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Empirical investigationof attention as an important in-
fluence on perception began in earnest in the 1950s with
germinal studies by Broadbent (e.g., 1952, 1954, 1957,
1958), Cherry (1953; Cherry & Taylor, 1954), and Moray
(1959), among others. Although a variety of experimental
paradigms were used in this early research, most studies
were directed toward determining the factors that influ-
ence accurate perception of speech. Some of these inves-
tigationsrevealed that speech is most likely to be perceived
accuratelywhen it differs in location from concurrent white
noise (Hirsch, 1950; Kock, 1950), and when speech and
noise channelsare out of phasewith one another (Licklider,
1948). Other studies established that perception of one of
two concurrent verbal messages is improved when there
are differences between messages in location (e.g., Cherry,
1953; Moray, 1959, 1972), pitch (as defined by a differ-
ence in the sex of speaker pronouncing each message,
Broadbent, 1952), loudness (Tolhurst & Peters, 1956), fre-
quency spectrum (created by high-pass or low-pass filter-
ing of one message; e.g.,Egan,Carterette,& Thwing,1954;
Spieth, Curtis, & Webster, 1954), or phonology (Peters,
1954).

These early years of research into selective listening,
then, yielded quite strong evidence that perception of ver-

bal information may be enhanced if an attended speech
channel differs from other irrelevant channels in such fun-
damental acoustic features as location and pitch. Although
research in this area has continued(e.g., Dawson & Schell,
1982; Giard, Collet, Bouchet, & Pernier, 1994; Glucks-
berg & Cowen, 1970;Katzin, Corballis,& Lockhart, 1972;
Niccum, Speaks, Katsuki-Nakamura, & Leathers, 1989;
Treisman, Squire, & Green, 1974), scientific emphasis has
clearly shifted with the result that research efforts are now
largely directed toward developingan understandingof the
characteristics and mechanisms of visual selective atten-
tion (for reviews see LaBerge, 1995; Pashler, 1998). How-
ever, one stream of research within the realm of selective
listening that has been continuously active is centered on
developing an understanding of the improvement in per-
ception of nonverbal sounds that may result when a partic-
ular frequency region is attended (e.g., Creelman, 1959;
Green, McKey, & Licklider, 1959;Macmillan& Schwartz,
1975; Moore, Hafter, & Glasberg, 1996; Schlauch &
Hafter, 1991;Swets, 1963). Most studiesof this “frequency
selectivity effect” have been founded on a simple cuing
paradigm. Typically,on each of many trials, a suprathresh-
old pure tone cue is presented followed by either one or
two noise-filled intervals. Although listeners are required
to detect the presence of a pure tone target, this may be
based on either an assessment of whether the single inter-
val presented included a target (e.g., Larkin & Greenberg,
1970) or on a judgment of which of the two intervals pre-
sented included a target (e.g., Greenberg & Larkin, 1968).
The results of such studies have invariably indicated that
the probability of an accurate detection response is mod-
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The influence of a frequency cue on judgments of whether or not a subsequent target incorporated
a brief silent gap was examined. In Experiment 1, there was no predictive frequency relation and evi-
dence of auditory inhibition of return was obtained with frequency repetitions, producing a facilitative
effect at 175-msec stimulus onset asynchrony (SOA) and an inhibitory effect at 775-msec SOA. Relative
to this baseline performance pattern, increasing the probability of a frequency match to .75 (Experi-
ment 2) served to generate a beneficial effect of frequency repetitions at lengthy SOAs and to enlarge
its magnitude at 175-msec SOA. In contrast, a reduction in the probability of a frequency match to .25
(Experiment 3) resulted in the elimination of any facilitative effect of repetition at 175-msec SOA and
the development of an inhibitory effect at 475- and 1,075-msec SOA. These results establish that a fre-
quency cue may engage both exogenous and endogenous attentional processes within 175 msec fol-
lowing its presentation.
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ulated by the frequency relation between the cue and the
target, with performance declining as the frequency dif-
ference between the two sounds increases (e.g., Green,
1961; Hafter, Schlauch, & Tang, 1993; Hübner & Hafter,
1995; Moore et al., 1996; Yama & Robinson, 1982). This
frequencyselectivityeffect is often quite specific,with very
poor performanceevidentfor signals that differ in frequency
from the expected sound by just 10%.

