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a b s t r a c t

The ability to perceive discrete sound streams in the presence of competing sound sources relies on
multiple mechanisms that organize the mixture of the auditory input entering the ears. Many studies
have focused on mechanisms that contribute to integrating sounds that belong together into one
perceptual stream (integration) and segregating those that come from different sound sources
(segregation). However, little is known about mechanisms that allow us to perceive individual sound
sources within a dynamically changing auditory scene, when the input may be ambiguous, and heard as
either integrated or segregated. This study tested the question of whether focusing on one of two
possible sound organizations suppressed representation of the alternative organization. We presented
listeners with ambiguous input and cued them to switch between tasks that used either the integrated
or the segregated percept. Electrophysiological measures indicated which organization was currently
maintained in memory. If mutual exclusivity at the neural level was the rule, attention to one of two
possible organizations would preclude neural representation of the other. However, significant MMNs
were elicited to both the target organization and the unattended, alternative organization, along with
the target-related P3b component elicited only to the designated target organization. Results thus
indicate that both organizations (integrated and segregated) were simultaneously maintained in
memory regardless of which task was performed. Focusing attention to one aspect of the sounds did
not abolish the alternative, unattended organization when the stimulus input was ambiguous. In noisy
environments, such as walking on a city street, rapid and flexible adaptive processes are needed to help
facilitate rapid switching to different sound sources in the environment. Having multiple representations
available to the attentive system would allow for such flexibility, needed in everyday situations to
maintain stable auditory percepts, and to allow rapid scanning of interesting events in a busy
environment.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

In natural situations, the auditory environment is dynamically
changing, with multiple sound sources overlapping in time.
Imagine yourself walking on a busy city street as noises from the
environment constantly change: a jet flies overhead; a jackham-
mer makes repeated sound bursts; cars drive by; people are
talking as they walk past you. The neural representation or model
of the auditory environment must account for the dynamics of
such situations as the population of sounds in the auditory scene
can change from moment to moment. Most studies investigating

the neurobiological basis of auditory scene analysis (the process
that allows us to hear distinct auditory sound events in noisy
environments) have focused on how the brain disentangles two
fixed sets of sound that differ in frequency (Bregman, 1978;
Brochard et al., 1999; Carlyon et al., 2001; Cusack et al., 2004;
Micheyl et al., 2005; Müller et al., 2005; Rahne et al., 2007; Rahne
and Sussman, 2009; Shamma et al., 2011; Sussman, 2005;
Sussman et al., 2007a, 2007b; Sussman-Fort and Sussman, 2014;
Sussman et al., 1999; Sussman and Steinschneider, 2006; Szalárdy
et al., 2013). However, most of the input to our ears overlaps
dynamically in time and is often not clearly disambiguated. The
current study investigated the problem of how ambiguous input is
resolved by the auditory system, and what systems mediate
perception of individual sound events when there are competing
sound streams. We tested the hypothesis that the attended sound
organization ‘wins’ out for neural representation when the input
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is ambiguous for hearing a single integrated stream or two
segregated streams. Thus, we asked the question of whether
focusing on one of two possible organizations (integrated or
segregated) results in suppression of the alternative organization,
or instead whether both organizations can be represented even
when only one organization appears in perception.

Previously, we have used the mismatch negativity compo-
nent (MMN) of event-related brain potentials (ERPs) as an index
of sound organization (Sussman et al., 1998; Sussman et al., 1999;
Sussman, 2013; Sussman, 2007). The MMN is elicited by discri-
minability of a deviation from a detected sound regularity main-
tained in the neural trace of the input (Näätänen et al., 2001;
Näätänen et al., 2014). Any deviant can elicit MMN as long as the
memory trace of the regularity is represented (Sussman, 2007).
Our previous paradigms were set up such that within-stream
regularities would only emerge when the sounds were neurophy-
siologically segregated, permitting detection of within-stream
deviants (e.g., intensity or pattern deviants) (Rahne and
Sussman, 2009; Sussman and Steinschneider, 2006; Sussman et
al., 2005; Sussman, 2005). These studies allowed us to index sound
organization, but the results could not distinguish whether both
possible organizations were present simultaneously. This was
because the MMN was elicited by deviant tones only when the
sounds were segregated into distinct streams. We had no direct
assessment of the integrated organization. For the current study,
we modified a previous paradigm (Sussman and Steinschneider,
2006) to provide two distinct indices, one evoked only by
integration and the other only by segregation (Fig. 1). Attention
was cued to switch between performing one of two different
tasks: a loudness detection task that required segregation of the
higher from the lower tones (Fig. 1B), and a pattern identification
task that required integration of the entire sequence (Fig. 1C).
Thus, the demands of the task required either segregation of the
sounds to perceive an oddball in one of the streams or integration
of the sounds to perceive patterns of the stimuli. The task dictated
which of the two possible organizations was to be active in
perception. The MMN response was used to index whether a
loudness change (e.g., intensity deviant) and/or a pattern deviant
were detected based on different regularity representations from
the same input.

