
Copyright 2001 Psychonomic Society, Inc. 726

Perception & Psychophysics
2001, 63 (4), 726-736

There is a long history to the experimental investiga-
tion of auditory selective attention (e.g., Cherry, 1953;
Moray, 1972). Much of this research, particularly that ac-
complished in the 1950s, 1960s, and 1970s, examined
the ability of listeners to selectively attend to one verbal
message while, at the same time, ignoring a competing
message (e.g., Moray, 1972; Treisman, 1960, 1972). Al-
though it appears that a variety of perceptual and semantic
characteristics may be used to direct attentionvoluntarily,
there emerged a general agreement that basic acoustic
features, such as frequency and location, were most
salient in facilitating selection of a desired message (e.g.,
Broadbent, 1957, 1958; Johnston & Heinz, 1978). Far
from being entirely controlled by characteristics of the
message itself, however, many investigatorsdemonstrated
clearly that listening strategies were important as well,
particularly with regard to switching attention between
competing channels (see Moray, 1972, for a discussion).

Investigation of auditory attention has not been con-
fined to studies of the selection of verbal information.
On the contrary, a tradition of examining the selection of

nonverbal sounds also developed throughout this period.
For example, a great deal of research has been performed
to delineate sensitivity to quiet or brief auditory signals
(e.g., Carterette, Friedman, & Wyman, 1966; Creelman,
1959; Green, McKey, & Licklider, 1959; Jeffress, 1967).
Results obtained from many such experiments have es-
tablished that the accuracy of detection of a pure tone
embedded in noise (this sound is usually referred to as
the probe) is best when the frequency expected by the lis-
tener matches the frequency of the sound actually pre-
sented, with performance declining as the frequency dif-
ference between the probe and expectation increases
(e.g., Dai, Scharf, & Buus, 1991; Huggins, 1952; John-
son & Hafter, 1980; Macmillan & Schwartz, 1975; Pen-
ner, 1972; Scharf, Quigley, Aoki, Peachey, & Reeves,
1987; Schlauch & Hafter, 1991; Sorkin, Pastore, & Gil-
liom, 1968). Although, this frequency sensitivity effect
has been generally regarded as the result of a low-level
perceptual process involving evaluation of the output of
one or more auditory filters (e.g., Creelman, 1959; Green
et al., 1959), central cognitive factors have also been
identified as important (e.g., Greenberg & Larkin, 1968;
Swets, 1963). Of course, such an interpretation could
easily be incorporated into an attentionalaccount in which
the frequency sensitivity effect is viewed as the expres-
sion of underlying voluntary attentional processes estab-
lished through the listeners’ expectations (see Mondor &
Bregman, 1994).
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Two experiments are reported in which the possibility that auditory attention may be controlled in
a stimulus-driven manner by duration, intensity, and timbre cues was examined. In both experiments,
listeners were presented with a cue followed, after a variable time period of a 150-, 450-, or 750-msec
stimulus onset asynchrony (SOA), by a target. In three different conditions for each experiment, the
duration, intensity, or timbre relation between the cue and the target was varied so that, on 50% of the
trials, the two sounds were identical and, on 50% of the trials, the two sounds were different in the ma-
nipulated feature. The two experiments differed only in the judgment required, with listeners in Ex-
periment 1 identifying the duration, intensity, or timbre of the target and listeners in Experiment 2 in-
dicating whether the target incorporated a brief silent gap. In both experiments, performance was
observed to depend on both the similarity of and the time between the cue and the target. Specifically,
whereas at the 150-msecSOA performance was best when the target was identical to the preceding cue,
at the 750-msec SOA performance was best when the cue and the target differed. This pattern estab-
lishes the existence of duration-, intensity-, and timbre-based auditory inhibition of return. The theo-
retical implications of these results are considered.



AUDITORY IOR 727

Thus, although more empirical investigation of visual
selective attention has been accomplished in recent dec-
ades, important discoveries have been made regarding
the nature and characteristics of the attentionalprocesses
devoted to the selection of auditory information. By and
large, however, these discoveries have related to the vol-
untary control of attentional processes (e.g., Moray,
1974; Moray, Fitter, Ostry, Favreau, & Nagy, 1976; Treis-
man, 1969). More recently, the operation of auditory se-
lective attention has also been investigated using para-
digms in which voluntary or strategic control is thought
to exert little influence on performance. In one of these
paradigms, listeners are presented with two sounds in
succession, and either a detection or a discrimination re-
sponse is required to the second of these (this second
sound is usually referred to as the target). These experi-
ments are intended to identify the conditionsunder which
the first sound (this sound is usually referred to as the
cue) influences the speed and accuracy with which a re-
sponse can be made to the target. The now firmly estab-
lished f inding is that target judgments depend on the
joint effects of cue–target similarity in the basic acous-
tic features of location and frequency, as well as on the
time period between the onsets of the cue and the target
(stimulus onset asynchrony, SOA). Specifically, whereas
at brief SOAs of about 100 msec, performance is better
when the target sounds from the same location or is of
the same frequency as the preceding cue, at longer SOAs
of about 700 msec, performance is best when the target
and the cue differ (e.g., Mondor, Breau, & Milliken,
1998; Reuter-Lorenz, Jha, & Rosenquist, 1996; Schmidt,
1996; Spence & Driver, 1998). Because this performance
pattern is obtained when there is no predictive relation
between the cue and the target (i.e., the cue and target are
as likely to differ as they are to be the same in frequency
or location), it appears that the cue itself acts to control
attention. Such stimulus-driven control over attention
appears to occur independently of the voluntary intent of
the listener.

