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It has been established that if two targets are to be 
identified among distractors in a rapid serial visual pre-
sentation (RSVP) stream, correct identification of the 
first target may produce a deficit in the processing of the 
second target lasting several hundred milliseconds (see, 
e.g., Broadbent & Broadbent, 1987; Chun & Potter, 1995; 
Duncan, Ward, & Shapiro, 1994; Jolicœur & Dell’Acqua, 
1998; Raymond, Shapiro, & Arnell, 1992, 1995; Shapiro, 
Raymond, & Arnell, 1994). This processing deficit, which 
Raymond et al. (1992) have labeled the attentional blink 
(AB), provides important information about the deploy-
ment of attention in the temporal domain. In most studies 
of the AB, there are two principal conditions. In the ex-
perimental condition, a target (i.e., the first target) and a 
probe (i.e., the second target; cf. Arnell & Jolicœur, 1999) 
are embedded in a rapid sequence of items and partici-
pants are required to identify both of them. In contrast, 
in the control condition, participants are instructed to ig-
nore the target (if it is presented) and to identify the probe. 
Typically, the accuracy with which the probe is identified 
is higher in the control condition than in the experimental 
condition, and this difference decreases as the time be-
tween the target and the probe increases. This AB persists 
for approximately 400–500 msec.

Quite a large number of studies have been conducted to 
examine the visual AB phenomenon using various kinds 

of materials, such as words, letters, digits, syllables, dot 
patterns, keyboard symbols, line segments, geometric fig-
ures, imaginary objects, and so on (see, e.g., Broadbent 
& Broadbent, 1987; Chun & Potter, 1995; Duncan et al., 
1994; Giesbrecht, Bischof, & Kingstone, 2003; Gies-
brecht & Di Lollo, 1998; Isaak, Shapiro, & Martin, 1999; 
Jolicœur, 1998; Jolicœur & Dell’Acqua, 1998; Kawa-
hara, Zuvic, Enns, & Di Lollo, 2003; Kellie & Shapiro, 
2004; Potter, Staub, & O’Connor, 2002; Raymond, 2003; 
Raymond et al., 1992, 1995; Shapiro et al., 1994; Ward, 
Duncan, & Shapiro, 1996). Several theories have been 
proposed to explain the visual AB on the basis of these 
studies. Most prominent among these accounts are the at-
tentional gate model (Raymond et al., 1992), the competi-
tion hypothesis (Shapiro et al., 1994), and the two-stage 
model (Chun & Potter, 1995; Giesbrecht & Di Lollo, 
1998; Jolicœur, 1998).

According to the attentional gate model (Raymond 
et al., 1992), target identification is thought to require two 
stages. In the first stage, participants attempt to detect the 
target’s key feature (e.g., color) after receiving instruc-
tions to search for it (e.g., “Look for a red letter”). In the 
second stage, the key feature is linked with the appropriate 
response in a process that produces conscious identifica-
tion. The attentional gate model derives its name from the 
fact that it is based on the supposition that an attentional 
gate is shut and locked following detection of the critical 
target feature to protect the second (identification) stage 
from interference caused by subsequent information. 
Closure of the attentional gate results in active inhibition 
of the processing of new items, which persists for about 
400 msec. Thus, detection of a probe presented during this 
time period is likely to be impaired.

The competition hypothesis (Shapiro et al., 1994) is 
based on the idea that an internal representation that in-
cludes both perceptual and conceptual characteristics is 
created for each item in an RSVP stream. Each successive 
representation is compared with an internal template de-

Part of the data from Experiment 1 was presented in a poster at the 
12th Annual Meeting of the Canadian Society for Brain, Behaviour, and 
Cognitive Science, Vancouver, June 2002. Portions of Experiments 1, 
2, and 4 were presented in a poster at the 28th International Congress 
of Psychology, Beijing, August 2004. This research was supported by a 
grant from the Natural Sciences and Engineering Research Council of 
Canada to T.A.M. and by a University of Manitoba Graduate Fellowship 
to D.S. We thank Mari R. Jones, Sébastien Tremblay, Dylan M. Jones, 
and an anonymous reviewer for their helpful comments and suggestions. 
Correspondence concerning this article should be addressed to D. Shen, 
Department of Psychology, University of Manitoba, Winnipeg, MB, R3T 
2N2 Canada (e-mail: umshend@cc.umanitoba.ca).

Effect of distractor sounds on the 
auditory attentional blink

DAWEI SHEN and TODD A. MONDOR
University of Manitoba, Winnipeg, Manitoba, Canada

Four experiments were conducted to determine whether or not the presence and placement of dis-
tractors in a rapid serial auditory stream has any influence on the emergence of the auditory attentional 
blink (AB). Experiment 1 revealed that the presence of distractors is necessary to produce the auditory 
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fined by the instructions. When an item matches the tem-
plate, it enters into visual short-term memory (VSTM), 
where the perceptual and conceptual characteristics of the 
item are integrated to form a unitary representation. Only 
items that enter VSTM can become response items. Both 
the target and the probe are admitted to VSTM. Distractor 
items generally have a lower probability of being admitted 
to VSTM because they do not match the internal template 
well. However, the model asserts that, relative to other 
distractors, items immediately following the target or the 
probe may be more likely to pass into VSTM because they 
are presented in a temporal position similar to those of 
the target or the probe. Because the target occurs before 
the probe, it is likely to be processed first. According to 
this theory, the AB is caused by competition for limited 
perceptual and semantic processing resources among the 
target, the probe, and any distractors admitted to VSTM. 
The competition is greatest when the probe immediately 
follows the target because, in this situation, these items 
will have the longest common processing time. Competi-
tion decreases as the time between the target and the probe 
increases. Thus, the probe-processing deficit is larger at 
shorter stimulus onset asynchronies (SOAs) between the 
target and the probe than at longer SOAs between the 
two. 

A third important type of theory is based on two stages 
of processing. The two-stage model (Chun & Potter, 1995), 
the object substitution account (Giesbrecht & Di Lollo, 
1998), and the central interference theory (Jolicœur, 1998) 
are all examples of this type of theory. Recently, Chun and 
Potter (2001) developed a model that integrates all three 
accounts. According to Chun and Potter (2001), in an ini-
tial rapid-detection stage, each item in the RSVP stream 
is momentarily detected. However, in order for the par-
ticipant to successfully report the target and probe, these 
must be consolidated in a second, limited-capacity stage. 
In this stage, the target items are encoded into short-term 
memory (STM) in a serial fashion according to the task 
requirements. Thus, when the participant must consolidate 
both the target and the probe, there is a delay in processing 
the probe caused by ongoing consolidation of the preced-
ing target. During this delay, the representation in memory 
of the probe may decay or be overwritten by subsequently 
presented distractors, and a probe processing deficit oc-
curs. (Overwriting is a special case of interference and has 
emerged as the preferred label because researchers have 
found that in identification tasks the distractor following 
the probe was often mistakenly identified as the probe). 
The probe processing delay is greatest when the probe is 
presented immediately following the target. Thus, the im-
pairment in probe processing declines as the time between 
the target and the probe increases.

In contrast with the substantial empirical analysis and 
theoretical development of the visual AB, there have been 
only a few investigations of the auditory AB. These inves-
tigations were focused on three kinds of materials: spoken 
syllables (Duncan, Martens, & Ward, 1997; Tremblay, Va-
chon, & Jones, 2005), spoken letters and digits (Arnell & 
Jolicœur, 1999; Arnell & Larson, 2002; Soto-Faraco & 

Spence, 2002), and nonverbal, nonmusical tones (Mon-
dor, 1998). We summarize these studies below as a means 
of introducing both the types of experimental paradigms 
that have been used to study the auditory AB and the ob-
tained results.

In Duncan et al.’s (1997) experiments, participants were 
presented with two concurrent auditory streams. One 
stream was presented in a low-pitched voice and the other 
in a high-pitched voice, and the target and the probe were 
always presented in different streams. The participants 
were instructed to listen for the target word “nap” or “nab” 
in the low-pitched stream and “cot” or “cod” in the high-
pitched stream. The spoken syllable “guh” was used as a 
distractor. SOA between successive items was 250 msec, 
and the interstimulus interval (ISI) was 100 msec. One 
stream, chosen at random on each trial, began 125 msec 
before the other to increase the likelihood that the par-
ticipants would perceive two separate channels. The re-
sults revealed that when the participants were instructed 
to listen for targets in both streams, there was a deficit 
in identifying the second target sound presented, whose 
magnitude decreased as the time between the first and sec-
ond targets increased. In contrast, when the participants 
were instructed to listen only for targets in one stream, the 
presence of a preceding target in the other stream had no 
effect on detection accuracy. Thus, these results revealed 
a significant auditory AB for spoken verbal material. 
Tremblay et al. (2005) used materials similar to those of 
Duncan et al. (1997) and also observed an auditory AB. 
In addition, however, they found that the magnitude of the 
auditory AB increased as the heterogeneity of the distrac-
tors increased.

