was

presented was of an unexpected frequency (referred to as probes). The experimenters

observed that detection was best for expected sounds (the primary). Detection was worst

for a probe that was distant in frequency. However, probes that were close in frequency

to the primary were detected more often than those that were far away in frequency from

the primary. The findings by Greenberg and Larkin (1963) suggest that the listener

focuses on a critical band which is centered on the primary and is better able to hear tones

at frequencies within that band but not those frequencies that fall outside.

Going back to early experiments that used dichotic listening tasks, shadowing one

of the messages improved when the messages were presented in different locations or

when the pitch of the speaker's voice differed. Dichotic listening tasks showed that both

frequency and location were effective in guiding auditory attention (see Woods,Diaz,

Alain, Rhodes, &. ogawa,2001). However, a debate exists about whether either

frequency or location has an advantage in guiding auditory selective attention. Naatanen,

Porkka, Merisal, and Ahtola (1980) compared the efficiency of frequency and location

cues in an auditory selective attention task. Listeners were presented with sequences of

tones lasting 5 seconds and were required to detect targets. On some trials, targets were

distinguished from the other tones only by their location (left versus right), while others

were distinguished based only on frequency (high versus low). The results indicate that

listeners were faster at identifring targets when they were distinguished by location than



12

when they were distinguished by frequency. Naatanen et al. (1980) observed that spatial

location seems to have an advantage over frequency in directing selective attention. In

contrast to the results obtained by Naatanen et al. (1980), Woods, Alain, and ogawa

(1998) found that listeners were faster and more accurate in identifying targets that were

distinguished from non-targets based on frequency compared to targets that were

distinguished by location. In addition, Woods et al. had participants respond to target

tones that were distinguished based on a combination of frequency and location. In this

conjunction condition, performance was better than in conditions where targets were

based on location alone. In a follow up study, Woods, Alain, Diaz, Rhodes, and ogawa

(2001) had participants identify targets that were distinguished from distractors based on

frequency, location, or a conjunction of frequency and location. In Experiment 1 they

observed that parlicipants were faster and more accurate in the frequency condition

compared to the location condition. However, at long ISIs, selection based on location

was superior, suggesting that ISI is critical when detelmining the relative effectiveness of

selection by frequency and location.

The results of these studies demonstrate, overall, that both frequency and location

are effective in guiding auditory attention and that attention can be oriented based on

frequency or spatial information provided by the cues.

Studies of Attentional Capture in Vision

In visual experiments, it is evident that voluntary processes play an important role

in cue-target tasks. Informative cues can be used to provide important information about

the location of a subsequent target (e.g. Gibson & Egeth, 1994). These cues provide
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expectancies about where or when a subsequent target will occur and allow voluntary

orientation of attention to that space. Up until this point the focus has been on voluntary

processes involved in visual tasks. However, as is evident in daily activities, an

interaction exists between voluntary and involuntary processes. Attention may be

controlled involuntarily by a perceptual event that draws attention, even when the

observer is consciously trying to ignore it (see Yantis, 1996). This effect has been

referred to as attentional capture. Attentional captule in the visual modality occurs when

an abrupt visual event draws attention to its location, without intention. This results in

improved perception of a subsequent target in the same location, relative to a target that

appears in a different location (e.g. Gibson & Egeth, 1994).

Attentional capture in the visual domain is commonly referred to as visual

capture. In one experiment, Gibson and Amelio (2000) used a spatial cueing paradigm to

investigate unintended shifts of attention caused by uninformative cues. On each trial,

subjects were presented with a series of three displays: a fixation point, a cue displ ay, and

atarget display. The fixation display consisted of a central white "+" within a dark grey

box. In addition, four dark grey boxes were positioned on each side of fixation as well as

one above fixation and one below. In the onset-cue condition, the outline of one of the

four boxes became thicker and changed in colour from grey to white. The onset-cue

involved changing both thickness and luminance. In the onset-colour condition, three of

the four boxes also changed in thickness and luminance from thin and grey to thick and

white. The fourth box was transformed from thin and grey to thick and red. In the onset-

target condition, either a white H or a white U appeared in one of the boxes. In the

colour-target condition, either a red H or a red U was presented in one of the boxes while
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a white distractor letter (always E, S, and P) appeared in each of the remaining boxes. On

half the trials, an onset cue preceded the target and on the other half acolour cue

preceded the target. In this experiment, the cue and the target appeared in the same

location on25%o of the trials and in different locations on the remaining 75%o of the trials,

making the cue uncorrelated with the location of the target. Attentional set was

manipulated in this experiment such that half the subjects were consistently presented

with onset defined targets while the other half were consistently presented with targets

defined by colour. Subjects were instructed to detennine which of the two target letters

was presented on each trial. The goal of this experiment was to show that exogenous

attentional orienting is contingent on attentional control settings. The effects of

attentional orienting would be evident from faster reaction times when the cue and target

were oriented in the same location compared with reaction times in the different location

condition. This should be observed only when the cue type and targettype are the same

since it is hypothesizedthat attentional orienting is contingent on the attentional set. The

reactìon time data were consistent with the expectation that onset cues facilitate

responding (faster reaction times) when they are consistent with the defining features of

the target but not when they are inconsistent with them. In addition, colour cues were not

capable of eliciting attentional capture when these colour cues preceded onset-defined

targets. Overall, attentional capture occurred to a cue only when the feature that defined

the cue was the same feature that defined the target. That is, attentional capture appears to

be contingent on the attentional set or the goals induced by the experimental task.

The idea that attentional capture occurs only when the observer has an optimal

attentional set for that feature has been studied extensively (Egeth, Folk, Leber, Nakam,
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& Hendel,200l; Folk, Remington, & wright, 1994; see Ruz and Lupianez,2002for a

review). Researchers maintain that it is the boundaries of the task that set attention so that

a distinct element can draw attention to itself. That is, in order for an involuntary shift of

attention to occur, there has to be a relationship between the properties of the cue and the

properties relevant to the task. To test this hypothesis, Folk, Remington, and Johnston

(1992) explored the conditions under which attentional capture occurs. They proposed

that under conditions of spatial uncertainty, an automatic shift of attention would happen

depending on whether there was a feature that was common to both the abrupt event and

critical to the task, otherwise a shift of attention would not occur. This has been termed

the "contingent involuntary orienting hypothesis" (Folk et al., 1992). In order to test this

hypothesis, Folk and his colleagues used a spatial cueing paradigm in which the task was

letter discrimination. In Experiment l, a cue appeared in one of four potential target

locations and the relationship between the defining features of the cue and target were

manipulated. For one group, the target was an abrupt onset that appeared in one of the

locations while the other three potential target locations remained empty. The target that

appeared for a second group was a unique coloured letter accompanied by a white non-

target letter in the remaining three potential target locations. The cue consisted of four

small white dots that sunounded the location of one of the four possible locations. The

validity of the cue was also manipulated in this experiment. In one condition, the cue

always predicted the location of the target (I00% valid), while in the other condition the

cue never appeared in the same location as the target letter (100% invalid). Since

conditions were either 100% valid or 100% invalid, subjects were fully aware of the

spatial relationship between the cue and the target. In addition, on some trials a neutral
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cue appeared in the centre of the screen and on some trials no cue was displayed. On

valid trials, the researchers predicted a benefit (faster reaction times) compared to when

no cue appeared regardless of the target type. This was expected because on valid trials,

the cue provided useful information about the location of the target and should encourage

subjects to attend voluntarily to the cued location. What the experimenters were

interested in, however, was performance on invalid trials. They predicted that if the cue

automatically captured attention, performance on the task should be impaired even when

subjects tried not to attend to the cued location. The reaction time data observed were

consistent with these predictions. On valid trials, reaction times were faster for both

colour and onset targets. However, on invalid trials the results observed proved

interesting. Reaction times were slowed when the target was defined by an abrupt onset,

however there was neither a cost nor a benefit when the target was defined by colour. In

other words, an abrupt onset cue captured attention only when the defining feature of the

target was an abrupt onset and not when the target was defined by colour. The results

support the contingent involuntary orienting hypothesis proposed by Folk et al. (1992)

that involuntary olienting to a cue depends on whether or not that cue is consistent with

the task-relevant properties that define the attentional set. According to this hypothesis,

once the attentional set is established stimuli that fulfill the criterion of the set generate a

signal that involuntarily captures attention.

