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The neural processes underlying concurrent sound segregation were examined by using
event-related brain potentials. Participants were presented with complex sounds comprised of
multiple harmonics, one of which could be mistuned so that it was no longer an integer multiple of
the fundamental. In separate blocks of trials, short-, middle-, and long-duration sounds were
presented and participants indicated whether they heard one sound~i.e., buzz! or two sounds~i.e.,
buzz plus another sound with a pure-tone quality!. The auditory stimuli were also presented while
participants watched a silent movie in order to evaluate the extent to which the mistuned harmonic
could be automatically detected. The perception of the mistuned harmonic as a separate sound was
associated with a biphasic negative–positive potential that peaked at about 150 and 350 ms after
sound onset, respectively. Long duration sounds also elicited a sustained potential that was greater
in amplitude when the mistuned harmonic was perceptually segregated from the complex sound.
The early negative wave, referred to as the object-related negativity~ORN!, was present during both
active and passive listening, whereas the positive wave and the mistuning-related changes in
sustained potentials were present only when participants attended to the stimuli. These results are
consistent with a two-stage model of auditory scene analysis in which the acoustic wave is
automatically decomposed into perceptual groups that can be identified by higher executive
functions. The ORN and the positive waves were little affected by sound duration, indicating that
concurrent sound segregation depends on transient neural responses elicited by the discrepancy
between the mistuned harmonic and the harmonic frequency expected based on the fundamental
frequency of the incoming stimulus. ©2002 Acoustical Society of America.
@DOI: 10.1121/1.1434942#

PACS numbers: 43.64.Qh, 43.64.Ri, 43.66.Lj@LHC#
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I. INTRODUCTION

In most everyday situations, there is often more than
audible sound source at any given moment. Given that
acoustic components from simultaneously active sources
pinge upon the ear at the same time, how does the aud
system sort which elements of the mixture belong to a p
ticular source and which originate from a different sou
source?

Psychophysical research has identified several fac
that can help listeners to segregate co-occurring events.
example, sound components that are harmonically relate
that rise and fall in intensity together usually arise from
single physical source and tend to be grouped into one
ceptual object. Conversely, sounds are more likely to be
signed to separate objects~i.e., sources! if they are not har-
monically related and if they differ widely in frequency an
intensity~for a review, see Bregman, 1990; Hartmann, 19
1996!. The present study focuses on concurrent sound se
gation based on harmonicity.

One way of investigating concurrent sound segrega
based on harmonicity is by means of the mistuned harmo
experiment. Usually, the listener is presented with t
stimuli sucessively, one of them with perfectly harmon
components, the other with a mistuned harmonic. The tas

a!Electronic mail: calain@rotman-baycrest.on.ca
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the listener is to indicate which one of the two stimuli co
tains the mistuned harmonic. Several factors influence
perception of the mistuned harmonic as a separate tone
cluding degree of inharmonicity, harmonic number, a
sound duration~Hartmann, McAdams, and Smith, 1990; Li
and Hartmann, 1998; Moore, Peters, and Glasberg, 1985!.

This effect of mistuning on concurrent sound segre
tion is consistent with Bregman’s account of auditory sce
analysis~Bregman, 1990!. Within this model, the acoustic
wave is first decomposed into perceptual groups~i.e., ob-
jects! according to Gestalt principles. Partials that are h
monically related are grouped together into one entity, wh
the partial that is sufficiently mistuned stands out as a se
rate object. It has been proposed that the perception of
mistuned harmonic as a separate object depends on a pa
matching process that attempts to adjust a harmonic t
plate, defined by a fundamental frequency, to fit the spec
pattern ~Goldstein, 1978; Hartmann, 1996; Lin and Ha
mann, 1998!. When a harmonic is mistuned by a sufficie
amount, a discrepancy occurs between the perceived
quency and that expected on the basis of the template.
purpose of this pattern-matching process could be to sig
to higher auditory centers that more than one auditory ob
might be simultaneously present in the environment.