The question of how ambiguous input is represented in
auditory cortex has been of interest in the last decade (Sterzer et
al., 2009; Nelken, 2004; Pressnitzer and Hupé, 2006; Sussman and
Steinschneider, 2006; Rahne and Sussman, 2009; Denham et al.,
2014; Winkler et al., 2009; Sussman, 2010). Much of the work has
studied the temporal dynamics of a phenomenon called auditory
bi-stability, in which spontaneous switching between two or more
perceptual states occurs when the input is ambiguous. This is akin
to the visual face-vase illusion (or binocular rivalry) in which
perception of one excludes perception of the other at any given
time even though switching back and forth between the two arises
spontaneously. With long presentations of sounds, participants
record the points at which they hear integrated, segregated, or
some other organization of the input (e.g., Pressnitzer and Hupé,
2006; Denham et al., 2013; Denham et al., 2014; Winkler et al.,
2012). The measures of the spontaneous switching between
perceptual states across time indicate that whereas multiple
alternative organizations of the input are proposed to be simulta-
neously maintained, one dominates in perception for a period of
time (before switching to another) depending on the stimulus-
driven characteristics of the input (Denham et al., 2013; Denham
et al., 2014; Sterzer et al., 2009; Pressnitzer and Hupé, 2006).
These results suggest that multiple sound organizations are
available when the input is ambiguous and that spontaneous
perceptual switching occurs as a result of low-level competition
between the potential sound organizations (Denham et al., 2013;

Horváth et al., 2001; Nelken, 2004; Pressnitzer and Hupé, 2006;
Sterzer et al., 2009; Winkler et al., 2012). Although most of these
studies report perception arising from spontaneous switching
behavior, when participants were instructed to volitionally group
(integrate) or segregate the sounds, it did not increase the
duration of the designated perceptual state across trials but rather
decreased the proportion of reported trials for the irrelevant
organization (Pressnitzer and Hupé, 2006). Thus, it is not fully
clear how attention modulates the ambiguous case to facilitate
task performance. The results of the Pressnitzer and Hupé (2006)
study, for example, suggest this may occur by reducing the
intrusion of the unattended sound organization rather than by
strengthening the attended one.

The current study tested effects of top-down processing on the
storage of neural representations for ambiguous input. Attention
was manipulated to control which organization was required to
perform the task, while the elicitation of the MMN component
was used as an index of which organization(s) was present during
task performance. Thus, we assessed, using unique triggers for
integration and segregation, whether one or both of the potential
organizations were neurophysiologically represented while parti-
cipants actively integrated or actively segregated the sound input
to perform a task. This study thus asks the question of whether
task performance modulates neural representations of ambiguous
sound input toward the organization that is used to perform the
task, and minimizes the irrelevant organization. What happens to
the alternative, unattended organization when attention is focused
on one set of the sounds?

If mutual exclusivity at the neural level was the rule, attention
to one of two possible organizations would preclude neural
representation of the other. This would predict that when atten-
tion biased the neurophysiological response toward the organiza-
tion needed to perform the task, MMN would be elicited only by
the deviants produced by the organization that was induced by
the task, suppressing the alternative, unattended organization.
Alternatively, if both organizations were represented, regardless of
the task performed, then MMNs would be elicited by unattended
non-target deviants of the organization that was not required by
the task. Thus, we determine if both organizations are represented
in the neural trace or if attention ‘resolves’ the ambiguity toward
the organization that is used to perform the task.