While some researchers suggest that involuntary shifts of attention are dependent

on the relationship between stimulus properties and the properties required for the task

(e.g. Folk et al., 1992; Gibson and Amelio, 2000), others researchers have obtained

results that are inconsistent with the contingent involuntary orienting hypothesis. In one
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such experiment, Theeuwes (1991) had subjects perform a search for a stimulus that was

unique (in some dimension) in an array that contained a second target that was unique in

an irrelevant dimension. According to the contingent involuntary orienting hypothesis, if

subjects are searching for a stimulus that is defined by a specific dimension (i.e. colour),

then only stimuli that are also defined by that dimension should capture attention. In his

experiment, Theeuwes (1991) had participants search for a target (either an E or an H)

that was defined by either luminance or colour. Participants were asked to determine

whether the target was presented on each trial. On half the trials, an irrelevant distractor

in the other dimension was presented. For example, if the relevant stimulus was a

luminance target, the irrelevant distractor was a colour stimulus. In the control condition,

no target was presented. On each trial, participants were unaware of the specif,rc feature

that defined the target (i.e. luminance or colour) and they only knew they were to search

for a unique item. Theeuwes found that reaction times increased when an irrelevant

distractor was present, regardless of whether the target was defined by colour or

luminance. Overall findings of this study show that any salient singleton (a stimulus that

differs substantially in one or more visual attributes from its background), when it differs

from the target in some salient feature, has the ability to capture attention. That is, salient

unique features can lead to attentional capture

One question that is central to the debate on attentional capture in vision is what

are the salient stimulus properlies that are capable of capturing attention? According to

Egeth and Yantis (1997), there are two major categories of stimulus properties that are

capable of capturing attention. The f,irst are stimuli that differ in one or more attributes

(e.g. colour or motion) fi'om their background (called feature singletons) and the second
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are abrupt visual onsets.

With respect to feature singletons, the results obtained by Theeuwes (1991)

suggest that stimulus salience plays a role in attentional capture.

Abrupt visual onsets are the second category of stimulus properties that is said to

capture attention. Yantis and Jonides (198a) hypothesized that the visual system is

sensitive to abrupt onsets. Attention is involuntarily captured by an abrupt onset when

there are no other similar stimuli present. The researchers used a visual search task in

which targets and non-targets did not differ with respect to a visual feature. In addition,

stimuli served equally often as targets and distractors. Subjects were presented with a

display of either two or four stimuli and were asked to determine whether a pre-specified

target was present in the display. On every trial, one of the stimuli had an abrupt onset

and the other items were revealed gradually by removing camouflaging premasks. On

some trials, the target was an abrupt onset, while on other trials it was revealed gradually.

The researchers predicted that the abrupt onset item would be identified first on every

trial, whether it was afarget or not. If it was atarget, then a ïesponse would be made right

away, otherwise scanning for the farget in the display would continue. Reaction times

were fastest when the target was arl abrupt onset indicating that an abrupt onset in the

visual display captured visual attention.

In a later study, the researchers observed that abrupt onsets were unique in

capturing attention since luminance and colour singletons did not capture attention

(Jonides and Yantis, 1988). Using a visual search task, they presented observers with an

aray of figure 8 shapes (pre-masks) that appeared for 1000 msec. The number of f,rgure 8

shapes depended on the search display size. At the onset of each trial, the participants
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were presented with the target letter for the current trial, followed by the anay of figure 8

shapes. The array of figure 8 shapes was replaced by the test display. In the no-onset

condition, camouflaged pre-masks were removed gradually to reveal the appropriate

letter stimulus. In the onset condition, test items appeared in a previously blank position.

For the intensity and colour conditions, all the letters appeared abruptly with one of them

being either a luminance singleton (one letter was bright while the others were dim) or a

colour singleton (red versus green). In all the conditions, subjects were instructed to

search for the target and to press one key ifthe target was present and another key ifthe

target was absent. Reaction times were fastest in the onset target condition compared to

both the no-onset and absent conditions, indicating that an abrupt onset singleton captures

attention. Howevet, in the luminance and colour conditions, where the unique item was

def,ined by a difference in either brightness or colour, the target had no special status

compared to other items in the display. Yantis and Jonides observed that luminance and

colour singletons had no effect on the allocation of attention, despite claims by other

researchers that an abrupt change in the luminance at a location tends to draw attention to

that location and that attention is captured at the level of luminance change detection (i.e.

Gellatly, Cole, & Blufton, 1999). The fact that Yantis and Jonides did not observe an

effect of luminance and colour singletons while other researchers claim that an abrupt

change in the luminance captures attention can be explained by the type of luminance

change. If the luminauce change merely causes a change in brightness of a singleton, this

is usually not enough of a change to capture attention. However, if luminance change

results in an abrupt onset of a new object, attention is typically drawn to the location of

the object.
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The results of the two studies conducted by Yantis and Jonides (1984, 1988)

indicate that abrupt onsets have a unique ability to capture attention. But what specific

property of the onset is responsible for attentional capture? The abrupt onset in the

studies by Yantis and Jonides could have captured attention in one of two ways. The first

being an increase in luminance and the second being that the abrupt onset captured

attention as a result of being a new perceptual object. To fuither investigate the

possibility that an abrupt onset could capture attention in different ways, Yantis and

Hillstrom (1994) used a modified version of the paradigm used in previous studies.

Observers were presented with an array of figure 8 shapes (placeholder display), similar

to those used in the Jonides and Yantis (198S) study. The task in this study was to decide

which of two target letters appeared in the display. In the search display that appeared

after 1000 msec, one of the letters was always atarget (H or U). In addition, all of the

letters except one appeared in previously occupied locations in the display. One letter,

which is referred to as the new element, appeared in a location that was previously

empty. Participants were required to press the left response button if the target was 'H'

and the right button for 'lJ'. The results of this study show that attention was captured by

the abrupt appearance of an equiluminant object when the target was new and not when

the target was one of the old items. A visible luminance change in an old object was not

enough for attentional capture to occur. Therefore, a change in luminance is not sufficient

to produce attentional capture. These results provide strong support for the theory that

attentional capture occurs as a result ofthe appearance ofa new perceptual object.

Despite the strong evidence that new objects capture attention, Gibson (1996)

argued that attentional capture may not be the result of a new object, since the improved
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perforrnance for onset targets may be due to a "perceptual difference between onset and

no-onset conditions caused by masking" (Gibson, 1996).In the studies by Yantis and

Jonides (1984,1988), the onset condition appears to have an advantage because the

figure 8 masks the no-onset letters but not the onset letters. in his study, Gibson

manipulated the degree of masking such that there was a strong masking condition

(bright no-onset) and a weak masking condition (dim no-onset). Reaction times were

slower in the bright no onset condition, a condition where masking was expected to be

strong compared to the dim no-onset condition where masking was expected to be weak.

Based on the results, Gibson concluded that abrupt onsets have the ability to capture

attention as a result of their higher visual quality and their status as a new perceptual

object. Other researchers have also found evidence that attentional capture in vision is

due to the appearance of a new perceptual object (Enns, Austen, Di Lollo,

Rauschenberger &. Yantis, 2001; Yantis & Jonides, 1996).

According to Gibson (1996), the ability of an abrupt onset to capture visual

attention may occur because the task-irrelevant singleton has certain properlies that may

signal a new perceptual object. Hillstrom and Yantis (1994) further examined the

possibility that new perceptual objects capture attention. Their hypothesis was that "when

a new object file is created to accommodate the appearance of a new perceptual object,

attention is directed there in a stimulus-driven fashion" (p. a05). They investigated

whether the appearance of a new object, which was defined by motion, would capture

attention. Subjects were required to identify a "global" letter (always an H or S) that was

formed using multiple small letters. The small letters that made up the "global" letter

were the same, either E's or U's, except for one, which was called the unique local letter.
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On some trials, one of the local letters moved, creating a new perceptual object. There

were three main conditions in the experiment: the first of these being a baseline

condition, in which the unique local letter was part of the H and S global letters. In the

second condition, the onset condition, the unique local letter appeared in a location of the

global letter that had a gap in it. It was expected that attentional capture would occur in

this condition. In the third condition, when the display appeared, the unique local letter

began to move back and forth and continued to move until the participant made a

response. This condition was termed the motion condition and it was also expected to

cause an involuntary shift of attention. In general, the results show that the time it took to

identify the target letter was fastest in the baseline condition compared to the onset and

motion conditions. The slowest reaction times were in the motion condition. The results

supported the hypothesis that attention is drawn to a new perceptual object when it

appears abruptly in a previously blank location. In addition, a new perceptual object also

draws attention when it segregates from its background as a result of motion (see Yantis,

re93).