A transition from an advantage for location repetition
at brief SOAs to an advantage for change at more lengthy
SOAs has been reported in studies of visual covert ori-
enting, where it has been labeled inhibition of return, or
IOR (e.g., Maylor & Hockey, 1985; Posner & Cohen,
1984; Rafal, Calabressi, Brennan, & Sciolto, 1989; Tip-
per, Weaver, Jerreat, & Burak, 1994). Thus, the studies of
auditory covert orienting reviewed above document the
existence of both location-based and frequency-based
auditory IOR.1 Furthermore, and again following the vi-
sual attention literature, the advantage for a repetition of
location or frequency apparent at brief SOAs is often re-
ferred to as a facilitative effect, and the advantage for a
change in location or frequency at more lengthy SOAs is
usually labeled an inhibitory effect.

Investigations of stimulus-driven control of auditory
covert orienting have concentrated on the effects on tar-
get judgmentsof advance information regarding frequency

or location in the form of a cue. This initial interest in the
possibility that location and frequency information may
be used to guide selection is quite consistent with the no-
tion that these features are, in many situations, percep-
tually dominant over other basic acoustic features (e.g.,
Bregman, 1990). Although there is no doubt that fre-
quency and location are fundamentally important acoustic
attributes, other elementary features, such as duration,
intensity, and timbre, may also be used successfully to
discriminate sounds. To the extent that there is a connec-
tion between the perceptualbasis for differentiatingsounds
and the features that may be used to control attention, it
is possible that sound selection may be guided by ad-
vance duration, intensity, and timbre information. The ex-
periments reported below were designed to evaluate this
possibility. To anticipatesomewhat, all three of these sec-
ondary perceptual features are shown to generate both
facilitative and inhibitory effects on target judgments.

EXPERIMENT 1

Performance was examined in three separate condi-
tions in Experiment 1, all of which were founded on the
cue–target paradigm discussed above. In the duration con-
dition, the cue and the target either were identical (i.e.,
same location, frequency, duration, intensity, and timbre)
or differed only in duration (50 vs. 100 msec). Listeners
were required to judge the duration of the target (brief or
long). The intensity and timbre conditions were similar
to the duration condition, except that the manipulatedand
the judged features in these conditionswere intensity and
timbre, respectively, rather than duration.

Method
Subjects

Eighty-four undergraduate students attending Mount Allison Uni-
versity voluntarily participated in exchange for course credit. Twenty-
eight different listeners took part in each of the duration, intensity,
and timbre conditions. None of the participants reported any hear-
ing impairment.

Materials
Computer and sound system . The experiment was controlled

by a 486/50 PC running the MAPLE programming environment
(Bregman, Achim, & Ahad, 1992). Sounds were presented over an
AcousticProfiles speaker positioned directly in front of each listener
at 0º azimuth.

Sounds. All sounds were synthesized at 32000 Hz, using the
MITSYN signal-processing software package (Henke, 1990), with
5-msec onset and offset amplitude ramps to eliminate onset and off-
set clicks. For the duration condition, two pure tones of 500 Hz each
were synthesized, one with a duration of 50 msec and the other with
a duration of 100 msec. The intensities at which the brief and the
long sounds were presented was adjusted so that they were the same
subjective intensity. For the intensity condition, two pure tones of
500 Hz and 50-msec duration each were synthesized, one at 80 dB
SPL, the other at 65 dB SPL. For the timbre condition, two complex
sounds of 50-msec duration were generated. One complex sound
was composed of 500 and 1000 Hz components, with the 1000-Hz
component half the intensity of the 500-Hz component. The second



728 MONDOR AND LACEY

complex sound was synthesized with the same frequency compo-
nents, but the 500-Hz component was half the intensity of the 1000-
Hz component. These two sounds were arbitrarily labeled Sound A
and Sound B, respectively. The sounds were of equivalent subjective
intensity and were presented at approximately 65 dB SPL. Thus,
the experimental manipulation of timbre was equated with a ma-
nipulation of the relative intensities of the frequency components
that made up each sound (see, e.g., Handel, 1989, Hirsh & Watson,
1996, Iverson & Krumhansl, 1993, and Moore, 1989, who have ar-
gued that timbre may be so defined).

Design and Procedure
Different groups of 28 volunteers participated in three different

experimental conditions. In all the conditions, each trial consisted
of two sounds presented in succession. On any particular trial, the
first sound (i.e., the cue) and the second sound (i.e., the target)
could be either the same or different in the manipulated feature.
(For explanatory convenience, a trial on which the target repeats the
duration, intensity, or timbre of the cue will be referred to as a re-
peat trial, and a trial on which the target differs from the cue will be
referred to as a change trial.) Across all the trials within a condition,
the probability that the cue and the target would be identical on the
variable of interest was set to .5. The time period between the onset
of the cue and the onset of the target was equally likely to be 150,
450, or 750 msec (SOA).

All responses were made using the 1 (brief duration, quiet, and
Sound A) and the 0 (long duration, loud, and Sound B) keys on a
computer keyboard. These stimulus–response mappings were re-
versed for half of the listeners in each condition. For each condition,
the listeners performed 36 practice trials (6 for each combination of
trial type and SOA), followed by 144 experimental trials (24 for
each combination of trial type and SOA). The experiment was self-
paced in that the participants pressed any key on the keyboard to
initiate each trial. Each trial began 750 msec following this initiat-
ing keypress. The participants were encouraged to respond as quickly
and accurately as possible. Response times (RTs) were measured
from the onset of sounds in the intensity and timbre conditions and
from the offset of sounds in the duration condition.2 Statistical analy-
sis of RT was performed using only correct responses. RTs more than
2.5 standard deviations from the mean were excluded as outliers.