2. Experiment 1: ambiguous (5 ST) condition

2.1. Methods and materials

2.1.1. Participants
Fifteen healthy young adults (10 male) aged 18–33 years old (M¼26 years,

SD¼4) participated in the study. All participants passed a hearing screen (20 dB HL
for pure tones at 500, 1000, 2000, and 4000 Hz, bilaterally). Participants gave
written consent and were paid for their participation. Three participants could not
perform at least one of the tasks. Their data were excluded from analyses. The
remaining 12 participants' data are included in this report.

2.1.2. Stimuli
Stimuli were created using Neuroscan software (STIM, Compumedics, Corp.,

Charlotte, NC). Two pure tones (50 ms. duration, 5 ms. rise/fall time) were
presented bilaterally through insert earphones (E-A-R-tones 3A, Indianapolis,
IN). Sounds were calibrated for peak-to-peak equivalent sound pressure level (ppe
SPL) using a Brüel & Kjær sound level meter (2209) with an artificial ear (4152).
There was a 5 semitone [ST] distance between tones: the higher frequency tone
(H) was 1397 Hz and the lower frequency tone (L) was 1046 Hz (Fig. 1A). Tones
were presented in three patterns: HLHH (Pattern1), HHLH (Pattern2), and HHHL
(Pattern3), randomly distributed, with Pattern 1 occurring 40%, Pattern 2 occurring
40% and Pattern 3 occurring 20% of the time (Fig. 1A). Stimulus onset asynchrony
(SOA) from high tone to high tone was 220 ms; SOA from high tone to low tone was
110 ms; and 440 ms separated the four-tone patterns (Fig. 1A). Thus, the inter-
stimulus interval (ISI) for the high tone stream (the interval between successive
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triplets of the high tones) was isochronous, but the ISI for the low tone stream was
jittered.

2.1.3. Logic of the stimulus design
The MMN component is elicited by deviants detected as violating a previously

detected regularity in a stimulus sequence that is neurophysiologically represented
in auditory memory. The present experiment was designed so that one type of
deviant would be encountered if listeners integrated all the tones into a single
perceptual stream (pattern deviants), and a different type of deviant would be
encountered if they segregated the high and low tones into separate streams
(loudness deviants). In this way, elicitation of the MMN component would indicate
whether neurophysiological representations of one or more organizations were
held in memory simultaneously. If all the tones were experienced in a single stream
the three patterns would be present (Fig. 1C). In this case, Pattern 3 would be the
infrequent (deviant) pattern, and could elicit MMN if the integrated organization
were held in memory. On the other hand, if the high and low tones formed separate
streams, the H tones would split from the L tones, forming triplets, and the L tones
would comprise a stream in which the oddball was an intensity change (12%
randomly presented 81 dB vs. 88% 69 dB L tones, Fig. 1B) with a jittered ISI. In the
segregated percept, the 81 dB tones are deviant with respect to the 69 dB L tones in
the same stream. The H tones vary in intensity above and below the L tone intensity
values, with the four intensity levels of the high tones (65, 73, 77, and 85 dB)
occurring equally often in a randomized order (Fig. 1B), so that if all tones were
heard as a single stream there would be a variety of intensity levels, none of them

standing out as deviant. Therefore, only when the L tones split by frequency into
their own stream can the loudness detection task be performed (i.e., comparison
between the 69 and 81 dB tones). The infrequent louder intensity low tone was the
MMN-eliciting deviant when sounds were segregated. Pattern 3 was the MMN
eliciting deviant when the sounds were integrated.

Because louder intensity sounds can produce larger obligatory components
(e.g., N1) that can overlap with the MMN response, a control condition was
presented to obtain a comparison tone for the louder intensity deviant that had the
same physical characteristics and could serve as the comparison tone to the louder
deviant intensity. This was done by reversing the intensity value of the frequent-
infrequent low tones (i.e., 81 dB for the frequent L tones and 69 dB for the
infrequent) so that the 81 dB tones were not deviant under this control condition.
All other parameters were the same as under the main condition, including task
requirements. Thus, under the control condition participants pressed the response
key to the softer intensity deviant when they performed the loudness detection
task. 672 patterns were presented under the control condition.