Attentional Capture in Audition

Attentional capture by a unique yet irelevant singleton distractor has been well-

studied in the visual modality, however less is known about how irrelevant singletons

attract attention in the auditory domain. An issue that is central to the debate over

attentional capture (either visual or auditory) is automaticity. Is the attention-getting

potential of certain stimulus properties independent of one's goals? In order to determine

whether the effect from an abrupt sound is involuntary, ceftain criteria must be met (i.e.
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Jones, 2001). In order for attentional capture to be considered automatic, "a stimulus cue

(or singleton) should quickly over-ride the voluntary control conferred by instructions or

intentions" (Jones, 2007, p.203).In other words, orienting of attention is said to be

automatic when performance is impaired despite the fact that the singleton is inconsistent

with the task. This issue of automaticity in auditory attentional capture can be addressed

indirectly using results from cue-target paradigms with exogenous sound cues or a

monitoring task where a distinctive sound (singleton) is embedded in an auditory

sequence.

The general idea in an auditory cue-target paradigm is to study whether a

distinctive sound cue can call attention to itself, such that listeners orient attention to its

location or pitch, regardless of its cue validity. If there is an automatic effect of orienting

attention, information about the singleton can facilitate responses to a subsequent target

sound by improving performance when the singleton is similar to the target in terms of

frequency or location. In contrast, performance is impaired when the singleton and target

differ in terms of frequency or location. An experiment by Spence and Driver (1994)

required listeners to ignore an initial cue. The cue did not provide any information about

the location of the subsequent target, making it an uninformative cue. The results of the

study found that the exogenous sound cue drew attention to its location. When the

subsequent target appeared in the same location as the cue, reaction times were faster

than ifthe subsequent target appeared in a different location (at short intervals). Based on

the criteria for automaticity mentioned above, the results are consistent with the criteria.

Despite the fact that listeners were instructed to ignore the initial cue because it was

uninformative, they were unable to do so. Also, the exogenous cue pulled attention
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towards itself, despite being uninformative. The effects of the singleton were immediate

because subsequent targetperformance was improved even at short intervals.

Similal results have been reported by Mondor and Breau (1999).In their

experiments, listeners were presented with a cue, followed by a target sound embedded in

noise. The stimulus onset asynchrony (SOA) was varied at 150, 450, and 750 msec.

Listeners were required to judge the rise-time of the target by pressing 'f if the target

was sharp (a sound that reaches its maximum amplitude quickly), and '0' if the target

sound was dull (a sound that reaches it maximum amplitude slowly). Since the judgment

listeners were required to make was independent of the relationship between the cue and

the target, performance should not be affected by the information provided by the cue. In

the location condition, the cue and target could come from either the left or right speaker.

In the frequency condition, the cue and target were always presented from the speaker

directly in front of the listener, and their frequencies were either the same or different.

The cue and target were the same frequency or from the same location on 50% of the

trials (repeat trials) and they were different frequencies or from different locations on the

remaining 50% of the trials (change trials). Response times in the location condition (150

msec SOA) were fastest on repeat trials, compared to change trials. Therefore, when the

cue and target were from the same location, responding was facilitated. In the frequency

condition, again reaction times were fastest on repeat trials, compared to change trials.

Since the listener's task was to judge rise time, the cue provided no useful information

about the response required to the target. Despite this fact, the cue drew attention to its

frequency or its location. When the subsequent target appeared in the same location as

the cue, reaction times were faster than if the subsequent target appeared in a different
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location (at shorl SOAs). The same was found for frequency; when the cue and target

were the same frequency, responding was facilitated. Although listeners were to ignore

the cue because it was uninformative and inconsistent with the attentional set required for

the task, they were unable to do so. The cue, although inconsistent with the task, called

attention to its frequency or its location in an involuntary manner.

In another series of experiments, Mondor (1999) presented listeners with an

auditory spatial cue followed by a target and asked listeners to make a speeded judgment

regarding the location of the target (left or right). Across the experiments, the probability

that the target would be presented in the cued location was manipulated. In Experiments

I and2, the probability that the cue and target would be presented from the same location

(repeat trial) or in a different location (change trial) was .50. Therefore, the spatial

relation between the cue and target could not be predicted. The lesults of both indicate

faster reaction times in the repeat condition compared to change conditions. Although the

cue provided no useful information about the subsequent target, listeners were unable to

ignore it. The results of the study found that the exogenous sound cue drew attention its

location. When the subsequent target appeared in the same location as the cue, reaction

times were faster than if the subsequent target appeared in a different location (at short

SOAs). Attention was allocated to the location of the cue despite the fact that it provides

no useful information about the subsequent target. In each of these studies, attentional

capture impairs performance, despite the fact that the cue is inconsistent with the task.

Auditory attentional capture can also be studied using results from a monitoring

task where a distinctive sound (singleton) is embedded in an auditory sequence. In one

such experiment, perfotmance on a target detection task was impaired following the
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presentation of a distinct sound in an auditory sequence. In a series of experiments,

Arnell and Jolicoeur (1999) instructed participants to report the identity of a target and

probe. The auditory stimuli presented were streams of spoken letters and also included

the numbers 1,2,3, and 4. When listening to the rapid serial auditory presentation

(RSAP) of spoken letters, listeners were required to perform two tasks: The first being to

report whether the letter X was spoken and the second to identify which one of the four

possible numbers (1,2,3, or 4) was presented. What the researchers observed was that

when one of the numbers (probe) was presented immediately following the letter X

(target), responding to the probe was significantly impaired. This effect has become

known as 'attentional blink'. 'When stimuli are presented rapidly, participants fail to

accurately report the probe when it is presented within approximately 500 ms of the

target.

The possibility that selection of a target rnight impair subsequent processing has

been studied not only with spoken auditory stimuli, but using pure tones as well (Mondor,

i998). In two experiments, Mondor (1998) presented listeners with a sequence of tones.

Listeners were required to detect both atarget and a subsequent probe. The target varied

in its position in the sequence and the probe was presented in one of seven or eight

possible positions following the target. In Experiment l, the post-target item could either

be the probe or a distractor whereas in Experiment2, the post-target item was replaced by

silence. In both experiments, detection of the probe was impaired when it was presented

directly following the target. Attention was directed to the target such that subsequent

processing of the probe was impaired when the probe was presented immediately

following the target.
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Other researchers who study the attentional blink have observed results that are

interestingly similar to attentional capture. In the above study, listeners were required to

make separate responses regarding the target and the probe. It was observed that probe

detection is significantly impaired when it is presented immediately following the target.

A study by Shen and Mondor (in press), provided listeners with a typical attentional blink

paradigm where they were instructed to make a detection judgement for both the target

and the probe sounds in a rapid serial auditory presentation. The researchers observed an

attentional blink effect where probe detection was impaired when it was presented

following the target sound. Of particular interest, however, was a condition where

listeners were instructed to ignore the target and make a detection judgement for the

probe sound. They observed an attentional blink effect emerged even though listeners

were instructed to ignore the target. This suggests that, with respect to the attentional

blink, attention appears to be captured by the target sound, such that probe detection is

impaired.

Evidence also exists for attentional capture by an unexpected time change in a

sequence. For example, Jones (2001) observed that sounds in auditory sequences that

deviate from a temporal regularity can capture attention. If a probe sound is presented

following an interruption in temporal regularity, detection of the probe is impaired

relative to if the probe was presented in a sequence of temporal regularity. If listeners are

set to attend to a regular time pattem and an unexpected time change occurs, processing

of a subsequent probe is impaired. This suggests that unexpected temporal changes may

also capture attention.
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Present Research

While attentional capture has been well-studied in the visual modality, less is

known about how irrelevant items (singletons) attract attention in the auditory domain. If

a distinct irrelevant distractor sound is embedded in an auditory sequence, involuntary

orienting of attention is said to occur if performance (on atarget detection task) is

impaired despite the fact that the singleton is inconsistent with the task. Cue-target

studies have demonstrated that an exogenous cue that provides no information about an

upcoming talget can still draw attention to the cued location and fi'equency. As a result,

subsequent processing of the target was impaired. Although these studies demonstrated

attentional capture, on half the trials a valid cue was pt'esented which was relevant to the

task. In these cue-target studies, because of the presence of valid trials, it is not possible

to conclude that attentional capture was noncontingent since on half the trials the cue

provided accurate information about the target. The present study used an auditory

sequence where all the sounds were consistent with the task. For example, the target

sound was a low pitch sound presented among a series of low pitch distractor sounds.

Therefore, there is incentive for listeners to pay attention to the distractor sounds. If a

sound is presented that was inconsistent with the task and attention is drawn to that

sound, then we can say that attentional capture was noncontingent. The purpose of the

present study was firstly to examine attentional capture in auditory sequences based on a

frequency violation. The basic method used an auditory sequence in which listeners were

required to detect atarget among similar distractor sounds. The presence of a violation

that is unique on an irrelevant dimension (e.g., a low frequency violation in a search for a

high frequency target) produces auditory attentional capture if it interferes with target
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detection. The prediction was that if a violation captures attention, then perception of a

subsequent target, when presented immediately following the violation, would be

impaired.