Arnell and Jolicœur (1999) presented their participants 
with a single stream of spoken digits and letters. The tar-
get was a specific spoken digit (“1,” “2,” “3,” or “4”), the 
probe was the spoken letter “X,” and the distractors were 
other spoken letters. Arnell and Jolicœur reported a deficit 
in detecting the probe if participants were also required to 
identify the preceding target. Interestingly, this auditory 
AB was apparent if the sequence was presented rapidly 
(SOAs of 105 and 120 msec) but not for slower sequences 
(135- and 150-msec SOAs). Arnell and Larson (2002) 
used a different technique, in which a single sequence 
of spoken letters was presented to the right ear. On each 
trial, one or two tones were presented in the left ear and 
participants were required to identify the letter presented 
simultaneously with a tone. The results revealed that iden-
tification of a second (probe) letter was impaired when it 
was presented immediately following a target letter. In ad-
dition, Soto-Faraco and Spence (2002) used digits as the 
target and the probe, and English letters as the distractors. 
The participants were required to identify the two targets. 
The results also showed a robust auditory AB.

Mondor (1998) presented listeners with a rapid se-
quence of pure tones. The target was a pure tone of an es-
pecially high frequency (4000 Hz), the probe was a com-
plex sound comprised of multiple frequency components, 
and the distractors were pure tones from 452 to 3462 Hz 
in frequency. Mondor reported a robust auditory AB when 
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both the target and the probe were to be detected. Fur-
thermore, he found that the magnitude of the auditory AB 
was unchanged when the item immediately following the 
target was replaced by a silent period.

Evidence of an auditory AB has, then, been reported 
several times. However, the mechanism responsible for 
the effect remains unclear. In the theories of the visual 
AB, distractors play a very important role. For example, 
the two-stage model (Chun & Potter, 1995; Giesbrecht & 
Di Lollo, 1998; Jolicœur, 1998) is founded on the notion 
that processing of the probe must await completion of tar-
get processing. The target and the distractor immediately 
following it may be processed together, and this can con-
tribute to the delay in probe processing. During this delay, 
the probe representation may decay or be overwritten by 
the distractors that follow the probe, thereby generating 
an AB. In contrast, the competition hypothesis (Shapiro 
et al., 1994) rests on the assumption that competition for 
resources among the target, the probe, and the distractors 
immediately following each of them causes the visual 
AB. Finally, the attentional gate model (Raymond et al., 
1992) suggests that the distractor immediately following 
the target initiates an inhibition mechanism, and this pro-
duces the visual AB. Clearly, although markedly different 
in most respects, all three of these theoretical accounts 
of the visual AB recognize the importance of distractors. 
The present study was conducted to examine the role that 
distractors play in producing the auditory AB as a means 
of moving toward a theoretical account of it.

EXPERIMENT 1

In Experiment 1, we examined whether or not an audi-
tory AB may be obtained in the complete absence of dis-
tractor sounds. Listeners were presented with sequences 
consisting of either 2 or 16 sounds. Tremblay et al. (2005) 
recently reported that distractors were necessary to pro-
duce an auditory AB with spoken syllables. The experi-
ment allowed us to determine whether or not the effect 
found by Tremblay et al. may characterize the auditory 
AB for nonverbal sounds.

The design of the present experiment is similar to that 
of some visual AB studies (e.g., Isaak et al., 1999; Jiang 
& Chun, 2001). Two experimental and two control condi-
tions were used for both the 16-sound and the 2-sound 
sequences. In the experimental conditions, the target was 
always presented and participants were instructed either 
to listen for it or to ignore it. In the control conditions, the 
target was not presented and participants were instructed 
either to listen for it or to ignore it. This design allowed 
us to examine the extent to which any obtained AB deficit 
may be caused by low-level, sensory masking or by an 
attentional limitation. Any AB deficit caused by sensory 
masking should be apparent whether the target is ignored 
or not (see, e.g., Shapiro et al., 1994). In contrast, an AB 
deficit caused by an attentional limitation should, at the 
very least, be larger in magnitude when the target is at-
tended than when the target is ignored.

Method
Participants

Twenty undergraduate students enrolled in an introductory psy-
chology course at the University of Manitoba participated in the 
experiment in exchange for course credit. All of the participants 
reported having normal hearing.

Materials
Computer and sound system. The experiment was conducted 

using a Dell Pentium computer running the E-Prime Software Sys-
tem (Psychology Software Tools, Version 1.1). Sounds were syn-
thesized using Cool Edit 2000 (Syntrillium Software) at a sampling 
rate of 44100 Hz. All sounds were 30 msec in duration and included 
2-msec linear onset/offset amplitude ramps to eliminate the onset/
offset clicks. Sounds were presented at a comfortable intensity of 
about 70 dB SPL from a Harman/Kardon HK-195 speaker posi-
tioned directly in front of the listeners.

Sounds. Twenty-one pure tones were used as distractors. The 
frequencies of these tones were log related and ranged from 529 to 
1330 Hz. The specific frequencies were 529, 554, 580, 607, 636, 
666, 697, 730, 764, 800, 838, 877, 918, 961, 1006, 1056, 1106, 
1158, 1213, 1270, and 1330 Hz. The target was composed of six 
5-msec pulses, and its frequency could be any of the 21 frequencies 
of the distractors. The probe was a glide that changed smoothly in 
frequency from 636 to 1006 Hz.

Procedure
In all conditions, the target was presented on 50% of the trials and 

the probe was presented on 50% of the trials. This arrangement meant 
that, on different trials, target and probe were both presented; the tar-
get was presented alone; the probe was presented alone; and neither 
the target nor the probe was presented. Thus, there were four types of 
trials, all occurring equally often. On trials on which the target or the 
probe was not presented, a distractor was presented in its place.

On full-stream trials, there were 16 sounds in each sequence. The 
target could occur following either 4 or 6 distractor sounds, and the 
probe could occur in any of the first eight temporal positions follow-
ing the target. All sounds were 30 msec in duration, and there was 
a 50-msec silent interval between successive tones. On no-stream 
trials, only 2 sounds were presented on each trial. The target was pre-
sented after either 400 or 560 msec of silence (equivalent to the time 
period prior to target presentation when a full-stream sequence was 
presented), and the probe could occur 80, 160, 240, 320, 400, 480, 
560, or 640 msec following the target (delays equivalent to those of 
the full-stream trials). Full-stream and no-stream trials were pre-
sented in different blocks. (We borrowed the labels no stream and 
full stream from the study of Isaak et al. [1999]. However, in their 
study the no-stream condition included the target, the item imme-
diately following the target, the probe, and the item immediately 
following the probe sequences. In the present study, of course, the 
no-stream condition included only the target and the probe.)

There were two blocks of trials in each of the no-stream and full-
stream conditions. Participants were instructed to listen for both the 
target and the probe in one block of trials, and listen only for the 
probe in the other block. The participants were required to make sep-
arate target and probe detection judgments in response to questions 
that appeared on the computer screen. The first question (Was the 
target present [press 1] or absent [press 0]?) appeared immediately 
after the end of each sequence, and the second question (Was the 
probe present [press 1] or absent [press 0]?) appeared immediately 
following an acceptable response to the first question. Only the sec-
ond question was presented when the participants were instructed to 
attend only to the probe. The total time from the beginning of a trial 
to the appearance of the first question was the same in the no-stream 
and full-stream sequences.

In each of block of trials, there were 32 practice trials and 256 
experimental trials. Each participant was required to complete all 
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four blocks, and a Latin square was used to balance the order of the 
blocks. In the practice trials, each participant was required to meet 
a criterion of 60% correct on the probe judgments before beginning 
the experimental trials. All 20 participants met this criterion after a 
single block of practice trials.

Data Analysis
All ANOVAs reported in this article were subjected to the 

Greenhouse–Geisser adjustment test, because it is robust with re-
spect to the sphericity assumption. Similarly, all tests of simple ef-
fects were performed using Bonferroni’s adjustment method, and 
αFW � .05 (this is an appropriate method to control the αFW level; 
see Maxwell & Delaney, 2004, p. 581).

Results

Target Detection
Overall, the participants found the target quite easy to 

detect. The probability of a correct response on the target 
task when the target was attended was .938 (SE � .015). 
The probability of a correct response on a target-present 
trial (hit) was .939, and the probability of an incorrect 
response on a target-absent trial (false alarm) was .063. 
Thus, average d′ was 3.08.