Detection accuracy in these experiments has been com-
monly interpreted as a bias-free measure of sensitivity ei-
ther because the probabilityof a target being embedded in
the first and second intervals is equal or because a target
is embedded in the single noise-filled interval on only half
of the trials. There is, however, some reason to doubt this
interpretation because in many studies the listener is mis-
led regarding the possible frequencies of the target that
may be presented. Whereas participants are led to believe
that the pure tone target they are to listen for may be only
of a single, specific frequency, targets of a variety of dif-
ferent frequencies are actually presented (e.g., Greenberg
& Larkin, 1968). This deception permits the possibility
that, regardless of any effect of the frequency cue itself,
participants in these experiments may be more likely to
interpret signals of the expected frequency as targets and
to interpret signals of unexpected frequencies as noise
(Greenberg & Larkin, 1968, have also advanced this ar-
gument). It is possible, then, that in some studies of fre-
quency selectivitya detection response may be influenced
by response biases, with listeners giving more weight to
cued frequency regions, thereby producing better perfor-
mance for expected targets (see also Kinchla, 1992). In-
deed, evidencehas been reported indicating that the speci-
ficityof the frequencyselectivityeffect may bedramatically
influenced by the information supplied to the listener. For
example, Penner (1972) reported that informing listeners
of the possibility that targets of a variety of frequencies
could be presented and encouraging them through mone-
tary payoffs to perform as well as possible in detecting all
frequencies led to quite good performance for all possible
targets (see also Scharf, Quigley, Aoki, Peachey, & Reeves,
1987, who found that the probabilityof detectingoutlying
frequencies could be improved by about 10% if listeners
were informed that such sounds might be presented).

This potential problem may compromise interpretation
of performance even when listeners are accurately in-
formed that multiple frequencies are possible if one of
these frequencies is more likely to be presented than the
others. Under such circumstances, listeners may adopt dif-
ferent criteria for deciding whether a target has been pre-
sented in accordance with the individual probabilities of
their occurrence (e.g., Shaw, 1980, 1984). In recognition
of this possibility,Mondor and Bregman (1994) suggested
that frequency selectivity could be studied by presenting
listeners on each trial with a clearly audible frequency cue
followed by a clearly audible pure tone target. In their
study a target duration judgment was used because it is or-
thogonal to the manipulationof cue–target frequency sim-
ilarity and therefore should be uninfluenced by any re-

sponse biases initiated in reaction to the presentation of
the cue. Strong evidence of frequency selectivity was ap-
parent in all three of the experiments reported by Mondor
and Bregman, with judgments of duration made consis-
tently more quickly and accurately when the target fre-
quencymatched that of the precedingcue than when it did
not. Furthermore, they found, as had previous researchers,
that performance declined steadily as the frequency dif-
ference between the cue and target increased. To the extent
that the paradigm used by Mondor and Bregman con-
strains the influence of response biases on performance,
their results suggest that frequency selectivity results be-
cause of a modulation in perceptual sensitivity produced
by a frequency cue.

Informative frequency cues, such as those that have
been used in most previous studies of frequency selectiv-
ity, may act both to draw attention to its frequency region
through the operation of a stimulus-driven or bottom-up
mechanism and to function as a catalyst for a top-down
mechanism that deploys attention in accordance with the
probability that the cue provides an accurate indication of
the likely frequency of the target (see, e.g., McCormick,
1997; Müller & Rabbitt, 1989; Pashler, 1998; Posner,
1978, who have advanced similar arguments regarding the
influence of visual spatial cues on visual selective atten-
tion).1 Recent studies have shown that a beneficial effect
of frequency repetition may emerge within 200 msec fol-
lowing presentation of an uninformative frequency cue
(Mondor & Breau, 1999; Mondor, Breau, & Milliken,
1998). If, as is widely assumed, uninformative cues exert
their influence primarily through automatic engagement
of an exogenous attentional process (e.g., Pashler, 1998),
then these studies provide evidence that the frequency se-
lectivity effect does not depend entirely on an endogenous
attentionalmechanism. Uncertainty remains, however, re-
garding the extent to which endogenous and exogenous
processes engagedby a frequency cue may interact in con-
trolling the attentional response to a frequency cue. The
three experiments reported below were designed to address
this general question through specific examination of the
speed with which an endogenousprocess may be engaged
by an informative frequency cue, and the relative influence
on performance of endogenous and exogenous processes
when these are placed in opposition with each other.

