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Abstract. Sounds deviating from an otherwise repetitive background in some task-irrelevant respect (deviant sounds among standard sounds)
capture attention in an obligatory fashion and result in behavioral distraction in an ongoing task. Traditionally, such distraction has been
considered as the ineluctable consequence of the deviant sound’s low probability of occurrence relative to that of the standard. Recent evidence
from a cross-modal oddball task challenged this idea by showing that deviant sounds only yield distraction in a visual task when auditory
distractors (standards and deviants) announce with certainty the imminent presentation of a target stimulus (event information), regardless of
whether they predict the target’s temporal onset (temporal information). The present study sought to test for the first time whether this finding
may be generalized to a purely auditory oddball task in which distractor and target information form part of the same perceptual stimulus.
Participants were asked to judge whether a sound starting from a central location moved left or right while ignoring rare and unpredictable
changes in the sound’s identity. By manipulating the temporal and probabilistic relationship between sound onset and movement onset, we
disentangled the roles of event and temporal information and found that, as in the auditory-visual oddball task, deviance distraction is mediated
by the extent to which distractor information harbingers the presentation of the target information (event information). This finding suggests
that the provision of event information by auditory distractors is a fundamental prerequisite of behavioral deviance distraction.
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Efficient cognitive functioning requires a finely tuned bal-
ance between two key abilities: (1) that of focusing atten-
tion on a task while ignoring task-irrelevant distractors
(selective attention); and (2) that of detecting unexpected
changes in our immediate environment that may have po-
tential relevance outside the scope of the current task
(e.g., detection of a fire alarm while engaged in an office
task). One drawback of the latter is distractibility, that is,
the reduction of behavioral performance following the
involuntary capture of attention by distractors.

Previous work demonstrates that an unexpected change
in a stream of otherwise repetitive auditory stimuli distracts
participants (e.g., Schrçger, 1996; Escera, Alho, Winkler, &
N��t�nen, 1998). This type of distraction can be studied in
the laboratory using variations of the so-called oddball task.
In its purely auditory form, this task requires participants to
attend and respond to a specific feature of sequentially pre-
sented stimuli (e.g., discriminating the duration of tones)
while ignoring rare and unpredictable changes in a task-
irrelevant feature (e.g., pitch). In its cross-modal form, the

task typically involves the successive presentation of an
auditory distractor followed by a visual target. Convention-
ally, the distractor or irrelevant feature repeated on most tri-
als is referred to as the standard while that presented on
rare and unpredictable occasions is termed deviant. The
presentation of a deviant sound, relative to that of a stan-
dard, results in a significant lengthening of response times
(RTs) in the primary task, hereafter referred to as deviance
distraction.

Deviance distraction results from the time penalty associ-
ated with the orientation of attention to and from the deviant
stimulus (Parmentier, Elford, Escera, Andr�s, & SanMiguel,
2008), and can be exacerbated by a conflict between the
involuntary processing of the deviant sound’s content and
the voluntary processing of the target stimulus (Parmentier,
2008; Parmentier & Turner, 2013; Parmentier, Turner, &
Elsley, 2011; Parmentier, Turner, & Perez, 2013). This dis-
traction effect is observed across different sensory channels,
whether distractor and target information are both presented
in the auditory modality (e.g., Berti, 2008; Berti &
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Schrçger, 2003; Horv�th & Winkler, 2010; Roeber,
Widmann, & Schrçger, 2003; Schrçger, 1996), the visual
modality (Berti & Schrçger, 2004; Boll & Berti, 2009),
or in different modalities, such as in the auditory-
visual (Andr�s, Parmentier, & Escera; 2006; Ljungberg &
Parmentier, 2012a; Munka & Berti, 2006; Parmentier &
Andres, 2010; Parmentier, Maybery, & Elsley, 2010;
SanMiguel, Linden, & Escera, 2010) or tactile-visual
cross-modal oddball tasks (Ljungberg & Parmentier, 2012b;
Parmentier, Ljungberg, Elsley, & Lindkvist, 2011). Hence
the evidence clearly indicates that deviance distraction is
not limited to a specific modality or combination of
modalities.