Results
As is shown in Table 1 and Figure 1 (left panel), the ob-

tained results revealed a consistentpattern of performance
in all three conditions. Specifically, whereas at the 150-
msec SOA performance was better if the target was the
same duration, intensity, or timbre as the cue (i.e., a fa-
cilitative effect), at the 750-msec SOA performance was

better when the target differed from the cue (i.e., an in-
hibitory effect). This transition in the influence of an un-
informative cue from facilitation to inhibitionas SOA in-
creases provides the first evidence of the existence of
duration-, intensity-, and timbre-based auditory IOR.

Statistical examinationof RT and percentage of errors
was performed separately for each of the duration, in-
tensity, and timbre conditions, using two-way within-
subjects analyses of variance (ANOVAs), with SOA (150,
450, or 750 msec) and trial type (repeat or change) act-
ing as independent variables. Although the results ob-
tained from these analyses were virtually identical, per-
formance in each condition is discussed separately below
for clarity, followed by a comparison of performance in
the three conditions.

Duration
The analysis of performance in the duration condition

revealed significant main effects of SOA [F(2,54) 5
52.78,p < .001] and trial type [F(1,27) 5 3.93, p 5 .055]
and a significant interaction between the two variables
[F(2,54) 5 15.65, p < .001]. The significant interaction
was obtained because, whereas performance for the re-
peat trials was better than performance for the change tri-
als at the 150-msec SOA ( p < .001), the reverse was ap-
parent at the 750-msec SOA ( p < .01).

The analysis of the error data showed that main ef-
fects of SOA [F(2,54) 5 74.50, p < .001] and trial type
[F(1,27) 5 20.76, p < .001] were significant. In addition,
an SOA 3 trial type interaction [F(2,54) 5 16.91, p <
.001] arose because an advantage for the repeat trials at
the 150-msec SOA ( p < .001) was eliminated at SOAs of
450 and 750 msec ( p > .10 in both cases).

Intensity
The ANOVA of the RT data revealed significant main

effects of SOA [F(2,54) 5 110.90, p < .001] and trial
type [F(1,27) 5 28.82, p < .001]. Generally, perfor-
mance was better on the repeat trials and improved as
SOA increased. More important, however, the SOA 3
trial type interaction was also significant [F(2,54) 5
35.23, p < .001]. Planned comparisons indicated that this
interaction arose because an advantage for the repeat tri-

Table 1
Response Times (RTs), Percentage of Errors (PE), and

Standard Errors for the RT Data as a Function of Cue–Target Relation
(Duration, Intensity, or Timbre), Trial Type (Repeat or Change), and
Stimulus Onset Asynchrony (150, 450, or 750 msec) in Experiment 1

Stimulus Onset Asynchrony

Cue–Target Trial 150 msec 450 msec 750 msec

Relation Type RT PE SE RT PE SE RT PE SE

Duration Repeat 653 23.1 23.87 559 11.2 18.92 555 9.9 20.27
Change 721 34.1 30.06 564 16.2 18.76 528 8.4 18.92

Intensity Repeat 653 9.2 25.02 598 8.0 21.3 587 9.2 21.68
Change 830 31.3 33.67 613 8.9 21.42 546 9.2 23.84

Timbre Repeat 604 11.6 18.36 576 12.5 18.41 559 11.3 17.19
Change 724 16.7 25.48 586 12.4 19.18 541 12.8 17.39
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als at the 150-msec SOA ( p < .001) reversed to an advan-
tage for the change trials at the 750-msec SOA ( p < .01).

The analysis of the error data indicated significant
main effects of SOA [F(2,54) 5 39.87, p < .001] and trial
type [F(1,27) 5 46.30, p < .001], as well as a significant
interaction between the two variables [F(2,54) 5 62.82,
p < .001]. Further exploration of the interaction revealed
a significant advantage for the repeat trails at the 150-
msec ( p < .001) and 450-msec SOAs ( p < .05), but no
difference between trial types was apparent at the 750-
msec SOA.

Timbre
A statistical analysis of the RT data identified signif-

icant main effects of trial type [F(1,27) 5 27.50, p < .001]
and SOA [F(2,54) 5 62.84, p < .001], as well as a sig-
nificant interactionbetween trial type and SOA [F(2,54) 5
37.77, p < .001]. As was the case for the duration and in-
tensity conditions, planned comparisons verified that, in
comparison with performance on change trials, perfor-
mance on the repeat trials was significantly better at the
150-msec SOA (p < .001) but significantly worse at the
750-msec SOA ( p < .05).

A complementary analysis of percentage of errors re-
vealed that although the main effect of trial type was sig-
nificant [F(1,27) 5 6.28, p < .02], the main effect of
SOA was not [F(2,54) 5 1.86, p 5 .16]. However, a signif-
icant trial type 3 SOA interaction [F(2,54) 5 5.20, p <
.01] emerged, because an advantage for the repeat trials
at the 150-msec SOA ( p < .01) was eliminated at the 450-
and 750-msec SOAs ( p > .1 in both cases).

