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Abstract. It has been proposed that the functional role of the mismatch negativity (MMN) generating process is to issue a call for focal
attention toward any auditory change violating the preceding acoustic regularity. This paper reviews the evidence supporting such a
functional role and outlines a model of how the attentional system controls the flow of bottom-up auditory information with regard to
ongoing-task demands to organize goal-oriented behavior. Specifically, the data obtained in auditory-auditory and auditory-visual dis-
traction paradigms demonstrated that the unexpected occurrence of deviant auditory stimuli or novel sounds captures attention involun-
tarily, as they distract current task performance. These data indicate that such a process of distraction takes place in three successive stages
associated, respectively, to MMN, P3a/novelty-P3, and reorienting negativity (RON), and that the latter two are modulated by the demands
of the task at hand.
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Shortly after the discovery of the mismatch negativity
(MMN) phenomenon in 1978 by Näätänen and colleagues
(Näätänen, Gaillard, & Mäntysalo, 1978), as an event-relat-
ed brain potential (ERP) elicited to auditory stimuli devi-
ating from a repeating sound, Näätänen and Michie (1979)
proposed that the underlying generating process would be
implicated in issuing a call for focal attention upon the de-
tection of an unexpected auditory change in the acoustic
environment. This proposal was further elaborated in sub-
sequent theoretical papers (Näätänen, 1990, 1992), but had
to wait for about 20 years to find the appropriate empirical
support. A study by Erich Schröger which appeared in 1996
(Schröger, 1996), was the first to demonstrate that the oc-
currence of an MMN-eliciting tone, deviating in frequency
from the standard stimuli in the unattended channel of a
selective attention task, impoverished behavioral perfor-
mance to a subsequent target occurring in the attended
channel. Moreover, this effect was restricted to a short la-
tency window between the unattended deviant and the at-
tended target, i.e., 200 ms, but disappeared when this inter-
val was extended to 560 ms. Furthermore, the magnitude
of the effect was related to the magnitude of the deviant-
standard frequency difference, i.e., the behavioral cost was
larger for larger deviants. All in all, this pattern of results
strongly pointed out to a role of the MMN-generating pro-
cess in involuntary attention.

Two years later, Schröger and Wolff (1998a) and Esce-
ra and colleagues (Escera, Alho, Winkler, & Näätänen,
1998) published studies that, using different but related

experimental approaches, provided strong support for the
role of the MMN underlying process in involuntary atten-
tion. In their designs, subjects were instructed to classify
auditory (Schröger & Wolff, 1998a) or visual (Escera et
al., 1998) stimuli while ignoring concurrent, task-irrele-
vant auditory information. Systematically, the occurrence
of MMN-eliciting, stimulus changes in the task-irrelevant
auditory channel decreased hit rate and prolonged re-
sponse times in the auditory or visual classification task,
i.e., “distracted” current task performance. Moreover, this
“distracted” performance was accompanied by a pattern
of brain responses, later named the distraction potential
(DP) by Escera and Corral (2003), which included the
MMN, the P3a or novelty-P3 (depending of the type of
auditory distracter stimuli used), and a new ERP compo-
nent discovered by Schröger and Wolff (1998b) in this
context of behavioral distraction, named reorienting neg-
ativity (RON).

Subsequent studies using similar distraction paradigms
extended these findings and provided the building blocks
for a model of involuntary attention. The present review
extends our previous ones (Escera, Alho, Schröger, &
Winkler, 2000; Escera & Corral, 2003) and aims at sum-
marizing these involuntary attention studies, with an em-
phasis on those using the auditory-visual distraction para-
digm. We also aim at outlining a neurocognitive model on
how the attentional system controls the flow of bottom-up
auditory information in the context of the ongoing-task de-
mands to organize goal-oriented behavior.
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Auditory Distraction
In the auditory-auditory version of the distraction para-
digms, subjects are instructed to concentrate on a particular
dimension of the auditory stimuli, i.e., duration, while ig-
noring any other aspect of the auditory input, i.e., a task-ir-
relevant and rare change, say, in frequency. The sequence is
arranged so that, in random order, half of stimuli have a
particular duration, while the other half are longer; the sub-
ject is instructed to press the corresponding response button
according to stimulus duration. In a few of the trials, the

standard frequency is slightly increased or decreased, and
this task-irrelevant frequency change, which elicits a dis-
tinct MMN, yields also a behavioral cost in the duration
discrimination task: Subjects respond more slowly and
make more errors in these “deviant” trials (Schröger &
Wolff, 1998a,b; Schröger, Giard, & Wolff, 2000). Subse-
quent studies have shown that the magnitude of the distract-
ing effects was proportional to the frequency difference be-
tween the deviant and the standard tones (Berti, Roeber, &
Schröger, 2004; Jääskeläinen, Schröger, & Näätänen,
1999), as previously observed by Schröger (1996), and that