The second goal was to determine whether attention is oriented towards the

violation voluntarily or involuntarily. In order for attentional capture to be considered

involuntary, the effects of the violation must be immediate and the effects of the violation

should over-ride voluntary intentional control of the search. Voluntary control is brought

on by the instructions given. If the target is the same pitch as the distractor elements in a

sequence, then the voluntary process of affending to only that pitch should not be

impaired by a task-irrelevant pitch. Attentional capture occurs if there is an involuntary

shifting of attention to the irrelevant pitch, despite efforts to ignore it. This is indicated by

a decrease in target detection accuracy ifthe target is presented directly after the

violation.

A third goal of the present study was to determine whether auditory attention may

be captured by frequency, location, or both (conjunction). A conjunction violation was

predicted to capture attention mole efficiently than a violation defined along a single

dimension. A conjunction benefit was predicted for a couple of reasons. Firstly, in vision,

a critical factor which determines whether or not a particular singleton will capture

attention is the salience of the singleton compared to the target, that is, how much the

singleton and target differ (e.g. Theeuwes, 1991 ,1992).If the singleton is a violation

defined along a single dimension, and it captures attention, then it may be that asingleton

defined along two dimensions (frequency and location) will be more salient. Thus, as the

salience of an irrelevant sound increases, the degree to which it captures attention may



30

also increase. Secondly, support for the idea that a conjunction violation may capture

attention more efficiently comes from studies of visual search (Duncan and Humphreys,

1992). According to Duncan and Humphreys, search time in vision depends on how

similar the target is to the distractors and also how similar the distractors are to each

other. If the features that define the singleton are different from those that define the

target, then the singleton may capture attention more efficiently. In other words, the

singleton may call attention to itself as a result of being different from both the target and

the other distractors. Taken together, these reasons provide a basis to suggest that a

conjunction violation may capture attention more efficiently than a violation defined

along a single dimension. If so, target detection should be slower and less accurate when

the features that define the target and violation are different from each other. For

example, if the target is defined in terms of frequency (e.g. a low pitched sound) and the

violation is defined in terms of both frequency and location, attention will be captured to

a greater degree resulting in impaired target detection.

Basic Questions/Logic

Experiment 1 was performed to determine whether an abrupt change in frequency

(fi'equency violation) captures attention in an involuntary manner. The logic was that if a

frequency violation captures attention, then perception of a target should be impaired

when it is presented immediately following the violation. This type of result would

indicate that the involuntary effect of an abrupt unexpected sound interferes with target

detection despite the person's goal to ignore it. Experiment 2 evaluated whether auditory

attention can be captured by an abrupt location change. The third experiment had three
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main puryoses. The hrst of these was to attempt to replicate the results of Experiment 1.

The second purpose was to attempt to replicate the results found in Experiment2. Aside

from replicating the results of Experiments 1 and2, Experiment 3 explored the possibility

that when a violation has a different pitch and comes from a different location, it may

more effectively capture attention

Experiment 1

Method

Participants

Twenty undergraduate students (8 male, 12 female) enrolled in an Introduction to

Psychology course at the University of Manitoba participated in exchange for course

credit. None of the participants reporled any uncorrected or corrected hearing

impairment. Participants gave informed written consent prior to beginning the

experiment.

Msterials

Computer and Sound SysÍem. The experiment was controlled using a Dell

Dimension XPS T550 Pentium computer running the E-Studio Software System

(Psychology Software Tools Inc.,1999). Sounds were presented through Sony SRS-PC36

speakers positioned 45o to the left and right of the listener.

Sounds. Four tones were synthesized using the Cool Edit Software System

(Syntrillium Software Corporation,1999). The frequency of the low pitch distractor and
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violation sounds was 500 Hz and the frequency of the high pitch distractor and violation

sounds was 3000 Hz. The target sound was always the same pitch as the distractor sound,

and was composed of three, 10 msec pulses. The result was a target that sounded slightly

distorted ('noisy'). Each of the sounds was 30 msec in duration and incorporated 2 msec

linear onset and offset amplitude ramps to eliminate onset and offset clicks. All stimuli

were presented at a comfortable listening volume (70 dB).

Design and Procedure

Auditory attentional capture was examined using a rapid serial auditory

presentation (RSAP) design. On both the practice and experimental trials, participants

were presented with a sequence of 18 sounds. A low pitch sequence was made up of all

low pitch distractor sounds, while a high pitch sequence was made up of only high pitch

distractor sounds. A frequency violation was presented in the sequence half of the time.

For low pitch sequences, the frequency violation was a high pitch sound, while a low

pitch sound was presented as the violation for high pitch sequences. In addition, on half

the trials, atarget sound of the same pitch as the distractor sounds was presented. On

trials where both a violation and a target wele presented, the target could occur in any

one of eight temporal positions following the violation. For example, if the target was

presented in the position immediately following the violation, this was referued to as

'Position I'. On trials for which the violation was replaced with a distractor (no

violation), the target could be presented in any of the relative positions 1-8. Both the

practice and experimental trials consisted of four different trial types, each occurring on

25%o of the trials. These trial types are as follows: no violation-no target, violation-no

target, no violation-target (relative targetpositions 1 to 8), and violation-target (relative
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target positions 1 to 8). Thus, there was no predictable relationship between the violations

and the targets. Participants completed 16 practice and 128 experimental trials. A visual

representation of the trial types can be seen in Figure l.

Participants were required to initiate each trial by pressing the space bar. At the

end of each sequence, participants were required to respond to the question "Was the

target sound presented?" by pressing 'l' for yes or '0' for no on the keyboard.

Participants were given both oral instructions as well as standard written instructions

(presented on the computer screen) prior to beginning the experiment. Before the practice

trials, participants were presented with the sounds that were to be used in the experiment

in order to become familiar with them.
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Figure 1. Visual representation of the four different trial types (Experiment 1). The target
in this figure occurs in Relative Position 1, but varies from Position 1 to Position 8 in
Experiment 1.
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Results

The results obtained in Experiment 1 are summarized in Table 1. The data provide

clear evidence that perception of a target sound is impaired when it is presented

immediately following a frequency violation. This is supported by the results of a two-

way repeated measures analysis of variance (ANOVA) (Preceding Violation X Position)

that was used to evaluate performance. Statistical analysis of the accuÍacy data revealed

signif,rcant main effects for Preceding Violation, F (1 , 19) : 23.324, p < .001 and

Position, F (7 , 133) : 8.312, p < .001 . Generally, participants made more erïors when a

violation preceded a target than when atarget was presented alone. As the relative

position between the violation and the target increased from 1 to 8, target detection

accuracy also increased. The analysis also revealed a significant interaction between

Preceding violation and Position, F (7,133) : 6.313, p < .001. planned comparisons

performed to evaluate the effect of Preceding Violation at each position revealed a

significant effect at Position r, F (1,19):22.294,p <.001, position2, F (i, l9) :6.603,

p:.}L9,Position3,F(1,19):5.747,p:.035,Position4,F(1,i9):7.027,p:.016,

and Position 5, F (1, 19) : 5.516, p: .030. Participants made more effors at these

positions when a violation preceded the target than when the target was presented alone.

There were no significant effects found at Positions 6, F ( l, 19) : I .305, p : .267 ,

Position 7, F (1, 19) : 0.487, p : .494,or Position 8, F (1, 79) : 1.652, p : .2I4.

On trials where a target was not presented, target detection accuracy was high.

When no violation and no target were presented, detection accuracy was .95. When a

violation was presented but no target, detection accuracy was .88. False alarm rates were

.05 and .12, respectively.



36

Table 1: Experiment 1 Mean Percent Correct and Standard Errors (SE) for Accuracy data

as a Function of Preceding Violation (target presented alone or violation precedes target),

and Position (Position 1 to Position 8)

Position

12345678

No violation

Meqn 97.5 96.3 98.8 98.8 98.8 97.5 97.5 98.8

sE t.] 2.0 1.2 1.2 t.2 2.5 1.7 1.2

Violation

Mean 58.8 78.8 87.5 87.5 9L3 93.8 95.0 93.8

sE 7 .8 6.6 4.6 3.8 3.3 3.1 2.9 3.6

Discussion

The results obtained in Experiment 1 provide clear evidence that when a

fi'equency violation occurs, perception of a subsequent target is impaired when it is

presented in any one of the first five positions following the violation. This experiment

suggests that an abrupt frequency change captures auditory attention in a strongly

involuntary manner. Attentional capture is said to be automatic if performance is

impaired despite the fact that the singleton is inconsistent with the task. Impaired

perfotmance in the target detection task indicates that the involuntary effect fi.om an

abrupt unexpected sound interferes with target detection despite the person's goal to

ignore it.
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If attention can be captured by an abrupt unexpected change in frequency, is the

same true for an unexpected change in location? Experiment} evaluated whether

auditory attention can be captured by an abrupt location change.