Comparison of Performance in the Duration,
Intensity, and Timbre Conditions

A three-way mixed ANOVA (condition [duration, in-
tensity, or timbre] 3 SOA [150, 450, or 750 msec] 3 trial
type [repeat or change]) was performed, using RT as the
dependent variable, to determine whether performance
differed substantially between conditions. As is sug-
gested by an inspection of Figure 1 (left panel), there was
a significant interactionbetween condition,SOA, and trial
type [F(4,162) 5 5.15, p < .01]. Further analysis revealed
that this interaction arose because of a significantly larger
facilitative effect in the intensity condition than in either
the timbre ( p < .05) or the duration ( p < .001) condition
and a smaller facilitative effect in the duration condition
than in the timbre condition( p < .05). The three conditions
did not differ in the magnitude of the performance dif-
ference between the repeat and the change trials at either
the 450- or the 750-msec SOA ( p > .40 at both SOAs).

A complementary analysis of the error data revealed
similar results. The three-way interaction reached statis-
tical significance [F(4,162) 5 7.65, p < .001] because of
a larger facilitative effect for the intensity condition than
for either of the other conditions( p < .05 for both compar-
isons). Although the facilitative effect for the duration
condition appeared to be larger than that for the timbre
condition, this difference was not significant ( p 5 .18).

The reason for the differences in the magnitude of fa-
cilitation effects for the three conditions is not clear. It is
possible that the differences simply reflect random vari-
ation owing to the use of a between-subjects design. Al-
ternatively, the differences may reflect an underlying in-

Figure 1. Repeat trial advantage in milliseconds as a function of stimulus onset asynchrony and condition in Experiments
1 and 2.
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equality in the degree to which each of the three features
engages attentional processes. If this latter possibility is
correct, these asymmetries in the magnitude of the facil-
itative effects should be replicated in Experiment 2, in
which a judgmentorthogonal to the manipulationof cue–
target similarity is required.

Discussion
These results establish that the perceptual attributes of

duration, intensity, and timbre may act individually to
guide auditory attention.Moreover, the transition from an
advantage for the repeat trials at the 150-msec SOA to an
advantage for the change trials at the 750-msec SOA es-
tablishes the same performance function as that previ-
ously reported in studies in which frequency and location
cues were used to control attention(e.g., Mondor& Breau,
1999; Mondor et al., 1998). Although it would appear
that these effects are produced through an influence of
the independent variables on attentional processes, other
explanationsare also possible. In particular, performance
may have been significantly influenced by the fact that
the response required of listeners was directly related to
the manipulation of cue–target similarity. It is certainly
possible that, under such circumstances, the information
provided by the cue might engender a tendency or pref-
erence to respond with one of the two alternatives. In-
deed, such nonattentional effects have been identified
previously as constituting serious impediments to accu-
rate interpretation of the extent to which advance cues
engage attentional processes (see, e.g., Carterette et al.,
1966, Greenberg & Larkin, 1968, Kinchla, 1992, and
Shaw, 1978, 1984, for discussions of this issue). Of
course, to account for the performance pattern apparent
in Experiment 1, the direction of such a bias would have
to vary as a function of SOA, with an initial bias toward
executing a response consistent with the information
provided by the cue reversing to a bias toward executing
a response inconsistentwith it. One strategy that has been
used previously to eliminate potential confounds based
on such responses biases has been to require judgments
that are orthogonal to the manipulation of cue–target
similarity. The rationale on which this approach is based
is that because the cue provides no information about the
required response, any effect of its presentation on per-
formance cannot be attributed to response biases. For ex-
ample, in an examination of the effect of advance fre-
quency and location cues on judgments of a subsequent
target, Mondor and Breau (1999) required listeners to
identify the rise-time of the target (fast vs. slow). Their
study confirmed the earlier finding by Mondor et al.
(1998) that both types of cues act to produce facilitative
effects at brief SOAs and inhibitory effects at long SOAs
(see also Mondor & Bregman, 1994, who used the same
approach in examining the facilitativeeffect produced by
an informative frequency cue [i.e., a frequency sensitivity
effect] ).

The evidence of location-based and frequency-based
auditory IOR obtainedby Mondor and Breau (1999) when

a judgment orthogonal to the manipulation of cue–target
similarity was required established that these phenom-
ena are not the by-product of response biases initiated in
reaction to a cue. Whether or not the effects of duration,
intensity, and timbre cues apparent in Experiment 1 are
also independent of such response biases was evaluated
in Experiment 2.

EXPERIMENT 2

Experiment 2 was essentially identical to Experiment 1,
except that the judgment required of listeners was or-
thogonal to the manipulationof cue–target similarity. Spe-
cifically, in all three conditions, 50% of the targets in-
corporated a brief silent period. The listeners were
required to indicate whether or not the target contained
such a gap. As was elaborated above, we instituted this
change to determine whether the pattern of performance
observed in Experiment 1 could be attributed to response
biases initiated in response to the presentation of an ad-
vance cue (see, e.g., Kinchla, 1992, for a discussion of
this possibility in visual covert orienting). If such biases
do dictate the performance pattern, we should find in this
experiment little if any effect of the cue on target judg-
ments, because the response required is independent of
any information the cue provides. In contrast, if advance
duration, intensity, and timbre cues exert their effect
throughguidanceof attentionalprocesses, the performance
patterns apparent in Experiment 1 should be replicated.

Method
Subjects

Forty-eight undergraduate students attending Mount Allison Uni-
versity volunteered to participate in the experiment in exchange for
course credit. Sixteen different listeners participated in each of the
duration, intensity, and timbre conditions. None of the listeners re-
ported any hearing impairment.

