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The ability to focus on a single task and to filter out ir-
relevant environmental events is a fundamental capability
of the human attentional system. When a task-irrelevant
change in ongoing stimuli occurs, it elicits an involuntary
shift of attention.This attentionalcapture may be a way of
alerting an organism to a potentially significant event so
that further evaluationof its relevance can be made. In the
visual modality, the effects of attentional capture have
been studied extensively, using visual search type para-
digms. When a target in a search display contains an item
that is unique in some feature (e.g., a red square among
blue squares), this salient feature singleton seems to pop
out of the display,making search efficient. If, however, the
unique feature singleton that pops out in the display is ir-
relevant to the search task (i.e., nontarget), the salient fea-
ture distracts the subject from the primary task. The pop-
out phenomenon of the single feature is thought to be a
function of preattentive processing (Treisman, & Gelade,
1980), suggesting that this type of distraction is stimulus

driven (Theeuwes, 1992, 1994; Yantis, 1993; Yantis &
Jonides, 1984). Under most circumstances, effects of at-
tentional capture on task performance are induced by the
presence of irrelevant but salient stimulus features in the
display. Feature singletons can capture attention even
when they occur on an irrelevant stimulus dimension
(Theeuwes & Berger, 1998). Moreover, the salient external
events still produce involuntary orienting to them and af-
fect performance despite instructions given in advance to
ignore the irrelevant dimension (Folk & Remington, 1996;
Remington, Johnston,& Yantis, 1992) or location (Müller
& Rabbitt, 1989). This would suggest that attentionalcap-
ture is completely stimulus driven and cannot be con-
trolled by top-down processes (Theeuwes, 1991, 1992,
1994; Yantis & Jonides, 1984).

There is considerabledebate, however, about whether or
not attentional capture, in visual search and cuing para-
digms, can be modified by top-down control (Folk, Rem-
ington, & Johnston, 1992; Remington, Folk, & McLean,
2001;Yantis, 1993;Yantis& Egeth,1999;Yantis& Jonides,
1990). Folk and colleagues suggest that a top-down atten-
tional set always exerts some influenceon stimulus-driven
processes. They suggest that the subject’s attentional set
biases performance, so that only feature changes that are
part of the target features can exert attentional capture
(Driver & Baylis, 1991; Folk et al., 1992; Kramer & Ja-
cobson,1991;Remingtonet al., 2001;Theeuwes & Berger,
1998; cf. Jonides & Yantis, 1988).
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We tested the effects of predictability on involuntary attention switching to task-irrelevant sound
changes (distraction).Behavioral and neurophysiological evidence are provided, showing that the pre-
dictability of task-irrelevantsound changes eliminates effectsof distraction even though the automatic
auditory change detection system remains responsive. Two indices of distraction, slower task perfor-
manceand corticalbrainresponsesassociatedwithattentionswitching,wereseenonly in the unpredictable
condition, in which the irrelevant acoustic changes were unexpected. Attention was not involuntarily
drawn away from the primary taskwhen the subjects had foreknowledge of when the irrelevantchanges
would occur. These results demonstrate attentional control over orienting to sound changes and sug-
gest that involuntary attention switching occurs mainly when an irrelevant stimulus change is unex-
pected. The present data allowed observation of the temporal dynamics of attention switching in the
human brain.
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Yantis and colleagues demonstrated that attentional
capture by abrupt visual onsets in cuing paradigms are
subject to top-down control under certain circumstances
(Yantis & Jonides, 1990), that they do not capture atten-
tion in a strictly automatic fashion, such as under condi-
tions of highly focused attention (Yantis & Egeth, 1999),
and that, contrary to Folk, they can capture attention even
when a specific prior state for them is not established
(Jonides & Yantis, 1988).

The effects of attentionalcapture (or distraction)for the
auditory modality have not been as well defined as those
for the visual modality. Effects of attention capturing on
task performance by irrelevant sound changes have been
shown (for a review, see Escera, Alho, Schröger, & Win-
kler, 2000) to be similar to those in the visual modality.
This has been demonstrated behaviorally, by the prolon-
gation of response times (RTs) to target tones that also
contain sound changes on an irrelevant dimension and by
the presence of an involuntary orienting response evoked
by irrelevant sound changes, when the primary task was
either visual (e.g., Alho, Escera, Diaz, Yago, & Serra,
1997) or auditory (e.g., Schröger & Wolff, 1998b). How-
ever, top-down effects on attentional capture, such as the
ability to filter out irrelevant sound changes occurring in
an irrelevant sound dimension, have not been explored.

Previous studies have examined the effects of attention
switching only to infrequent irrelevant sound changes that
occurred randomly within a sound sequence (i.e., they
could not be predicted on any given trial). It is not known,
therefore, whether the observed effects of attention
switching invoked by the feature change occurs automat-
ically for every irrelevant sound change, whether or not
the stimulus dimension is relevant or irrelevant (i.e., is an
involuntaryresponse to environmentalchange),or whether,
in the auditory modality, attention switching occurs only
for randomly occurring irrelevant changes (i.e., because
they are unexpected).

In the present study, we hypothesized that attention
switching occurs involuntarily because the event is unex-
pected and, therefore, further evaluation of the acoustic
environment is required. If every irrelevant change were
predictable, further evaluation would not be necessary.
Therefore, by simultaneously measuring behavioral and
electrophysiologicalindicesof distraction,we testedwhether
top-down processes can control the involuntary orienting
of attention to irrelevant sound changes and, in so doing,
eliminate cost of performance of the main task.