Experiment 2

Method

Participants

Twenty undergraduate students (11 male, 9 female) enrolled in an Introduction to

Psychology course at the University of Manitob a pafticipated in exchange for course

credit. As in Experiment 1, none of the participants reported any uncorrected or corrected

hearing impairments and informed written consent was given prior to begirming the

experiment.

Procedure

Experiment 2 was founded on the four main trial types used in Experiment 1. The

procedure was same as that used in Experiment 1, however rather than a frequency

violation occurring, a location violation occurred instead. The experiment consisted of a

'Left' condition and a'Right' condition. In the Left condition, the sound sequence

(distractors and target) was always presented from the left with a location violation being

presented from the right. In the Right condition, the sound sequence was presented from

the right with a location violation presented from the left. An example of each of the trial

types for Experiment2 canbe seen in Figure 2.Half of the participants completed the



38

'Left' condition, while the other half completed the 'Right' condition. In both conditions,

the structure of the individual trials was the same as in Experiment 1, except that a

location violation was inserted rather than a frequency violation. The violation was

always the same pitch as the distractor and target sounds but it was presented from a

different location, therefore only a change in location occurred. For each of the two

conditions (left and right), an equal number of high-pitched and low-pitched streams

were randomly presented. A target sound from the same location as the distractor sounds

was presented on half the trials. The relative position of the target ranged from Position 1

to Position 8, as in Experiment 1. The sounds for Experiment 2 were the same as those

used in the first experiment. Participants were againpresented with 16 practice and,128

experimental trials.
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Figure 2. Visual representation of the four different trial types in the Left Condition
(Experiment2).The target in this figure occurs in Relative Position 1, but varies from
Position 1 to Position 8 in the experiment.
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Results

Mean percent correct and standard errors are described in Table 2. A two-way

ANOVA (Preceding Violation X Position) was computed. The results revealed

significant main effects of Preceding Violation, F(1, 18) :15.041,p: .001, and of

Position, F (7,126): 10.609,p <.001. The analysis also revealed a signif,rcant

interaction between Preceding Violation and Position, F (7,126¡ : 6.036, p < .001. In

order to investigate the effect of preceding violation at each of the positions, planned

comparisons were performed. A significant effect of Preceding Violation was apparent at

Position l, F (1, 19): 12.715, p: .002, and Position 2, F (1, 19): 5.444, p: .031.

Participants made more elrors at these positions when a violation preceded the target than

when the target was presented alone. There were no significant effects found at Position

3,F(1,19):0.192,p:.666, Position 4,F(I,19),:1.000,p:.330,Position5,F(1,

19) : 0.000 , p : 1.000, Positi on 6, F (1, l9) : I .000, p : .330, Position 7 , F (1, 19) :

1.000, p: .330, or Position 8, F (1, i9) : 0.810, p: .379.

On trials where atarget was not presented, target detection accuracy was high.

When no violation and no target were presented, detection accuracy was .98. When a

violation was presented but no target, detection accuracy was .94. False alarm rates were

.02 and.06, respectively.
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Table 2: Mean Percent Correct and Standard Errors (SE) for Accuracy data as a Function

of Preceding Violation (target presented alone or violation precedes target) and Position

(Position 1 to Position 8) in Experiment 2.

Position

r234s678
No violation

Mean 96.3 90.0 95.0 96.3 98.8 98.8 98.8 95.0

2.7 4.2 2.4 2.1 1.2 1.3 1.2 4.0

Violation

Mean 70.0 72.5 93.8 93.8 98.8 100.0 97.5 98.8

6.4 6.7 2.4 3.1 1.2 0.0 t.7 r.2

Discussion

The purpose of Experimenf 2 was to investigate the possibility that an abrupt,

unexpected change in location can capture attention. It was hypothesized that

performance on the target detection task would be impaired when an unexpected location

violation occurred, similar to when a frequency violation is presented. Despite the fact

that the location violation was inconsistent with the goals of the detection task,

performance was impaired when the target immediately followed the violation,

suggesting involuntary capture of attention by the violation. The results obtained in

Experiment 2 indicate that a location violation significantly impairs detection of a

^SE

.s¿
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subsequent target sound. As seen in Experiment 1, an abrupt frequency change captures

attention in an involuntary manner and, as evident in Experiment2, a location violation

seems to act in the same way. Although the location violation captured attention, the

location capture effect did not last as long as when a frequency violation captured

attention. The results of both Experiment 1 and Experiment 2 suggest that both a

frequency and a location violation are capable of capturing attention, a location violation

does not appear to capture attention to the same magnitude as a frequency violation does.

A location violation results in attention being captured but the impairment appears to be

smaller and shorter-lasting than when a frequency violation captures attention. If both a

frequency violation and location violation are capable of causing an involuntary shift of

attention, would a conjunction violation also cause even greater attentional capture? That

is, would a violation defined by both a change in frequency and a change in location

capture attention to a greater degree? If so, would it capture attention more effectively,

resulting in a greater magnitude of attentional capture than violations defined along a

single dimension? Experiment 3 explores the possibility that attention can be captured by

an unexpected sound defined by both a change in frequency and location. In vision, a

critical factor which determines whether or not a particular singleton will capture

attention is the salience of the singleton compared to the target (Theeuwes,lggl,lgg2).

Search time in vision depends on how similar the target is to the distractors and also how

similar the distractors are to each other (Duncan and Humphreys ,lgg2). While searching

for a target is voluntary attention, the same mechanisms may be involved for involuntary

attention. If the singleton is a violation defined along a single dimension, and it captures

attention, it may be that a singleton defined along two dimensions (frequency and
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location) will be more salient. One would expect that as the salience of an irrelevant

sound increases, the degree to which it captures attention might also increase.

Experiment 3

Method

Participanfs

Twenty undergraduate students (10 male, 10 female) enrolled in an Introduction

to Psychology course at the University of Manitoba participated in exchange for course

credit. None of the participants reported any uncorrected or corrected hearing

impairments.

Procedure

The third experiment was based on a between-subjects design where each

participant was presented with one of four types of sequences (high-Ieft, high-right, low-

left, low-right). Within each sequence, a frequency-only violation, a location-only

violation or a violation based on both frequency and location (conjunction) was

presented. An example of each type of violation can be found in Figure 3. Again the

frequency of the low pitch distractor and violation sounds was 500 Hz anð,the frequency

of the high pitch distractor and violation sounds was 3000 Hz. As in Experiment2,

sounds were either presented from the left or the right. The target sound was always the

same pitch as the distractor sounds and was always presented from the same location as

the distractor sounds. The four main trial types; no target-no violation, no target-



44

violation, target-no violation, and target-violation, were the same as in the previous

experiments. Each participant completed an experiment that consisted only of one of the

four possible basic sequence types (high-Ieft, high-right, low-Ieft, low-right). For each of

these sequence, a frequency violation, a location violation, and a conjunction violation

could occur, each presented on one-third of the trials. For example, in the High-Left

experiment, the distractor sounds and the target were high pitch sounds presented from

the left speaker. When a violation occured, it could have been a low pitch sound

presented from the left (frequency change only), a high pitch sound presented from the

right speaker (location change only), or a low pitch sound presented from the right

(different frequency and different location). This was the case for each of the four basic

sequences defined by location and pitch. Violation and target sounds were presented in

the same positions in the sequence as in the previous experiments. For this experiment,

participants completed 16 practice trials and 384 experimental trials.
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Figure -3. Visual representation of the three different violations in the High-Left
Condition (Experiment 3). The target in this figure occurs in Relative Position i, but
varies from Position 1 to Position 8 in Experiment 3.
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Results

Mean percent correct and standard errors (SE) for accuracy data are described in

Table 3. A 3-way repeated measures ANOVA (Preceding Violation X Position X Type of

Violation) was performed on the data and the results did not show a significant main

effect for Type of Violation, F (2,38; : 1 .623, p: .277. In addition, the ANOVA failed

to show significant interactions between Preceding Violation and Type of Violation, F (2,

38):0.716, p: .495,Type of Violation and Position, F (I4,266¡:1.504, p: .109, or

Preceding Violation, Type of Violation, and Position, F (14,266¡: 1.327, p : .191. The

analysis did, however, reveal a significant main effect of violation, F (1, 19) :20.9r7, p

< .001, as well as of Position, F (7,133):29.748, p < .00L A significant interaction was

revealed fol Violation and Position, F (7, 133): 10.223, p < .001. The three-way

interaction between Preceding Violation, Type of Violation, and Position was examined

using two-way ANOVAs to evaluate the effects of preceding violation and position

across each condition individually as described below.
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Table -1.' Mean Percent Conect and Standard Errors (SE) for Accuracy data as a Function

of Preceding Violation (target presented alone or violation precedes target), Condition

(frequency, location, and conjunction), and Position (Position 1 to position g) in

Experiment 3.