The Role of the Distractor’s
Informational Value

Deviance has been implicitly considered as a sufficient con-
dition for the obligatory emergence of behavioral distrac-
tion (e.g., Escera et al., 1998). This view was challenged
by Ljungberg, Parmentier, Leiva, and Vega, 2012 (see also
Parmentier, Elsley, & Ljungberg, 2010; Wetzel, Widmann,
& Schrçger, 2012) who noted that auditory distractors in
past cross-modal studies invariably announced a target
stimulus (event information) after a fixed temporal interval
(temporal information), thereby fulfilling the role of unspe-
cific warning (e.g., Hackley, 2009; Niemi & N��t�nen,
1981). Ljungberg et al. reported the results of an audi-
tory-visual cross-modal oddball in which the event and
temporal information was manipulated orthogonally by
varying the probability distractors were followed by targets
(.5 vs. 1) and the temporal interval between the two (100,
200, or 300 ms). Comparing the effects of deviant sounds
in four conditions differing in terms of the type of informa-
tion conveyed by the auditory distractors (Event + Tempo-
ral, Event, Temporal, Uninformative), they found deviance
distraction whenever event information was present and not
when it was absent. These results suggest that unexpected
changes in a stream of sounds yield behavioral distraction
as long as they carry relevant goal-directed information,
specifically, the likelihood of occurrence of a target.
Temporal information, in contrast, did not affect distrac-
tion, at least for temporal intervals of the typically size used
in the cross-modal oddball task.

Generalizing the Effect of
Informational Value on
Deviance Distraction

The question at stake here is whether the mediation of devi-
ance distraction by the distractor’s informational value can
be generalized from the cross-modal oddball task to an
auditory task (e.g., Berti & Schrçger, 2003; Schrçger,
1996) and, hence, potentially constitute a general principle
of behavioral deviance distraction. From an informational
point of view, we would like to argue that distractor and

target information in auditory oddball tasks maintain a rela-
tionship that can be described as conveying event and, in
some studies, temporal information. Let us consider the
task used in the vast majority of the auditory oddball tasks:
the duration judgment task. In that task, participants judge
whether sounds are short or long irrespective of rare
changes in pitch. The pitch information is available from
the onset of the sound, and the point in time at which the
sound can either stop (short) or continue (long) always fol-
lows the sound’s onset by a fixed interval. Distractors there-
fore provide temporal information about the target feature
(duration). Furthermore, because sounds necessarily always
contain both pitch and duration information, the presenta-
tion of pitch information always announces the upcoming
occurrence of the target feature (in this case the point in
time when short and long sounds can be discriminated).
Distractor sounds therefore also provide event information
in this task.

A review of past studies including auditory oddball
tasks in which participants attend to one feature of auditory
stimuli while instructed to ignore another, and in which
behavioral performance was measured, reveals that 22/30
used the duration discrimination task discussed above (see
Table 1). In the remaining studies, the distractor stimulus
or feature always preceded the target, typically within the
same auditory object (Grimm et al., 2008; Hçlig & Berti,
2010; Horv�th, Roeber, Bendixen, & Schrçger, 2008;
Roeber, Berti, M�ller, Widman, & Schrçger, 2009;
Schrçger, 1996; Wetzel, Berti, Widmann, & Schrçger,
2004; Wetzel, Widmann, & Schrçger, 2009), with one
exception (Rinne, S�rkk�, Degerman, Schrçger, & Alho,
2006, where distractor and target occurred simultaneously).
In all studies, the presentation of the distractor was per-
fectly correlated with that of the target.

In summary, past studies measuring behavioral deviance
distraction in purely auditory oddball tasks involved stimuli
that can be regarded as conveying event information and, for
several, temporal information, similar to what has been
observed in auditory-visual oddball tasks. This begs an
important question: Is deviance distraction in auditory odd-
ball tasks mediated by the distractor’s informational value
(as is observed in the cross-modal oddball task)? To address
this issue, we carried out an experiment in which participants
categorized the lateral movement of a sound while ignoring
rare and unexpected changes of its identity. We compared
deviance distraction as a function of the type of information
provided by auditory distractors about the targets (event,
temporal, both, or none). If behavioral distraction obeys the
same principles in auditory and auditory-visual cross-modal
tasks, distraction should be observed when sounds convey
event information and not otherwise.