GENERAL METHOD

All of the experiments reported below are founded on the simpli-
fied frequency cuing paradigm used by Mondor and Bregman (1994).
Here, however, the influence of a frequency cue is evaluated as a
function of both the time between the cue and the target (ranging
from less than 200 msec to more than 1 sec) and the degree to which
it provides accurate information regarding the likely frequency of
the subsequent target. In this way, we sought to reveal the degree to
which frequency selectivity may be modulated by exogenous and
endogenous attentional processes.

Participants
Sixty undergraduate students enrolled in an introductory psy-

chology course received course credit in exchange for their partici-
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pation. Twenty volunteers participated in each of the three experi-
ments. None of the participants reported any uncorrected auditory
or visual–perceptual deficiencies.

Materials
Four pure tones, all 50 msec in duration with 5-msec onset/offset

amplitude ramps, were synthesized using the MITSYN signal pro-
cessing software package (Henke, 1990) at a sampling rate of
32000 Hz. The frequency of two of these sounds was set to 500 Hz
and the frequency of the other two sounds was set to 1711 Hz (fre-
quencies were arbitrarily chosen with the constraint that they not be
harmonically related). One sound of each frequency was interrupted
at its midpoint by an abrupt 1-msec silent period. This interruption
is perceived as a brief click. The experiment was controlled by a Dell
Pentium computer (Model XPS T550) running the Maple program-
ming environment (Bregman, Achim, & Ahad, 1992). Sounds were
presented in stereo at approximately 65 dB SPL over Sennheiser
HD 265 linear headphones.

Procedure
Each trial consisted of a cue followed by a target. The two sounds

could be either identical or different in frequency. In the interests of
expository simplicity, trials on which the target repeated the fre-
quency of the cue will be referred to as repeat trials, and trials on
which the target differed from the cue will be referred to as change
trials. The time period between the onset of the cue and the onset of
the target (stimulus onset asynchrony, SOA) was varied at 175, 475,
775, or 1,075 msec in all experiments. Twenty different listeners par-
ticipated in each of the three experiments. The experiments differed
in the probability that the cue and target would be identical in fre-
quency. Specif ically, whereas in Experiment 1 the cue and target
were as likely to be the same as to be different (i.e., the cue was un-
informative), in Experiment 2 the cue and target were more likely to
be the same ( p 5 .75) than to be different ( p 5 .25), and in Exper-
iment 3 the sounds were more likely to be different ( p 5 .75) than
to be the same ( p 5 .25).

Participants were required to make a keypress response to indicate
whether or not the target incorporated a silent gap (“1” for yes and
“0” for no). If a correct response was made, a message stating “Press
any key to continue.” appeared on the screen. In the event of an in-
correct response, a message stating “Incorrect Response. Press any
key to continue.” appeared on the screen. In both cases the subse-
quent trial began 1 sec following the initiating keypress. Participants
were instructed to respond as quickly and accurately as possible
since their speed and accuracy would be recorded.

In the statistical analysis of the results of each experiment, re-
sponse time (RT) was examined only for correct responses, and RTs
greater than 2.5 SD from the mean were excluded. This resulted in
the elimination of less than 2% of responses in all conditions of all
experiments. In all experiments performance as indexed by both
mean RT and percent errors was initially evaluated using two-way
within-subjects analyses of variance (ANOVAs) (frequency repeti-
tion [repeat, change] 3SOA [175, 475, 775, 1,075 msec]).