Figure 1. Behavioral examples of auditory distraction obtained with the auditory-visual distraction paradigm. Auditory
distraction is observed as an enlargement of response time (RT) in trials containing a distracting sound, i.e., a deviant tone
(DEV) or a novel sound (NOV), compared to RT in standard trials (STD). (a) Distraction caused by deviant tones and
novel sounds in healthy adults (adapted from Escera et al., 1998). (b) Distraction caused by novel sounds in children
(adapted from Gumenyuk et al., 2004). (c) Distraction caused by novel sounds in young and old adults: notice the larger
distraction in the older (adapted from Andrés et al., 2006). (d) Increased distraction in schizophrenic patients (adapted
from Cortiñas et al., submitted).
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similar behavioral and electrophysiological effects could be
elicited using intensity (Rinne, Särkkä, Degerman, Schrö-
ger, Alho, 2006), and location and duration deviances (Roe-
ber, Widmann, & Schröger, 2003). Moreover, the paradigm
provides reliable and replicable behavioral and electrophys-
iological results (Schröger et al., 2000), and it has proved
to be suitable to study involuntary attention in children
(Wetzel, Widmann, Berti, & Schröger, 2006; Wetzel &
Schröger, 2007a,b), and with a modified version using an-
imal sounds instead of pure tones, even in children as young
as 5 or 6 years of age (Wetzel, Berti, Widmann, & Schröger
, 2004).

In the auditory-visual version of the distraction para-
digm, subjects are instructed to classify visual stimuli into
two particular categories, as quickly and accurately as pos-
sible, and to ignore concomitant auditory stimuli, which are
presented one at a time preceding the visual stimulus, usu-
ally with a stimulus-onset asynchrony (SOA) of 300 ms,
onset-to-onset. These task-irrelevant sounds are manipulat-
ed conveniently, so that the “standard” stimulus (occurring

in 80% of the cases) is occasionally and randomly replaced
by a “distracter,” i.e., a stimulus slightly higher/lower (“de-
viant”) in frequency or by a unique environmental (“novel”)
sound (i.e., telephone ringing, a glass breaking, or the one
produced by a drilling device). In the original version of the
task, subjects were instructed to classify digits into odd and
even categories (Alho, Escera, Díaz, Yago, & Serra, 1997;
Escera et al., 1998; Escera, Yago, & Alho, 2001; Escera,
Corral, & Yago, 2002; Escera, Yago, Corral, Corbera, &
Nuñez, 2003; Jääskeläinen, Alho, Escera, Winkler, Silla-
naukee, & Näätänen, 1996; Yago, Escera, Alho, & Giard,
2001a; Yago, Escera, Alho, Giard, & Serra-Grabulosa,
2003), but in subsequent versions of the auditory-visual
distraction paradigm, the task was modified to classify dig-
its vs. letters (Polo, Escera, Yago, Alho, Gual, & Grau,
2003), or to decide whether the present digit was bigger or
smaller than 5 (SanMiguel, Escera, Erhard, Fehr, & Herr-
mann, in prep.).

The auditory-visual distraction paradigm was also tested
to work with tasks using more complex visual stimuli and

Figure 2. The distraction potential (DP). (a) Event-related brain potentials elicited to standard, deviant, and novel trials
during visual task performance while ignoring the auditory stimulation. (b) Subtraction waveforms (distracting, i.e., deviant
and novel, minus standard trials) revealing DP. The DP appears as a three-phasic waveform disclosing the contribution of
MMN, N1-enhancement, P3a/novelty-P3, and RON. Data in the figure are taken from Escera et al. (2001).
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decisions, such as classifying drawings into animate (ani-
mals) or inanimate (objects) categories (Gumenyuk, Kor-
zyukov, Alho, Escera, & Näätänen, 2004), or in deciding
whether the color of a figure (a face) was the same or dif-
ferent from that of its surrounding frame (Domínguez-Bor-
ràs, Trautmann, Fehr, Ehrard, & Herrmann, & Escera, sub-
mitted-a), or even whether two natural pictures presented
simultaneously were equal or different (Domínguez-Bor-
ràs, Garcia-Garcia, & Escera, submitted-b). In all the tasks
described thus far, the unexpected occurrence of a distract-
ing sound – either deviant or novel – preceding the visual
stimulus causes a delay in the subjects’ responses (Figure
1), “distracting” current task performance. This distraction
effect is larger in novel than in deviant trials (Escera et al.,
1998, 2001), and for meaningful than for nonmeaningful
novel sounds (Escera et al., 2003). As with the auditory-au-
ditory distraction paradigm, the distraction effects can be
also observed with tones deviating in other features than
frequency, such as tone duration or intensity (Escera et al.,
2002). In some studies, the response time increase in devi-
ant trials was accompanied by a hit rate decrease caused by
an error rate increase (Alho et al., 1997; Jääskeläinen et al.,
1996; Escera et al., 1998, 2001, 2002).

The auditory-visual distraction paradigm has been
shown to provide sizeable distracting effects in subjects
over 8 years of age (Gumenyuk et al., 2001, 2004), in
healthy elderly (Andrés, Parmentier, & Escera, 2006), and
also in a range of clinical populations, including ADHD
(Gumneyuk et al., 2005) and dyslectic (Corbera et al., in
prep.) children as well as closed-head-injured patients (Po-
lo, Newton, Rogers, Escera, & Butler, 2002), chronic alco-
holics (Polo et al., 2003), and schizophrenics (Cortiñas,
Corral, Garrido, Garolera, Pajares, & Escera, submitted).
Moreover, these clinical studies allowed to demonstrate in-
creased distractibility in most of patient groups (ADHD,
dyslexia, schizophrenia), and even among normal aging
persons (Andrés et al., 2006).