Materials
The computer and sound system were identical to those used in

Experiment 1. All of the sounds used in Experiment 1 were used
again in Experiment 2, plus six new sounds, two for each of the
three conditions. Each of these new sounds incorporated a 5-msec
silent period. Thus, there were two new sounds for the duration
(brief and long), intensity (loud and quiet), and timbre (Sound A
and Sound B) conditions. As in Experiment 1, the subjective inten-
sity of all the sounds used within a specific condition were equal-
ized. All other details of sound synthesis were identical to those in
Experiment 1.

Design and Procedure
The sole difference between Experiment 2 and Experiment 1 was

that, in all three conditions, listeners were required to judge whether
the target contained a brief silent period. The listeners completed
36 practice and 144 experimental trials (24 for each combination of
trial type and SOA).

Results
Notwithstanding the fact that the task used in Experi-

ment 2 was orthogonal to the manipulation of cue–target
similarity, the important results of Experiment 1 were
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replicated. Specifically, as is shown in Table 2 and Fig-
ure 1 (right panel), performance in the duration, intensity,
and timbre conditions followed an IOR pattern in that, in
all three conditions, there was a transition from a per-
formance advantage for the repeat trials at the 150-msec
SOA to an advantage for the change trials at the 750-msec
SOA. These results confirm the existence of duration-,
intensity-, and timbre-based auditory IOR and establish
that the existence of these phenomena is not founded on
response biases generated in reaction to advance cues.

Performance in each conditionwas examined separately
for RT and errors, using two-way within-subjectsANOVAs
(SOA [150, 450, or 750 msec] 3 trial type [repeat or
change]). The results of these analyses are described sep-
arately below, followed by a comparison of performances
in the three conditions.

Duration
A statistical examination of the RT data collected in

the duration condition revealed a significant main effect
of SOA [F(2,30) 5 18.34, p < .001], but not of trial type
[F(1,15) 5 2.36, p 5 .14]. The SOA 3 trial type inter-
action was significant [F(2,30) 5 5.83, p < .01] because
of a transition as a function of SOA from an advantage
for the repeat trials at the 150-msec SOA ( p < .001) to
an advantage for the change trials at the 750-msec SOA
( p < .02).

An ANOVA of the error data indicated that the main
effect of SOA was significant [F(2,30) 5 28.21,p < .001],
but that neither the main effect of trial type [F(1,15) 5
1.10, p 5 .31], nor the trial type 3 SOA interaction
[F(2,30) 5 1.85, p 5 .17], was significant.

Intensity
A statistical evaluation of the RT data obtained in the

intensity condition revealed a significant main effect of
SOA [F(2,30) 5 15.75, p < .001] and a near-significant
main effect of trial type [F(1,15) 5 3.98, p 5 .062]. The
interaction between SOA and trial type was also signifi-
cant [F(2,30) 5 6.76, p < .01]. Planned comparisons in-
dicated that both the advantage for the repeat trials at the
150-msecSOA ( p < .001) and the advantagefor the change
trials at the 750-msec SOA ( p < .05) were significant.

A statistical examinationof the error data indicated that
whereas the main effect of SOA was significant [F(2,30) 5
16.93, p < .001], the main effect of trial type and the trial
type 3 SOA interaction were not (F < 1 in both cases).

Timbre
The ANOVA of RTs indicated that whereas the main

effect of SOA reached statistical significance [F(2,30) 5
18.81, p < .001], the main effect of trial type did not (F <
1). As was apparent in the analysis of performance in
both the duration and the intensity conditions, the inter-
action between these two variables [F(2,30) 5 7.44, p <
.01] reached significance because a performance advan-
tage for the repeat trials at the 150-msec SOA ( p < .05)
reversed to an advantage for the change trials at the 750-
msec SOA ( p < .02).

A complementary analysis of percentage of errors re-
vealedsignificantmain effects of both trial type [F(1,15) 5
9.06, p < .01] and SOA [F(2,30) 5 7.92, p < .01]. Al-
though the trial type 3 SOA interaction was not signifi-
cant [F(2,30) 5 1.84, p 5 .17], planned comparisons
documented an advantage for the repeat trials at the 150-
and 450-msec SOAs ( p < .05 in both cases).

Comparison of Performance in the Duration,
Intensity, and Timbre Conditions

A three-way mixed ANOVA includingcondition (dura-
tion, intensity, or timbre) 3 SOA (150, 450, or 750 msec)
3 trial type (repeat or change) was performed, using RT
as the dependent variable, to determine whether perfor-
mance differed substantiallybetween conditions.The only
effect to reach significance was the main effect of condi-
tion [F(2,81) 5 4.92, p < .05], indicating that mean RT
was significantly higher in the intensity condition than in
either the duration ( p < .01) or timbre ( p < .05) condi-
tions. Performance in the duration and timbre conditions
did not differ significantly ( p 5 .35). None of the other
effects involving the condition variable attained signifi-
cance ( p > .29).

A statistical comparison of the error rates for the three
conditions revealed both a significant main effect of con-
dition [F(2,45) 5 7.51, p < .01] and a significant inter-
action between condition and SOA [F(4, 90) 5 6.82, p <

Table 2
Response Times (RTs), Percentage of Errors (PE), and

Standard Errors for the RT Data as a Function of Cue–Target Relation
(Duration, Intensity, or Timbre), Trial Type (Repeat or Change), and
Stimulus Onset Asynchrony (150, 450, or 750 msec) in Experiment 2

Stimulus Onset Asynchrony

Cue–Target Trial 150 msec 450 msec 750 msec

Relation Type RT PE SE RT PE SE RT PE SE

Duration Repeat 574 23.2 18.36 506 8.8 18.41 525 13.3 17.19
Change 608 25.5 25.48 525 12.5 19.18 500 11.5 17.39

Intensity Repeat 666 19.2 24.89 603 13.5 24.23 616 12.0 25.54
Change 714 21.9 34.15 623 14.1 25.23 584 10.4 20.54

Timbre Repeat 597 4.42 26.95 547 2.1 23.14 557 3.6 25.69
Change 629 8.6 29.87 566 4.9 25.11 517 3.6 25.37
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.001]. Whereas the main effect arose because of the
lower level of difficulty for the timbre condition than for
either the duration or the intensity condition ( p < .01 for
both comparisons), the interaction reflected the fact that
this performance advantage for the timbre condition was
larger at the 150-msec SOA than at either the 450- or the
750-msec SOA.