Behaviorally, orienting to irrelevant events has been ob-
served as a slowing down of performance in a primary
task (e.g., as an increase of the RT to targets by about
40 msec). The cost in performance on the primary task, at-
tributable to the momentary shift of attention away from
the primary task (Theeuwes, 1992) or to the cost of filter-
ing out the irrelevant sensory information (Folk & Rem-
ington, 1998), has been called a distraction effect (e.g.,
Schröger & Wolff, 1998b; Theeuwes, 1992).

Event-related brain potentials (ERPs) have been used
extensively to index the cognitive processes initiated by
sound change. ERPs provide high temporal resolution, in

the order of milliseconds, allowing us to examine the pro-
gression of neural responses to an auditory stimulus.
When the stimulus-drivendetectionof a sound change ini-
tiates an attention switch to an acoustic event and a sub-
sequent reorienting to the main task, a series of cognitive
processes can be observed in the succession of the associ-
ated brain components: mismatch negativity (MMN),
P3a, and reorienting negativity (RON), respectively. The
association of the processes with the brain components is
described below.

MMN
Stimulus-driven sound change detection is reflected by

the MMN component. The change detection process un-
derlyingMMN generation uses the sensory representation
of the acoustic regularities extracted from the sound se-
quence. Sounds that do not match with the neural trace of
these regularities elicit MMN (occurring about 150 msec
from stimulus onset), whether or not attention is focused
on the sounds (for reviews, see Näätänen & Winkler, 1999;
Picton, Alain, Otten, Ritter, & Achim, 2000). Infrequent
sound changes occurring in any stimulus dimension, ei-
ther task-relevantor task-irrelevant,elicitMMN. The MMN
response, with the main generators in the auditory cortex
(Csépe, Karmos, & Molnar, 1987; Giard, Perrin, Pernier,
& Bouchet,1990;Halgren et al., 1995;Javitt,Steinschneider,
Schroeder, & Arezzo, 1996;Kropotov et al., 1995;Sams &
Hari, 1991; Scherg, Vajsar, & Picton, 1989), may be fol-
lowed by frontal activation (Opitz, Rinne, Mecklinger, von
Cramon, & Schröger, 2002;Rinne, Alho, Ilmoniemi, Virta-
nen, & Näätänen, 2000), possibly providing a link to the
generators of the subsequent sequence of brain responses
associated with auditory distraction (P3a and RON).

P300
Involuntary attention switching to sounds elicits the

P3a component (or novelty P3 ), which follows the MMN
in time, occurring around 270 msec from stimulus onset
(see Friedman, Cycowicz, & Gaeta, 2001, for a review).
P3a is elicited by infrequent or novel sounds presented
within a sequence of frequently occurring sounds (e.g.,
the auditory 90%–10% auditory oddball paradigm) or by
a sound occurring after a long silence. As with MMN, P3a
can be elicited by deviations in a sound sequence even
when attention is not focused on the sounds. However, an
important distinction is that the P3a component is thought
to reflect the action of attention switching, whereas the
MMN is thought to reflect the detection of the deviance
(for reviews, see Escera et al., 2000;Friedman et al., 2001;
Knight & Scabini, 1998; Woods, 1990). The P3b compo-
nent (or target P3; Sutton, Braren, Zubin, & John, 1965)
is also elicited by infrequent stimuli; however, unlike P3a,
the stimulus must be task relevant for P3b to be evoked.
P3b is generally associatedwith contextupdating(Donchin
& Coles, 1988) and usuallyhas a more posterior scalp dis-
tribution than does P3a. The amplitude of P3b can reflect
the amount of information extracted from the rare stimu-
lus event. The more information extracted, the larger the
P3. Some distinguish the P3 elicited by novels (P3a) from
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the P3 elicited by targets (P3b; Courchesne, Hillyard, &
Galambos, 1975;N. K. Squires, K. C. Squires, & Hillyard,
1975), whereas others consider them aspects of the same
P300 component (Spencer, Dien, & Donchin, 1999).

RON
Turning attention back to the primary task after it has

been oriented away is indexed by a later negative deflec-
tion (occurring around 500 msec from stimulus onset)
termed RON (Ahveninen et al., 2000; Berti & Schröger,
2001; Escera, Yago, & Alho, 2001; Schröger, Giard, &
Wolff, 2000; Schröger & Wolff, 1998a). RON is elicited
only by task-irrelevant sound changes, following P3a in
time. It is thought to reflect reorienting back to task-
relevant information. The generators of P3a and RON are
partly located in prefrontal areas of the cortex (Schröger
et al., 2000), which is consistentwith the putative function
of these components in the control of attention (e.g.,
Knight, 1991). The antero-dorsal prefrontal cortex, for ex-
ample, has been implicated in the shifting of attention be-
tween different perceptual dimensions of visual objects
(color and shape; Nagahama et al., 2001).