2.1.4. Procedures
Participants sat in a comfortable chair in front of a computer monitor during

the experiment. There were two tasks: pattern identification and loudness detec-
tion. The pattern identification task was performed by pressing the response key
for the designated pattern (Fig. 1C). There was no indication made to participants
about deviant patterns. The participants' task was only to identify and press the
response key to the designated pattern (P1, P2, or P3). For the loudness detection

Fig. 1. Schematic of the stimulus paradigm for Experiment 1. A. Stimulus sequence. Illustration of the three stimulus patterns (Pattern 1, Pattern 2, and Pattern 3) that
comprise the stimulus sequence. The y-axis depicts tone frequency in Hz (5 semitones between H and L tones), and the x-axis depicts the timing in ms. The three patterns are
presented randomly throughout each trial. B. Loudness Detection Task. Participants segregated out the L tones, focusing on the intensity (69 dB) of the tones and made a
button response whenever a random deviant intensity tone (81 dB) was detected. C. Pattern Identification Task. Participants integrated H and L tones to identify the three
different patterns. Button presses were made to the designated target pattern. D. Randomized Trials. Visual cues were used to randomly designate prior to each trial which
task was to be performed (see text for further details).
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task, participants were instructed to segregate out the low tones, focus on their
intensity value, ignore the higher tones, and press the response key when the
louder L tones were detected in the low tone stream (Fig. 1B). Trials were randomly
intermingled, visually cueing the participant as to which task to perform on the
upcoming trial (Fig. 1D). Practice was provided for both tasks prior to the
experiment. There were 30 trials for each different task. Each trial consisted of
42 patterns, each trial lasting approximately 36 s. The visual cue was presented on
screen for 625 ms, and the sounds for the trial began in 1.375 s from the offset of
the visual cue (Fig. 1D). Total session time was approximately 2.5 h, which included
electrode cap placement and breaks.

2.1.5. Electroencephalogram (EEG) recording
EEG was recorded using an electrode cap with the following electrode sites:

Fpz, Fp1, Fp2, Fz, F3, F4, F7, F8, FC1, FC2, FC5, FC6, Cz, C3, C4, CP1, CP2, CP5, CP6, T7,
T8, Pz, P3, P4, P7, P8, Oz, O1, O2 (modified 10–20 system, American Electroence-
phalographic Society, 1991) and the left and right mastoids (LM and RM). Fp1 and
an electrode placed below the left eye in a bipolar configuration was used to
monitor the vertical electro-oculogram (VEOG). An electrode placed on the tip of
the nose was used as the reference. PO9 was used as the grounding electrode. EEG
was digitized with a 500 Hz sampling rate (0.05–100 Hz band pass), and then band
pass filtered off-line between 0.5 and 30 Hz. Epochs were 700 ms, starting 100 ms
before stimulus onset. Artifact rejection criterion was set at 775 μV on all
electrodes after baseline correction was applied to the entire epoch. Stimuli were
averaged separately in each trial by status (intensity deviant, pattern deviant,
standard) regardless of task. Comparison ERPs for the 81 dB SPL intensity deviants
when the loudness detection task was performed were obtained by averaging
together the evoked response to the 81 dB SPL 1046 Hz tones from the control
blocks. Comparison ERPs for the Pattern 3 target (deviant) when the pattern
identification task was performed were obtained by averaging together the ERPs to
the Pattern 3 trials when they were non-targets, in the trials when Pattern 1 and
Pattern 2 were the targets.

2.1.6. Data analysis
2.1.6.1. Behavioral data analysis. Reaction time (RT), hit rate (HR), false alarm rate
(FAR), and d' measures were calculated for all targets.

Responses were considered correct in the loudness detection task if button
presses occurred between 40 and 900 ms from onset of the deviant intensity
1046 Hz (L) tones, and RT measured from the onset of the deviant. Misses were
counted as the absence of a button press to deviants. Correct rejections were the
absence of button presses to the non-deviant L tones, and false alarms were button
presses to any non-deviant L tone. False alarm rate was calculated using the total
number of non-deviant L tones, not the total number of non-deviant stimuli. d
prime was calculated using HR and FAR based on these data.