Discussion
The robust evidenceof intensity-, timbre-, and duration-

based auditory IOR, obtained in this experiment despite
the fact that an orthogonal judgment was required pro-
vides strong evidence that response biases initiated by
the cue are not an important determinant of these phe-
nomena. However, as is shown in Figure 1, the magnitude
of the facilitative effects at the 150-msec SOA were sub-
stantially larger in Experiment 1 than in Experiment 2. In
fact, a direct statistical comparison of performance at the
150-msec SOA in the two experiments supports this in-
ference (108 vs. 60 msec, p < .001), with no difference
in the magnitude of the cuing effect apparent at either the
450-msec SOA or the 750-msec SOA ( p > .58 in both
cases). Given that the only procedural difference between
the two experiments was in the target judgment required,
this asymmetry clearly suggests that the large effects
seen in Experiment 1 may be the product of a bias in that
experiment in favor of executinga response consistentwith
the information provided by the cue. Additional support
for this conclusion may be drawn from two previous
studies in which location- and frequency-based auditory
IOR were investigated.Specifically, whereas Mondor and
Breau (1999) required listeners to judge the rise-time of
the target irrespective of whether the location or the fre-
quency relation between the cue and the target was var-
ied, in one condition reported by Mondor et al. (1998)
listeners identified target location when location was var-
ied and target frequency when frequency was varied. A
comparison of performances in these two studies reveals
that a much smaller average facilitative effect was ob-
tained when the required judgmentwas independentof the
cue–target similarity manipulation (38 vs. 134 msec).

Interestingly,whereas it appears that the magnitude of
the facilitative effect at the 150-msec SOA may be influ-
enced by the opportunity for advance response prepara-
tion, this was not true for the inhibitory effect at the 750-
msec SOA, which did not differ appreciably in the two
experiments (the mean advantage for change trials was
30 msec in Experiment 1 and 28 msec in Experiment 2).
However, a comparison of the Mondor and Breau (1999)
and Mondoret al. (1998) studies reveals a small reduction
in the mean advantage for change trials from 36 msec
when the required judgment was related to the manipu-
lation of cue–target similarity to 26 msec when it was not.
Thus, it is possible that response biases may have a small
effect on the magnitude of the inhibitory effect engen-
dered by advance cues. However, we must emphasize that
because an orthogonal judgment was used, the results of
Experiment 2 establish that the transition in the effect of

uninformative duration, intensity, and timbre cues from
facilitationat brief SOAs to inhibitionat longerSOAs does
not depend on response biases.

GENERAL DISCUSSION

Location and frequency attributes of sounds are often
regarded as perceptually dominant over other acoustic
features, such as duration, intensity, and timbre (e.g., Breg-
man, 1990). The temptation is to assume, in consequence,
that auditory attention may be guided less well by these
subordinate features. The clear evidence of duration-,
intensity-, and timbre-based guidance of attention ob-
tained in this study demonstrates that such an assumption
is incorrect—at least insofar as stimulus-driven control
is concerned. Indeed, that an IOR performance pattern
was obtained for all three feature manipulations suggests
strongly that this phenomenon is driven by perceptual and
cognitiveprocesses that are engaged irrespective of the ini-
tiating feature. In documenting the existence of duration-,
intensity-, and timbre-based auditory IOR, the present
study underscores the utility of this phenomenon for ex-
ploring the operation of auditory selective attention.

Any discussion of the fact that auditory IOR may be
obtained for several different basic auditory features ne-
cessitates a consideration of the extent to which variation
in one of these features is independent of changes in the
others. For example, there is little doubt that there is a
strong relation between the perception of intensity, du-
ration, and pitch so that a physical change in one of these
attributes may induce a perceptual change not only in the
modified feature, but in the others as well (e.g., Baer,
Moore, & Glasberg, 1999;Hafter & Carrier, 1972;Moore,
1989; Tekman, 1997;Turnbull, 1944). Similarly, although
opinions about the definitionof timbre have varied some-
what over the years, with some arguing that timbre is not
a distinct perceptual feature (e.g., Ortmann, 1935), gen-
eral agreement has developed that timbre is an emergent
property founded on static and dynamic changes in the
relative intensities of the frequencies that make up a com-
plex sound (e.g., Handel, 1989; Hirsh & Watson, 1996;
Iverson, 1995; Iverson & Krumhansl, 1993;Moore, 1989).