One important question concerns the nature of the m
match process that may underlie concurrent sound segr
/111(2)/990/6/$19.00 © 2002 Acoustical Society of America
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tion. For instance, it is unclear whether the mismatch proc
is transient in nature or whether it remains present for
whole duration of the stimulus. Previous behavioral stud
have shown that perception of the mistuned harmonic a
separate tone improved with increasing sound durati
~e.g., Mooreet al., 1986!. This suggests that perception
concurrent auditory objects may depend on a continu
analysis of the stimulus rather than on a transient detec
of inharmonicity.

Event-related brain potentials~ERPs! provide a power-
ful tool for exploring the neural mechanisms underlying co
current sound segregation. In a series of experiments, A
Arnott, and Picton~2001! measured ERPs to complex soun
that either had all harmonics in tune or included one m
tuned harmonic so that it was no longer an integer multi
of the fundamental. When individuals reported perceiv
two concurrent auditory objects~i.e., a buzz plus anothe
sound with a pure-tone quality!, a phasic negative deflectio
was observed in the ERP. This negative wave peaked aro
180 ms after sound onset and was referred to as the ob
related negativity~ORN! because its amplitude correlate
with perceptual judgment, being greater when participa
reported hearing two distinct perceptual objects. The O
was also present even when participants were asked to ig
the stimuli and read a book of their choice. This suggests
this component indexes a relatively automatic process
occurs even when auditory stimuli are not task relevant.

Distinguishing concurrent auditory objects was also
sociated with a late positive wave that peaked at about
ms following stimulus onset~P400!. Like the ORN, the P400
amplitude correlated with perceptual judgment, being lar
when participants perceived the mistuned harmonic a
separate tone. However, in contrast with the ORN, this co
ponent was present only when participants were require
respond whether they heard one or two auditory stimuli.

The aim of the present study was to further investig
the nature of the neural processes underlying concur
sound segregation using sounds of various durations
Alain et al.’s study, it was unclear whether the ORN an
P400 indexed a transient or a sustained process becaus
sound duration was always kept constant. Examining
ORN and P400 for sounds of various duration can give cl
about the processes involved in concurrent sound segr
tion. If concurrent sound segregation depends on a trans
process that detects a mismatch between the mistuned
monic and the harmonic template, then these ERP com
nents should be little affected by sound duration. Howeve
concurrent sound segregation depends on the ongoing a
sis of the stimulus, then the effect of mistuning on ER
should vary with sound duration. Because the stimuli
Alain et al.’s study were always 400 ms in duration, it wa
also difficult to determine the contributions of the offset r
sponses and the response selection processes to the
component. In the present study, participants were prese
with sounds of various durations and were asked to resp
at the end of the sound presentation to reduce contamina
by response processes. If the P400 component received
tribution from the offset reponses and/or from the respo
J. Acoust. Soc. Am., Vol. 111, No. 2, February 2002
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processes, then the P400 amplitude should vary as a func
of stimulus duration.

II. METHOD

A. Participants

Thirteen adults provided written informed consent
participate in the study. The data of three participants w
excluded from further analysis because they showed ex
sive ocular contaminations or had extreme difficulty in d
tinguishing the different stimuli. Four women and six me
form the final sample~aged between 22 and 37 years, me
age525.764.67 years!. All participants were right-handed
and had pure-tone thresholds within normal limits for fr
quencies ranging from 250 to 8000 Hz~both ears!.

B. Stimuli and task

All stimuli had a fundamental frequency of 200 Hz. Th
tuned stimuli consisted of a complex sound obtained by co
bining 12 pure tones with equal intensity. In the mistun
stimuli the third harmonic was shifted either up- or dow
wards by 16% of its original value~696 or 504 Hz instead o
600 Hz!. The intensity level of each sound was 80 dB SP
The durations of the sounds were short~100 ms!, medium
~400 ms!, or long ~1000 ms!, including 5-ms rise/fall time.
The sounds were generated digitally with a sampling rate
50 kHz and presented binaurally through Sennheiser HD
headphones. Participants were presented with 18 block
trials. Each block consisted of 130 stimuli of short, mediu
or long duration sounds. Half of the stimuli in each blo
were tuned while the other half were mistuned. Tuned a
mistuned stimuli were presented in a random order. T
short, medium, and long duration blocks were presented
random order across participants.