The Distraction Potential

Recording of ERPs during performance of the distraction
paradigms described above allows investigation of the spa-
tio-temporal dynamics of activation of the cerebral network
underlying involuntary attention control. The typical ERP
recorded in this scenario shows a complex morphology,
both for the standard and the distracting trials, since it in-
cludes both auditory and visual responses (Figure 2a).
However, a simple arithmetic computation, i.e., the subtrac-
tion of the responses elicited to standard trials from those
elicited to the distracting ones, isolates the neuroelectric
activation underlying behavioral distraction; for conve-
nience, Escera and Corral (2003) termed this activation pat-
tern the distraction potential (DP). The DP shows a charac-
teristic triphasic shape, starting with a negative wave fol-
lowed by a positive one, and ending with a final phase of a

more or less sustained negative potential (Figure 2b). Each
of these waveforms provides a neurophysiological index of
what are considered the three main processes involved in
involuntary attention control (Escera et al., 2000):
1) the mechanism of attention capture, associated to the

mismatch negativity (MMN) and/or to the N1 ERP,
2) the orientation of attention, associated with the P3a or

novelty-P3, and
3) the reorientation of attention toward main task perfor-

mance after a momentary distraction, associated with the
so-called reorienting negativity (RON).

However, the precise relationship between these neuro-
physiological phenomena and the cognitive process attrib-
uted to them is not completely clear and is discussed below.

In order to capture attention, at least two cerebral mech-
anisms operate within the auditory modality (Näätänen,
1990). One mechanism is based on a neurophysiological
reaction to transient increment/decrements in stimulus en-
ergy and has been associated with the auditory N1 (Nää-
tänen & Picton, 1987), or at least with some of its compo-
nents (Giard, Perrin, Echallier, Thévenet, Froment, & Per-
nier, 1994; Escera et al., 1998). The second mechanism
relies on the dynamic modeling of regularity in the acoustic
environment, and on the detection of any stimulus change
that does not fit in with a neural trace of such regularity.
This is, therefore a “change-detector” mechanism, which
has been associated to the generation of MMN (Näätänen,
1990, 2007; Schröger, 2007; Winkler, 2007), and can best
be isolated by using slightly different distracter stimuli with
regard to the repetitive stimulation (see an extended discus-
sion on this issue in Schröger & Wolff, 1998a).

The behavioral data obtained with the auditory-auditory
(Rinne et al., 2006) and auditory-visual distraction para-
digms support the existence of these two attention capture
mechanisms. Specifically, the distracting effects observed
with this later paradigm in novel and deviant trials display
a distinct pattern. Indeed, whereas novel sounds cause a
large delay in the response time to visual stimuli (about
25 ms), compared to standard trials, deviant sounds cause
only a small response time increase (about 5 ms), but a no-
ticeable increment in the number of erroneous classifica-
tions, as mentioned above. ERP recordings also show this
differential effect, with a clear MMN generated to deviant
distractors and a combined N1-enhancement/MMN elicit-
ed to novel distractors (Alho et al., 1998; Escera et al.,
1998). A large body of evidence indicates that both the
MMN and the N1 are generated within the planum tempo-
rale of the auditory cortex (Alho, 1995; Alho et al., 1998;
Escera et al., 2000; Näätänen & Picton, 1987), with addi-
tional contributions from prefrontal regions (see Giard et
al., 1994, for the N1; and Deouell, 2007, for the MMN).

The P3a waveform, generated with large amplitude to
novel stimuli and therefore called novelty-P3 (see Simons,
Graham, Miles, & Chen, 2001, for a discussion on whether
the P3a and novelty-P3 can be considered the same ERP
component), in the psychophysiological literature has been
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taken as a cerebral signature of the orienting response
(Friedman, Cycowicz, & Gaeta, 2001; Knight, 1984;
Squires, Squires, & Hillyard, 1975). Studies using the au-
ditory-visual distraction paradigm have shown that novel-
ty-P3 generation is accomplished in two consecutive phas-

es, each of them involving a different scalp distribution and
a different sensitivity to attentional manipulations (Escera
et al., 1998, 2001). The first novelty-P3 phase, with peak
latency between 220 and 320 ms, has a centrally distributed
topography and appears independent of attentional manip-
ulations (Escera et al., 1998; SanMiguel, Corral, & Escera,
in press; Domínguez-Borràs et al., in press; see, however,
Domínguez-Borràs, Garcia-Garcia, & Escera, submitted-
b). On the other hand, the second phase of the novelty-P3,
occurring between 300 and 400 ms, has a right frontal scalp
distribution and appears highly sensitive to attentional ma-
nipulations as it increases in amplitude, for instance, when
subjects can monitor the sounds, i.e., in the auditory-visual
paradigm, compared to a condition of passive listening (Es-
cera et al., 1998; 2003; see the elaborated discussion be-
low). The scalp-current density (SCD) analysis of the nov-
elty-P3 recorded in the auditory-visual distraction para-
digm has, in agreement with previous results (Herrmann &
Knight, 2001), shown that novelty-P3 generation encom-
passes at least five different cerebral regions (Figure 3),
engaged in clear spatiotemporal orchestration (Yago et al.,
2003). This study suggested that the anterior cingulated
cortex activated first (circa 160 ms), followed by the simul-
taneous activation of the bilateral temporoparietal and the
left frontotemporal cortices (around 200 ms), finishing
with activation of the superior parietal cortex and prefrontal
regions (at 300 ms).