Methods

Participants

Eighty participants (63 females) from the Northeast Normal
University of China took part in this experiment in
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exchange for a small payment. All participants reported
normal hearing and normal or corrected-to-normal vision.
Participants were between 19 and 29 years old (M =
20.01, SD = 2.11). None of the participants reported any
history of attention-related disorders. All participants were
informed about the experimental procedure and were na�ve
to the purpose of the experiment. Twenty participants were
randomly allocated to each of four experimental conditions
(see below).

Materials

All auditory stimuli were created from two binaural normal-
ized sounds, each 400 ms long. Both were low-pass filtered
at 1,000 Hz using a static filter with a steepness of 10 dB per
octave. One sound was that of a buzzing bee. The other was
of a croaking frog. Fourteen sounds were used in the exper-
iment. Two consisted of the sounds as described above (bee
and frog sounds presented binaurally with identical sound
intensity in the left and right channels). The remaining 12
sounds consisted of digitally edited versions of the bee
and frog sounds in which a movement to the left or the right
auditory channel started at one of three temporal positions
(100, 200, and 300 ms after the sound’s onset). The move-
ment was simulated by linearly reducing sound intensity
in one auditory channel (e.g., left) in order to reach mini-
mum intensity by the end of the original sound duration
while maintaining sound intensity unchanged in the other
channel. Sounds were presented through headphones with
a starting intensity of approximately 70 dB. The task was
programmed in the E-Prime software (Psychology Software
Tools, Pittsburgh, PA) and administered on a PC computer.

Design and Procedure

The participant’s task consisted in discriminating the direc-
tion in which sounds presented through headphones moved
by pressing corresponding keys on the computer keyboard
using two fingers from their dominant hand (keys 1 and 2
on the numerical keypad for left and right movements,
respectively). Each trial consisted in the presentation of a
sound followed by a 2,000 ms interval during which partic-
ipants were required to respond. The next trial was auto-
matically presented at the end of that response period. In
80% of trials, the sound participants categorized was that
of the bee (standard) while in the remaining 20% it was that
of the frog (deviant). Participants were instructed to try to
ignore the identity of the sound and to concentrate instead
on the direction in which it moved. Instructions also
emphasized the need for both speed and accuracy.

Four experimental conditions (Event + Temporal,
Event, Temporal, and Uninformative, see below) were com-
pared between participants, each involving standard and
deviant sounds (within-participant factor). Each condition
included 25 practice trials followed by 900 test trials sepa-
rated in six blocks of 150 trials. Each block contained 30
deviant trials and 120 standard trials, randomly ordered
with the constraint that two deviant trials were neverS
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presented in immediate succession. Left and right sounds
occurred with equal probability and unpredictably in all
experimental conditions. The between-subjects conditions
differed with respect to the probability that the sound would
move (1 or .5) and the time at which the movement would
begin (100, 200, or 300 ms into the sound), allowing us to
create conditions in which event and temporal information
were manipulated orthogonally in a 2 (Event information:
present, absent) · 2 (Temporal information: present,
absent) design. In the Event + Temporal Information con-
dition, all sounds included a movement and this movement
began 200 ms after the sound’s onset. As a result, the
sound’s onset always announced the upcoming presentation
of the target information (movement) and its predicted tem-
poral onset. In the Event Information condition, all trials
included a movement but the onset of that movement varied
equi-probably between three intervals (100, 200, and
300 ms), such that all sounds announced the presentation
of the target (movement) but not its time of occurrence.
In the Temporal Information condition, in contrast, move-
ment could only be initiated 200 ms into the sound but
the probability of a target (movement) occurring was .5
(when no movement was present, the sound intensity
remained unchanged in the left and right auditory chan-
nels). Finally, in the Uninformative condition, neither event
nor temporal information was provided. Sounds included a
movement in only half the trials and when they did, the
onset of that movement relative to the sound’s onset varied
equi-probably between three intervals (100, 200, 300 ms).
Thus in this condition, the sound’s onset did not announce
whether the target information would be presented or when.
The key trials shared by all information conditions and sub-
jected to statistical analysis below were those involving a
movement 200 ms after the sound’s onset. All other trials
served the function of fillers aiming to introduce event or
temporal uncertainty in the task (as in Ljungberg et al.,
2012; Parmentier, Elsley, et al., 2010). The Temporal and
Uninformative conditions both involved 50% of trials with-
out a target stimulus. Accordingly, in these trials, partici-
pants were required not to respond.