Each participant took part in active and passive listen
conditions~nine blocks of trials in each condition!. In the
active listening condition, participants indicated wheth
they perceived one tuned sound or two sounds~i.e., a buzz
plus another sound with a pure-tone quality! by pressing one
of two buttons on a response box using the right index a
middle fingers. Participants were asked to withhold their
sponse until the end of the sound to reduce motor-rela
potentials during sound presentation. The intertrial interv
i.e., the interval between the participant’s response and
next trial, was 1000 ms. No feedback was provided a
each response. In the passive condition, participants watc
a silent movie with subtitles and were asked to ignore
auditory stimuli. In the passive listening condition, the inte
stimulus interval varied randomly between 800 and 1000
The order of the active and passive conditions was coun
balanced across participants.

C. Electrophysiological recording and analysis

The electroencephalogram~EEG! was digitized continu-
ously ~bandpass 0.05–50 Hz; 250-Hz sampling rate! from an
array of 64 electrodes using NeuroScan SynAmps and st
for offline analysis. Eye movements were monitored w
electrodes placed at the outer canthi and at the superior
991Alain et al.: ERPs and concurrent sound segregation
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inferior orbit. During the recording, all electrodes were re
erenced to the midline central electrode~i.e., Cz!; for data
analysis they were re-referenced to an average reference
the electrodeCz was reinstated.

The analysis epoch included 200 ms of prestimulus
tivity and 800, 1000, or 1600 ms of poststimulus activity f
the short, medium, and long duration sounds, respectiv
Trials contaminated by excessive peak-to-peak deflec
~6200 mV! at the channels not adjacent to the eyes w
automatically rejected before averaging. ERPs were then
eraged separately for each site, stimulus duration, stim
type, and listening condition. ERPs were digitally low-pa
filtered to attenuate frequencies above 15 Hz. For each i
vidual average, the ocular artifacts~e.g., blinks, saccades
and lateral movements! were corrected by means of ocul
source components using the Brain Electrical Source An
sis ~BESA! software~Pictonet al., 2000!.

The ERP waveforms were quantified by computi
mean values in selected latency regions, relative to the m
amplitude of the 200-ms prestimulus activity. The interv
chosen for the ORN and P400 mean amplitude were 1
200 ms and 300–400 ms, respectively. To ease the com
son between active and passive listening, the ERPs for
rect and incorrect trials in the active listening condition we
lumped together. Trials with an early response~i.e., response
during sound presentation! were excluded from the analysis

The effects of sound duration on perceptual judgm
were subjected to a repeated measures within-subject a
sis of variance~ANOVA ! with sound duration and stimulu
type as factors. Accuracy was defined as hits minus fa
alarms. For the ERP data, the independent variables w
participants’ listening condition~active versus passive!,
sound duration~short, medium, long!, stimulus type~tuned
versus mistuned!, and electrode~Fz, F1, F2, FCz, FC1, FC2
Cz, C1, and C2!. Scalp topographies using the 61 electrod
~omitting the periocular electrodes! were statistically ana-
lyzed after scaling the amplitudes to eliminate amplitude d
ferences between stimuli and conditions. For each particip
and each condition, the mean voltage measurements
normalized by subtracting the minimum value from ea
data point and dividing by the difference between the ma
mum and minimum value from the electrode set~McCarthy
and Wood, 1985!. Whenever appropriate, the degrees of fre
dom were adjusted with the Greenhouse–Geisser epsilon
reported probability estimates are based on these red
degrees of freedom.