We presented pairs of visual and auditory stimuli (see
Figure 1) in two conditions(predictable and unpredictable)
in order to test the hypothesis that predictable sound
changes can avert attention switching. In both conditions,
the subjects’ task was to determine the length of the tone
on each trial, by pressing a response key to the longer du-
ration tones. Occasionally, the pitch of a tone, which was
irrelevant for the task (and the subjects were instructed to
ignore the pitch changes), was different from the rest of
the tones. In the predictable condition, the visual stimuli
indicated the pitch of the tones. In the unpredictable con-
dition, the visual stimuli were randomly paired with the
auditory stimuli and were not associated with the pitch of
the tones. Only in the predictable condition were the sub-
jects informed by the visual stimulus about the pitch of
the tone prior to its onset and so were able to use this in-
formation to ignore the upcoming irrelevant change and,
thus, focus only on the duration of the tone. The visual
stimuli did not predict the duration of the tone in either
condition. If the distraction effect can be reduced or elim-
inated by foreknowledge of the occurrence of an irrele-
vant acoustic change, only in the unpredictable condition

shouldwe see signsof distraction:increasedRTs to deviant-
pitched tones, as well as the brain responses associated
with attention switching (P3a) and reorienting back to the
main task (RON).

METHOD

Subjects
Nine right- and 2 left-handed healthy adults (8 females and 3 males,

ranging in age from 20.4 to 44.2 years; mean age, 30.8 years, SD 5
8.1) were paid for their participation. The data from 2 subjects were
excluded from the analysis due to behavioral performance that was
below 50% correct responses in one or both of the experimental con-
ditions. The study was conducted at the Albert Einstein College of
Medicine.

Stimuli and Procedure
The subjects were seated in a comfortable chair 1.3 m from a

video monitor in a sound-attenuated recording cabin. Fifty percent
of the tones were 100 msec in duration, and 50% were 200 msec in
duration. The subjects were instructed to fixate at a white cross in
the center of the screen and to press a response key to the longer
tones. Of the tones, 87.5% were 440 Hz (standards), and 12.5% were
494 Hz (deviants), randomized across all of the tones. Visual stim-
uli were colored squares (100-msec duration) and were matched for
luminance. Red squares appearing 3 cm below the fixation cross were
presented on 87.5% of the trials, and green squares appearing 3 cm
above the fixation cross on were presented 12.5% of the trials. Vi-
sual and auditory stimuli were presented in pairs, with 350 msec be-
tween the onsets of the visual and the auditory stimuli. The interpair
interval between the visual and auditory stimulus pairs was 750 msec
(offset to onset). The order of the visual stimuli was randomized in
both conditions. In the unpredictable condition, the visual stimulus
only provided information that a tone would follow and was not as-
sociated with the pitch of the tone. The subjects were so informed
and were instructed to ignore the pitch in performing the duration
discrimination task. In the predictable condition, red squares were
paired with the low-pitched tones, and green squares were paired
with the high-pitched tones. Thus, the visual stimulus provided two
cues: It informed the subject that a tone would follow, and it in-
formed the subject about the pitch of the tone. Even though infor-
mation about the pitch of the tone in itself was irrelevant to the task,
the subjects were instructed to use this information so as to better ig-
nore the pitch of the tones to maximize their performance in the du-
ration discrimination task.

Two thousand four hundred visual–auditory stimulus pairs were
presented (1,200 pairs per condition), in separately randomized runs
of 400 pairs each (three runs per condition). For each condition,
there were 600 trials (i.e., long tones); 75 of these trials also had a
deviant pitch. The testing session lasted about 2 h, which consisted

Figure 1. Stimulus paradigm: Schematic illustration showing the timing and presentation of the visual (V) and auditory
(A) stimulus pairs.
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of 1 h of recording time and one long (,15 min) and two short
(,5 min) breaks, plus the application and removal of electrodes.

EEG Recording and Data Analysis
Electroencephalographic (EEG) recordings were measured from

the following scalp locations: F3, F4, C3, C4, P3, P4, O1, O2 (ac-
cording to the 10–20 system), and the left and right mastoids (LM
and RM, respectively). Horizontal eye movements were measured
by recording the electrooculogram (EOG) between F7 and F8. Ver-
tical EOG and eye movements were monitored between FP1 and an
external electrode placed below the left eye. The common reference
electrode was attached to the tip of the nose. The EEG was digitized
at a 250-Hz rate (0.05–100 Hz) and then filtered off line (1–30 Hz).
The epochs used for averaging were 1,300 msec long, starting
100 msec before the onset of the visual stimulus and ending
1,200 msec after. Thus, the epoch included the ERP response to the
visual–auditory stimulus pair without overlap between pairs (see
Figure 1). Epochs exceeding 6100 mV at any recording channel
were rejected from subsequent processing, to remove trials that
might be contaminated by an artifact of noncortical origin. Epochs
were rejected from subsequent processing if the peak-to-peak signal
exceeded 6100 mV at any electrode.

For each subject, the remaining epochs (there was a 10% rejection
rate on the basis of the above criterion) were averaged separately by
auditory stimulus type (standard pitch vs. deviant pitch). The ERP
components (MMN, P3a, and RON) elicited by infrequent pitch
changes were estimated separately for each condition by subtracting
the ERP response to the visual–auditory stimulus pairs that included
the standard-pitched tone from the ERP response to the pairs that in-
cluded the deviant-pitched tone. In the predictable condition, the
standard- and the deviant-pitched tones were matched with the fre-
quent and the infrequent visual cues (respectively) so that the dif-
ferences between the ERP responses evoked by the frequent versus
the infrequent visual stimuli could also be displayed. However, in
the unpredictable condition, the visual responses to the frequent and
the infrequent stimuli could not be seen, because the auditory stim-
ulus type was not matched with the visual stimulus type. Therefore,
to display the visually evoked responses associated with the visual
stimulus types for the unpredictable condition, the ERPs of this con-
dition were separately averaged according to the stimulus type of the
visual stimuli.