Participants were tested individually in a quiet testing
room. They received performance feedback at the end of
each block and were allowed a short break before initiating
the next block. The whole experimental session took
approximately an hour.

Results

Both response accuracy (proportion correct) and RTs (mean
RTs, measured from the onset of the sound’s movement)
were measured for the trials of comparable temporal and
probabilistic characteristics shared across all information
conditions, namely, trials in which sounds involved a
movement starting 200 ms from the sound’s onset (as in
Ljungberg et al., 2012; Parmentier, Elsley, et al., 2010).
Trials with RTs greater than 1,000 ms (1.3% of the
data) were considered outliers and excluded from the
analyses below.

Accuracy

The proportion of correct responses was close to ceiling
(M = .96, SD = .03). The proportion of correct responses
was analyzed using a 2 (Distractor Type: standard vs.
deviant, within-participant) · 2 (Temporal Information:
present vs. absent, between-participants) · 2 (Event Infor-
mation: present vs. absent, between-participants) mixed-
design ANOVA. This analysis revealed no main effect of
deviance, F(1, 76) < 1, MSE = .0005, gp

2 = .005, p =
.531, no main effect of temporal information, F(1, 76) =
1.42,MSE = .0016, gp

2 = .018, p = .237, and nomain effect
of event information, F(1, 76) < 1, MSE = .0016,
gp

2 < .001, p = .983. The Deviance · Event Information
interaction was not significant F(1, 76) < 1, MSE = .0005,
gp

2 = .0003, p = .882. The Event · Temporal Information
was not significant either, F(1, 76) < 1, MSE = .0016,
gp

2 = .006, p = .495. The Deviance · Temporal Informa-
tion interaction just reached significance, F(1, 76) = 3.93,
MSE = .0005, gp

2 = .049, p = .05, reflecting a small advan-
tage (0.9% difference) of the deviant condition over the stan-
dard condition in the absence of temporal information,
F(1, 76) = 3.41, MSE = .0005, p = .069, and no difference
in the presence of temporal information, F(1, 76) < 1,
MSE = .0005, p = .342. Finally, the three-way interaction
was not significant either, F(1, 76) < 1, MSE = .0005,
gp

2 = .0003, p = .882.

Response Times

A2 (Distractor Type: standard vs. deviant) · 2 (Event Infor-
mation: present vs. absent) · 2 (Temporal Information: pres-
ent vs. absent) mixed-designANOVA revealed amain effect
of event information, F(1, 76) = 18.007, MSE = 6,422,
gp

2 = .192, p < .001 (shorter RTs in the presence of event
information than in its absence), and a main effect of devi-
ance (longer RTs in the presence of a deviant relative to stan-
dard stimulus), F(1, 76) = 15.955, MSE = 474, gp

2 = .174,
p < .001. The main effect of temporal information was not
significant, F(1, 76) < 1, MSE = 6,422, gp

2 = .003,
p = .621, nor were any of the interactions involving
temporal information: Deviance · Temporal Information,
F(1, 76) = 2.045, MSE = 474, gp

2 = .026, p = .157,
Event · Temporal Information, F(1, 76) = 2.827, MSE =
6,422, gp

2 = .036, p = .097, or three-way interaction,
F(l, 76) < 1, MSE = 474, gp

2 = .0008, p = .803. A signifi-
cant Deviance · Event Information was observed however,
F(l, 76) = 7.292, MSE = 474, gp

2 = .088, p = .009. This
interaction reflected the significant deviance distraction in
the presence of event information, F(l, 76) = 22.410,
MSE = 474.49, p < .001, and not in its absence,
F(l, 76) < 1, MSE = 474.49, p = .363. In sum, as visible
from Figure 1, deviance distraction was observed in the
Event and Event + Temporal information conditions – in
which deviance distraction was of similar amplitude,
F(l, 76) = 1.412, MSE = 474.494, p = .239 - but not in
the Uninformative and Temporal conditions. Overall, the
analysis of RTs shows that deviance distraction was
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mediated by event information (distraction only observed
when sounds predicted the presentation of the target infor-
mation), not by temporal information. The same results
were obtained when carrying out the ANOVA with accu-
racy as a covariate (see Appendix).