Position

No violation

Frequency

SE

Location

SE

Conjunction

s¿

Frequency

,SE

Location

SE

Conjunction

^S¿

80.0 96.3 93.8

5.9 2J 4.0

85.0 93.8 96.3

5.6 3.I 2.0

87.s 92.5

5.0 3.2

93.8

3.1

92.5

3.2

9t.3

3.8

87.s

4.6

95.0 95.0 95.0 9t.3

2.9 2.3 2.9 3.8

96.3 98.8 95.0 90.0

2.0 t.2 2.9 3.3

87.5 95.0 93.8 92.5

3.8 2.3 3.1 2.6

Violation

s6.3

8.1

73.8

6.4

91.3

J.J

62.s 85.0 93.8

6.4 4.6 3.1

93.8 92.s 93.8 90.0

4.0 2.6 3.1 3.3

52.5

7.7

63.8 90.0 97.5

7 .4 2.8 1.7

70.0 88.8 93.8

7.4 3.8 2.s

90.0 95.0 91.3

3.3 2.3 3.8

97.s 95.0 9s.0 93.8

1.7 2.3 2.3 2.5
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When analyzingthe data for each of the different types of violations separately, it

was found that when only a frequency violation was presented, there was a significant

main effect of both Preceding violation, F (1, 19): 75.23g, p < .001, and positi on, F (7,

133): 13.373,p <.001. There was also a signif,rcant interaction effect between these

variables, F (7 , 133) : 5.533, p < .001 . Planned comparisons (a one-way ANovA)

performed to evaluate the interaction effect found significant effects of Preceding

violation at Position l, F (1, 19): 15.68l,p <.00r, position 2, F (1,19):5.444,p:

.03 1, and Position 3, F (r, 19) : 5.942, p : .025 . participants committed more errors at

these positions when a frequency violation preceded the target than when the target was

presented alone. The analysis did not reveal significant effects at Position 4, F (1, 19):

0.000,p:1.000,Position5,F(1, 19):0.073,p:]B9,position6,F(1, 19):0.655,p:

.428,Position7,F (1, 19):0.137,p:.716,orposition8,F(l ,79):0.106, p:.074g.

When only a location violation was presented, there were signif,rcant main effects

ofViolation,F(1,19):8.504,p:.009 andposition,F(7,133¡: l0.g2g,p<.001.A

significant interaction was found between Violation and position, F (7,133): 3.039,p:

'005. Planned comparisons performed to evaluate the interaction revealed significant

effects of Preceding Violation at Position l, F (1, lg): 5.444, p: .031, position Z, F (1,

19): 5.437, p :.031, and Position 6, F (1,19):7.107, p: .015. Again, participants

made more effors at these positions when a location violation preceded the target than

when the target was presented alone. The planned comparisons did not however reveal

significant effects at Position 3, F (1, 19) : 1.305, p : .267,position 4, F (1, 19) : 0.322,

p:.577,Position5,F(1, 19):2.923,p:.104,position7,F (1, 19):0.000,p:1.000,

or Position 8, F (I, l9) : 0.056 , p : .815.
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Finally, when a conjunction violation was presented, there were

significant main effects of Preceding Violation, F (1, 19) : 5.945, p: .025, and position,

F (7,133): 15.312,p <.001. The analysis also revealed a significant interaction between

thetwo, F(7,133):7.804,p<.00l.Whenevaluatingtheeffectoftheinteraction,

planned comparisons revealed significant effects of Preceding Violation at position 1,1¡

(1, 19):13.591,p:.}}2,Position2,F(1,19):5.744,p:.03S,andposition5,F(1,

19) : 5.630, p: .028.It did not reveal significant effects of the Preceding Violation at

Position3,F(1,19):0.810,p:.379,Position 4,F(I,19):0.000,p:L000,position

6,F(1, 19):0.000,p:1.000,Position7,F(1,19):0.192,p:.666,orpositiong,F(1,

19): 0.322, p : .577. Again, participants made more eruors at Position I and position 2

when a violation preceded the target than when the target was presented alone.

On trials where atarget was not presented, target detection accuracy was high.

When no violation and no target weïe presented, detection accuracy was .94. V/hen a

violation was presented but no target, detection accuracy was .91. False alarm rates were

.06 and .09, respectively.

Discussion

The results obtained in Experiment 3 replicated the results of Experiment 1 that a

frequency violation can capture auditory attention in an involuntary manner and impair

performance on a subsequent targetpresented immediately following a frequency

violation (i.e. Positions 1 and 2). Experiment 3 also replicated the results of the second

experiment where a location violation was presented. Again, targetperformance was
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impaired when the target was presented immediately following the location violation.

The third goal of Experiment 3 was to evaluate whether a conjunction violation was able

to capture attention to a greater degree than a violation defined along a single dimension.

The results indicate that a conjunction violation did in fact impair performance when the

target was presented in Position 1, Position2, and Position 5 following the violation. In

other words, participants made more erïors at these positions when a violation was

presented before the target than when the target was presented alone. This suggests that a

conjunction violation captures attention. However, the results show that a conjunction

violation does not capture attention more effectively than aviolation defined along a

single dimension. The results of Experiment 3 demonstrate that the involuntary effect

from an abrupt unexpected sound interferes with performance despite the voluntary

control of the person's goal to ignore the violation, regardless of whether it is a

frequency, location, or conjunction violation. The results of all three experiments can be

seen in Figure 4.

It was hypothesized that a violation defined by both a change in frequenc y and, a

change in location would not only capture attention, but would do so more effectively

than a single feature violation. Thus, target detection should be worse for the conjunction

condition compared to the frequency only and location only conditions and the effects of

the conjunction violation should last longer than the first two positions. The results of

Experiment 3 do indicate that aconjunction violation captures attention. However it does

not appear that a violation defined by both frequency and location captures attention

more effrciently than a violation defined along a single dimension alone.
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Figure 4. Mean percent aceiJracy for no-violation and violation as a function of relative
position is described for Experiment 1 (top panel), Experiment 2 (middle panel), and
Experiment 3 (bottom panel).

100

90

80

70

60

50

40

100

e90o

-g Bo
o
370
Ê
g60
o)Èso

90
ogBo
o
970
o
960
o
o-

50

100

oo
oo
o)o
o
o-

--f- No Violation

-€- Violation

{-No Violation
*ÈViolation

*No Violation

€-Frequency Violation

*-Location Violation



52

General Discussion

The present study was conducted to examine the effects of an abrupt, unexpected

sound on detection of a subsequently presented target sound. Experiment i was

performed to determine whether an abrupt change in frequency (frequency violation)

captures attention in an involuntary manner. The logic was that if afrequency violation

captures attention, then perception of a targetshould be impaired when it is presented

immediately following the violation. This type of result would indicate that the

involuntary effect from an abrupt unexpected sound interferes with target detection

despite the person's goal to ignore it. The prediction for Experiment I was that if a

violation captures attention, then perception of a subsequent target presented immediately

following the violation should be impaired. The results indicate that anabrupt sound of
an unexpected frequency is capable of capturing attention, even though it is inconsistent

with the task.

The purpose of Experiment2 was to investigate the possibility that an abrupt,

unexpected change in location can capture attention. It was hypothesized that, as was the

case when a frequency violation was presented, performance on the target detection task

would be impaired when an unexpected location violation occured. The results of
Experiment 2 provide evidence that auditory attention can not only be captured by a

sound ofan unexpected frequency, but also by a sound presented from an unexpected

location.

The third, and final, experiment had three main purposes.

attempt to replicate the results of Experiment 1 that attention can

The first of these was to

be captured by a sound
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of an unexpected frequency. The second pupose was to attempt to replicate the results

found in Experim ent 2 thata location violation can capture auditory attention. Aside from

replicating the results of Experiments 1 and2,Experiment 3 explored the possibility that

when a violation has a different pitch and comes from a different location, it more

effectively captures attention. That is, would a violation defined by both a change in

frequency and a change in location capture attention to a greater degree? The results of
Experiment 3 do indicate that aconjunction violation captures attention. However it does

not appear that a violation defined by both frequency and location captures attention

more efficiently than a violation defined along a single dimension alone.