For the pattern identification task, correct responses were recorded if button
presses were made to the designated target pattern between 40 and 900 ms from
onset of the first tone of the pattern for P1, the second tone of the pattern for P2,
and the third tone of the pattern for P3. RT was calculated, separately, from the
onset of each respective tone for the three patterns. False alarms were recorded if
button presses occurred to either of the other two patterns than the target (e.g., if
P1 was the target, responses to P2 and P3 were considered false alarms). Correct
rejections were the absence of responses to the non-target patterns and misses
were the absence of response to the designated target pattern. d prime was
calculated using these data for HR and FAR.

One-way repeated measures Analysis of Variance (ANOVA) were calculated on d'
and RT to assess task effects. Greenhouse–Geisser corrected p values were reported.
Tukey HSD was used for post-hoc calculations.

2.1.6.2. ERP data analysis. To obtain amplitude measurements for statistical analy-
sis, the peak latency of the ERP components (MMN and P3b) were identified from
the grand-mean difference waveforms (ERP evoked by the deviant-minus- ERP
evoked by the comparison standard). The electrode of known maximal signal-to-
noise ratio was used to choose the peak latency (Fz for MMN and Pz for P3b) in
each task, and deviant type separately. Mean amplitude was then measured in each
individual using a 50 ms interval centered on the peak. Four-way repeated-meas-
ures analysis of variance (ANOVA) with factors of task type (loudness detection,
pattern identification), attention (attended, unattended), stimulus type (deviant,
standard), and electrode position (Fz, Cz and Pz) were used to determine presence
of components and scalp topography, and effects of task type and attention on
elicitation of the components. Greenhouse–Geisser corrections for sphericity were
applied and the p values reported. Post-hoc analyses were calculated using
Tukey HSD.

2.2. Results

2.2.1. Behavioral results
Table 1 shows the HR, FAR, and d' for the ambiguous (5 ST)

condition of Experiment 1, displayed for each target separately.

There was a significant main effect of trial type on RT (F3,33)¼
36.61, ε¼0.65, po0.0001). Post-hoc calculations revealed that RT
was significantly shorter to the Pattern 3 targets than all the other
targets, with no significant differences among the other targets.
There was a significant main effect of trial type on d' (F3,33)¼4.73,
ε¼0.56, p¼0.027). Post-hoc calculations showed that sensitivity
to the target as measured by d' was lower to the Pattern 2 target
compared to the Pattern 3 target. No other comparisons were
significantly different from each other.

2.2.2. ERP results
Fig. 2 shows the ERPs evoked by the deviant and control

standard stimuli under the Ambiguous condition (left) when
loudness was attended (top) and when the patterns were attended
(bottom). Table 2 shows the mean amplitudes of the ERP wave-
forms elicited by standard and deviants for attended and unat-
tended targets, used to measure the MMN. Table 3 shows the
mean amplitudes of the ERP waveforms elicited by standard and
deviants for attended and unattended targets, used to measure the
P3b component.

Fig. 3 shows the difference waveforms and scalp voltage
distribution, delineating the MMN (top row) and P3b (bottom
row) components.

2.2.2.1. MMN component. The key result of this study, which
addresses the question of whether multiple representations are
simultaneously maintained in memory, was that MMN was
elicited by unattended deviants when either task was performed
(i.e., intensity deviants when the pattern task was performed
and pattern deviants when the loudness detection task was
performed) (Fig. 3). This is consistent with more than one
neurophysiological representation being maintained in memory
during task performance. Further, there were no significant
differences in the MMN amplitude elicited by attended, task-
specific (target) deviants or by unattended (non-target) deviants
(Fig. 3, top row), whereas the task-specific P3b component was
only elicited by attended deviants (Fig. 3, bottom row). Statistics
supporting these results are described below. For the task factor,
the ‘attended task' refers to the set of sounds that the participant is
using to perform the designated task, and the response to those
selected sounds (as described in the Section 2.1).

2.2.2.1.1. Main effects. There was a main effect of task type
on amplitude (loudness vs. pattern) (F1, 11¼12.43, p¼0.0048),
with overall mean amplitude being more negative for the loudness
than the pattern task. There was a main effect of stimulus

Table 1
Behavioral results.