EXPERIMENT 1

Experiment 1 served both to establish a baseline against
which to evaluate results obtained in Experiments 2 and 3
and as an opportunity to replicate previous findings that
uninformative frequency cues may facilitate target identi-
fication even at quite brief SOAs (Mondor& Breau, 1999;
Mondoret al., 1998).This was accomplishedby setting the
probability of a frequency match between cue and target
to chance levels to eliminate any logical reason for listen-
ers to voluntarily use the frequency information provided
by the cue to prepare for the target. Listeners completed
32 practice and 224 experimental trials (56 trials per SOA
with cue and target frequencies identical on 28 trials and
different on 28 trials).

Results
Response times. Mean RTs and percent errors as a

function of frequency repetition and SOA are described in
Table 1. The RT analysis revealed that both frequency rep-
etition [F(1,19) 5 8.555, p , .01] and SOA [F(3,57) 5
7.376, p , .001] significantly influenced performance.
Generally, RT was faster on repeat trials and declined as
SOA increased. In addition,however, an interactionbetween
frequency repetition and SOA was apparent [F(3,57) 5
10.665, p , .001]. The planned comparisons (two-tailed
t tests) performed to evaluate this effect indicated that a
significant performance advantage for frequency repeti-
tions at both 175-msec ( p , .01) and 475-msec ( p , .03)
SOAs reversed to an advantage for frequency changes at
the 775-msec SOA [F(1,34) 5 13.197, p , .01]. There
was no effect of frequency repetition at the 1,075-msec
SOA ( p > .30).

Errors. A complementary analysis of the error data re-
vealed neither significant main effects of frequency repeti-
tion or SOA [F(1,19) 5 1.560, p 5 .23, and F , 1, respec-
tively] nor a significant interaction between these factors
(F , 1). Planned comparisons performed to evaluate the
effect of frequency repetitionat each SOA revealed no sig-
nificant effects ( p values of .90, .11, .40, and .49 at SOAs
of 175, 475, 775, and 1,075 msec, respectively).

Discussion
The results of Experiment 1 provided clear evidence of

a facilitative effect of uninformative frequency cues at
brief SOAs, confirming previous reports that the existence

Table 1
Mean Response Times (RTs) and Percent Errors (% E), With Standard Errors, as a Function of Frequency Repetition

(Repeat or Change) and SOA (175, 475, 775, or 1,075 msec) for Experiment 1

Stimulus Onset Asynchrony

175 msec 475 msec 775 msec 1,075 msec

Frequency RT % E RT % E RT % E RT % E

Repetition M SE M SE M SE M SE M SE M SE M SE M SE

Repeat 581 25.04 4.29 1.26 560 18.41 2.32 0.70 575 21.05 2.87 0.81 554 18.31 3.39 1.14
Change 626 28.34 4.11 1.04 586 22.40 4.29 1.02 552 18.61 4.11 1.14 561 17.85 4.46 1.39
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of a frequency selectivity effect depends on neither mis-
leading listeners regarding probable target frequencies nor
on establishingan informative frequency relation between
cue and target. Furthermore, the transition in the influence
of frequency repetitions from a beneficial effect at the
175- and 475-msec SOAs to a negative effect at the 775-
msec SOA replicates a pattern of performance previously
interpreted as providing evidence of frequency-based in-
hibition of return (Mondor & Breau, 1999; Mondor et al.,
1998). That these results were obtained when perfor-
mance was assessed on the basis of a judgment orthogo-
nal to the frequency manipulation confirms that response
biases initiated in reaction to the presentation of a cue do
not hold an important position in producing them. Quite
aside from replicating previous research, the pattern of
performance established in this experiment is important
in that it will be used as a standard against which to eval-
uate the influenceon the frequency selectivityeffect of es-
tablishinga predictive relation between the cue and target.