Research has established that auditory attention can be voluntarily oriented to a

particular frequency or rocation (cherry, 1953;Moray, r959;Treisman, 1964).Much of
the early research on selective attention used a dichotic listening technique. An

experiment by Cherry (1953) demonstrated that attention could be voluntarily oriented on

the basis of spatial location. Aside from voluntarily orienting attention based on spatial

location, people can also selectively attend to a specific frequency based on frequency

differences between attended and unattended messages (Treisma n,1964;underwood &
Moray' 1971)' This research suggested that, when instructed to do so, listeners can easily

attend to one spatial location or frequency and effectively ignore irrelevant information

(e.g. Cheny, 1953;Deutsch, 19g6; see pashler, 1999, forreview).

It was observed, however, that not all ir¡elevant information was effectively

ignored' For example, the listener's own name was often recognized, even though it was

presented in the unattended channel (known as the'cocktail party Effect,; cherry, 1953).

similar to attentional capture by anirrelevant sound, why is it that although attention is



54

being voluntarily oriented to a specific task, certain inelevant items like a violation or the

listeners own name aftractattention? why is voluntary control of attention intemrpted by

the presence ofan irrelevant distractor? The present study on attentional capture provides

a starting point in answering such questions.

While attentional capture has been well-studied in the visual modality, less is

known about how stimuli attract attention in the auditory domain. In an auditory

sequence, ifan abrupt unexpected distractor sound is presented, involuntary orienting of
attention is said to occur if performance on a target detection task is impaired despite the

factthat the singleton is inconsistent with the task. Taken together, the results of the th¡ee

experiments in the present study provide evidence of attentional capture in the auditory

domain' Each of the experiments found significant impairments in the target detection

task due to the presence of an irrelevant, unexpected sound. A question that arises from

the current research is how to account for attentional capture in audition?

With respect to what causes attentional capture in audition, there are two basic

possibilities' The first of these is that attentional capture occurs because attention is

drawn to the frequency or location of the new sound. This orienting of attention is

automatic' The resulting poor performance in detecting the target occurs as a result of an

attentional deficit. That is, attentional resources are allocated to the frequency or location

of the violation. This idea that attention is drawn to the frequency or location of a new

sound can be explained by the fact that a function of the auditory system, as opposed to

the visual system, is to act as an 'early warning' system (Scharf, lggg),and therefore the

auditory system is more sensitive to changes. ou¡ attention is drawn to the frequency or

location of a new sound because such stimuli could signal an important change in the
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environment that may require immediate action. For example, with respect to a listener,s

own name, often somebody calls out your name to get your attention. Sometimes it is to

warn you of something, other times it is to just say "hi". In any case, we often react when

we hear our name and although it is usually irrelevant to what we are doing at the time,

attending to our own name is important because it usually requires action on our part. In

addition, irrelevant stimuli like a frequency violation may indicate an impoftant change in

the environment and therefore, should be attended to. For example, many abrupt,

unexpected sounds in our environment also signal that action may be required. For

example, obvious sounds such as sirens or alarms, when heard, require immediate action

to be taken. Other sounds such as an alarm clock or a car honking also signal that an

immediate response may be required. Since one of the functions of the auditory system is

to act as an early waming system, any sound that signals something potentially important

is automatically attended, even if it is irrelevant to the task at hand. Attentional capture

by an irrelevant violation sound provides an indication of the extent to which auditory

search is interrupted by the presence of an irrelevant sound. If the auditory system acts as

an early warning system, then you would expect that any unique distractor sounds would

capture attention, even if they are irrelevant, in order for the auditory system to rule out

the possibility that immediate action may be required.

An alternative account of auditory attentional capture comes from the literature on

the attentional blink (Chun & Potter, 1995; Jolicoeur & Dell'Acqua,l99B; Mondor,

1998; Shapiro, Raymond, & Arnell, 1994; shen & Mondor, submitted; ward, Duncan, &

Shapiro, 1996).In these studies, listeners are presented with a rapid serial auditory

presentation (RSAP) of sounds. Within the sequence of stimuli, listeners are presented
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with two critical sounds, atarget and a probe sound. Following the sequence, listeners are

required to make a judgement about both the target and the probe. Response accuracy to

the probe depends on its relative position to the larget sound. When the probe is presented

immediately following the target, detection accuracy is significantly impaired. This

processing deficit is referred to as an "attentional blink". In one study by Shen and

Mondor (in press), an attentional blink was observed when the probe was presented in

one of the positions immediately following the probe. Of interest, however, were the

results obtained in the condition where listeners were required to ignore the target but still

make a detection judgement to the probe. They found a significant attentional blink, even

when the target was to be ignored. While there is a probe processing deficit when

listeners are required to respond to both the target and probe sounds, this deficit exists

even when the listeners are instructed to ignore the target. These results are similar to

attentional capture in that attention is drawn to the frequency or location of the new

sound, even when it is irrelevant to the task, and perceptual mechanisms are engaged to

process it. In other words, there are limited attentional resources that are allocated to the

new sound at the expense of subsequent sounds (see Di Lollo, Kawahara, Ghorashi &

Enns, 2005 for review). There is a processing deficit such that sounds that follow the

violation can only be processed once processing of the violation has been completed. The

magnitude of the target detection def,rcit decreases as the interval between the violation

and the presentation ofthe target increases.

When reviewing the literature, attentional capture is said to occur when attention

is drawn away from the location or frequency of a target, thereby interfering with target

detection. Attentional capture in vision also has the characteristic that it can facilitate
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perfonnance if it coincides with the target. Research suggests that attention is not always

drawn away from the target and to an irrelevant item, but sometimes attention is drawn

toward the irrelevant item and subsequently toward the target as well. For example,

Jonides and Yantis (1988) examined the effects of presenting a feature singleton that

coincided with the target. They observed that interference occurred if the irrelevant item

coincided with a distractor and attracted attention away from the target. In contrast,

search was facilitated when the iruelevant item coincided with the target, thereby

attracting attention toward the target. Studies that demonstrate that the same irrelevant

sound can cause either facilitation or inhibition point to the idea that it is an attentional

deficit and not limited attentional resources that causes attentional capture. If limited

lesources play a role in attentional capture, then one would not observe a facilitative

effect. When attention is drawn automatically to the frequency or location of a new

sound, any subsequent sound, whether it coincides with the violation or not, will be

processed only once processing of the violation has been completed. The target sound

will be held in memory until it can be processed, however items following the target can

over-write the target. This would result in impaired target detection performance,

regardless of whether the violation has an inhibitory or facilitative effect.

Impaired target detection performance seems likely to arise because of attention

being drawn to the frequency or location of a new sound. When performance is impaired,

attention is automatically drawn away from the task towards an irrelevant violation. If the

violation has a facilitative effect, attention is drawn to the frequency or location of the

target, resulting in improved performance on the target detection task. Taken together,

evidence from the cuffent experiment, as well as studies demonstrating a facilitative
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effect, seem to provide evidence that attentional capture arises because ofattention being

drawn to the new sound, and not as the result of limited attentional resources. However, if

auditory attentional capture does occur because attention is drawn to a new sound, then

one could argue that any abrupt-onset sound should be capable of capturing attention.

This raises the possibility that each distractor sound also served to capture attention.

However, since all the distractor sounds in the present study were identical and simply

repeated themselves regularly throughout the sequence, they may have been treated as

repetitions ofone sound and not as new events. In this case, a sound could be considered

new if it was different from the regular pattern of the sequence (in terms of frequency or

location). In the current study, the effect of the distractors was constant so there is no way

to know its effects on perfotmance. However, it seems likely that the violation essentially

interrupted the regular pattern of frequency or location, it was treated as a new sound and

attention was drawn to it.

Attentional capture in audition is similar to attentional capture in vision in a

number of ways. However, at the same time, auditory attentional capture also appears

very different. In vision, attentional capture appears to be contingent on attentional set

(Folk etaL.,1992). That is, an object will only capture attention if it is consistent with the

task at hand.

In contrast, some studies in vision have found that attentional capture may

possibly be non-contingent. For example, attentional capture can also occur due to the

presence of a feature singleton. This is a nontarget that has a unique feature making it

stand out from the rest of the nontargets. An example in vision would be a red nontarget

among green nontargets (e.g., Theeuwes,1992} Even though nontargets in a visual
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search task can be ignored since they are irrelevant, research indicates that feature

singletons capture attention and interfere with performance. This occurs even though the

singleton is irrelevant to the task at hand which suggests that attention is shifted

involuntarily to the singleton. There is no incentive for the participant to pay attention to

it yet it still interferes with target detection. While attentional capture in vision appears to

be contingent on attentional set, in audition a sound is capable of capturing attention even

when it is inconsistent with the task.

The current study further supports this idea of non-contingent attentional capture.

The results of the current study demonstrate thaf a sound from an unexpected and

irrelevant frequency is capable of capturing attention in an involuntary manner, even

though the frequency violation is inconsistent with the target detection task. Not only is a

frequency violation capable of capturing auditory attention, a location violation and a

conjunction violation capture attention as well. In each case, the violation is non-

contingent on the attentional set, such that voluntarily orienting of attention is disrupted

and attention is deployed to the frequency or location of the violation sound.