The mean amplitude in the 100-msec prestimulus period was sub-
tracted from each point of the averaged ERP responses. This pre-
stimulus period served as the reference (biological zero), relative to
which the stimulus-elicited electrical responses were measured.

To measure the mean amplitude of the ERP components, a 50-
msec window was used to obtain good signal-to-noise ratio, centered
on the grand average of the deviant-minus-standard peak and deter-
mined for each component separately. The ERP responses in the un-
predictable condition, in which all four ERP components were pres-
ent (i.e., MMN, P3a, RON, and the visual P3b), were used to obtain
the peak measurements. In this way, the mean amplitudes were mea-
sured using the following intervals for both (predictable and unpre-
dictable) conditions. MMN was measured using the mean frontal
amplitude in the 469- to 519-msec interval, relative to the onset of
the visual stimulus (130 msec from tone onset); P3a was measured
using the mean frontal amplitude in the 631- to 681-msec interval
(297 msec from tone onset); RON was measured using the mean
frontal amplitude in the 758- to 808-msec interval (435 msec from
tone onset); and the visual-evoked P3b was measured using the
mean parietal amplitude in the 332- to 382-msec interval (relative to
the onset of the visual stimulus).

Behavioral responses were considered correct if a response was
recorded between 200 and 1,100 msec from the onset of the target
tone. Repeated measures analyses of variance (ANOVAs) and one-
sample t tests were used for statistical testing. Greenhouse–Geisser
corrections were reported when applicable. Alpha was set at .05.

RESULTS

Behavioral Results
The subjects responded correctly to the longer duration

tones on 84% (SE 5 7.5%) of the deviant-pitched and
90% (SE 5 4.7%) of the standard-pitched trials in the un-
predictable condition and on 95% (SE 5 1.9%) of the
deviant-pitched and 95% (SE 5 2.4%) of the standard-
pitched trials in the predictable condition.

The difference in RTs to the standard-pitched tones in
the predictable versus unpredictable conditions was not
significant [448 vs. 474 msec; t(8) 5 1.0, p 5 .33]. This
may be expected, because in both conditions, the visual
stimuli informed the subjects that a tone was about to
occur. In contrast, there was a significantdifference in the
RTs to deviant-pitched tones in the predictable versus un-
predictableconditions.A distractioneffect was observed in
the unpredictable condition, in which no information
about irrelevant pitch changes was provided by the visual
stimuli. The subjects’ RTs were significantly longer to the
irrelevant deviant-pitched than to the standard-pitched
tones (532 vs. 474 msec) in the unpredictable condition,
whereas there was no significant difference in RTs be-
tween the irrelevant deviant-and standard-pitched tones in
the predictablecondition (461 vs. 448 msec). This was re-
vealed by a significant interaction between stimulus type
and condition [F(1,8) 5 15.15, p , .0046]. Furthermore,
the mean RT difference between the deviant and the stan-
dards was significantlysmaller for the predictable than for
the unpredictable condition [13 vs. 58 msec; t (8) 5 3.9,
p , .001; see Figure 2).

ERP Results
The ERP responses elicited by the visual–auditory stim-

ulus pairs were averaged according to the irrelevant pitch
dimension of the sounds (standard and deviant pitches;
Figure 3, top panel). Difference waveforms were obtained
by subtracting the ERPs elicited by the standard-pitched
tones from the ERPs elicited by the infrequent deviant-
pitchedtones.These differencewaveforms illustrate the ERP
componentselicitedin the unpredictableand the predictable
conditions (Figure 3, bottom panel). MMNs, peaking at
130 msec from tone onset, were present in both conditions
[t (8) 5 7.5, p , .001, and t (8) 5 5.0, p 5 0.001, respec-
tively] and did not differ in amplitude between the two
conditions [t (8) 5 1.3, p , .23]. A prominent P3a, peak-
ing 297 msec from tone onset, followed by RON, peaking
435 msec from tone onset, can be observed for the unpre-
dictable condition, but not for the predictable condition
(see Figure 3). One-sample t tests show that the ERP com-
ponents P3a and RON were present in the unpredictable
condition[P3a, t(8) 5 5.0,p , .001;RON, t(8) 5 3.4, p 5
.009] and were absent in the predictable condition, where
the ERP activity was not significantly different from zero
[P3a, t(8) , 1, p 5 .88; RON, t(8) , 1, p 5 .84]. The ERP
components shown in Figure 3 (bottom panel) demon-
strate the temporal sequence of cognitive brain processes
elicited by unexpected irrelevant sound events.
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In both conditions, the deviant visual stimuli occurred
unpredictably, eliciting a positive waveform peaking at
357 msec from the onset of the visual stimulus [unpre-
dictable, t (8) 5 4.7, p , .001; predictable, t (8) 5 6.4, p ,
.001]. Both the latency and the scalp topography of this
positive waveform were consistent with that of the P3b
component (larger at parietal scalp sites), which is not di-
rectly associated with attentional control (Donchin &
Coles, 1988;Knight& Scabini, 1998). Rare attended stim-
uli elicit the P3b component, as was the case for the pres-
ent visual “deviants” (K. C. Squires, Donchin,Herning, &
McCarthy, 1977). The visual-evoked P3b appears in Fig-
ure 3 for the predictable condition only because the ERPs
evoked by the stimulus pairs were averaged according to
the pitch of the sounds. In the predictable condition, the
visual–auditory pairs were matched by stimulus type:
Deviant-pitched sounds were preceded by visual “de-
viants,” and standard-pitchedsounds were preceded by vi-
sual “standards.” In the unpredictablecondition,the visual–
auditory pairs were not matched by stimulus type: deviant-
pitched sounds were preceded by both visual standards
and deviants, as were standard-pitched sounds.