A 2 (no stream vs. full stream) � 2 (probe presence) 
within-subjects ANOVA was conducted using as the de-
pendent variable the probability of accurate target detec-
tion when the target was present. The analysis did not 
reveal any significant effect (all ps � .20). Thus, the ac-
curacy of target detection did not depend on the presence 
of the probe and did not differ between full-stream and 
no-stream sequences.

We also examined whether or not performance on the tar-
get detection task may have been influenced by the position 
of the probe. A 2 (no stream vs. full stream) � 8 (Probe Po-
sitions �1 through �8) within-subjects ANOVA was con-
ducted using as the dependent variable the probability of 
accurate target detection when both the target and the probe 
were presented. The analysis did not reveal any significant 
effects (all ps � .20). Thus, the accuracy of target detection 
was unaffected by temporal position of the probe.

Probe Detection
Overall probe detection accuracy for trials on which 

there was a correct response to the target was also high 
(.928, SE � .015). The probability of a correct response 
on a probe-present trial (hit) was .933, and the probabil-
ity of an incorrect response on a probe-absent trial (false 
alarm) was .077. Thus, average d′ was 2.92. Clearly, there-
fore, the participants found the probe quite easy to detect 
as well.

A 2 (target judgment required vs. not required) � 2 (no 
stream vs. full stream) � 2 (target presence) � 8 (Probe 
Positions �1 through �8) within-subjects ANOVA was 
conducted using as the dependent variable the conditional 
probability of accurate probe detection given a correct 
target detection response. This analysis revealed signifi-
cant main effects of stream [F(1,19) � 15.015, p � .01], 
target presence [F(1,19) � 33.038, p � .001], and probe 
position [F(7,133) � 23.585, p � .001]. The main effect 
of target judgment did not reach significance [F(1,19) � 
2.398, p � .14].

Two-way interactions between target judgment and 
target presence [F(1,19) � 14.352, p � .01], stream and 
target presence [F(1,19) � 9.913, p � .01], target presence 
and probe position [F(7,133) � 16.703, p � .001], target 
judgment and probe position [F(7,133) � 2.826, p � .05], 
and stream and probe position [F(7,133) � 5.053, p � 
.01] were all statistically significant. Of more importance, 
however, is the fact that there was a significant three-way 
interaction between stream, target presence, and probe 
position [F(7,133) � 10.155, p � .001] and a marginally 
significant interaction between target judgment, target 
presence, and probe position [F(7,133) � 2.305, p � .07]. 
None of the other interactions reached significance (all 
other ps � .10).

To evaluate the first of these three-way interactions, we 
examined whether the difference in probe processing ac-
curacy between the target-present and the target-absent 
conditions was affected by different probe positions for 
the no-stream and full-stream sequences separately. This 
analysis revealed that the main effect of target presence 
was significant for the full-stream [F(1,19) � 30.876, 
p � .001] and the no-stream [F(1,19) � 5.187, p � .05] 
sequences. The main effect of probe position was also 
significant for both the full-stream [F(7,133) � 17.155, 
p � .001] and the no-stream [F(7,133) � 6.592, p � .01] 
sequences. The interaction between target presence and 
probe position was, however, significant only for the full-
stream sequences [F(7,133) � 18.483, p � .001]. An ex-
amination of the simple effect of target presence at each 
probe position revealed significant processing deficits at 
the �1, �2, �3, and �5 positions. The interaction be-
tween target presence and probe position did not reach 
significance for no-stream sequences [F(7,133) � 1.942, 
p � .14], and the tests of the simple effects showed that 
there were no significant processing deficits at any posi-
tion on these trials. Clearly, a significant probe processing 
deficit, which decreased as the SOA between the target 
and the probe increased, was apparent only when the se-
quences included distracting sounds.

We evaluated the three-way interaction between target 
judgment, target presence, and probe position by examin-
ing whether the difference in probe processing accuracy 
between the target-present and the target-absent condi-
tions was affected by different probe positions for the 
target-attended and target-ignored sequences separately. 
This analysis revealed that the main effect of target pres-
ence was significant when the participants were instructed 
to attend to the target [F(1,19) � 39.699, p � .001] and 
when they were instructed to ignore it [F(1,19) � 9.491, 
p � .01]. The main effect of probe position was also sig-
nificant when the participants were instructed to attend 
to the target [F(7,133) � 18.980, p � .001] and when 
they were instructed to ignore it [F(7,133) � 10.686, p � 
.001]. Similarly, a significant interaction between target 
presence and probe position was apparent both when 
the participants were instructed to attend to the target 
[F(7,133) � 14.119, p � .001] and when they were in-
structed to ignore it [F(7,133) � 7.547, p � .001]. Tests of 
the simple effect of target presence indicated a significant 
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probe processing deficit at the �1, �2, and �3 positions 
when the target was attended. In contrast, when the target 
was ignored, a significant deficit in processing the probe 
was apparent only at the �1 and �2 positions. A 2 (target 
judgment required vs. not required) � 2 (target presence) 
within-subjects ANOVA performed for each probe position 
revealed significant interactions between target presence 
and target judgment at the �1 and �3 positions (both 
ps � .05). These effects arose because the probe process-
ing deficit was larger when the target was attended than 
when it was ignored at these two positions. Thus, a larger 
and more enduring probe processing deficit was associ-
ated with the requirement to attend to the target.

Probe Detection in Each of the Four Main 
Conditions

We also examined performance separately for each 
principal condition with 2 (target presence) � 8 (Probe 
Positions �1 through �8) within-subjects ANOVAs using 
as the dependent variable the conditional probability of 
accurate probe detection when the probe was present 
given a correct target detection response. In the interest 
of avoiding redundancy, only p values for significant ef-
fects are reported below. Performance in each condition is 
presented graphically in Figure 1.

No-stream sequences with the target attended. The 
analysis revealed significant main effects of target pres-
ence ( p � .01) and probe position ( p � .01). Simple ef-
fect tests indicated that there were no significant process-

ing deficits at any temporal position. Thus, although there 
was an overall probe processing deficit, it did not reach 
significance at any probe position.

No-stream sequences with the target ignored. The 
analysis revealed a significant main effect of probe posi-
tion only ( p � .05). Further analysis confirmed that there 
was no significant effect of probe processing deficit at 
any position.

Full-stream sequences with the target attended. 
The analysis revealed significant main effects of target 
presence ( p � .001) and probe position ( p � .001) and a 
significant interaction between the two ( p � .001). Sig-
nificant probe processing deficits were apparent at the 
�1, �2, �3, and �5 positions. Thus, in this condition 
the probe processing deficit reached significance, and its 
magnitude decreased as the time between the target and 
the probe increased.

Full-stream sequences with the target ignored. 
Main effects of target presence ( p � .01) and probe posi-
tion ( p � .001) were significant, as was the interaction 
between the two ( p � .001). Simple effect tests revealed a 
significant probe processing deficit at the �1 and �2 po-
sitions. Thus, in this condition the probe processing deficit 
also reached significance, and its magnitude decreased as 
the time between the target and the probe increased also.

Finally, we determined whether or not there was any 
difference in the magnitude of the probe processing defi-
cit at any position for the two full-stream conditions. A 
2 (target judgment required vs. not required) � 2 (target 

Figure 1. Probe detection accuracy in Experiment 1 as a function of the presence of distractors (no stream vs. full 
stream) both when the target was to be attended and when it was to be ignored. Error bars represent �1 standard 
error.
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presence) � 8 (Probe Positions �1 through �8) within-
subjects ANOVA revealed a significant three-way interac-
tion between target judgment, target presence, and probe 
position [F(7,133) � 2.699, p � .05]. At each probe po-
sition, 2 (target judgment required vs. not required) � 2 
(target presence) ANOVAs revealed a significant interac-
tion at the �1 position ( p � .01; all other ps � .10). Thus, 
for the full-stream condition the probe processing deficit 
was significantly larger at the �1 position when the target 
was attended than when the target was ignored.

Discussion

Experiment 1 was conducted to examine whether or not 
(1) the presence of distractors affected the magnitude of 
the auditory AB and (2) a low-level masking account may 
explain the auditory AB. In general, a main effect of target 
presence and an interaction between target presence and 
probe position have been interpreted as indicating the oc-
currence of an AB (Seiffert & Di Lollo, 1997). Both of 
these criteria were met in Experiment 1 for the full-stream 
sequences but not for the no-stream sequences. It is clear, 
therefore, that the auditory AB depends largely on the pres-
ence of distractor sounds. This result, obtained for nonverbal 
material, is consistent with the auditory study of Tremblay 
et al. (2005), in which spoken syllables were used.