III. RESULTS

A. Behavioral data

Overall, participants were more likely to report heari
two concurrent stimuli when the complex sound included
mistuned harmonic. Conversely, they were more likely
report perceiving one complex sound when the sound c
ponents were all harmonically related. The main effects
stimulus type and sound duration on perceptual judgm
were not significant. However, there was a significant int
action between sound duration and stimulus type,F(2,18)
55.75, p,0.02 ~Fig. 1!. Analyses of simple main effect
992 J. Acoust. Soc. Am., Vol. 111, No. 2, February 2002
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revealed that participants were significantly less likely to
port hearing one complex sound when the tuned stimuli
creased in duration,F(2,36)55.63,p,0.01. In comparison,
the perception of the mistuned harmonic as a separate
was little affected by increasing sound duration,F(2,36)
51.97.

B. Electrophysiological data

Figure 2 shows the group mean ERPs elicited by tun
and mistuned stimuli as a function of sound duration dur
passive and active listening. In both listening conditio
tuned and mistuned stimuli elicited a clear N1–P2 compl
At the midline frontocentral site~i.e., FCz!, the N1 and P2
deflections peaked at about 125 and 195 ms after sound
set, respectively. Middle and long duration sounds genera
a sustained potential and a small offset response. The
amplitude was larger during active than passive listeni
F(1,9)521.48, p,0.001. The effect of sound duration o
the N1 amplitude was not significant nor was the interact

FIG. 1. Probability of reporting hearing one sound or two sounds a
function of stimulus duration.

FIG. 2. Group mean event-related brain potentials~ERPs! from the midline
frontocentral site~FCz! as a function of sound duration and harmonicit
Top: ERPs recorded when individuals were required to decide whether
sound or two sounds were present~active listening!. Bottom: ERPs recorded
when individuals were asked to watch a movie and to ignore the audi
stimuli ~passive listening!. The gray rectangle indicates the duration of t
stimulus.
Alain et al.: ERPs and concurrent sound segregation
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between sound duration and listening condition. The
wave amplitude and latency were not significantly affec
by the listening condition or sound duration.

The ERPs to mistuned stimuli showed a negative d
placement compared to those elicited by tuned stimuli. T
effects of mistuning on ERPs can best be illustrated by s
tracting ERPs to tuned stimuli from ERPs elicited by m
tuned stimuli~Fig. 3!. In the active listening condition, th
difference waves revealed a biphasic negative–positive
tential that peaked at about 160 and 360 ms poststimu
The negative wave, referred to as the ‘‘object-related ne
tivity’’ ~ORN!, was maximum at frontocentral sites and i
verted in polarity at inferior temporal sites. ANOVA wit
stimulus type, listening condition, stimulus duration, a
electrode as factors yielded a main effect of stimulus ty
F(1,9)520.54,p,0.001, and a main effect of listening con
dition, F(1,9)516.48,p,0.01. The interaction between lis
tening condition and stimulus type was not significa
F(1,9)53.69,p50.09. A separate ANOVA on ERP data r
corded during passive listening yielded a main effect
stimulus type,F(1,9)517.16,p,0.01. This indicates that a
significant ORN was present during passive listening. In b
listening conditions, the ORN amplitude and latency w
little affected by sound duration.

In the active listening condition, the ORN was followe
by a positive wave peaking at 350 ms poststimulus refer
to as the P400. Like the ORN, the P400 was biggest o
frontocentral sites and was inverted in polarity at occip
and temporal sites~see Figs. 3 and 4!. Complex sounds with
the mistuned harmonic generated greater positivity t
tuned stimuli, F(1,9)57.90, p,0.05. The interaction be
tween stimulus type and listening condition was significa
F(1,9)57.32, p,0.05, reflecting greater P400 amplitud
during active than passive listening. A separate ANOVA
the ERPs recorded during passive listening yielded no m
effect of stimulus type,F(1,9)50.28. Like the ORN, there
was no significant interaction between sound duration
stimulus type, F(2,18)51.69, p50.214, indicating that
P400 amplitude was not significantly affected by the durat
of the mistuned stimulus.