EXPERIMENT 2

As we have discussed, theoretically important ques-
tions relating to the frequency selectivity effect that have
not yet been resolved have to do with the nature of the
interaction between endogenous and exogenous atten-
tional processes, and the time required for endogenous
processes to be engaged in reaction to an informative cue.
In Experiment 2, the probabilityof a frequency match be-
tween cue and target was increased to .75 and the influ-
ence of frequency repetition on target judgments was
examined across the same range of SOAs used in Experi-
ment 1. At issue, of course, was the extent to which this in-
crease in the accuracy of the information supplied by the
frequency cue might change its influence on target identi-
fication performance relative to that apparent in Experi-
ment 1, where there was no predicative relation between
the frequencies of the cue and target. Participants com-
pleted 32 practice trials and 256 experimental trials (32
trials at each of four SOAs [175, 475, 775, 1,075 msec],
with cue and target frequencies identical on 48 trials and
different on 16 trials).

Results
Response times. Mean RTs and percent errors as a

function of frequency repetition and SOA are described in
Table 2. The results of the ANOVA indicated that both

main effects of frequency repetition [F(1,19) 5 68.988,
p , .001] and SOA [F(3,57) 5 11.235, p , .001] were
significant. Generally, performance was better when tar-
get frequency repeated cue frequency and improved as
SOA increased. The frequency repetition 3 SOA interac-
tion was also significant [F(3,57) 5 14.975, p , .001].
This interactionarose because of a substantially larger im-
provement in performance as SOA increased from 175 to
475 msec for change trials [F(1,19) 5 23.117, p , .001]
relative to repeat trials [F(1,19) 5 1.384,p 5 .26]. Planned
comparisons of performance on repeat and change trials at
each SOA revealed a consistent advantage for frequency
repetitions at all SOAs ( p , .01 at the 175-, 775-, and
1,075-msec SOAs, and p , .025 at the 475-msec SOA).
The magnitude of the performance advantage for fre-
quency repetitions was significantly larger at the 175-
msec SOA than at any of the other three SOAs ( p , .01
for all comparisons).

Errors. A complementaryANOVA of the error data in-
dicated that whereas the main effect of frequency repeti-
tion [F(1,19) 5 25.703, p , .001] reached significance,
neither the main effect of SOA [F(3,57) 51.534, p 5 .22]
nor the interaction between frequency repetition and SOA
[F(3,57) 5 1.383, p 5 .26] was significant. Although
error rates were lower for frequency repetitions at all
SOAs, planned comparisons revealed that this was signif-
icant only at the 775-msec ( p , .01) and 1,075-msec
( p , .01) SOAs and not at 175-msec ( p . .50) or 475-
msec SOAs ( p 5 .09).

Discussion
On the strength of previous investigationsof frequency

selectivity, we expected that target identification perfor-
mance would be facilitated when cue and target frequen-
cies matched. The results obtained in this experiment of
course confirmed this expectation. Somewhat surpris-
ingly, however, the magnitude of the beneficial effect of
frequency repetitions at the briefest SOA of 175 msec was
substantially larger than the correspondingeffect apparent
in Experiment 1. Performance in Experiments 1 and 2 was
compared to determine whether the predictability of the
cue–target frequency relation significantly influenced
performance.2 This analysis confirmed that the magnitude
of the facilitative effect of a frequency cue was signifi-
cantly larger in Experiment 2 than in Experiment 1 at three
of the four SOAs, including the briefest interval tested of
175 msec. There was no difference in the magnitudeof the

Table 2
Mean Response Times (RTs) and Percent Errors (% E), With Standard Errors,

as a Function of Frequency Repetition (Repeat or Change) and SOA (175, 475, 775, or 1,075 Msec) for Experiment 2