The AB deficit was larger when the target was attended 
than when it was ignored, and this suggests that it results 
at least in part because of an attentional limitation rather 
than because of sensory masking. It is, however, interesting 
to note that a significant AB arose for the full-stream se-
quences even when the target was ignored. One possible ex-
planation for this result is that sensory masking of the probe 
by the target may have caused the probe processing deficit 
when the target was ignored. However, if this were the case, 
then a robust AB should have been apparent even for the 
no-stream sequences. This was, of course, not the case. A 
second possibility, which seems more likely to be correct, is 
that the target elicited involuntary attentional capture even 
when the participants were instructed to ignore it. A similar 
suggestion regarding visual AB has been made by Jiang 
and Chun (2001; see also Folk, Leber, & Egeth, 2002), who 
have argued that a visual AB can be produced when a target 
elicits involuntary attentional capture. However, “compared 
with the explicit requirement of encoding the identity of T1, 
involuntary attentional capture exerted less demand on the 
limited resources responsible for the AB” (Jiang & Chun, 
2001, p. 669). Thus, the AB was larger when the target was 
attended than when it was ignored.

EXPERIMENT 2

The results of Experiment 1 showed clearly that the 
presence of distractors is necessary to produce an audi-
tory AB. In Experiment 2, we addressed the question of 
whether or not some distractors are more important in this 
regard than others. Several studies of visual AB have been 
conducted to investigate the local effects of the distractors 

immediately following the target and those immediately 
following the probe. For example, Raymond et al. (1992) 
found that the visual AB was eliminated when the item 
immediately following the target (i.e., the �1 item) was 
deleted. Both Chun and Potter (1995) and Seiffert and Di 
Lollo (1997) found that the visual AB was much reduced 
when the �1 item was deleted. Raymond et al. (1995) re-
ported that the magnitude of the visual AB was reduced 
when the discriminability between the target and the �1 
item was increased. Chun and Potter (1995) found that 
the AB was reduced when there was high discriminability 
between the target and the �1 item and between the probe 
and the distractor immediately following the probe.

In contrast with these studies of the visual AB, Mondor 
(1998) showed that replacing the �1 item with silence did 
not reduce the magnitude of the auditory AB. In Experi-
ment 2, we sought to replicate this theoretically important 
result and to examine the effect of deleting the item imme-
diately preceding the target or immediately preceding or 
following the probe, to determine whether or not elimina-
tion of any of these specific distractors has a particularly 
pronounced influence on the magnitude of the auditory 
AB.

According to the attentional gate model (Raymond 
et al., 1992), the presence of the �1 item initiates an in-
hibition mechanism to prevent interference with target 
processing, and it is this inhibition that causes the AB. 
Thus, deleting the �1 item should eliminate or at least 
reduce the magnitude of the auditory AB. The two-stage 
model (Chun & Potter, 1995; Giesbrecht & Di Lollo, 
1998; Jolicœur, 1998) is based on the idea that processing 
of the probe must wait until target processing is complete. 
During this delay, the memorial representation of the 
probe may deteriorate either because of decay or because 
of overwriting generated by postprobe distractors. The 
probe processing delay may be extended if the �1 item 
is processed along with the target, since this increases the 
difficulty of target processing. This is particularly the case 
during short-term consolidation, which refers to “the pro-
cess of encoding information into short-term memory” 
(Jolicœur, 1998, p. 1028) and relies on a capacity-limited 
cognitive processing resource. Thus, the magnitude of the 
AB increases as the probe processing delay increases. Ac-
cording to this model, eliminating the �1 item can reduce 
target processing difficulty, thereby reducing the magni-
tude of the visual AB. Finally, the competition hypothesis 
(Shapiro et al., 1994) proposes that the target, the probe, 
and the distractors immediately following each of them 
gain access to VSTM and compete for limited resources. 
Thus, deleting the �1 item should reduce competition and 
thereby improve probe detection. In short, all three theo-
ries predict a reduction in the magnitude of AB when the 
�1 item is replaced by silence.

By contrast, these three approaches offer different pre-
dictions regarding deletions of distractors following the 
probe. Whereas the attentional gate model (Raymond 
et al., 1992) is silent with respect to the influence of the 
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postprobe distractor, the two-stage model (Chun & Pot-
ter, 1995; Giesbrecht & Di Lollo, 1998; Jolicœur, 1998) 
suggests that this distractor has an important effect on the 
magnitude of the AB because it may overwrite or substi-
tute for the probe. Thus, replacing this item with silence 
should reduce the magnitude of the AB. According to the 
competition hypothesis (Shapiro et al., 1994), the item 
following the probe also could gain access to VSTM be-
cause of its close temporal proximity to the probe, and this 
would result in competition for cognitive resources. There-
fore, deleting the item following the probe should reduce 
this competition as well as the magnitude of the AB.

None of the three theories places any special emphasis 
on the distractor item immediately preceding the target or 
the probe.

Method
Participants

Twenty undergraduate students enrolled in an introductory psy-
chology course at the University of Manitoba participated in the 
experiment in exchange for course credit. All of the participants 
reported normal hearing.

Materials
The computer and sound system and the sounds used were identi-

cal to those used in Experiment 1.

Procedure
On each trial, the participants were presented with a sequence of 

sounds that was similar to the full-stream sequences in Experiment 1 
except that one distractor sound was replaced by a silent period of 
the same duration. This silent period could occur immediately prior 
to or immediately following either the target or the probe. When a 
silent period was presented prior to the target or following the probe, 
the probe could occur in one of the first eight temporal positions fol-
lowing the target. For each of these two conditions, the participants 
completed 32 practice trials and 256 experimental trials. In contrast, 
when the silent period followed the target or preceded the probe, the 
probe was presented in one of Temporal Positions �2 through �8. 
For each of these two conditions, the participants completed 32 prac-
tice trials and 224 experimental trials. Each participant was required 
to complete all four blocks. A Latin square was used to balance the 
order of the blocks. In the practice trials, each participant was re-
quired to meet a criterion of 60% correct on the probe judgments 
before beginning the experimental trials. Eighteen participants met 
this criterion after a single block of practice trials, whereas 2 partici-
pants required two blocks of trials to reach this level of performance. 
The participants were required to listen for both the target and the 
probe on all trials. Because the results of Experiment 1 showed that 
low-level masking was not a principle cause of the auditory AB, 
we did not include a condition in which listeners were instructed to 
ignore the target. As in Experiment 1, the target and the probe were 
each presented on 50% of the trials. All other methodological details 
were the same as in Experiment 1.

Results

Target Detection
The probability of a correct response to the target task 

across all conditions was .942 (SE � .013). The probabil-
ity of a correct response on a target-present trial (hit) was 
.953, and the probability of an incorrect response on a 

target-absent trial (false alarm) was .069. Thus, average 
d′ was 3.14. In summary, then, as in Experiment 1, the 
participants found the target-detection task quite easy.

A 4 (silence position: prior to vs. following the target vs. 
the probe) � 2 (probe presence) within-subjects ANOVA 
was conducted using as the dependent variable the prob-
ability of accurate target detection when the target was pres-
ent. The analysis revealed a marginally significant main ef-
fect of probe presence [F(1,19) � 3.516, p � .08], which 
arose because there was a slight increase in the accuracy of 
target detection when the probe was present. None of the 
other effects reached significance (all ps � .10).

A 4 (silence position prior to vs. following the target vs. 
the probe) � 7 (Probe Positions �2 through �8) within-
subjects ANOVA was conducted using as the dependent 
variable the probability of accurate target detection when 
both the target and the probe were presented. Performance 
was examined only for Positions �2 through �8 because 
these positions were common to all conditions. The re-
sults revealed only a marginally significant main effect 
of probe position [F(6,114) � 2.358, p � .07] owing to a 
slight increase in the accuracy of target detection as probe 
position increased. None of the other effects approached 
significance (all other ps � .30).

Finally, to examine whether or not target processing 
difficulty was reduced after deletion of one item, we 
compared target detection performance in each condition 
of the present experiment with performance apparent in 
the corresponding conditions of Experiment 1 in which 
the participants were to listen for both the target and the 
probe presented in full-stream sequences. A one-way 
between-subjects ANOVA using percent correct as the de-
pendent measure revealed no significant effects ( p � .30), 
whereas an analysis of d′ revealed a marginally significant 
improvement in performance when the item following the 
target was replaced by silence [F(1,38) � 3.602, p � .07; 
all other ps � .30].

Probe Detection
Overall probe detection accuracy on trials on which a 

correct response was made for the target judgment was 
.893 (SE � .018). The probability of a correct response on 
a probe-present trial (hit) was .890, and the probability of 
an incorrect response on a probe-absent trial (false alarm) 
was .103. Thus, average d′ was 2.48.