Figure 4 displays the visual P3b for both conditions.By
separately averaging the ERPs according to the visual
stimulus type for the unpredictablecondition,we show the
visual P3b for the unpredictablecondition.The amplitude
of the P3b elicited by the visual deviants in the predictable
condition is larger than the P3b elicited by the visual de-
viants in the unpredictablecondition.Figure 4 also shows
that the visual responses did not overlap with the auditory

responses, since there was no difference in the exogenous
auditory response following the visual deviants.

DISCUSSION

We provide behavioral and electrophysiological evi-
dence that predictabilityof irrelevant sound changes elim-
inates the distractioneffect. When irrelevant pitch changes
occurred unpredictably, all expected signs of the distrac-
tion effect were observed: prolonged RT to targets on
deviant-pitched,as compared with standard-pitched, trials
and elicitationof the ERP componentsP3a and RON. These
results, for the unpredictablecondition,are consistent with
previous studies in which auditory distraction effects have
been investigated(e.g., Schröger & Wolff, 1998a, 1998b).

In contrast, when the subjects could predict the occur-
rence of the irrelevant pitch changes (using visual cues), no
sign of distraction could be observed. The subjects’ use of
the visual cue maximized performance on the primary task
in the predictable condition,avoidingthe adverse effects of
the irrelevant sound change on detecting the targets. More-
over, the ERP correlates of distraction were not elicited.
These results demonstrate that voluntary processes influ-
ence the effects of sound changes on orienting of attention.

These results for auditory processing are most compat-
ible with Yantis and Jonides (1990), who showed (Experi-
ment 3) that only when attention was highly focused in ad-
vanceof the target (i.e., visual cues had predictivevalidities
occurring at a fixed temporal interval)were the abrupt on-
sets resistant to attentional capture. That is, only when the
distractorsoccurred with 100% predictivevalidity to a cued
location (as in the predictable condition of the present ex-
periment, in which the auditory distractors were preceded
by 100% valid cues) could involuntaryattention switching
be abated. When cues were not predictive, abrupt onsets
capturedattention(as was shown for the unpredictablecon-
dition in the present experiment). Although pitch changes
do not in and of themselves capture attention (MMN can
be elicited without P3a), when attention is focused on the
sounds to perform a task with them, it is possible that
changes in an irrelevant dimension (e.g., pitch changes)
act as abruptonsets in the current auditoryscene.The results
of the present study are consistent with top-down control
over stimulus-driven switching of attention.

MMNs of similar amplitude and latency were elicited
by the infrequent pitch changes in both the predictableand
the unpredictableconditions, showing that the small pitch
changes were detected even though they were irrelevant
for the task. Furthermore, it reveals that the detection
process reflected by MMN was unaffected by the sub-
jects’ conscious expectations. This result is consistent
with those obtained in studies that show that higher level
cognitive processes related to expectancy or conscious
predictionof auditoryeventsdo not play a role in the MMN-
generating process (Rinne, Antila, & Winkler, 2001; Rit-
ter, Sussman, Deacon, Cowan, & Vaughan, 1999). In the
present study, within the process of involuntary orienting
to irrelevant sounds, the stage reflecting the stimulus-

Figure 2. Mean reaction time (RT) difference. The mean RT to
the deviant-pitched tones minus the mean RT to the standard-
pitched tones is shown for the predictable and the unpredictable
conditions. An error bar displays the standard error of the mean.
The RTs for the deviant-pitched targets were significantly longer
than those for the standard-pitched targets in the unpredictable
condition but were not significantly different in the predictable
condition.
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driven detection of the deviant event was not affected by
predictability, but the stage of attention switching was.

The amplitude of the P3b component elicited by the in-
frequent visual stimuli in the predictable condition was
larger than the amplitude of the P3b elicited by the infre-
quent visual stimuli in the unpredictable condition. This
amplitude difference resulted because of a difference in
the processing of the visual cues themselves. In the un-
predictable condition, the rare visual stimuli made avail-
able less information than they did in the predictable con-
dition. In the predictable condition, the rare visual stimuli
provided two pieces of information: They indicated that a
tone was about to occur, and they denoted the pitch of the
tone. In the unpredictable condition, the rare visual stim-
uli informed the subjects only that a tone was forthcom-
ing. Therefore, the relevance of the rare visual stimulus
events for accurately performing the task was larger in the
predictable condition. P3 amplitude is positively affected
by the subjective stimulus relevance (or utility) of rare
events (Coles, Smid, Scheffers, & Otten, 1995; Duncan-

Johnson & Donchin, 1977; Gratton et al., 1990; Johnson
& Donchin, 1978). This difference at the level of visual
processing, reflected in the amplitude of the P3b, did not
overlap with auditory processing, since no difference in
the exogenous auditory response (N1 component) could
be observed between these two conditions.