Stimulus Onset Asynchrony

175 msec 475 msec 775 msec 1,075 msec

Frequency RT % E RT % E RT % E RT % E

Repetition M SE M SE M SE M SE M SE M SE M SE M SE

Repeat 565 18.04 6.58 1.25 552 17.73 3.96 1.02 545 20.37 4.49 1.27 540 20.58 3.18 0.91
Change 662 24.60 7.57 1.56 573 19.48 6.25 1.79 567 21.35 9.21 1.81 581 23.04 6.91 1.50
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effect at the 475-msec SOA, and a determination of
whether this null effect is theoretically significant is be-
yond the scope of the present study. However, the general
pattern of results clearly indicates that the opportunity af-
forded in Experiment 2 for the engagementof endogenous
attentionalprocesses affected performance even when less
than 200 msec was available to do so. Indeed, the magni-
tude of the effect was increased by more than 50% (44 vs.
99 msec) when a positive predictive frequency relation
was instituted. It is important to note that this modulation
in the magnitude of the cuing effect cannot be attributed
to an influence of response biases generated in reaction to
the presentation of a predictive cue because the judgment
required of listeners was orthogonal to the manipulation
of frequency similarity. In addition to enhancing the fre-
quency selectivityeffect at brief SOAs, establishinga pos-
itive predictive relation between the frequencies of the cue
and the target acted to eliminate the negative influence of
frequency repetition at the 775-msec SOA that was ap-
parent in Experiment 1. It appears, then, that at lengthy
SOAs when their influences over the deployment of at-
tention are juxtaposed, the impact of an endogenous
mechanism engaged in accordance with the predictive in-
formation provided by the cue may dominate over that of
an exogenous process driven by the frequency of the cue.

EXPERIMENT 3

Taken together the results of Experiments 1 and 2
demonstrate that a frequency cue can exert an exogenous
facilitative effect on judgments of a subsequent target
within 200 msec of its presentation and that endogenous
attentionalprocesses may augment this beneficial effect at
brief SOAs and overturn it at more lengthy cuing inter-
vals. Experiment 3 was designed as a test of these conclu-
sions. The probability that the frequency of the target
would be identical to that of the preceding cue was re-
duced to .25 so that on 75% of trials the cue and target dif-
fered in frequency. If an endogenous attentional mecha-
nism can influence performance even at very brief cuing
intervals, then the frequency selectivity effect apparent at
175-msec SOA in both previousexperimentsshouldbe re-
duced. Participants completed 32 practice and 256 exper-
imental trials (32 trials at each of four SOAs [175, 475,
775, 1,075 msec], with cue and target frequencies identi-
cal on 16 trials and different on 48 trials).

Results
Response times. MeanRTsand percent errors as a func-

tion of frequency repetition and SOA are described in
Table 3. Main effects of repetition [F(1,19) 5 7.789, p ,
.02] and SOA [F(3,57) 5 24.697, p , .001] were statisti-
cally significant.More important, however, there was a sig-
nificant interactionbetween repetitionand SOA [F(3,57) 5
2.686, p 5 .055]. This interaction arose because a signifi-
cant negative effect of frequency repetition was apparent
at SOAs of 475 ( p , .01) and 1,075 ( p , .01) msec, with
no significant effect at SOAs of either 175 ( p 5 .94) or
775 ( p 5 .22) msec.

Errors. Statistical evaluation of the error data revealed
that whereas the main effect of SOA [F(3,57) 5 7.908, p ,
.001] was significant, neither the main effect of frequency
repetition[F(1,19)2.677,p 5 .12]nor the repetition3 SOA
interaction [F(3,57) 5 1.498, p 5 .23] were. Overall, the
error rate declined as SOA increased. Planned comparisons
indicated that there was no difference in performance on re-
peat and change trials at any SOA ( p . .09 in all cases).

Discussion
Reducing the probability that the cue and target would

be the same frequency below chance levels led to a signif-
icantly different pattern of performance than was apparent
in either of the first two experiments.Specifically, reducing
the probability of a frequency repetition to .25 eliminated
any frequency cuing effect at an SOA of 175 msec and gen-
erated a negative effect at SOAs of 475 and 1,075 msec.
Althoughnot statisticallysignificant, a disadvantageof fre-
quency repetition was apparent at the 775-msec SOA as
well. The magnitude and direction of the frequency cuing
effects obtained in the three experiments, described in Fig-
ure 1, suggest that the probabilityof both frequency repeti-
tion and SOA influenced performance. A formal statistical
comparison of performance in the three experiments con-
firmed this.3 Clearly, endogenous attentional processes
may either complementor counteract the exogenouseffect
of a frequencycue at SOAs ranging from 175 to 1,075msec.