Experiment 1

Trial Type/Task HR FAR d’ RT

5 ST trials
Loudness 0.68 (0.25) 0.11 (0.17) 2.36 (1.74) 0.414 (0.082)
Pattern 1 0.74 (0.17) 0.08 (0.11) 2.32 (0.99) 0.447 (0.070)
Pattern 2 0.62 (0.17) 0.17 (0.12) 1.40 (0.89) 0.425 (0.065)
Pattern 3 0.81 (0.11) 0.03 (0.04) 3.07 (0.89) 0.269 (0.052)

Experiment 2
1 ST trials
Pattern 1 0.81 (0.14) 0.08 (0.10) 2.70 (1.07) 0.484 (0.065)
Pattern 2 0.71 (0.17) 0.09 (0.08) 2.13 (0.94) 0.439 (0.034)
Pattern 3 0.80 (0.15) 0.02 (0.02) 3.18 (0.75) 0.297 (0.055)

15 ST trials
Loudness 0.88 (0.05) 0.001 (0.001) 4.16 (0.25) 0.429 (0.046)

HR¼hit rate; FAR¼ false alarm rate; RT¼reaction time
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type (F1, 11¼13.691, p¼0.0035). The amplitude of the deviant was
more negative than the standard. This is consistent with MMN
elicitation overall (all deviants contributing to the greater
negativity). There was a significant main effect of electrode
(F2, 22¼10.41,ε¼0.55, p¼0.0007). Post-hoc calculations revealed
that the amplitude at Fz (�0.52 μV) was overall more negative
than that at Cz (0.08 μV) or Pz (0.38 μV), with no difference
between Cz and Pz. This suggests a frontal scalp distribution
for the MMN. There was no main effect of attention on MMN
(F1, 11¼2.56, p¼0.138), meaning that overall amplitude did not
change whether the target was attended or unattended.

2.2.2.1.2. Interactions- two-way. There was a significant inter-
action of task type and attention (F1, 11¼10.78, p¼0.0073). Post-
hoc calculations revealed that this was due to there being no
significant task type amplitude difference between loudness

(0.26 μV) and pattern (0.14 μV) when they were non-targets
(unattended), but the amplitude for attended loudness task
(�1.06 μV) was more negative than the attended pattern task
(0.52 μV). A significant attention by electrode interaction (F2,
22¼6.27, ε¼0.75, p¼0.014) was due to the amplitude being more
negative at Fz than at Cz or Pz (with no difference between Cz and
Pz) for attended tasks, and Fz more negative than Cz and Pz,
and Cz more negative than Pz for unattended tasks. There was no
effect of attention at Fz (no difference between attended and
unattended task deviants), only at Cz and Pz, where the amplitude
for attended task was more negative than for unattended task at
those electrodes. For the significant stimulus by electrode inter-
action (F2, 22¼8.7, ε¼0.61, p¼0.008), post-hoc calculations
revealed that the deviant at Fz was more negative than at Cz
and Pz and no difference between Cz and Pz. There was no

Fig. 2. Event-related potentials elicited by the target (top row) and non-target (bottom row) deviants (thick solid line) and standards (thin solid line) are displayed for
Experiment 1 (left column) and Experiment 2 (right column), showing responses for the Loudness detection task (top panels) and the Pattern identification tasks (bottom
panels).
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difference between standard responses by electrode. Further, the
deviant at Fz was more negative than the standard at Fz and the
deviant at Cz more negative than the standard at Cz, but no
difference between deviant and standard at Pz. This is consistent
with MMN topography.

2.2.2.1.3. Interactions- three- and four-way. There was one sig-
nificant three-way interaction of task type by attention by elec-
trode (F2, 22¼12.12, ε¼0.54, p¼0.00395). Post-hoc calculations
showed that the interaction occurred because the attended ampli-
tudes were more negative than unattended amplitudes for the
same task type at Fz and Cz for the loudness task but only at Fz for
the pattern task. The four-way interaction (task type by attention
by stimulus type by electrode) was also significant (F2, 22¼12.54,
ε¼0.80, p¼0.000776). The post-hoc results confirmed the pre-
sence and topography of the MMN for all deviants (i.e., Fz
amplitude for deviants more negative than standard for both tasks
and both types of attention). The interaction was demonstrated
because there was no significant difference between stimulus
types at the Pz electrode for either task type or attention state.