FIG. 3. Group mean difference waves between ERPs elicited by harm
and inharmonic stimuli during passive and active listening at the mid
frontocentral site~FCz!, the left central parietal site~CP1!, and the left
inferior and posterior temporal site~TP9!. The tick marks indicate 200 ms
for the short and middle duration sounds, and 300 ms for the long dura
sound.
J. Acoust. Soc. Am., Vol. 111, No. 2, February 2002
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A visual inspection of the data revealed a positive wa
that peaked at 245 ms following sound onset that was pre
during the passive listening. This positive wave peaked e
lier than the P400 and was more frontally distributed than
P400. The positive wave recorded during passive listen
was affected by sound duration,F(2,18)58.99,p,0.01, be-
ing larger for middle than the short or the long durati
sounds~p,0.05, in both cases!.

1. Sustained potentials

Long duration stimuli elicited a large and widespre
sustained potential that was maximum at frontocentral si
To take into account the widespread nature of the susta
response, the effects of mistuning and listening condition
the sustained potentials were quantified using a larger a
of electrodes~i.e., F1, F2, F3, F4, F5, F6, FC1, FC2, FC
FC6, C1, C2, C3, C4, C5, C6!. ANOVA for the 600–
1200-ms interval following sound onset yielded a main eff

ic
e

n

FIG. 4. Contour maps for the N1~120 ms!, ORN ~160 ms!, P400~360 ms!,
and sustained potential~800 ms!. The N1, ORN, and P400 topographie
represent the peak amplitude measurement for the short duration signa~i.e.,
100 ms!. The sustained potential~SP! topography represents the amplitud
measurement for the long duration signal~i.e., 1000 ms!. Shade indicates
negativity, whereas light indicates positivity. For the N1 wave the cont
spacing was set at 0.6mV. For the ORN, P400, and sustained potential t
contour spacing was set at 0.2mV. The negative polarity is illustrated by the
shaded area. The open circle indicates electrode position.
993Alain et al.: ERPs and concurrent sound segregation
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of listening condition,F(1,9)512.12, p,0.01, reflecting
greater amplitude during active than passive listening~Fig.
3!. The main effect of mistuning was not significant nor w
the interaction between listening condition and mistuni
However, there was a significant interaction between mist
ing and hemisphere,F(1,9)56.34,p,0.05, and a three-way
interaction including listening condition, mistuning, an
hemisphere,F(1,9)59.64,p,0.02. Therefore, the effect o
mistuning on the sustained potential was examined se
rately for the left and right hemispheres. The effect of m
tuning on the sustained potential was significant only o
the left hemisphere,F(1,9)57.25; p,0.05 ~Fig. 4!. The in-
teraction between listening condition and mistuning was
significant for the selected electrodes. However, it w
highly significant for central electrodes near the midli
@e.g., C1 and C3,F(1,9)510.77,p,0.01#.

2. Scalp distribution

Scalp distributions are an important criterion in iden
fying and distinguishing between ERP components. The
sumption is that different scalp distributions indicate diffe
ent spatial configurations of intracranial current sources
the present study, we analyzed scalp distributions to exam
whether the observed ERP component generation~i.e., N1,
ORN, P400, sustained potentials! depends on distinct neura
networks.

Figure 4 shows the amplitude distribution for the N
ORN, P400, and mistuning-related changes in the susta
potential. The N1 was largest at frontocentral sites and
verted polarity at inferior temporal sites. The ORN amplitu
distribution was not significantly different from that of th
N1 wave. There was no significant difference in N1 a
ORN amplitude distribution elicited by short, medium, a
long duration sounds. In comparison with the N1 and
ORN, the P400 response was more lateralized over the r
central areas. This difference in topography was presen
short, medium, and long duration sounds,F(60,540).9.50,
p,0.001, in all cases. The N1, ORN, and P400 scalp dis
butions were not significantly affected by sound duratio
Last, the mistuning-related change in sustained potential
greater over the left central parietal area than the N1, O
and P400 responses,F(60,540).5.00,p,0.01 in all cases.