Equally as important as the flexibility to direct attention
toward unexpected potentially relevant events outside the
focus of attention is the ability to return attention back to
original task performance after a momentary distraction. It
has been proposed that this attentional process is associated
with the generation of another ERP component recorded in
distraction tasks,  the  so-called  reorienting negativity
(RON) (Escera et al., 2001; Schröger & Wolff, 1998b). In
fact, Schröger and Wolff (1998b) in their recordings found
a negative waveform, subsequent to P3a, only when their
subjects carried out a task where the deviant stimuli acted
as behavioral distractors, but not when the subjects were
asked to actively discriminate these stimuli, or when they
were instructed to completely ignore the auditory stimula-
tion and to concentrate on an unrelated visual task. More-
over, Escera et al. (2001) argued that, to indicate the process
of reorienting attention back toward main task perfor-
mance, RON should be time-locked to target stimuli in the
task and not to distracting ones. In their experiment using
the auditory-visual distraction paradigm, the asynchrony
between the distracter and the visual target was manipulat-
ed to 245 or 355 ms, under different conditions. Their re-
sults showed that RON peak latency was about 345 ms from
visual target onset, regardless of distracter-target asyn-
chrony (Figure 4). These results strongly suggest that RON
generation reflects the process of returning attention back
to primary task performance after a momentary distraction.

On the other hand, Escera et al. (2001) observed that
RON actually had two different phases or subcomponents
(Figure 4) which were dissociated on the basis of their dif-

Figure 3. The novelty-P3. (a) The 30 electrode set used in
the EEG recordings. (b) ERP at Fz, Cz, and Pz electrodes
to standard and novel stimuli, and the corresponding differ-
ence waves. Gray shadows show the two phases of the nov-
elty-P3, with latency ranges of 185–285 ms (dark gray) and
285–385 ms (light gray). (c) Scalp potential (SP) and cur-
rent density (SCD) distributions of the two phases of the
novelty-P3. The SCD analyses revealed positive currents
over central, bilateral temporoparietal, and left frontotem-
poral areas during the early novelty-P3, and over superior
parietal, bilateral temporoparietal, and frontal areas during
the late novelty-P3. Adapted from Yago et al. (2003).
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ferent scalp distribution, and that the late subcomponent
was the one time-locked to task-relevant aspects of stimu-
lation, i.e., the visual stimulus. The existence of two RON
subcomponents was confirmed in a recent study using the
auditory-visual distraction paradigm by Munka and Berti
(2006). These authors found that an early RON component
was elicited when the discrimination task had a working
memory component, i.e., consisting of making a semantic
judgment on the visual stimuli (in fact, a classical odd/even
classification). However, when the decision was based on
a physical feature of the stimuli (size or color, in different
experiments), only a late RON subcomponent could be ob-
served.

What Is Being Distracted?

A critical issue to gaining insight into the neural mecha-
nisms of involuntary attention toward unexpected deviant
or novel sounds would be to establish what the cognitive
process (or processes) is during visual task performance
which are affected by the occurrence of the distracting
sounds. Indeed, processing of distracting sounds could in-
terfere with any of the several processes related to task per-

formance, such as identification of the visual stimulus, its
classification, response selection, or response execution, to
mention only a few. In an early study, Alho et al. (1997)
observed that the visual N1 elicited to the visual target was
attenuated when the preceding sound was a deviant one,
suggesting that its occurrence attracted attention involun-
tarily to the auditory modality, leaving fewer resources
available to analyze the visual target in extraestriate visual
areas, where this component is generated (Mangun & Hill-
yard, 1991; Heinze et al., 1994). These data clearly suggest
interference on visual stimulus identification.

Parmentier, Elford, Escera, Andrés, and SanMiguel
(2008) went a step beyond by addressing the auditory-dis-
tracter/visual-target interaction. These authors argued that
the interference of the distracting sound could occur either
during visual stimulus identification or during response se-
lection. To test these alternative suggestions, they devised
an experiment in which visual stimulus discriminability
was manipulated by adding a white noise mask to the visual
target, or by making response selection more difficult as
there were four possible response categories instead of the
usual two. Their results showed that, whereas making both
visual discrimination or response selection more difficult
enlarged the time necessary to perform the task, the dis-
tracting effects of novel sounds were of equivalent size to

Figure 4. The reorienting negativity (RON) elicited in distracting trials, (a) as seen in difference waveforms at Fz. RON
peaks at 345 ms from visual stimulus onset irrespective of distracter asynchrony. Notice, however, that RON might have
two different subcomponents as suggested by the double-peaked negativity elicited in the deviant and novel trials of the
245 ms asynchrony (later confirmed by Munka & Berti, 2006). (b) The scalp distribution of RON obtained in deviant and
novel trials for the two conditions of distracter-target asynchrony. Adapted from Escera et al. (2001).
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those observed in the respective control conditions (i.e.,
with no visual masking and with two response categories,
respectively). The authors suggested that the distracting ef-
fect of the novel sounds should occur before the presenta-
tion of the imperative visual stimulus, and that the behav-
ioral cost observed in the distracting trials would be due to
the time necessary to move attention from the auditory mo-
dality, where it would get engaged by the novel sound, to-
ward the visual modality upon the appearance of a visual
target.