GENERAL DISCUSSION

Taken together, the results of the three experiments re-
ported here establish that the magnitude and the direction
of the frequency selectivity effect depend both on the
probability of a frequency match between cue and target

Table 3
Mean Response Times (RTs) and Percent Errors (% E), With Standard Errors, as a Function of Frequency Repetition

(Repeat or Change) and SOA (175, 475, 775, or 1,075 Msec) for Experiment 3

Stimulus Onset Asynchrony

175 msec 475 msec 775 msec 1,075 msec

Frequency RT % E RT % E RT % E RT % E

Repetition M SE M SE M SE M SE M SE M SE M SE M SE

Repeat 556 24.09 8.75 1.53 536 20.14 5.71 1.47 505 16.14 3.13 0.96 497 19.28 4.49 0.95
Change 555 20.40 6.35 1.00 508 17.75 3.87 0.87 496 18.65 4.39 0.78 481 17.51 2.50 0.83
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and on the time period between the two sounds. In Exper-
iment 1, where there was no predictive relation between
the frequencies of the cue and target, frequency repetition
produced a beneficial effect at the 175- and 450-msec
SOAs and a negative effect at the 775-msec SOA. In con-
trast, in Experiment 2, where the target was likely to be
the same frequency as the preceding cue ( p 5 .75), a ben-
eficial effect of frequency repetition was apparent at all
SOAs with the magnitudeof all but one of these effects sig-
nificantly increased relative to the corresponding effects
observed when the cue was uninformative. Finally, in Ex-
periment 3, institutinga negative relation between the fre-
quencies of the cue and target so that they were more
likely to be different than to be the same eliminatedentirely
any beneficial effect of frequency repetition and produced
negative effects at the 475- and 1,075-msec SOAs.

This study was founded on the assumption, adopted ei-
ther explicitly or implicitly in many previous investiga-
tions of attention, that whereas an informative cue should
engage both exogenous and endogenous mechanisms, an
uninformative cue should engage only the exogenous
mechanism (see, e.g., Müller & Rabbitt, 1989; Turatto
et al., 2000). To the extent that this assumption is valid, the
results of the present three experiments suggest that the
influence of an exogenous attentional mechanism may be
either reinforced and augmented or counteracted and
overwhelmed by the influence of an endogenous atten-
tional mechanism and that this interaction may occur at
SOAs ranging from less than 200 msec to more than 1 sec.
Previous investigators have shown that the magnitude of
the frequency selectivity effect could be modulated by
payoffs, instructions to listeners, and manipulationsof the
relative probabilityof different signals (e.g., Penner, 1972;
Sorkin, Pastore, & Gilliom, 1968; Swets & Sewall, 1961;

but see also Larkin & Greenberg, 1970, who reported no
effect of instructionsand payoffs). However, to our knowl-
edge, this is the first demonstration that endogenous and
exogenous attentional processes engaged in response to a
frequency cue may interact, even at very brief SOAs, to en-
hance, extend, or reverse the frequency selectivity effect.

According to additive factors logic (e.g., Sternberg,
1969a, 1969b), the interactionbetween exogenousand en-
dogenous attentional processes we observed may be in-
terpreted as evidence that both avenues of attentional con-
trol influence the same cognitiveprocessing stage. This is
consistent with previous suggestions made by Mondor
and colleagues (e.g., Mondor, 1999; Mondor et al., 1998).
Briefly, Mondor suggested that an advance cue acts to es-
tablish an attentional template or filter based on the per-
ceptual characteristics of the cue itself. The speed with
which the subsequently presented target is transmitted to
memory depends on its match with this template, with a
better match leading to faster transmission. Thus, a target
representation should be passed to memory more quickly
on trials on which the cue and target are identical, and this
faster transmission may lead directly to faster evaluation
of the sound file, and to a faster response. (Evidence con-
sistent with the existence of such a multifeature template
has been reported by Wright & Dai, 1994, who found that
detection of a target was influenced by its match in both
frequency and duration with a preceding cue, and by Mon-
dor, Zatorre, & Terrio, 1998, who found that target iden-
tification was influenced by its similarity in both fre-
quency and location to a preceding cue.)