A 4 (silence position prior to vs. following the target 
vs. the probe) � 2 (target presence) � 7 (Probe Positions 
�2 through �8) within-subjects ANOVA was conducted 
using as the dependent variable the conditional probability 
of accurate probe detection when the probe was present 
given a correct target detection response. Performance 
was examined only for Positions �2 through �8 because 
these positions were common to all conditions. This anal-
ysis revealed significant main effects of target presence 
[F(1,19) � 35.359, p � .001], silence position [F(3,57) � 
4.193, p � .05], and probe position [F(6,114) � 17.440, 
p � .001]. In general, the participants detected the probe 
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more accurately when the target was absent, when long 
SOAs were present between the target and the probe, and 
when a silent period was present following the probe.

Significant two-way interactions between target pres-
ence and silence position [F(3,57) � 4.504, p � .05], 
target presence and probe position [F(6,114) � 20.623, 
p � .001], and silence position and probe position 
[F(18,342) � 2.486, p � .01] were also apparent. How-
ever, the three-way interaction between target presence, 
silence position, and probe position was not significant 
(F � 1). More detailed analysis of the significant interac-
tions is included in the next section.

Probe Detection in Each of the Four Main 
Conditions

We used target presence � probe position within-
subjects ANOVAs to examine performance separately for 
each of the principal conditions defined by the placement 
of the silent period. We used as the dependent variable 
the conditional probability of accurate probe detection 
when the probe was present given a correct target detec-
tion response. In the silent period prior to the target and 
following the probe condition, the analyses were based on 
8 (�1 through �8) probe positions. By contrast, in the 
silent period following the target and prior to the probe 
condition, the analysis was based on 7 (�2 through �8) 
probe positions. In addition, performance in each condi-
tion was compared with that obtained for the full-stream 
sequences when the target was attended in Experiment 1. 
For the silent period prior to the target and following the 

probe condition, 2 (Experiment 1 vs. Experiment 2, be-
tween subjects) � 2 (target presence) � 8 (Probe Posi-
tions �1 though �8) split-plot ANOVAs were conducted 
using as the dependent variable the conditional probability 
of accurate probe detection when the probe was present 
given a correct target detection response. For the silent 
period following the target and prior to the probe condi-
tions, 2 � 2 � 7 (Probe Positions �2 though �8) split-
plot ANOVAs were conducted. Four effects (i.e., a main 
effect of experiment, an interaction between experiment 
and target presence, an interaction between experiment 
and probe position, and an interaction between experi-
ment, target presence, and probe position) were used as 
indicators of difference. In the interest of avoiding redun-
dancy, only p values for significant effects are reported 
below. Performance in each condition is presented graphi-
cally in Figure 2.

Silent period prior to the target. The two-way 
ANOVA revealed significant main effects of target pres-
ence ( p � .001) and probe position ( p � .001) as well as 
a significant interaction between these two factors ( p � 
.001]. Analysis of the simple effects revealed significant 
probe processing deficits at the �1, �2, �3, and �4 
positions. The three-way ANOVA revealed that none of 
the four effects was significant (all Fs � 1). Thus, perfor-
mance in this condition did not differ significantly from 
that in the full-stream sequences used in Experiment 1. 
It appears that the magnitude of the auditory AB is not 
significantly influenced by elimination of the distractor 
preceding the target.

Figure 2. Probe detection accuracy in Experiment 2 when a silent period was inserted prior to or following either the 
target or the probe. Error bars represent �1 standard error.
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Silent period following the target. The two-way 
ANOVA revealed significant main effects of target pres-
ence ( p � .05) and probe position ( p � .001) and a sig-
nificant interaction between the two ( p � .001). Analysis 
of the simple effects revealed significant probe process-
ing deficits at the �2 and �3 positions. The three-way 
ANOVA revealed that none of the four effects was signifi-
cant (all ps � .30). Thus, performance in this condition 
also did not differ significantly from that in the full-stream 
sequences used in Experiment 1 in which the target was 
attended. It appears that the magnitude of the auditory AB 
is not significantly influenced by elimination of the dis-
tractor following the target.

Silent period prior to the probe. The two-way 
ANOVA revealed significant main effects of target pres-
ence ( p � .001) and probe position ( p � .001) and a sig-
nificant interaction between the two ( p � .001). Further 
analysis indicated significant probe processing deficits 
at the �2 and �3 positions. The three-way ANOVA re-
vealed that none of the four effects was significant (all 
ps � .20). Thus, performance in this condition did not 
differ significantly from that in the full-stream sequences 
used in Experiment 1. It appears that the auditory AB is 
not significantly influenced by elimination of the distrac-
tor prior to the probe.

Silent period following the probe. The two-way 
ANOVA revealed significant main effects of target pres-
ence ( p � .05) and probe position ( p � .001) and a signif-
icant interaction between the two ( p � .001). Significant 
probe processing deficits were apparent at the �1, �2, 
and �4 positions. The three-way ANOVA revealed a mar-
ginally significant main effect of experiment [F(1,38) � 
3.146, p � .08] and a significant interaction between 
experiment and target presence [F(1,38) � 6.415, p � 
.05; p � .30 for the other two effects). Furthermore, a 2 
(Experiment 1 vs. Experiment 2, between-subjects] � 2 
(target presence) split-plot ANOVA at each probe position 
revealed there was an interaction at the �1 position ( p � 
.05; all other ps � .10). These results establish that the 
magnitude of the auditory AB is reduced when the distrac-
tor following the probe is replaced by a silent period.

Discussion
This experiment was conducted to determine whether 

or not the placement of a silent period at a specific tem-
poral position within a sequence of sounds has any in-
fluence on the magnitude of the auditory AB. Replacing 
the item preceding the target or preceding the probe was 
found to have no substantive effect on the magnitude of 
the AB. If either of these items had interfered with target 
and probe processing, then deleting it should have reduced 
the magnitude of the AB. However, it appears that neither 
target processing nor probe processing is influenced sig-
nificantly by preceding distractors.

Similarly, and in direct contrast with the results reported 
in studies of the visual AB, replacing the item following 
the target with a silent period had no significant effect on 
the magnitude of the auditory AB (see Mondor, 1998, for 

a similar result). As we discussed above, such a result is 
inconsistent with the attentional gate model, the competi-
tion hypothesis, and the two-stage model because all of 
these require that deletion of the �1 item improve probe 
detection, albeit for quite different reasons.

We did obtain solid evidence that the magnitude of the 
AB was reduced when a silent period followed the probe. 
This result is consistent with the two-stage theory (Chun 
& Potter, 1995; Giesbrecht & Di Lollo, 1998; Jolicœur, 
1998) and the competition hypothesis (Shapiro et al., 
1994) but not with the attentional gate model (Raymond 
et al., 1992). According to the two-stage model, replacing 
the item following the probe with silence should reduce 
the possibility of the probe’s being overwritten, thereby di-
rectly reducing the magnitude of the auditory AB. Accord-
ing to the competition hypothesis, deleting this item will 
reduce the competition between the target and the probe 
and should reduce the magnitude of the auditory AB. This 
result is inconsistent with the attentional gate model be-
cause it does not recognize any substantive contribution 
of the distractor following the probe to the generation of 
the AB.

It is possible that a modified version of the two-stage 
model may be able to explain our results because the 
two-stage model is based on the notion that the item im-
mediately following the target and the item immediately 
following the probe have different effects (i.e., the �1 
item can be processed together with the target, thereby 
increasing the difficulty of target processing during short-
term consolidation and increasing the magnitude of the 
AB, whereas the item immediately following the probe 
can overwrite or substitute the probe, thereby causing a 
larger AB deficit). It seems to us quite likely that there is 
no substantive effect of inserting a silent period following 
the target because the �1 item is not processed along with 
the target, and so it does not affect its short-term consoli-
dation. Thus, although deleting the �1 item did reduce the 
difficulty of target processing, this may well be because of 
a reduction in the backward masking of the target, which 
influences the sensory registration of the target but not its 
short-term consolidation. This view is consistent with the 
findings of visual studies that the short-term consolidation 
of the target, rather than its initial sensory registration, in-
fluences the magnitude of the AB (Jolicœur, 1998; Olson, 
Chun, & Anderson, 2001). In keeping with the two-stage 
model, it does appear that in audition the distractor imme-
diately following the probe can cause overwriting of the 
probe and thus produce a larger AB deficit.

EXPERIMENT 3

In Experiment 2, deleting the �1 item did not affect the 
magnitude of the auditory AB. This result is quite different 
from that apparent in studies of the visual AB, which have 
shown that this item plays an important role in producing 
the probe processing deficit. Although it may be that in 
audition the �1 item is not processed together with the 
target, another explanation is possible. This has to do with 
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the duration of the silent period following the target that 
was created when the �1 item was replaced with silence. 
In studies of the visual AB in which a large reduction in 
the magnitude of the AB was apparent when the �1 item 
was deleted, SOA between the target and the subsequent 
distractor (presented in the �2 position) ranged from 
180 msec (Raymond et al., 1992; Seiffert & Di Lollo, 
1997) to 200 msec (Chun & Potter, 1995), with the total 
duration of the silent period ranging from 100 msec (Chun 
& Potter, 1995) to 165 msec (Raymond et al., 1992; Seif-
fert & Di Lollo, 1997). In contrast, in Experiment 2, when 
the �1 item was replaced with silence, SOA between the 
target and the �2 distractor was equal to 160 msec and the 
ISI was 130 msec. It is possible that the lack of any effect 
of the �1 item that we observed may have occurred either 
because of the shorter SOA between the target and the �2 
item or because of the brief silent period relative to that 
used in some of the previous visual studies.