To confirm this hypothesis, in a subsequent experiment
Parmentier and colleagues (Parmentier et al., 2008) quickly
flashed (50 ms) a shrinking cross in the time period be-
tween the auditory, task-irrelevant stimulus and the visual
target, in what they called a “re-capture” (of attention) con-
dition. The results were clear cut: Whereas the effects of
novel sounds on visual task discrimination in a control con-
dition were as described previously, i.e., a significant re-
sponse-time increase of about 25 ms, these distracting ef-
fects were abolished in the re-capture condition (Figure 5).
These results demonstrated, according to the authors, that
the unexpected task-irrelevant change in the auditory back-
ground engaged, and retained, attention in the auditory mo-
dality, and that the response time increase observed in the

distracting trials would reflect the time necessary to move
attention back, from the auditory to the visual modality up-
on the occurrence of a fresh sensory event in the task-rele-
vant modality, i.e., vision.

Although appealing, however, the results obtained by
Parmentier et al. (2008) cannot fully disregard the possibil-
ity that the distraction effects observed with the auditory-
visual distraction paradigm resulted from the time neces-
sary to move attention between spatial locations instead of
sensory modalities. In fact, it should be borne in mind that
the visual stimuli are presented in a screen located in front
of the subject’s head (usually, 100 cm), whereas the sounds
are played binaurally through headphones. A preliminary
study using loudspeakers placed beside the screen instead
of headphones – but reproducing all remaining methodo-
logical details – failed to observe any distracting effects of
novel sounds (Annett Schirmer, personal communication,
January 2006). This negative result was replicated in a more
recent and systematic study by Corral and Escera (in prep.),
who varied systematically the location of the sounds pre-
sented in an auditory-visual distraction paradigm. In their
experiments, the sequence of sounds (including both the
standard and novel ones) was presented in separated con-
ditions, binaurally through headphones or by means of
loudspeakers located at 72° left, 18° left, 18° right, 72°
right, and 0° from the computer screen on which the visual
stimuli were being displayed. As observed in many previ-
ous experiments using the auditory-visual distraction par-
adigm, novel sounds occurring within the headphones se-
quence distracted subject’s performance, i.e., significantly
increased response time. Interestingly, novel sounds occur-
ring in any lateral location, except the 72° left one, also
distracted subject’s performance in the visual task. Howev-
er, as in the preliminary observation by Schirmer, the novel
sounds occurring by the computer screen (0° location)
failed to elicit any response time increase, compared to
standard trials, in response to visual targets. This pattern of
results challenges the interpretation of Parmentier et al.
(2008) discussed above and strongly supports a role of spa-
tial attention in explaining the distracting effects observed
in the auditory-visual distraction paradigm.

Top-Down Modulation of Auditory
Distraction

A major milestone in MMN theory is that the underlying
process and the associated neural response is automatic,
i.e., does not depend on the direction of attention (Nää-
tänen, Paavilainen, Rinne, & Alho, 2007). Although this
notion has been challenged by several empirical papers and
has been object of an intense debate (see Sussman, 2007,
for a comprehensive discussion), it is widely accepted that
change detection in the auditory modality can be consid-
ered attention-independent. Nevertheless, it is a common

Figure 5. The cognitive locus of distraction. When a visual
stimulus is quickly flashed within the interval between the
distracting sound and the imperative visual stimulus, the
distracting effects of the sound are abolished (adapted from
Parmentier et al., 2008).
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experience that the effects of an unexpected novel (or rare)
sound in everyday life depends to a large extent on the on-
going activities: In general, highly demanding activities
prevent distraction, whereas distractibility is enhanced dur-
ing nonmotivating or nondemanding tasks. Experimental
support for the common observation that distraction de-
pends on top-down factors comes from studies of visual
attention. These studies have shown, for instance, that when
the location of a subsequent irrelevant stimulus is known
beforehand, subjects could “block” that spatial location in
a way that the ability of a distracter to attract attention in-
voluntarily disappeared (Atchely, Kramer, & Hollstrom,
2000; Folk, Remington, & Johnston, 1992; Folk, Reming-
ton, & Wright, 1994; Yantis & Egeth, 1999; Yantis & Joni-
des, 1990). These and related observations led to the pro-
posal that attention capture is not entirely determined by
distracter properties, but rather by the relationship of these
properties with those of the relevant stimuli (Folk et al.,
1992). This “contingent-orienting” view of involuntary at-
tention postulates, therefore, that the current “cognitive set”
determines the attentional configuration in a top-down
fashion, and that the occurrence of a distracter in the sen-
sory environment will capture attention automatically, in a
bottom-up manner, inasmuch as it fits with the attentional
configuration (Pashler, Johnston, & Ruthruff, 2001). Ac-
cording to this theory, the occurrence of deviant, or novel,
sounds in the distraction paradigms reviewed above should
have an impact on subject’s performance and related brain
responses, depending on the task assigned to them.

In fact, these “contingent-orienting” effects have been
observed in the distraction paradigms described above, sug-
gesting that they provide a suitable framework to study the
neural mechanisms subserving the interaction between the
top-down and bottom-up forms of attention control. In their
seminal paper, Escera et al. (1998) already observed that,
compared to a passive condition in which the subjects were
instructed to read a book and to ignore the auditory se-
quence, the same novel sounds in the exactly same auditory
sequence embedded in an auditory-visual distraction para-
digm elicited a novelty-P3 of a much larger second phase,
while the early one remained unaffected, suggesting a top-
down modulation of the novelty-P3. A similar effect was
further suggested by Escera et al. (2003), who found that
meaningful novel distracters led to larger novelty-P3, com-
pared to nonmeaningful ones, only when they were contin-
gent to, i.e., occurred in a temporal relationship with, the
visual task-relevant stimuli.