The results demonstrate how a complex series of
processes can be delineated by ERPs. The ERP responses
observed in the present study reflect a series of cognitive
events triggered by the occurrence of a task-irrelevant
sound change, each associated with a different step in the
distraction effect. The automatic change detection system
remained responsive (i.e., MMN was elicited) whether or
not the change was expected. However, not every sound
change (detected by the automatic system) causes a switch
of attention: MMN can be elicited by unattended and un-
predictable sound changes without an ensuing P3a (Lyyti-
nen, Blomberg, & Näätänen, 1992). This suggests that
P3a and RON are not automatic consequences of any
unpredictable stimulus event but are probably evoked

Figure 3. Grand-averaged electrical brain responses elicited at frontal (F3 and F4) and central (C3 and C4) scalp locations are shown,
averaged according to the pitch of the tones (see the Method section for a detailed description): the event-related brain potentials (ERPs)
elicited by the deviant-pitched (solid lines) and the standard-pitched (stippled lines) tones for the predictable (top right panel) and the
unpredictable (top left panel) conditions. Difference waveforms obtained by subtracting the brain responses elicited by the
standard-pitched tones from the brain responses elicited by the deviant-pitched tones for the predictable (stippled lines) and the un-
predictable (solid lines) conditions are displayed in the bottom panel. Arrows point to the mismatched negativity, which was elicited in
both conditions, and to the P3a and reorienting negativity ERP components, which were elicited only in the unpredictable condition.
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when the change signal exceeds some variable threshold
(Schröger, 1997) that depends both on the amount of
change (e.g., novel stimuli cause a larger change signal;
Näätänen, 1992) and on whether the irrelevant changes
occur in an attended or an unattended modality (see Es-
cera et al., 2000). It is possible that the top-down control
over task-irrelevant change detection, which was demon-
strated in the present study, acts by temporarily raising the
threshold of attention switching. Furthermore, P3a can
occur without RON (e.g., when all of the auditory stimuli
are irrelevant to the task; Escera, Alho, Winkler, & Näätä-
nen, 1998). RON follows P3a when the eliciting stimulus
itself is relevant to the task, although the distracting di-
mension of the stimulus is irrelevant. It appears that these
ERP components reflect separate processes, which do not
automatically follow each other, and thus allow us to iden-
tify the time course of a series of cognitive events within
the processing of task-irrelevant acoustic deviance.

Unexpected or sudden sound changes distract us. The
present results show that determining the relevance of a
sound prior to its occurrence can suppress the involuntary
orienting of attention, which could conserve attentional
resources for the task of relevance to the organism. The
results provide evidence of top-down influence on behav-
ioral and electrophysiological responses associated with
orienting and reorienting of attention.

REFERENCES

Ahveninen, J., Jääskeläinen, I. P., Pekkonen, E., Hallberg, A.,

Hietanen, M., Näätänen, R., Schröger, E., & Sillanaukee, P.

(2000). Increased distractibility by task-irrelevant sound changes in
abstinent alcoholics. Alcoholism: Clinical & Experimental Research,
24, 1850-1854.

Alho, K., Escera, C., Diaz, R., Yago, E., & Serra, J. M. (1997). Ef-
fects of involuntaryauditory attention on visual task performance and
brain activity. NeuroReport, 8, 3233-3237.

Berti, S., & Schröger, E. (2001). A comparison of auditory and visual
distraction effects: Behavioral and event-related indices. Cognitive
Brain Research, 11, 265-273.

Coles, M. G. H., Smid, M., Scheffers, M. K., & Otten, L. J. (1995).
Mental chronometry and the study of human information processing.
In M. D. Rugg & M. G. H. Coles (Eds.), Electrophysiology of mind:
Event-related brain potentialsand cognition (pp. 86-131).New York:
Oxford University Press.

Courchesne, E., Hillyard, S. A., & Galambos, R. (1975). Stimulus
novelty, task relevance, and the visual evoked potential in man. Elec-
troencephalography& Clinical Neurophysiology, 39, 131-143.

Csépe, V., Karmos, G., & Molnar, M. (1987). Evoked potential corre-
lates of stimulus deviance during wakefulness and sleep in cat–animal
model of mismatch negativity. Electroencephalography in Clinical
Neurophysiology, 66, 571-578.

Donchin, E., & Coles, M. (1988). Is the P300 component a manifesta-
tion of context updating? Behavioral & Brain Sciences, 11, 357-374.

Driver,J., & Baylis, G. C. (1991). Target–distractor separation and fea-
ture integration in visual attention to letters. Acta Psychologica, 76,
101-119.

Duncan-Johnson, C. C., & Donchin, E. (1977). On quantifying sur-
prise: The variation of event-related potentials with subjective proba-
bility. Psychophysiology, 14, 456-467.

Escera, C., Alho, K., Schröger, E., & Winkler, I. (2000). Involun-
tary attention and distractibility as evaluated with event-related brain
potentials. Audiology& Neuro-Otology, 5, 151-166.