In the present experiment, we again examined the in-
fluence of the distractor sound following the target under 
conditions in which the SOA between successive sounds 
was increased to 95 msec. (Each item was still presented 
for 30 msec, but the ISI was increased to 65 msec.) Thus, 
when the �1 item was replaced by silence, the resulting 
SOA between the target and the �2 item was 190 msec 
and ISI was 160 msec. Because in the Experiment 2 dele-
tion of the item immediately prior to either the target or 
the probe had no effect on the auditory AB and, to our 
knowledge, no visual study has shown either of these dis-
tractors to have an effect on the visual AB, we did not 
specifically study their effects in the present experiment. 
In different conditions, we again examined the effect of 
replacing with silence the item following the target or 
following the probe. We also examined performance in a 
baseline condition in which listeners were presented with 
an uninterrupted stream of sounds. A within-subjects de-
sign was used to eliminate any possibility that a differ-
ence in the pattern of performance obtained in the three 
conditions could be attributed to idiosyncratic differences 
between groups of participants.

Method
Participants

Twenty-four undergraduate students enrolled in an introductory 
psychology course at the University of Manitoba participated in the 
experiment in exchange for course credit. All the participants re-
ported normal hearing.

Materials
The computer and sound system and the sounds used were identi-

cal to those used in Experiments 1 and 2.

Procedure
Performance was examined in three separate conditions. In the 

baseline condition, the listeners were presented with a complete se-
quence of 16 sounds on each trial. These sequences were the same as 
those used in the full-stream condition of Experiment 1, except that 
the ISI between successive items was increased from 50 to 65 msec 
and the probe could occur only in one of the first seven temporal po-
sitions following the target. The SOA between the target and the �8 

item in the previous experiment was 640 msec. Because we wished 
to maintain a similar SOA in the present experiment, we examined 
performance for only the first seven temporal positions. Thus, the 
SOA between the target and the �7 item was 665 msec. In the sec-
ond condition, the sound immediately following the target was re-
placed by silence and the probe was presented in one of Positions �2 
through �7. Finally, in the third condition, the sound following the 
probe was replaced with a silent period and the probe was presented 
in one of Positions �1 through �7. As in Experiments 1 and 2, the 
target and the probe were each presented on 50% of the trials. The 
participants were required to listen for both the target and the probe 
on all trials.

The participants completed 32 practice trials for each of the three 
conditions. Each participant was required to meet a criterion of 60% 
correct on the probe judgments before beginning the experimen-
tal trials. Twenty-one participants met this criterion after a single 
block of practice trials, whereas 3 participants required two blocks 
of trials to reach this level of performance. All the participants com-
pleted 224 experimental trials in the full-stream condition and in the 
condition in which the sound immediately following the probe was 
replaced by silence. They also completed 192 experimental trials in 
the condition in which the item immediately following the target was 
deleted. The order in which these three conditions were performed 
was completely counterbalanced across participants. All other meth-
odological details were same as in Experiments 1 and 2.

Results

Target Detection
The probability of a correct response to the target task 

across all conditions was .951 (SE � .007). The probabil-
ity of a correct response on a target-present trial (hit) was 
.942, and the probability of an incorrect response on a 
target-absent trial (false alarm) was .040. Thus, average 
d′ was 3.32.

A 3 (stream condition: full stream vs. silence following 
the target vs. silence following the probe) � 2 (probe pres-
ence) within-subjects ANOVA was conducted using as the 
dependent variable the probability of accurate target de-
tection when the target was present. The analysis revealed 
a significant main effect of stream condition [F(2,46) � 
3.917, p � .05]. Multiple comparisons using the Bon-
ferroni adjustment revealed that the accuracy of target 
detection increased only when the �1 item was deleted 
[F(1,23) � 9.971, p � .01]. To further examine whether 
or not target processing difficulty was influenced by dele-
tion of an item, multiple planned comparisons using the 
Bonferroni adjustment were conducted on d′ for target 
detection. The results also revealed an increase in d′ only 
when the �1 item was replaced by silence [F(1,23) � 
6.337, p � .025]. In summary, both the accuracy and the 
d′ results indicated that the difficulty of target processing 
was reduced when the �1 item was replaced by silence. 
Neither the main effect of probe presence nor the interac-
tion between stream condition and probe presence reached 
significance (both ps � .30). Thus, the presence of the 
probe did not affect the accuracy of target detection.

A 3 (stream condition: full vs. silence following the tar-
get vs. silence following the probe) � 6 (Probe Positions 
�2 through �7) within-subjects ANOVA was conducted 
using as the dependent variable the probability of accurate 
target detection when both the target and the probe were 
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presented. The results did not reveal any significant ef-
fects (all Fs � 1). Thus, the accuracy of target detection 
did not vary as a function of probe position.

Probe Detection
Overall probe detection accuracy on trials on which a 

correct response was made for the target judgment was 
.908 (SE � .011). The probability of a correct response on 
a probe-present trial (hit) was .899, and the probability of 
an incorrect response on a probe-absent trial (false alarm) 
was .084. Thus, average d′ was 2.66.

A 3 (stream condition: full vs. silence following the 
target vs. silence following the probe) � 2 (target pres-
ence) � 6 (Probe Positions �2 through �7) within-
subjects ANOVA was conducted using as the dependent 
variable the conditional probability of accurate probe de-
tection when the probe was present given a correct target 
detection response. Performance was examined only for 
Positions �2 through �7 because these positions were 
common to all conditions. This analysis revealed signifi-
cant main effects of target presence [F(1,23) � 17.431, 
p � .001] and probe position [F(5,115) � 4.475, p � .05]. 
However, the main effect of stream was not significant 
[F(2,46) � 1.714, p � .20]. In general, the participants 
detected the probe more accurately when the target was 
absent and when the probe occurred at long SOAs.

Significant two-way interactions between stream and 
target presence [F(2,46) � 4.128, p � .05] and between 
target presence and probe position [F(5,115) � 5.904, 
p � .01] were apparent. However, neither the interaction 
between stream and probe position (F � 1) nor the three-
way interaction between stream, target presence, and 
probe position (F � 1) was significant.

Probe Detection in Each of the Three Main 
Conditions

We examined performance separately for each of the 
three principal conditions defined by the placement of 
the silent period using two-way within-subjects ANOVAs
(target presence � probe position) of the conditional 
probability of accurate probe detection when the probe 
was present given a correct target detection response as 
the dependent variable. For full stream and silent period 
following the probe sequences, the analyses were based 
on seven probe positions (�1 through �7). In contrast, 
for the silent period following the target sequences, the 
analysis was based on six probe positions (�2 through 
�7). Performance in each condition is presented graphi-
cally in Figure 3.

Full stream. The two-way ANOVA revealed signifi-
cant main effects of target presence ( p � .001) and probe 
position ( p � .001) as well as a significant interaction be-
tween these two factors ( p � .001). Analysis of the simple 
effects revealed significant probe processing deficits at 
the �1, �2, and �3 positions. This auditory AB is quite 
similar to that observed in Experiment 1 under the same 
condition.

Silent period following the target. The two-way 
ANOVA revealed significant main effects of target pres-
ence ( p � .01) and probe position ( p � .05) and a sig-
nificant interaction between the two ( p � .05). Analysis 
of the simple effects revealed significant probe processing 
deficits at the �2 and �3 positions. The magnitude of the 
AB apparent in this condition was compared with that ob-
served in the full-stream condition using a 2 (stream: full 
vs. blank following the target) � 2 (target presence) � 6 
Probe Positions �2 through �7) within-subjects ANOVA. 

Figure 3. Probe detection accuracy in Experiment 3 in the full 
stream, silent period following the target, and silent period fol-
lowing the probe conditions. Error bars represent �1 standard 
error.
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Only performance for Positions �2 through �7 was ex-
amined because these positions were common to all con-
ditions. The three-way ANOVA revealed that none of the 
four effects (i.e., the main effect of stream and the interac-
tions between [1] stream and target presence, [2] stream 
and probe position, and [3] stream, target presence, and 
probe position) was significant (all Fs � 1). Thus, the 
analysis indicated no difference in performance in the two 
conditions.