Moreover, in a study by Berti and Schröger (2003), us-
ing the auditory-auditory distraction paradigm, the dis-
traction effects of deviant tones were largely reduced
when the subjects performed a task that had a working
memory component, i.e., withholding the response to the
present stimulus until the subsequent trial (i.e., a 1-back
task). These behavioral results were accompanied by an
attenuation of the P3a and RON, whereas the MMN re-
mained the same in the working memory and the corre-
sponding control conditions. These results, involving

Figure 6. The top-down modulation of auditory distraction.
When the visual task is made more difficult, for instance
by imposing a load into working memory, involuntary at-
tention toward distracting sounds in attenuated. This atten-
uation appears as a reduction in the behavioral distracting
effects of the distracting sounds (a), and also as an attenu-
ation of the late subcomponent of the novelty-P3 (b), also
observed in the scalp-distribution maps (c) (adapted from
SanMiguel et al., in press).
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working memory manipulation, have recently been con-
firmed in a study using the auditory-visual distraction
paradigm (SanMiguel, Corral, & Escera, in press). There,
subjects were instructed to compare, in one condition in-
volving a working memory load, the left-most digit of a
two-digit number with the one of the same position dis-
played in the previous trial. The control condition was to
decide whether the two digits were the same or different.
As in the Berti and Schröger study, SanMiguel et al. (in
press) observed a reduced distraction under working
memory load and a reduced late-phase of novelty-P3
(Figure 6), while the early novelty-P3 and the N1-en-
hancement/MMN remained unaffected. Interestingly, and
in contrast to Berti and Schröger’s observations, RON
was enhanced under the working memory load condition
(SanMiguel et al., in press). Nevertheless, working mem-
ory load manipulation might result also in an increase of
the distraction effects by deviant tones, as shown using
the auditory-auditory distraction paradigm (Muller-Gass
& Schröger, 2007). As discussed by these authors, the in-
teraction between working memory and involuntary at-
tention might depend on the channel separation between
the distracting and target features of the stimuli (Lavie,
2005).

Another  way of influencing involuntary attention
through top-down factors would be by making the occur-
rence of the distracting sounds predictable. Such a sce-
nario is similar to that used in the seminal experiments in
the visual modality that lead to the formulation of the
“contingent-orienting” view of involuntary attention out-
lined above. This was the rationale of an experiment by
Sussman, Winkler, and Schröger (2003), who presented
a visual cue preceding every sound of an auditory-audi-
tory distraction paradigm. In a predictable condition, the
visual stimuli indicated the pitch of the tone; in the un-
predictable, the visual stimuli were randomly paired with
the sounds, but did not provide any information on their
pitch. Deviant tones occurring in the unpredictable con-
dition elicited clear behavioral and a full “distraction po-
tential.” However, deviant tones in the predictable series
failed to enlarge response time and also elicited an ERP
that had comparable MMN to that observed in the unpre-
dictable condition, but that clearly lacked the P3a and
RON components (see also Wetzel & Schröger, 2007a,
for similar results in children). Nevertheless, implicit pre-
dictability, i.e., sequences with regularly occurring stand-
ard and deviant tones seems not to be sufficient to prevent
from behavioral and electrophysiological signs distrac-
tion (Jankowiak & Berti, 2007).

Still another particular circumstance in which top-
down modulation is expected to exert a large influence
on stimulus-driven brain responses is under emotional ac-
tivation. A large body of evidence has shown that emo-
tional stimuli have a privileged position in the environ-
ment, eliciting stronger and faster attention capture than
nonemotional stimuli (Öhman, Flykt, & Esteves, 2001;
Richards & Blanchette, 2004). Similarly, emotional con-

text has been reported to enhance the processing of con-
comitant sensory inputs, as indexed for instance, by star-
tle reflex potentiation (Stanley & Knight, 2004; Amrhein,
Mühlberger, Pauli, & Wiedemann, 2004; Bradley, Codis-
poti, & Lang, 2006) or sensory gating suppression
(Yamashita, Okamoto, Morinobu, Yamawaki, & Kähkö-
nen, 2004). This results in adaptive and evolutionary ad-
vantages: The consequences of reacting slowly to emo-
tionally salient information could be more dramatic than
the consequences of a similar reaction to neutral events.
In the recent study mentioned above, Domínguez-Borràs
et al. (in press) asked their subjects to decide whether the
two pictures on the screen, arranged in an auditory-visual
distraction sequence, were similar or different. Half of the
pictures were of neutral emotional content, whereas the
other half displayed affective images of a negative emo-
tional valence, such as mutilations or destruction. Results
were remarkable: The effects of novel sounds on visual-
task performance and brain responses were magnified
when the visual stimuli were of a negative emotional va-
lence, i.e., their distracting effects were larger – and the
late novelty-P3 was also enlarged, compared to the neu-
tral condition.