Escera,C., Alho,K., Winkler,I., & Näätänen,R. (1998).Neural mech-
anisms of involuntary attention switching to novelty and change in the
acoustic environment.Journalof CognitiveNeuroscience, 10, 590-604.

Escera, C., Yago, E., & Alho, K. (2001). Electrical responses reveal
the temporal dynamics of brain events during involuntary attention
switching. European Journal of Neuroscience, 14, 877-883.

Folk,C. L., & Remington,R. W. (1996).When knowledgedoesn’t help:
Limitations on the flexibility of attentional control. In A. F. Kramer,
M. G. H. Coles, & G. D. Logan (Eds.), Converging operations in the
study of visual selective attention (pp. 271-295). Washington, DC:
American Psychological Association.

Figure 4. Visually evoked P3. The visually evoked response to the in-
frequent visual stimuli for the predictable (solid line) and the unpre-
dictable (dotted line) conditions are shown, followed by the exogenous
auditory response (N1) to the following tone.



TOP-DOWN CONTROL OVER INVOLUNTARY ATTENTION 637

Folk, C. L., & Remington, R. W. (1998). Selectivity in distraction by
irrelevant featural singletons: Evidence for two forms of attentional
capture. Journal of Experimental Psychology: Human Perception &
Performance, 24, 847-858.

Folk, C. L., Remington, R. W., & Johnston, J. C. (1992). Involuntary
covert orienting is contingent on attentional control settings. Journal
of Experimental Psychology: Human Perception & Performance, 18,
1030-1044.

Friedman, D., Cycowicz, Y. M., & Gaeta, H. (2001). The novelty P3:
An event-related brain potential (ERP) sign of the brain’s evaluation
of novelty. Neuroscience & Biobehavioral Reviews, 25, 355-373.

Giard,M. H., Perrin,F., Pernier,J., & Bouchet, P. (1990). Brain gen-
erators implicated in processing of auditory stimulus deviance: A topo-
graphic event-related potential study.Psychophysiology, 27, 627-640.

Gratton, G., Bosco, C. M., Kramer, A. F., Coles, M. G. H., Wick-

ens, C. D., & Donchin, E. (1990). Event-related brain potentials as
indices of information extraction and response priming. Electroen-
cephalography& Clinical Neurophysiology, 75, 419-432.

Halgren, E., Baudena, P., Clarke, J. M., Heit, G., Liegeois, C.,

Chauvel,P.,& Musolino,A. (1995).Electroencephalography& Clin-
ical Neurophysiology, 94, 191-220.

Javitt, D. C., Steinschneider,M., Schroeder,C. E., & Arezzo,J. C.

(1996). Detection of stimulus deviance within primate primary audi-
tory cortex: Intracranial mechanisms of mismatch negativity (MMN)
generation. Brain Research, 667, 192-200.

Johnson, R., Jr., & Donchin,E. (1978). On how P300 amplitude varies
with the utility of the eliciting stimuli. Electroencephalography &
Clinical Neurophysiology, 44, 424-437.

Jonides, J., & Yantis, S. (1988). Uniqueness of abrupt visual onset in
capturing attention. Perception & Psychophysics, 43, 346-354.

Knight, R. T. (1991). Evoked potential studies of attention capacity in
human frontal lobe lesions. In H. S. Levin, H. M. Eisenberg, &
A. L. Benton (Eds.), Frontal lobe function and dysfunction (pp. 139-
153). New York: Oxford University Press.

Knight, R. T., & Scabini, D. (1998). Anatomic bases of event-related
potentials and their relationship to novelty detection in humans. Jour-
nal of Clinical Neurophysiology, 15, 3-13.

Kramer, A. F., & Jacobson, A. (1991). Perceptual organization and fo-
cused attention: The role of objects and proximity in visual process-
ing. Perception & Psychophysics, 50, 267-284.

Kropotov, J. D., Näätänen, R., Sevostianov, A. V., Alho, K.,

Reinkainen, K., & Kropotova, O. V. (1995). Mismatch negativity
to auditory stimulus change recorded directly from the human tem-
poral cortex. Psychophysiology, 32, 418-422.

Lyytinen, H., Blomberg, A. P., & Näätänen, R. (1992). Event-
related potentials and autonomic responses to a change in unattended
auditory stimuli. Psychophysiology, 29, 523-534.

Müller, H. J., & Rabbitt, P. M. A. (1989). Reflexive and voluntary
orienting of visual attention: Time course of activation and resistance.
Journal of Experimental Psychology: Human Perception & Perfor-
mance, 15, 315-330.

Näätänen,R. (1992).Attentionandbrain function. Hillsdale,NJ: Erlbaum.
Näätänen, R., & Winkler, I. (1999). The concept of auditory stimu-

lus representation in cognitive neuroscience. Psychological Bulletin,
6, 826-859.

Nagahama, Y., Okada, T., Katsumi, Y., Hayashi, T., Yamauchi, H.,

Oyanagi, C., Konishi, J., Fukuyama, H., & Shibasaki, H. (2001).
Dissociable mechanisms of attentional controlwithin human prefrontal
cortex. Cerebral Cortex, 11, 85-92.

Opitz, B., Rinne, T., Mecklinger, A., von Cramon, D. Y., &

Schröger, E. (2002). Differential contribution of frontal and tempo-
ral cortices to auditorychangedetection: fMRI and ERP results. Neuro-
Image, 15, 165-174.