Discussion

Using a task in which participants judged the lateral move-
ment of sounds, we found that the rare and unpredictable pre-
sentation of a deviant (frog) sound instead of the standard
(bee) sound yielded significant behavioral distraction in con-
ditions conveying event information, that is, in conditions in
which the sound’s onset predicted with certainty the occur-
rence of a movement. This was observed irrespective of
whether the temporal onset of that movement varied or
was held constant. In contrast, no deviance distraction was
observedwhen half the sounds contained nomovement, irre-
spective of the temporal information they conveyed. This
pattern demonstrates for the first time that behavioral distrac-
tion in the auditory oddball task is mediated by the distrac-
tor’s informational content, and more specifically, the
predictability of the occurrence of the target stimulus (in this
case the movement’s sound). Finally, accuracy was overall
slightly higher (0.9%) in conditions of temporal uncertainty,
an unexpected finding that might possibly reflect an increase
in alertness following deviant sounds (see SanMiguel,
Linden, et al., 2010, for supporting evidence) and a small
shift in the participant’s response criteria. Importantly,
however, this small effect did not undermine the more

important finding from our study, namely, the mediation
of deviance distraction by event information.

Event information impactedonperformance in twoways:
by speeding up responses overall and by mediating distrac-
tion. These findings fit with data highlighting the warning
value of event information (e.g., Hackley, 2009). When
every sound entailed the presentation of a target feature
(movement), the introduction of rare and unexpected
changes in sound identity resulted in longer RTs, suggest-
ing that behavioral distraction is mediated by the extent
to which the cognitive system covertly uses distractors to
prepare for action. Interestingly, participants in go/no-go
tasks have been shown to adopt a more cautious response
strategy when they expect their responses may need to be
withheld (Aron, 2011; Verbruggen & Logan, 2009). It
may therefore be that the introduction of no-go trials in
our Temporal and Uninformative conditions diverted cog-
nitive resources away from the involuntary monitoring of
auditory distractors as warning signals and directed them,
instead, toward a higher level of task-set and/or strategic
control.

Distraction by deviant sounds has long been examined
from an electrophysiological perspective (e.g., Friedman,
Cycowicz, & Gaeta, 2001; Schrçger, 1996; Schrçger,
1997), focusing on the involuntary capture of attention by
deviant sounds as marked by a triumvirate of specific brain
responses: MMN, P3a, and RON (e.g., Berti & Schrçger,
2001; Horv�th, Winkler, & Bendixen, 2008; Munka &
Berti, 2006). Behavioral distraction has, in contrast, often
been treated as a by-product and, until recently, not
received much scrutiny (e.g., Parmentier et al., 2008;
Wetzel et al., 2012). It is worth emphasizing that we fo-
cused on behavioral deviance distraction and that our con-
clusions cannot therefore be generalized to distraction as
measured electrophysiologically. There is indeed growing
evidence that behavioral and electrophysiological indexes
of distraction are only partially correlated (e.g., SanMiguel,
Morgan, Klein, Linden, & Escera, 2010), suggesting that
behavioral distraction deserves further research in its own
right. For example, recent work by Wetzel, Widmann,
and Schrçger (2011) indicates that while behavioral distrac-
tion is absent in the cross-modal oddball task when the
auditory distractors are uninformative, the P3a response is
insensitive to this manipulation and exhibit the same char-
acteristics regardless of the sounds’ informational content
(see Horv�th, Winkler, et al., 2008, for the suggestion that
the occurrence of P3a ‘‘does not imply that more detailed
stimulus evaluation should necessarily follow P3a elicita-
tion,’’ p. 145). In contrast, Berti (2012) recently reported
P3a in response to deviant sounds but in the absence of
behavioral distraction. One may tentatively suggest that
electrophysiological indexes of change detection and atten-
tion capture may occur in an obligatory fashion but that
behavioral distraction is subject to later processing and fil-
tering. Such filtering may be influenced by the extent to
which auditory distractors are of functional use for the par-
ticipant’s immediate goals, for example, to activate task sets
and/or motor plans for the responses required in the task
(e.g., Jentzsch, Leuthold, & Ridderinkhof, 2004;
Rosenbaum & Kornblum, 1982).
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Figure 1. Performance in the Uninformative, Event,
Temporal, and Event + Temporal conditions of the
auditory oddball task. Bars represent the mean response
latencies for correct responses. Lines represent the mean
proportion of correct responses. Error bars correspond to
one standard error of the mean (the size of the standard
error for the accuracy data was too small to be visible on
this graph). P-values correspond to contrasts measuring
distraction (deviant vs. standard) in each information
condition.
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The key implication from our study is that deviance is
not a sufficient condition for sounds to yield behavioral dis-
traction, just as it is not in the cross-modal oddball task
either (Parmentier, Elsley, et al., 2010). Furthermore, our
results show that the functional similarity between the audi-
tory-visual cross-modal (Ljungberg, Parmentier, Leiva,
et al., 2012) and the auditory version of the oddball task
goes further: in both, event information appears to be piv-
otal. Together with recent work by Parmentier, Elsley,
Andr�s, and Barcel� (2011) demonstrating that deviant
sounds yield distraction because they violate the cognitive
system’s expectation of a standard sound rather than be-
cause of the deviant sound’s low probability of occurrence
(see also Bendixen, Roeber, & Schrçger, 2007; Schrçger,
Bendixen, Trujillo-Barreto, & Roeber, 2007; van Zuijen,
Simoens, Paavilainen, N��t�nen, & Tervaniemi, 2006),
our study suggests that behavioral distraction by deviant
sounds should not simply be construed as the obligatory
outcome of the presentation of rare auditory distractors
but is sensitive to the extent to which sounds warn of and
predict the occurrence of a target stimulus.