Furthermore, a subsequent study using improved ex-
perimental design, Domínguez-Borràs et al. (submitted-
b) replicated a similar increased distractibility under neg-
ative emotional load. In this case, however, the emotional
context effects on novelty processing were already ob-
servable at the stage of the early novelty-P3. This con-
trasts with the previous studies showing top-down mod-
ulation on the late novelty-P3 (Domínguez-Borràs et al.,
in press; Escera et al., 1998; SanMiguel et al., 2008), but
might be explained by the central role emotions play in
regulating behavior. In fact, a related study by Domín-
guez-Borràs et al. (submitted-a), designed to measure
brain activation with  functional magnetic resonance
imaging, yielded data that might help to explain the ef-
fects of emotion on the early novelty-P3. In their study
using another variant of the visual task – a color decision
on the color of a face and its surrounding frame (see sec-
tion one) – subjects were largely distracted when the face
portrayed a negative emotion (fear, anger) compared to
neutral ones. Novel sounds, both in the neutral and neg-
ative conditions, activated the superior and medial tem-
poral gyrus, as observed in previous studies (Downar,
Crawley, Mikulis, & Davis, 2000; Opitz, Mecklinger,
Friederici, von Cramon, 1999). However, a comparison
of novelty activation in negative vs. neutral conditions re-
sulted in increased activation in superior temporal gyrus
in the negative condition, indicating gating of novelty
processing in this cerebral region under emotional load.
Interestingly, the brain regions that showed this emotional
modulation are similar to those described as contributing
to the early phase of the novelty-P3 (Alho et al., 1998;
Yago et al., 2003), so that these findings provide support
to the observation of enhanced early novelty-P3 by Do-
mínguez-Borràs et al. (submitted-b).
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Role of Mismatch Negativity and
Novelty-P3 in Auditory Distraction

The studies reviewed in the preceding sections demonstrat-
ed that the occurrence of an unpredictable deviant or novel
sound in the acoustic environment attracts attention invol-
untarily, and that this involuntary attention switch has spe-
cif ic behavioral consequences on current task-perfor-
mance, i.e., impoverishes it, which is accompanied by a
specific pattern of brain responses, the “distraction poten-
tial.” These studies used two versions of an auditory dis-
traction paradigm, one using auditory and one using visual
stimuli as targets, and in both cases have allowed to dem-
onstrate that involuntary attention is contingent upon the
demands of the task at hand, i.e., that the brain response to
distracting sounds and their behavioral consequences are
modulated by top-down factors. Although the two para-
digms yield comparable results, i.e., deviant tones occur-
ring in either of them result in delayed response time to
subsequent targets, there are remarkable differences among
them. First, the response time increase in the auditory-au-
ditory distraction paradigm for deviant trials is about 50 ms,
whereas it is only 10% thereof in the auditory-visual one,
in both cases for a “standard” response time of circa 0.5 s.
Second, the response time increase in the auditory-auditory
distraction paradigm is always paralleled by a hit rate de-
crease, though this hit rate decrement is not always obtained
with the auditory-visual distraction paradigm. And third,
whereas there is a parallel increase of behavioral distraction
and its accompanying electrophysiological signs in the au-
ditory-auditory behavioral paradigm with increasing dis-
tracter salience (i.e., the deviant-standard difference; Berti
et al., 2004; Jääskeläinen et al., 1999; Rinne et al., 2006),
such a parallelism is not present in the auditory-visual dis-
traction paradigm (Yago, Corral, & Escera, 2001b). Of
course, a major difference between these two paradigms is
that distracting information is carried by the same object or
perceptual group in the auditory-auditory distraction para-
digm, whereas distracting and target features are presented
with a large channel separation, i.e., in different sensory
modalities, in the auditory-visual distraction paradigm (see
Escera et al., 2000, for further discussion). Nevertheless,
these two paradigms provide a useful tool to investigate the
mechanisms of involuntary attention and their particulari-
ties in children (Gumenyuk et al., 2001, 2004; Wetzel et al.,
2004, 2006; Wetzel & Schröger, 2007a, b), aging (Andrés
et al., 2006; Horváth, Czigler, Birkás, Winkler, & Gervai,
in press; Mager, Falkenstein, Störmer, Brand, Müller-
Spahn, & Bullinger, 2005) and clinical populations or drug
conditions (Corbera, & Escera, in prep.; Cortiñas et al.,
2008; Gumenyuk et al., 2005; Jääskeläinen et al., 1996,
1999; Knott et al., 2006; Polo et al., 2002, 2003).

As described above, a distracting sound elicits a distinct
pattern of event-related brain responses, the DP, which is
composed of three distinct waveforms (early negativity,
positivity, and late sustained negativity), each of which re-

flect different ERP components. Early negativity reflects
activation of the MMN generating process: a change-detec-
tor mechanism of rare sounds, or/and the activation of fresh
neuronal elements upon the detection of new transient fea-
tures of the stimulation; this later mechanism is associated
with the auditory N1 or at least with some of its compo-
nents (Näätänen & Picton, 1987; Escera et al 1998; Giard
et al., 1994). Interestingly, both the MMN and the N1-en-
hancement recorded during distraction appear to be insen-
sitive to top-down modulation, irrespective of the effects of
the task at hand on distraction and brain responses subse-
quent to these two components. This suggests that tran-
sients/change detection is a fundamental property of the
attentional system, one that operates automatically to pre-
vent that any potential novel event in the acoustic environ-
ment to go unnoticed.