Critically, Mondor (1999) suggested that the time pe-
riod over which an effective template description is main-
tained may be either abbreviated or extended through an
endogenous or top-down process acting in accordance

Figure 1. The magnitude of the frequency selectivity effect is described as a function of
SOA and the predictability of the frequency relation between the cue and target.



486 MONDOR, HURLBURT, AND GAMMELL

with the predictability of the cue–target relation. Thus,
when the frequency of the target is likely to be the same as
that of the cue (as in Experiment 2, above), the template
will be extended and a performance advantage for trials on
which the frequencies of the two sounds match will be ex-
tended across relatively lengthy SOAs. However, this ac-
count alone cannot explain the fact that a significantly
larger facilitative effect was obtained when the cue and
target frequencies were likely to match than when there
was no predictive relation between the two. One possibil-
ity is that elevating the probability of a frequency match
serves both to extend the effective duration of an atten-
tional template and to increase its specificity. Such a re-
fined definition of the template might then magnify the
effect of frequency repetition relative to that apparent
when there is no predictable frequency relation. In con-
trast, it appears that when the target is likely to differ from
the cue (as in Experiment 3, above), the definition of the
template as establishedby the cue itself may be overridden
and reversed. This modification of the template specifi-
cation appears to generate at lengthy SOAs a performance
advantage for trials on which the cue and target differ, and
to negate any beneficial effect of the exogenous process
even at intervals as brief as 175 msec. These proposals re-
garding the way in which auditorycues may influence tar-
get judgments are consistent not only with the present re-
sults but also with the effects of uninformative frequency,
location, timbre, intensity, and duration cues that have
been reported over the last few years (Mondor & Breau,
1999;Mondor et al., 1998; Mondor& Lacey, 2001). How-
ever, regardless of the theoretical utility of this approach,
the results reported in the three experiments described
here establish that the magnitude and the direction of the
frequency selectivity effect are governed both by the pre-
dictability of the frequency relation between the cue and
target and by the period of forewarning provided by the
cue. It is clear that exogenous and endogenousattentional
mechanisms may operate in concert or in opposition to
control the attentional response of the human listener to a
frequency cue.
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NOTES

1. We will use the term exogenous to refer to a stimulus-driven or
bottom-up effect and the term endogenous to refer to a top-down effect
engaged in accordance with a predictive relation between cue and target,
or with the information provided through verbal instructions.

2. A mixed-design ANOVA was used to compare the influence of fre-
quency repetition and SOA on performance in Experiment 1 with that in
Experiment 2. This analysis revealed significant differences in the in-
fluence of frequency repetition [F(1,38) 5 19.964,p , .001], but not of
SOA (F , 1) in the two experiments. Critically, however, the three-way
interaction between repetition, SOA, and experiment was also signifi-
cant [F(3,114)5 4.149,p , .01]. Further analysis indicated that the fre-
quency repetition effect differed between experiments at all SOAs ( p ,
.01 for all comparisons) except 475 msec ( p 5 .77).

3. A mixed-design ANOVA was used to compare the magnitude and
direction of the frequency selectivity effect apparent at each SOA for all
three experiments to evaluate the extent to which predictability and SOA
interact in determining performance. As might be expected given the dif-
ferent performance patterns in the three experiments, this examination
revealed a significant three-way interaction between repetition, SOA,
and experiment [F(3,171) 5 5.777, p , .001]. Further investigation of
this effect indicated that the cuing effects obtained in the three experi-
ments differed significantly from one another at the 175-, 475-, and
1,075-msec SOAs ( p , .01 in all cases). At the 775-msec SOA, whereas
performance in Experiment 2 differed significantly from that in both Ex-
periments 1 and 3 ( p , .01 for both comparisons), the difference in per-
formance for the later two experiments only approached significance
( p 5 .13).

(Manuscript received November 2, 2001;
revision accepted for publication May 1, 2002.)
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