Finally, data from our Event and Event + Temporal
conditions are in line with the idea that distraction does
not only reflect the impact of the deviant stimuli but also
the benefit from the presentation of a frequent, informative,
and perceptual constant standard stimulus when this stimu-
lus conveys useful warning information. Berti and Schrçger
(2006) found that participants process targets faster when
the number of standard stimuli increases. In line with this
finding, Jankowiak and Berti (2007) found that RTs to stan-
dard sounds (presented in a design involving three equi-
probable types of deviant) decrease as the probability of
that standard increases from .5, to .65, and to .75. Interest-
ingly, distraction by deviants was only significant in the lat-
ter two cases, that is, in conditions in which standard
sounds facilitated performance relative to the first condi-
tion. In the light of these findings, one may hypothesize that
behavioral distraction in our task might only emerge when
standard sounds benefit performance, which appears to
occur when they are frequent and act as useful warning
signals by conveying event information.

In conclusion, our study demonstrates that (1) assuming
that deviant sounds’ low base-rate probability is a sufficient
condition to observe deviance distraction would be inaccu-
rate; that (2) behavioral distraction as reported in past audi-
tory oddball studies may relate to the perfect correlation
between the presentation of distractor and target informa-
tion; and that (3) the key mediation played by event infor-
mation in deviance distraction can be generalized from the
crossmodal oddball task to the auditory oddball task and
therefore be, pro tempore, hailed as a potential general prin-
ciple of behavioral deviance distraction. Considered in a
more global theoretical context, our results fit with the
emerging view of the brain as a predictive device (e.g.,
Bubic, von Cramon, Jacobsen, Schrçger, & Schubotz,
2009) that uses stimulus contingencies to build forward
models of the environment and that, when appropriate,
capitalizes on such models to optimize behavior and
prepare for action.
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Appendix

The analysis of RTs with response accuracy as a covariate
yielded the same results as the above analysis. The covari-
ate had no significant effect, F(1, 75) < 1, MSE = 479.44,
p = .644. The main effect of Event Information was signif-
icant, F(l, 75) = 18.446, MSE = 6256.659, p < .00 i, as
was the main effect of deviance, F(l, 75) = 15.444,
MSE = 479.44, p < .001, and the Event Information ·
Deviance interaction, F(l, 75) = 7.172, MSE = 479.44,
p < .01. None of the remaining effects or interaction were
significant: Temporal Information, F(l, 75) < 1, MSE =
6256.659, p = .466; Event · Temporal Information,
F(l, 75) = 3.364, MSE = 479.44, p = .070; Temporal
Information · Deviance, F(l, 75) = 2.221, MSE = 479.44,
p = .l 40; three-way interaction, F(l, 75) < l, MSE =
479.44, p = .798.
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