IV. DISCUSSION

Participants were more likely to report hearing two d
tinct stimuli when the complex sound contained a mistun
harmonic. This is consistent with previous research~e.g.,
Alain et al., 2001; Hartmannet al., 1990; Moore, Glasberg
and Peters, 1986!, and shows that frequency periodicity pr
vides an important cue in parsing co-occurring auditory
jects.

The ability to perceive the mistuned harmonic as a se
rate tone was little affected by increasing sound durati
Given that the amount of mistuning was well above thre
old, it is not surprising that sound duration had little impa
on perceiving the mistuned harmonic as a separate t
More surprising was the finding that for tuned stimuli pa
ticipants were more likely to report hearing two audito
994 J. Acoust. Soc. Am., Vol. 111, No. 2, February 2002
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objects when the complex sound was long rather than sh
Because the third harmonic was the only harmonic that w
mistuned in the present study, participants may have real
that the only changing component was always in the sa
frequency region and therefore listened more carefully
sounds at that particular frequency. It has been shown
individuals are able to identify a single harmonic in a co
plex sound if they have previously listened to that harmo
presented alone~for a review, see Bregman, 1990!. A similar
effect could have taken place in the present study. Par
pants could have heard the mistuned partial as a sepa
tone and this tone may have primed them to hear, in
tuned stimuli, the third harmonic which was the most simi
in frequency with the mistuned harmonic. Hence, the r
evant figure, which was identified by the attention process
was not the whole Gestalt of the complex sound but
changing third harmonic over different trials.

Two ERP components were associated with the perc
tion of the mistuned harmonic as a separate tone. The
one was the ORN, which was maximum at frontocentral s
and inverted in polarity at inferior parietal and occipital site
This amplitude distribution is consistent with generators
auditory cortices along the Sylvian fissure. Like participan
perception of the mistuned harmonic as a separate tone
ORN amplitude and latency were little affected by increas
sound duration. This suggests that concurrent sound segr
tion depends on a transient neural response triggered by
automatic detection of inharmonicity. As previously su
gested by Alainet al., the ORN may index an automati
mismatch detection process between the mistuned harm
and the harmonic frequency expected based upon the
monic template extrapolated from the incoming stimulus.

Mistuned stimuli generated a significant ORN ev
when participants were not actively attending to the stim
In addition, the ORN amplitude was similar in both activ
and passive listening conditions. These findings replic
those of Alainet al. ~2001!, and are consistent with the pro
posal that this component indexes a relatively automatic p
cess. The results are also consistent with the proposal tha
ORN indexes primarily bottom-up processes and that c
current sound segregation may occur independently of lis
er’s attention. However, the role of attention in detecting
mistuned harmonic will require further empirical research.
the present study, listeners’ attention may have wandere
the auditory stimuli while they watched the subtitled mov
thereby contributing to the ORN recorded during passive
tening.

The ORN presents some similarities in latency and a
plitude distribution with another ERP component called t
mismatch negativity, or MMN. The MMN is elicited by th
occurrence of rare deviant sounds embedded in a sequen
homogeneous standard stimuli. Like the ORN, the MMN h
a frontocentral distribution and its latency peaks at about
ms after the onset of deviation. Both ORN and MMN can
recorded while listeners are reading or watching a video
therefore are thought to index bottom-up processing of au
tory scene analysis. A crucial difference between the t
components is that while the MMN generation is highly se
sitive to the perceptual context, the ORN generation is n
Alain et al.: ERPs and concurrent sound segregation
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That is, the MMN is elicitedonly by rare deviant stimuli,
whereas the ORN is elicited by mistuned stimuli wheth
they are presented occasionally or frequently~Alain et al.,
2001!. Thus, the MMN reflects a mismatch between the
coming auditory stimulus and what is expected based on
previously occurring stimuli, whereas the ORN indexes
discrepancy between the mistuned harmonic and the
monic template that is presumably extrapolated from the
coming stimulus. As mentioned earlier, scalp distributio
and dipole source modeling are important criteria in iden
fying and distinguishing between ERP components. Th
further research comparing the scalp distributions of
ORN and MMN may provide evidence that these two E
components index different processes and recruit dist
neural networks.