Silent period following the probe. The analysis re-
vealed significant main effects of target presence ( p � 
.001) and probe position ( p � .01) and a significant inter-
action between the two ( p � .001). Analysis of the simple 
effects revealed significant probe processing deficits at 
the �1 and �2 positions. A comparison of performance in 
this condition with that in the full-stream condition using 
a 2 (stream: full vs. blank following the target) � 2 (target 
presence) � 7 (Probe Positions �1 through �7) within-
subjects ANOVA revealed only a significant interaction 
between stream and target presence [F(1,23) � 6.344, p � 
.05; all other ps � .10). At each position, 2 (stream) � 2 
(target presence) within-subjects ANOVAs revealed that 
there was an interaction at the �3 position ( p � .05; all 
other ps � .10). These results indicated that the magnitude 
of the auditory AB was reduced when the distractor fol-
lowing the probe was replaced by a silent period.

Discussion

Experiment 3 was conducted to determine whether or 
not the influence of the posttarget and postprobe distrac-
tors may depend on the SOA and the within-subjects de-
sign. Thus, relative to Experiment 2, both SOA and the 
duration of the silent period following either the target 
or the probe was lengthened using a within-subjects de-
sign. These changes had only a very minor influence on 
performance. Thus, as was the case in Experiment 2, the 
magnitude of the AB was reduced significantly only when 
a silent period followed the probe; replacing the item fol-
lowing the target with a silent period had no significant 
effect on the magnitude of the auditory AB. In addition, 
with regard to the difficulty of target processing, in Ex-
periment 2 d′ was increased after the �1 item was deleted, 
and in the present experiment both d′ and accuracy in-
creased. Thus, lengthening the silent period following the 
target did reduce the difficulty of target processing. How-
ever, this did not result in a reduction in the magnitude of 
the auditory AB. These results, then, support the modified 
version of the two-stage model that we suggested in Ex-
periment 2.

EXPERIMENT 4

The results of Experiment 1 showed that the presence 
of distractor sounds is critical to the production of an audi-
tory AB. The results of Experiments 2 and 3 suggest that 
it is the distractor immediately following the probe that is 
of most importance in this regard. Interestingly, however, 

a robust probe processing deficit remained even when the 
item immediately following the probe was replaced by 
silence. This raises the possibility that the other distrac-
tors following the probe may also contribute to the gen-
eration of the auditory AB. Indeed, studies of the visual 
AB (Giesbrecht & Di Lollo, 1998; Kawahara, Di Lollo, 
& Enns, 2001; Kawahara et al., 2003) have shown that 
the postprobe distractor items are important in producing 
the AB. In Experiment 4, we addressed this possibility by 
replacing all of the items following the probe with a silent 
period of equivalent duration.

Method
Participants

Twenty undergraduate students enrolled in an introductory psy-
chology course at the University of Manitoba participated in the ex-
periment in exchange for course credit. All the participants reported 
normal hearing.

Materials
The computer and sound system and the sounds used were identi-

cal to those used in Experiments 1, 2, and 3.

Procedure
The conditions of this experiment were similar to those of Experi-

ments 2 and 3 in which the item immediately following the probe 
was replaced by silence. In contrast with these experiments, how-
ever, in Experiment 4 all of the distractors following the probe were 
replaced by silent periods. In different conditions, SOA between 
successive sounds was set to either 80 msec (as in Experiment 2) or 
95 msec (as in Experiment 3). All the participants completed both 
conditions, with half of them performing the 80-msec SOA condi-
tion first and the other half completing the 95-msec SOA condition 
first. Probes were presented in Positions �1 through �8 for the 80-
msec SOA sequences (as in Experiment 2), but only in Positions �1 
through �7 for the 95-msec SOA sequences (as in Experiment 3).

The participants completed 32 practice trials and 256 experimen-
tal trials for 80-msec sequences, and they completed 32 practice 
trials and 224 experimental trials for 95-msec sequences. Each par-
ticipant was required to meet a criterion of 60% correct on the probe 
judgments in the practice trials before beginning the experimental 
trials. All 20 participants passed this criterion after a single block of 
practice trials. All other methodological details were the same as for 
the condition in Experiments 2 and 3 in which the sound following 
the probe was replaced by silence.

Results

Target Detection
The probability of a correct response to the target task 

across all conditions was .965 (SE � .005). The probabil-
ity of a correct response on a target-present trial (hit) was 
.970, and the probability of an incorrect response on a 
target-absent trial (false alarm) was .042. Thus, average d′ 
was 3.61. As in Experiment 1, 2, and 3, the listeners found 
the target detection task quite easy.

A 2 (SOA: 80 vs. 95 msec) � 2 (probe presence) within-
subjects ANOVA was conducted using as the dependent 
variable the probability of accurate target detection when 
the target was present. The analysis revealed a margin-
ally significant main effect of probe presence [F(1,19) � 
3.303, p � .085] due to the fact that there was a slight 
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increase in the accuracy of the target when the probe was 
present. None of the other effects reached significance (all 
other ps � .10).

A 2 (SOA: 80 vs. 95 msec) � 7 (Probe Positions �1 
through �7) within-subjects ANOVA was conducted 
using as the dependent variable the probability of accurate 
target detection when both the target and the probe were 
presented. The results revealed a significant main effect 
of probe position [F(6,114) � 3.802, p � .05]. Thus, the 
accuracy of target detection did improve as the temporal 
separation between the target and the probe increased. No 
other effects were significant (all other Fs � 1).

Probe Detection
Overall probe detection accuracy on trials on which a 

correct response was made for the probe judgment was 
.971 (SE � .006). The probability of a correct response on 
a probe-present trial (hit) was .970, and the probability of 
an incorrect response on a probe-absent trial (false alarm) 
was .030. Thus, average d′ was 3.74.

A 2 (SOA: 80 vs. 95 msec) � 2 (target presence) � 7 
(Probe Positions �1 through �7) within-subjects ANOVA 
was conducted using as the dependent variable the condi-
tional probability of accurate probe detection when the 
probe was present given a correct target detection re-
sponse. Performance was examined only for Positions 
�1 through �7 because these positions were common 
to the two conditions. This analysis revealed significant 
main effects of SOA [F(1,19) � 4.779, p � .05], target 
presence [F(1,19) � 17.078, p � .01], and probe position 
[F(6,114) � 4.21, p � .05]. In general, the participants 
detected the probe more accurately when the SOA of se-
quence was longer (lower rate of sequence), when the target 
was absent, and when the SOAs between the target and the 
probe were longer (i.e., when the probe occurred at long 
SOAs). A significant two-way interaction between target 
presence and probe position was apparent [F(6,114) � 
7.109, p � .001]. This interaction arose because of larger 
probe processing deficits due to a more pronounced effect 
of target presence at shorter SOAs between the target and 
the probe than at longer SOAs. However, no other interac-
tion was significant (all other ps � .20).

Probe Detection in Each of the Two Main 
Conditions

We examined performance separately for each of the 
two principal conditions defined by the placement of the 
silent period using two-way within-subjects ANOVAs 
(target presence � probe position) using as the dependent 
variable the conditional probability of accurate probe de-
tection when the probe was present given a correct tar-
get detection response. In addition, performance for the 
80-msec SOA sequences was compared to that apparent 
in Experiment 2, in which sequences with the same SOA 
were used but only the first distractor sound following 
the probe was deleted. Similarly, performance for the 95-
msec sequences was compared to that apparent in Experi-
ment 3, in which sequences with the same SOA were used 
but only the first distractor sound following the probe was 

deleted. For these comparisons, we used split-plot ANOVAs 
(experiment � target presence � probe position) based on 
the conditional probability of accurate probe detection 
when the probe was present given a correct target detec-
tion response as the dependent variable. All analyses were 
based on 8 (�1 through �8) and 7 (�1 through �7) probe 
positions for the 80- and 95-msec SOA sequences, respec-
tively. In the interest of avoiding redundancy, only p values 
for significant effects are reported below. Performance in 
each condition is presented graphically in Figure 4.

80-msec SOA sequences. The two-way ANOVA re-
vealed significant main effects of target presence ( p � 
.01) and probe position ( p � .05). A significant interac-
tion between these two factors was apparent as well ( p � 
.01). Tests of the effect of target presence at each position 
revealed a significant probe processing deficit only at the 
�1 position. The three-way ANOVA indicated a signifi-
cant interaction between experiment and probe position 
( p � .05) and between experiment, target presence, and 
probe position ( p � .01). The interaction between experi-
ment and target presence was marginally significant ( p � 
.08). The main effect of experiment was not significant 
( p � .20). An evaluation of the interaction between exper-
iment and target presence at each probe position revealed 
a significant effect only at the �1 position ( p � .05). 
Thus, relative to replacing the item immediately follow-
ing the probe by a silent period, replacing all of the items 
following the probe by an extended silent period resulted 
in a reduced probe processing deficit. It is clear, therefore, 
that the magnitude of the auditory AB is influenced by 
postprobe distractors other than the one immediately fol-
lowing the probe.