Picton,T. W.,Alain,C.,Otten, L.,Ritter,W.,& Achim,A. (2000).Mis-
match negativity: Different water in the same river. Audiology &
Neuro-Otology, 5, 111-139.

Remington, R. W., Folk, C. L., & McLean, J. P. (2001). Contingent
attentional capture or delayed allocation of attention? Perception &
Psychophysics, 63, 298-307.

Remington, R. W., Johnston, J. C., & Yantis, S. (1992). Involuntary
attentional capture by abrupt onsets. Perception & Psychophysics, 51,
279-290.

Rinne, T., Alho, K., Ilmoniemi, R. J., Virtanen, J., & Näätänen, R.

(2000). Separate time behaviors of the temporal and frontal MMN
sources. NeuroImage, 12, 14-19.

Rinne, T., Antila, S., & Winkler, I. (2001). MMN is unaffected by
top-down predictive information. NeuroReport, 12, 2209-2213.

Ritter, W.,Sussman, E., Deacon,D.,Cowan, N.,& Vaughan,H. G., Jr.

(1999). Two cognitive systems simultaneously prepared for opposite
events. Psychophysiology, 36, 835-838.

Sams, M., & Hari, R. (1991). Magnetoencephalography in the study of
human auditory information processing. In R. A. Zapulla et al. (Eds.),
Windows on the brain:Neuropsychology’s technical frontiers (Annals
of the New York Academy of Sciences, Vol. 620, pp. 102-117). New
York: New York Academy of Sciences.

Scherg,M., Vajsar, J., & Picton, T. W. (l989). A source analysis of the
late human auditory evoked potentials. Journal of Cognitive Neuro-
science, 1, 336-355.

Schröger, E. (1997). On the detection of auditory deviations: A pre-
attentive activation model. Psychophysiology, 34, 245-257.

Schröger, E., Giard, M.-H., & Wolff, C. (2000). Auditory distrac-
tion: Event-related potential and behavioral indices. Clinical Neuro-
physiology, 111, 1450-1460.

Schröger, E., & Wolff, C. (1998a). Attentional orienting and reori-
enting is indicated by human event-related brain potentials. Neuro-
Report, 9, 3355-3358.

Schröger, E., & Wolff, C. (1998b). Behavioral and electrophysiolog-
ical effects of task-irrelevant sound change: A new distraction para-
digm. Cognitive Brain Research, 7, 71-87.

Spencer, K. M., Dien, J., & Donchin, E. (1999). A componential
analysis of the ERP elicited by novel events using a dense electrode
array. Psychophysiology, 36, 409-414.

Squires,K. C., Donchin, E., Herning, R. I., & McCarthy,G. (1977).
On the influence of task relevance and stimulus probability on event-
related potential components. Electroencephalography & Clinical
Neurophysiology, 42, 1-14.

Squires, N. K., Squires, K. C., & Hillyard, S. A. (1975). Two vari-
eties of long-latencypositivewaves evoked by unpredictable auditory
stimuli in man. Electroencephalography& Clinical Neurophysiology,
38, 387-410.

Sutton, S., Braren, M., Zubin, J., & John, E. R. (1965). Evoked po-
tential correlates of stimulus uncertainty. Science, 150, 1187-1188.

Theeuwes, J. (1991).Cross-dimensional perceptual selectivity. Percep-
tion & Psychophysics, 50, 184-193.

Theeuwes, J. (1992). Perceptual selectivity for color and form. Percep-
tion & Psychophysics, 51, 599-606.

Theeuwes, J. (1994). Stimulus-driven capture and attentional set:
Selective search for color and visual abrupt onsets. Journal of Exper-
imental Psychology: Human Perception & Performance, 20, 799-806.

Theeuwes, J., & Berger, R. (1998). Attentional control during visual
search: The effect of irrelevant singletons. Journal of Experimental
Psychology: Human Perception & Performance, 24, 1342-1353.

Treisman, A. M., & Gelade,G. (1980).A feature integration theory of at-
tention. Cognitive Psychology, 12, 97-136.

Woods, D. L. (1990). The physiologicalbasis of selective attention: Impli-
cations of event-related potential studies. In J. W. Rohrbaugh, R. Para-
suranam, & R. Johnson,Jr. (Eds.), Event-related potentials:Basic issues
and applications (pp. 178-209). New York: Oxford University Press.

Yantis, S. (1993). Stimulus-driven attentional capture and attentional
control settings. Journal of Experimental Psychology: Human Per-
ception & Performance, 19, 676-681.

Yantis, S., & Egeth, H. E. (1999). On the distinction between salience
and stimulus-driven attentional capture. Journalof Experimental Psy-
chology: Human Perception & Performance, 25, 661-676.

Yantis, S., & Jonides, J. (1984). Abrupt visual onsets and selective at-
tention: Evidence from visual search. Journal of Experimental Psy-
chology: Human Perception & Performance, 10, 601-621.

Yantis, S., & Jonides, J. (1990). Abrupt visual onsets and selective at-
tention: Voluntary versus automatic allocation. Journal of Experi-
mental Psychology: Human Perception & Performance, 16, 121-134.

(Manuscript received August 23, 2001;
revision accepted for publication May 31, 2002.)