The second component associated with concur
sound segregation was the P400, which was present
when participants were asked to make a response. The P
has a more lateralized and widespread distribution than
N1 or the ORN and seems to be more related to percep
decisions. Given that participants indicated their response
ter the sound was presented, the P400 generation cann
easily accounted for by motor processes. The P400 may
dex the perception and recognition of the mistuned harmo
as a separate object, distinct from the complex sound.
with the ORN, the P400 amplitude was little affected
sound duration, although the P400 tended to be smaller
long than middle or short duration stimuli. This result su
gests that for shorter and intermediate duration sounds,
P400 amplitude may be partly superimposed by the of
response elicited by the end of the stimulus.

Long duration sounds generated a sustained poten
which was larger during active than passive listening. T
enhanced amplitude may reflect additional attentional
sources dedicated to the analysis of the complex sou
Within the active listening condition, the perception of t
mistuned harmonic as a separate sound generated gr
sustained potential amplitude than sounds that were
ceived as a single object. This suggests that concurrent s
segregation can involve both transient and sustained ne
events when individuals are required to pay attention to
auditory scene. The role of the transient neural event ma
to signal to higher auditory centers that more than one so
source is present in the mixture. In comparison, the enhan
sustained potential for mistuned stimuli may reflect an on
ing analysis of both sound sources for an eventual respo
context updating, or a second evaluation of the mistu
harmonic. Interestingly, the mistuning-related changes in
sustained potential were lateralized to the left hemisph
and could partly reflect motor-preparation processes bec
participants were required to indicate their response w
their right hand. However, this cannot easily account for
differences between tuned and mistuned stimuli because
stimuli required a response from the right hand, unless
differences in sustained potentials between tuned and
tuned stimuli reflect the activation of different motor pr
grams. It is also possible that the enhanced sustained po
tial to mistuned stimuli reflects enhanced process
allocated to the mistuned harmonic. Perhaps there is an
J. Acoust. Soc. Am., Vol. 111, No. 2, February 2002
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ditional and ongoing analysis of the sound quality when o
partial stands out from the complex as a separate object

V. CONCLUSION

In summary, the perception of concurrent auditory o
jects is associated with two neural events that peak, res
tively, at about 160 and 360 ms poststimulus. The scalp
tribution is consistent with generators in auditory cortice
reinforcing the role of primary and secondary auditory cor
in scene analysis. Although it cannot be excluded that c
current sound segregation may have taken place at s
stage along the auditory pathway before auditory cortic
the perception of the mistuned harmonic as a separate s
does involve primary and secondary auditory cortices.

The ORN was little affected by sound duration and w
present even when participants were asked to ignore
stimuli. We propose that this component indexes a trans
and automatic mismatch process between the harmonic
plate extrapolated from the incoming stimulus and the h
monic frequency expected based upon the fundamenta
the complex sound. As with the ORN, the P400 was lit
affected by sound duration. However, the P400 is pres
only when individuals are required to discriminate betwe
tuned and mistuned stimuli, suggesting that the P400 gen
tion depends on controlled processes responsible for
identification of the stimuli and the generation of the app
priate response. Last, the perception of the mistuned
monic generated larger sustained potentials than the per
tion of tuned stimuli. The effect of mistuning on th
sustained potential was present only during active listen
suggesting that attention to complex auditory scenes rec
both transient and sustained processes but that scene an
of sounds presented outside the focus of attention may
pend primarily on transient neural events.
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