On the other hand, whereas the MMN and N1 mecha-
nisms seem to operate automatically, the subsequent brain
response, the P3a or novelty-P3 reflecting according to the
most accepted view the orienting of attention toward unex-
pected deviant or novel sounds (Escera et al., 1998; 2000;
Friedmann et al., 2001; Herrmann & Knight, 2001; Knight,
1984), is largely dependent on top-down factors. The stud-
ies reviewed above showed that the P3a elicited by deviant
tones in the auditory-auditory distraction paradigm, as well
as the novelty-P3 elicited by novel sounds in the auditory-
visual distraction paradigm, can increase or reduce its am-
plitude, in parallel with effects of similar direction at be-
havioral level, i.e., enhanced or reduced distractibility, de-
pending on the task at hand. This would support the
P3a/novelty P3 as scalp signature of the involuntary orient-
ing of attention; or, what is the same, one may take the
occurrence of a distinct P3a as the probe that an effective
orienting of attention toward distracting stimuli has taken
place. This interpretation has been, however, recently chal-
lenged by a study of Rinne et al. (2006), who found that
behavioral distraction increased as a function of intensity
decrements in the absence of any P3a elicitation, contrast-
ing with the results obtained for intensity increments,
where behavioral distraction increments as a function on
intensity increments were paralleled by a similar increase
in P3a amplitude (see, however, Muller-Gass, Macdonald,
Schröger, Sculthorpe, & Campbell, 2007, for P3a elicited
to intensity decrements). These results call for a reconsid-
eration of the role attributed to P3a generation in involun-
tary attention models. This is not the only case in which
P3a/behavioral-distraction dissociations have been ob-
served using the auditory distraction paradigms. Using the
visual version, Munka and Berti (2006) observed the op-
posite phenomenon: generation of P3a in the absence of
any signs of behavioral distraction. Similar results were
also obtained by Yago et al. (2001b), who, in a study ma-
nipulating parametrically the deviant-standard frequency
difference, found that the P3a (and also MMN and RON)
increased linearly as a function of change magnitude,
whereas no behavioral effects were observed except for the
condition of 10% of change. These authors even reported a
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facilitation effect for a condition with 5% of frequency
change. A further dissociation was observed by Polo et al.
(2003), where larger (late) novelty-P3s were observed in a
group of chronic alcoholics, compared to matched controls,
in the absence of any differences in behavioral distraction.
As suggested by Rinne et al. (2006), one possible explana-
tion for the lack of relationship between P3a elicitation and
behavioral distractibility might have to do with the fact that
two different brain mechanisms control automatically for
detecting rare events in the acoustic environment, as largely
discussed above, and that P3a generation might not consti-
tute a general index of attention switching, but one related
to attention switch triggered solely by the N1 mechanism.

Although interesting, the proposal by Rinne et al. (2006)
is seriously challenged by two recent studies using the au-
ditory-auditory distraction paradigm. In these studies, be-
havioral distraction effects, accompanied by the corre-
sponding distraction potential were obtained in conditions
in which the N1 mechanism for attention capture hardly can
have been activated. In one of these studies, subjects were
to discriminate the duration (short, long) of a second tone
of a pair of tones while ignoring their corresponding fre-
quencies. The second tone was 26% higher in frequency in
the standard trials, but this relationship was reversed in the
deviant ones, and the particular frequencies of the pairs var-
ied randomly from 600 to 1200 Hz in steps of 10 Hz (Schrö-
ger, Bendixen, Trujillo-Barreto, & Roeber, 2007). In anoth-
er study of the same group, Bendixen, Roeber, and Schrö-
ger (2006) presented their participants with sequences of
short and long tones arranged in random order with any of
eight different frequency values. The frequencies values
were, unnoticed to the participants, arranged with an inter-
nal regularity that dynamically changed along the course of
the experiment. In both cases, the violation of the abstract
rule governing the frequency relationship of the standard
pairs (Schröger et al., 2007), or the implicit acoustic regu-
larity of the auditory sequence (Bendixen et al., 2007), elic-
ited clear behavioral distraction and a clear distraction po-
tential, including P3a. Remarkably, the lack of any specific
physical feature defining the deviant events in these studies
would have hardly activated a transient detector mechanism
associated to N1. Rather, the attention capture mechanism
involved in these experiments is that related to the dynamic
modeling of regularity in audition, associated to MMN gen-
eration (Bendixen et al., 2007; Schröger et al., 2007; Wink-
ler, 2007), suggesting that P3a elicitation and its association
to behavioral distraction is independent of the N1 mecha-
nism.

In summary, the studies reviewed support the role of the
MMN generating process in drawing attention toward un-
expected violations of the implicit regularity of the acoustic
scene. Such a process would operate automatically, i.e., un-
affected by top-down factors, and would complement an-
other mechanism for attention capture, that related to ener-
gy transient detection, associated to N1 generation. In con-
trast with the most extended view on the P3a, however, it
is proposed that, rather than reflecting orientation of atten-

tion per se, the P3a/novelty-P3 signifies the evaluation of
the contextual novelty of unexpected sounds. Furthermore,
it reflects the reconfiguration of a cerebral network in-
volved in updating task set information for goal-directed
action selection (Barceló, Escera, Corral, & Periáñez,
2006).
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