Although perceptions of intensity, duration, timbre,
and pitch are, to some extent, interrelated, there are sev-
eral reasons to conclude that performance in our experi-
ments was driven primarily by the manipulated feature.
Specifically, although sound duration may influence per-
ceived intensity, the subjective intensities of all the
sounds were equalized in the experiments to ensure that
the most salient difference between short and long
sounds was in duration, and not in subjective intensity.A
second potential concern arises from the fact that timbre
was manipulated by differentially weighting the two fre-
quency components that made up the complex sounds
used. It is possible that the listeners may have differenti-
ated sounds on the basis of the relative intensities of one
of the frequency components, thereby effectively ren-
dering the manipulation one of intensity, rather than one
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of timbre (we thank an anonymous reviewer for pointing
this out). However, because the two frequency compo-
nents were presented from the same spatial position (di-
rectly in front of the listener) and were coincident in
onset and offset, it is most likely that the complex sound
was perceived as a unitary auditory object (see Bregman,
1990, for a discussion of the factors that influence audi-
tory grouping). Indeed, when individual frequency com-
ponents are presented concurrently, it is extremely diffi-
cult for listeners to identify them even when deliberately
trying to do so. Moreover, the success of such an ana-
lytic listening strategy appears to depend to a great ex-
tent on the availabilityof contextual information, such as
the presentation of a pure tone standard of identical fre-
quency immediately prior to the complex sound (e.g.,
Bregman & Pinker, 1978; Helmholtz, 1885/1954). Thus,
although it is theoreticallypossible that timbres were dif-
ferentiated on the basis of the intensity of a single fre-
quency component, the probability that it was employed
by even a small minority of the participants appears to be
quite low, given that, under the presentation conditions
used, the auditory system acts to integrate the acoustic
information likely to have arisen from the same source.

The Dual-Process Model
Recently, Mondor (1999) offered a theoretical frame-

work consistent with the emerging evidence regarding
auditory IOR. This model is founded on the interactions
between two separate processes, one that controls the
transmission of acoustic information to auditory short-
term memory and the other involved in response assign-
ment. More specifically, Mondor suggests that an atten-
tional template or filter acts to govern the speed with
which auditory information is passed on to memory. This
template is normally defined by basic auditory features,
such as frequency, location, duration, intensity, and tim-
bre. The precise definition of the template varies from
one moment to the next as a function of both incoming
acoustic information and the listener’s current goals. The
degree to which the perceptual characteristics of an in-
coming sound matches the template determines the speed
with which it is transmitted to auditory short-term mem-
ory. Mondor suggests that in the typical cue–target par-
adigm, the template may be set in accordance with the
properties of the advance cue. Thus, for example, a cue
of 50-msec duration and 500 Hz originating from 45º left
would set the template for 50 msec, 500 Hz, and left. If
the subsequent target matched these settings (as would
occur on a repeat trial), selection would be accomplished
quickly. In contrast, if the subsequent target did not match
the template, selection would be accomplished more
slowly. On the strength of evidence indicating that the
magnitude of the facilitative effect of an advance cue ap-
parent at brief SOAs increases as the difference between
the cue and the target increases (defined along a single
dimension, such as location or frequency), Mondor sug-
gested that selection speed is not dichotomous but varies
along a continuum.

Irrespective of whether a target is selected quickly or
slowly, eventually a representation of it is passed on to
memory, at which point a response assignment process
may begin. According to the model, accurate response
assignment requires that the memory representation of
the target be distinguished from that of the cue. This dif-
ferentiation process depends on the similarity of the cue
and the target representations, with the result that the
speed of differentiation increases as the similarity of the
two representationsdecreases (e.g., Ashby & Perrin, 1988;
Hunt, 1995;Luce, 1963). Thus, more time will be required
to differentiate cue and target memory representations
on trials in which the cue and the target were identical
save for time of occurrence (i.e., a repeat trial) than on
trials in which the sounds differed in both a fundamental
acoustic feature and time of occurrence (i.e., a change
trial). According to the framework offered by Mondor
(1999), then, whereas the selection processes accom-
plishedat the template engenders an advantage for repeat
trials (i.e., a facilitative effect), the memory representa-
tion differentiation process involved in response assign-
ment produces an advantage for change trials (i.e., an in-
hibitory effect).

Mondor (1999) suggests that the time-course of audi-
tory IOR is determined by a tradeoff in the importance of
these opposing influences. Given an experimental situa-
tion such as the one used in the present study, in which
an advance cue is uninformative with respect to the tar-
get, a facilitative effect normally is apparent only for
quite brief SOAs of a few hundred milliseconds. In recog-
nition of this fact, Mondor suggested that, under these
conditions, the specific settings of the parameters of the
template dissipate over the course of about 300–400 msec.
While active, the modulation of selection speed accom-
plished at the level of the attentional template normally
exerts a larger effect over performance than does the mem-
ory representation differentiation process. Once the spe-
cific template definition has dissipated, however, the ac-
tion of the memory process is revealed in a performance
advantage for change trials. Thus, although the memory
process is active at all SOAs, its contribution to perfor-
mance is masked at brief SOAs by the countervailing in-
fluence of the selection process. In essence, Mondor sug-
gests that the “inhibitory” effect apparent at long SOAs
is not indicativeof inhibitionat all but, rather, reflects the
fact that the time required to differentiate two different
memory representations depends on similarity.

This framework is consistent not only with the expres-
sion of location-, frequency-, duration-, intensity-, and
timbre-based auditory IOR, but also with recent experi-
ments demonstrating that the time-course of auditory
IOR changes significantly as a function of the predict-
ability of the relation between cue and target. Specifically,
Mondor (1999) has shown that whereas an advantage for
change trials emerges at about a 700-msec SOA when
there is no predictable relation between the cue and the
target, it emerges at much longer SOAs when the cue is
likely to provide accurate information (i.e., when there is
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a greater proportion of repeat than of change trials) and
at briefer SOAs when the cue is likely to provide incor-
rect information (i.e., when there is a greater proportion
of change than of repeat trials). According to the model,
this modulation results because of a top-down control
process acting to either abbreviate the effective duration
of the attentional template when it is likely to impair per-
formance or lengthen it when it is likely to facilitate per-
formance.