95-msec SOA sequences. The two-way ANOVA re-
vealed a significant main effect of target presence ( p � 
.001), a marginally significant main effect of probe posi-
tion ( p � .06), and a marginally significant interaction 
between these two factors ( p � .10). Tests of the effect of 
target presence at each position did not reveal a significant 
probe processing deficit at any position. The three-way 
ANOVA revealed a significant main effect of experiment 
( p � .05) and significant interactions between experi-
ment and target presence ( p � .05) and between experi-
ment, target presence, and probe position ( p � .05). The 
interaction between experiment and probe position was 
not significant ( p � .20). An evaluation of the interac-
tion between experiment and target presence at each probe 
position revealed a significant effect at the �1 and �2 
positions (both ps � .05). Thus, relative to replacing the 
item immediately following the probe by a silent period, 
replacing all of the items following the probe by an ex-
tended silent period resulted in a greatly reduced probe 
processing deficit. It is clear that the postprobe distractors 
also play an important role in generating the auditory AB 
in this situation.

Discussion
This experiment was conducted to examine whether or 

not the auditory AB might be fully eliminated when all 
of the items following the probe are replaced by silence. 
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The magnitude of the auditory AB deficit was reduced 
substantially relative to the magnitude apparent when the 
single item immediately following the probe was replaced 
by silence (Experiments 2 and 3). This suggests that dis-
tractor sounds other than the one immediately following 
the probe can also overwrite the memorial representation 
of the probe. It is clear, however, that a very small auditory 
AB remains even when all distractor sounds following the 
probe are replaced by an extended silent period. Thus, the 
distractor sounds prior to the target and between the target 
and the probe may also play a small role in causing the 
auditory AB. In theorizing about the visual AB, Chun and 
Potter (1995) have suggested that a global effect of dis-
tractors has influence on the magnitude of the visual AB. 
According to this view, the presence of distractor items re-
duces discriminability of the target and the probe, and the 
time required to process the target is lengthened relative 
to when the target is presented in isolation. If processing 
of the probe is delayed until target processing is complete, 
then this delay could generate an auditory AB due to an 
increased probability of decay of the probe representa-
tions. There might also be an effect of the distractors on 
the discriminability of the probe such that the quality of 

the memorial representation of the probe is reduced when 
it is presented in the context of other distractor sounds, 
and this also could increase the possibility of decay of 
the probe representation. Thus, when all distractors fol-
lowing the probe were eliminated in the present experi-
ment, a small auditory AB still can be produced because 
of the decay of the probe representations. Such a view is 
consistent with our finding that the accuracy of the probe 
detection was higher in the 95- than in the 80-msec SOA 
sequences. It may be that the lengthened SOA (95 msec) 
improved discriminability of the target and the probe rela-
tive to the 80-msec SOA condition.

GENERAL DISCUSSION

The present study was conducted to examine the factors 
that affect the auditory AB as a means of moving toward 
a theoretical account of it. In Experiment 1, we examined 
whether the presence of distractors affected the magnitude 
of the AB and whether any resultant effect could be pro-
duced by sensory masking of the probe by the target. A 
significant auditory AB was apparent only when the target 
and the probe were presented in a sequence of distractor 

Figure 4. Probe performance in Experiment 4 as a function of SOA 
when all distractors following the probe were replaced by silence. Error 
bars represent �1 standard error.
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sounds. In addition, the magnitude of the auditory AB was 
significantly larger when the listeners were instructed to 
detect the target than when they were instructed to ignore it. 
The latter effect indicates that sensory masking of the probe 
by the target is not a principal cause of the auditory AB.

In Experiment 2, we examined the effect of deleting 
the item either immediately preceding or immediately fol-
lowing either the target or the probe. The results revealed 
that the magnitude of the AB was reduced only when the 
distractor immediately following the probe was deleted. 
Interestingly, in contrast with investigations of the visual 
AB, eliminating the item following the target did not sig-
nificantly influence the magnitude of the auditory AB in 
either experiment, although the difficulty of the target pro-
cessing was reduced. In Experiment 3, we replicated the 
important effect of the postprobe distractor sound and the 
irrelevance of the posttarget distractor sounds for slower 
sequences with an SOA of 95 msec.

Finally, in Experiment 4, we deleted all of the distractor 
sounds following the probe in order to determine whether 
or not these items might also contribute to the auditory AB. 
Interestingly, we found that a small auditory AB remained 
even when no distractor sounds followed the probe. Be-
cause pretarget and posttarget distractors remained, this 
finding suggests that they may also play some small role 
in generating the auditory AB. However, the results of the 
four experiments we described above establish that the 
postprobe distractor sounds are especially important in 
generating an auditory AB.

Auditory Attentional Blink and Lag-1 Sparing
The probe processing deficit could be caused by a va-

riety of different mechanisms. For example, the switch-
ing from searching for a target to searching for a probe 
could, in and of itself, create impairment in detecting a 
probe presented within the temporal period of this “task-
switching.” Chun and Potter (2001; see also Potter, Chun, 
Banks, & Muckenhoupt, 1998) proposed that “lag-1 spar-
ing” may help identify a true AB. Lag-1 sparing occurs 
when the probe processing deficit at the �1 position is 
less than the maximum deficit. In other words, according 
to Chun and Potter (2001), the performance in detecting 
the probe should be a U-shaped function of probe position 
rather than a linear function for a true AB. Chun and Pot-
ter (2001) suggested that if the probe processing deficit is 
attentional in nature, then the probe should be processed 
together with the target when the probe is presented in 
the �1 position, its processing would not be delayed, and 
only a minimal deficit would be apparent. Because Chun 
and Potter (2001; see also Potter et al., 1998) found no 
evidence that the auditory AB was consistent with this 
performance criterion, they argued that it resulted from 
task-switching. It is true that the present experimental re-
sults and the results of most other auditory studies (Arnell 
& Jolicœur, 1999; Arnell & Larson, 2002; Duncan et al., 
1997; Mondor, 1998; but see Soto-Faraco & Spence, 
2002, for evidence of a U-shaped function) showed a gen-

erally linear probe processing deficit. However, we do not 
agree that this pattern indicates that the auditory probe 
processing deficit is caused by task-switching because the 
difference between a linear and a U-shaped curve may 
simply provide an indication as to whether the item im-
mediately following the target is processed along with it. 
Task-switching is just one of many possible explanations 
for why the probe is not processed together with the target. 
Our finding that replacement of the �1 distractor with a 
silent period has no effect on the auditory AB suggests 
that the �1 item is not processed together with the target, 
and this may be because the auditory system generally has 
better temporal resolution and poorer spatial resolution 
than does the visual system. Accordingly, when the probe 
is presented at the �1 position, the auditory system may 
be more likely than the visual system to process the target 
and the probe sequentially. It is true that U-shaped probe 
performance is more frequently reported in studies of the 
visual AB than in studies of the auditory AB. It is interest-
ing to note, however, that only about half of the studies 
of the visual AB report such a pattern (Visser, Bischof, 
& Di Lollo, 1999). In brief, the U-shaped pattern is not 
essential to an AB.

Summary
Taken together, the results of the four experiments we 

described above provide strong evidence that the auditory 
AB is primarily attentional in nature and is neither the 
product of sensory masking of the probe by the target nor 
the product of task-switching between the target and the 
probe. Rather, it is clear that overwriting of the probe by 
postprobe distractor sounds is the major factor in generat-
ing the auditory AB. In addition, it appears that a reduc-
tion in discriminability generated by all of the distractors 
presented in the sequence may also contribute to the audi-
tory AB. Whereas little evidence was obtained in favor 
of either the attentional gate model (see, e.g., Raymond 
et al., 1992) or the competition hypothesis (see, e.g., Sha-
piro et al., 1994), our results are consistent with a modi-
fied version of a two-stage model previously proposed to 
explain the visual AB (Chun & Potter, 1995; Giesbrecht 
& Di Lollo, 1998; Jolicœur, 1998). In this modified two-
stage model, listeners initially detect each sound in the 
sequence. However, to report the target and the probe suc-
cessfully, the target items must be processed in a second 
stage (i.e., they must undergo short-term consolidation). 
Because the consolidation is a controlled, limited-capacity 
process, the target and the probe cannot be processed con-
currently. Thus, the internal representation of the probe 
must be held in abeyance until target processing is com-
plete. During this delay, the probe representation is subject 
to both passive decay and overwriting by the distractor 
sounds following it, and this directly impairs probe detec-
tion. Thus, the probe processing deficit is greatest when 
the probe is presented immediately following the target, 
because the delay is longest and the opportunity for decay 
or overwriting is greatest.
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