Attentional capture in vision is said to occur only as a result of abrupt visual

onsets or the appearance of a new perceptual object. It seems plausible that such objects

can cause attentional capture. A unique object canattract attention because it is different

and may indicate a change in the environment that is important and requires action. In the

rapid serial auditory presentation that was used in the current study, such an explanation

of attentional capture is likely since the violation in the sequences was an abrupt,

unexpected sound. Listeners had no incentive to pay attention to the violation since it was

irrelevant to the task but the unexpected sound captured attention regardless. The fact that
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a violation draws attention to an irrelevant frequency or location is likely the result of the

auditory system acting as an early warning system which evaluates whether sounds are

important or to be ignored. A similar waming system may act ìn vision with abrupt visual

onsets.

In vision, a critical factor that determines whether or not a particular singleton

will capture attention is the salience of the singleton compared to the target. For example,

Theeuwes (1992) found that in a visual search for an odd-shaped object, colour singletons

atfiact attention and interfere with voluntary search. However, when searching for an odd

colour, a singleton defined by shape may not interfere with search. Although, if the shape

singleton is made so that it is more salient (more discriminable) than the colour singleton,

shape singletons now capture attention while colour singletons do not capture attention.

Similarly, Pashler (1988) found that when searching for an odd shape, the presence of a

colour singleton in the visual anay captures visual attention. However, if the elements in

the array vary in colour, the variation is not enough to capture attention. It appears that

relative salience may be an imporlant factor that determines whether a particular

singleton will capture attention. In the curent study, the violation captured attention in all

three experiments, regardless of whether it was defined by frequency, location, or both.

Experiment 3 evaluated whether a violation defined by both frequency and location

captured attention to a greater degree than a violation def,rned along a single dimension. It

was expected that a conjunction violation would capture attention more efficiently as a

result of it being more salient than a violation defined by frequency or location alone. The

fact that a conjunction violation did not capture attention to a greater degree can be

explained by the ideathat one of the functions of the auditory system is to act as an early
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waming system and that any sound that signals something potentially important is

automatically attended to. If the auditory system acts as an early warning system, then

you would expect that any unique distractor sounds would capture attention, even if they

are irrelevant and there is no incentive to pay attention to them. In the current study, any

violation was prone to capture attention, and it appears salience may not play the role it

does in vision or it may be that a conjunction violation is not sufficiently salient. Any

violation captured attention and it did not matter if it was more salient or not, since it still

attracted attention and impaired performance. As long as the features that define the

violation are different than those that define the target, the violation will captwe

attention. In other words, it appears that attention is captured by the occurrence of a new

object and the degree to which attention is captured does not depend on the degree to

which a new sound differs from sounds that are being voluntarily attended. Therefore, it

appears that salience does play a role in attentional capture but it does not seem to matter

how much the target and violation differ since a violation defined by both fi'equency and

location did not capture attention to a greater magnitude

The current study had similarities to studies in vision where attention was

captured by a feature singleton (a stimulus that is different along a single dimension such

as colour). The task was to search for a target defined along a single dimension (e.g., low

frequency). Both the target and nontarget sounds were low pitched, however an abrupt

sound of an unexpected pitch would occur on some trials. Since the task was to

voluntarily attend to low pitch sounds, a high pitch sound was irrelevant and should

therefore be ignored. This was not the case. In all the experiments, the violation

interfered with target detection even though there was no incentive for listener's to attend
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to it since it did not predict the target in any way. Voluntary search of low pitch sounds

was intemrpted by the presence of a sound of a different frequency. Attention was

captured by the violation. This could be explained in terms of an attentional template

(e.g., Mondor, Zatone, and Terrio, 1998). When attending to sounds, a template is

formed that holds specific information about the features to be attended. Each sound is

then compared to the template and those that match aÍe processed easily. If a sound does

not match the attentional template, it interferes with search since it is not processed as

easily.

Attentional capture in vision also has the characteristic that it can facilitate

performance if it coincides with the target. Attentional capture is said to occur when

attention is drawn away from the location or frequency of a target, thereby interfering

with target detection. However, performance on a target detection task is improved if the

irrelevant singleton draws attention to its frequency or location if it is the same frequency

or location of the target. For example, if the feature singleton is a sound presented from

the left, attention is drawn to that spatial area. If a target sound is presented in the same

location immediately following the distractor sound, target detection will be facilitated.

An example of this facilitative effect was observed by Jonides and Yantis (1988). They

observed that interference occurred if the irrelevant item coincided with a distractor and

attracted attention away from the target. In contrast, search was facilitated when the

irrelevant item coincided with the target, thereby attracting attention toward the target.

Dalton and Lavie (2004) also observed that the same singleton is capable of either

facilitating performance or impairing it, depending on whether it coincided with the

target or a distractor.
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The results of studies that show that the same irelevant sound can cause either

facilitation or inhibition provide evidence that it is not some general property of the

singleton that causes attentional capture. It is the irrelevant object itself that is responsible

for capturing attention and not the fact that it has a lower probability of occurring than the

other nontarget sounds. An example of an inelevant object having a lower probability is

if all of the distractor sounds are high-pitched and there is one low-pitched sound in the

sequence. This low-pitch sound has a much lower probability of occurring than a high-

pitched sound. Attentional capture is therefore the result of the singleton itself.

While the curuent experiments did not investigate a facilitative effect, it seems

likely that this would occur. For example, in a cue-target study, Gibson and Egeth (1994)

found that a cue captures attention so that the perception of atargetpresented

subsequently in the same location is improved, relative to perception of a target appearing

in a different location. In addition, it has been established that in a search for a sound of a

low frequency in a sequence, a high-pitched violation captures attention. If a target of a

low frequency is presented immediately following the frequency violation, target

detection is significantly impaired as a result of attention being drawn to the high-pitched

frequency violation and away from the frequency of the target. If the current study were

modified so the target was a high-pitch sound embedded in a sequence of low pitch

distractor sounds and the frequency violation remained a high pitch sound. It would be

highly likely that if attention is drawn to the high-pitched violation, atarget that is also

high-pitched presented immediately following the violation would be detected quickly.

When attention is attracted to the frequency region of the violation sound, atarget that is

presented in the same frequency region immediately following the violation would be
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detected easily. Taken together, the facilitation and inhibitory effects of the same

singleton strengthen the claim that it is the irrelevant singleton sound that captures

attention.

The findings of the curtent study are consistent with the results of visual search

studies that have demonstrated impaired performance (or facilitation effects) as the result

of attentional capture by an irrelevant singleton (e.g., Jonides & Yantis, 1988; Pashler,

1988; Theeuwes, 1992).

While attentional capture in vision appears to be contingent on attentional set, the

results of the current experiments demonstrate that this is not the case with auditory

attentional capture. Although the violation was irrelevant to the task, attention was still

drawn to it and perfotmance on the target detection task was impaired. The target and

distractor sounds were defined along a specific dimension and the violation was defined

along a different dimension making it irrelevant to the task. There was no incentive for

the listeners to attend to the violations since they did not predict the target in any way,

making the violations inelevant.

The results of the present study show that voluntary orienting is not always

successful and that target detection can be impaired by the occurrence ofan unexpected

sound defined by frequency, location, or both. This involuntary orienting of attention as a

result of the violation occurs even though the violation is completely irrelevant to the task

at hand, suggesting that auditory attentional capture is noncontingent. The results

establish that the involuntary effect from an unexpected violation can interfere with a

listener's ability to detect atarget, despite the voluntary control of the listener's goals.
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Target detection is impaired when the target immediately follows the violation,

suggesting that auditory attentional capture is involuntary.

Not only do the results of the cument research provide information about how

selective attention works, it can be used as a basis for further research in the area of how

attention is captured and such things as warning alarms. If researchers can establish

effective ways of capturing auditory attention, design of such things as warning alarms

(used in hospitals, etc.) can be improved so that they will capture attention most

effectively. This would result in alarms being responded to more quickly and accurately

(e.g. Mondor & Finley,2003).

Although the current research focused on attentional capture in the auditory

domain, auditory attentional capture shares characteristics with its visual counterpart.

Attention can be captured by a sound that is unexpected, even if the sound is completely

irrelevant to the task, resulting in impaired performance on a farget detection task. Since a

role of the auditory system is to act as an early warning system, any sound that is

unexpected captures attention and salience does not appear to matter. As long as the

auditory system deems that the unexpected sound could be potentially important,

attention will be involuntarily oriented to the frequency or location of the sound, even if it

means task performance will be temporarily impaired.
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