The model proposed by Mondor (1999) was designed
to account for and explain the known existence and char-
acteristics of auditory IOR. However, one obvious ques-
tion is whether the model might apply also to visual IOR.
Whereas there is an obvious similarity in the time-course
and characteristics of location-based IOR for the two
modalities of presentation, there are clear differences as
well. Specifically, the existence of IOR for nonspatial
auditory dimensions, such as duration, frequency, inten-
sity, and timbre, suggests clearly that auditory IOR is a
general phenomenon not necessarily linked to spatial lo-
cation. In contrast, little evidence has been published that
visual IOR might arise under conditions in which loca-
tion is not varied. For example, Law, Pratt, and Abrams
(1995) conducted an experiment in which two color
patches were presented in succession, with a detection
response required to the second of these. They reported
a typical IOR performance pattern, with a facilitative ef-
fect of the first color patch on detection of the second
patch at brief SOAs and an inhibitory effect at longer
SOAs. However, Taylor and Klein (1998a) failed to rep-
licate the early facilitative effect and suggested that “the
results that Law et al. reported are interesting, but do not
demonstrate IOR for color” (p. 1455).

Because it appears that visual IOR may be obtained
reliably only for manipulations of spatial position, many
have argued that there is a strong relation between activ-
ity in the eye movement system and the emergence of vi-
sual IOR (e.g., Klein & MacInnes, 1999; Klein & Taylor,
1994; Rafal et al., 1989; Sapir, Soroker, Berger, & Henik,
1999; Taylor & Klein, 1998b). Similarly, several investi-
gators have suggested that the location-based version of
auditory IOR might result because of oculomotor pro-
gramming directed initially toward and subsequentlyaway
from the location of a cue (Reuter-Lorenz & Rosenquist,
1996; Schmidt, 1996). The demonstration of frequency-,
intensity-, timbre-, and duration-basedauditory IOR, how-
ever, provides strong evidence that such processes are
irrelevant with regard to engaging and guiding auditory
attention in a variety of contexts. In addition, recent ev-
idence that location-based auditory IOR may be obtained
even when eye movements are concurrently planned and
executed to visual events strongly suggests that oculomo-
tor processes are not necessary either to guide auditory
attention or to produce auditory IOR, even when the lo-
cation of events is varied (Mondor, Terrio, & Hurlburt,
2000).

There appear to be obvious differences in the role of
spatial location and oculomotorcontrol processes in gen-

erating auditory and visual IOR. These differences agree
with recent evidence suggesting that auditory and visual
selective attention systems are at least partially separate.
For example, Mondor and Amirault (1998) showed that
advance auditory and visual spatial cues exert stronger fa-
cilitative effects over targets of the same modality and
suggested that location information could be shared be-
tween these systems through endogenous attentional
processes (see also, e.g., Spence & Driver, 1997,and Ward,
1994, for evidence of generally weaker cross-modal than
within-modality exogenous cuing effects).

Notwithstanding the fact that auditory and visual IOR
may well be the product of distinct cognitive subsystems,
a modified version of the dual-process model proposed
by Mondor (1999) could account for many of the known
characteristics of visual IOR. Indeed, it would appear that
the model need be modified only to recognize (1) the dom-
inance of location in setting the definitionof the template
and (2) that the oculomotor system is integral in estab-
lishing and maintaining template specification. The cen-
tral components of the model that separate perceptual and
memorial processes interact in generating the IOR per-
formance pattern, and that the effective duration of an at-
tentional template may be controlled through a top-down
process would remain unchanged in this reformulation.
Such a model could explain the existence of visual IOR
and the fact that it is largely dependent on variation in
spatial location and would be quite consistent with recent
evidencereportedbyDanzingerandKingstone(1999) that the
time-course of visual IOR may be modulated through a
change in the predictability of the cue–target relation.

Summary
The evidence of duration-, intensity-, and timbre-based

auditory IOR reported in this paper marks an important
contribution to the development of a theoretical account
of auditory IOR. These findings establish beyond any
doubt that oculomotor control processes, which appear
to be of fundamental importance in generating visual
IOR, are not generally important in producing auditory
IOR. In addition, it appears clear that any basic acoustic
feature (or at least any of the five features that have now
been studied) may effectively guide the selection of au-
ditory information. Whether differences in the effective-
ness of these basic features in engaging attentional pro-
cesses may emerge when multiple cues are available is
not known at this point. However, this important theo-
retical question is one that we are presently working to-
ward solving.
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NOTES

1. The phrase location-based auditory IOR is used in this paper to
refer to the transition in performance from facilitation to inhibition as a
function of SOA that may occur when the location relation between cue
and target is manipulated. Similarly, the phrases frequency-based,
intensity-based, timbre-based, and duration-based IOR refer to the
same transition that may arise when the duration, frequency, intensity,
and timbre relation between cue and target are manipulated.

2. In contrast with discrimination of sounds on the basis of pitch or
timbre, discrimination on the basis of duration cannot begin at the onset
of the sound. To correct for this constraint, for the duration condition,
RT was measured from the end of each sound. Because, in both Exper-
iments 1 and 2, there were equal numbers of short and long sounds for
each combination of SOA and trial type, any difference between short
and long sounds in the time required to identify duration (Experiment 1)
or detect the presence of a gap (Experiment 2) could not have system-
atically influenced the results obtained.
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