There were no other significant interactions (task type�
stimulus type p¼0.31; task type� electrode p¼0.12; attention�
stimulus type p¼0.76; task type� attention� stimulus type

p¼0.53; task type� stimulus type� electrode p¼0.13; and atten-
tion� stimulus type� electrode p¼0.66).

To summarize, MMN was elicited by all deviants regardless of
what task participants performed. When the loudness task was
performed, H and L tones were segregated to perform the task, yet
Pattern 3 deviants elicited significant MMNs (the integrated
organization was irrelevant to the task); and when the pattern
identification task was performed, H and L tones were integrated
to perform the task, yet intensity deviants within the L tones
elicited significant MMNs (the segregated organization was irre-
levant to the task). This pattern of results suggests that task
performance did not abolish the alternative representation avail-
able in the ambiguous input. When one task was performed MMN
was elicited by both pattern and intensity deviants regardless of
the task that participants were performing, indicating that both
the integrated and the segregated organizations were neurophy-
siologically represented in memory during task performance.

2.2.2.2. P3b component. The key finding for the P3b component
was that it was elicited only for task-relevant (attended) targets
and not for task-irrelevant (unattended) targets regardless of the
task type being performed. Further, the scalp voltage distribution
was consistent with the P3b component, having maximal
amplitude at the Pz electrode. Statistics supporting these results
are described below.

2.2.2.2.1. Main effects. There was a main effect of attention
(F1,11¼9.398, p¼0.01), with the amplitude for the attended task
(1.06 μV) overall more positive than the amplitude for the unat-
tended task (0.10 μV). There was a main effect of stimulus type
(F1,11¼18.29, p¼0.001), with the overall amplitude of the deviant
(1.47 μV) more positive than the overall amplitude of the standard
(�0.31 μV). There was a main effect of electrode (F2,22¼50.16,
ε¼0.75, po0.0001). Post-hoc calculations showed that the overall
amplitude was most positive at Pz (Pz4Cz4Fz). There was no
main effect of task type (F1,11o1, p¼0.51).

2.2.2.2.2. Interactions, two-way. There was an interaction
between attention and stimulus type (F1,11¼8.84, po0.013). Post-
hoc calculations showed the amplitude of the deviants (2.7 μV) to
be more positive than the amplitude of the standards (�0.57 μV)
for the attended tasks, but with no amplitude difference between
deviant (0.25 μV) and standard (�0.05 μV) for the unattended
tasks. Also, there was no significant difference between standard
stimuli, only between deviants (i.e., attended deviant larger than
unattended deviant). This demonstrates the presence of P3b only
for the attended deviants. The interaction between attention and
electrode (F2, 22¼14.79, ε¼0.56, po0.0001) was due to the Pz
electrode having a greater positive amplitude in the attended vs.
unattended at the Pz and Cz electrodes but not at Fz, where there
was no amplitude difference. There was an interaction between
stimulus type and electrode (F2, 22¼67.86, ε¼0.78, po0.0001).
Post-hoc calculations showed that this interaction was due to there
being no significant amplitude difference for the standards
(Fz¼Cz¼Pz), and with the amplitude of the deviant most positive
at the Pz electrode and larger than the standard at Pz, next largest
amplitude of the deviant at Cz and larger than the standard at Cz,
with no difference in amplitude between standard and deviant at
Fz. There were no interactions between task type and attention
(p¼0.22); task type and stimulus type (p¼0.64); or task and
electrode (p¼0.37).

2.2.2.2.3. Interactions, three- and four-way. There was a signifi-
cant three-way interaction between attention, stimulus type, and
electrode (F2, 22¼15.24, ε¼0.56, p¼0.0016). Post-hoc tests
revealed that this interaction was due to there being no significant
difference between the standards and deviants at any electrodes in
the unattended tasks, whereas the deviant was significantly more

Table 2
Experiment 1. Ambiguous 5 ST condition.

MMN

Attend loudness Unattend pattern

Electrode Dev STD Difference DEV STD Difference

Fz �2.40 �0.94 �1.46 �1.73 �0.29 �1.44
(1.32) (1.05) (1.59) (1.34)

Cz �1.93 �0.24 �1.69 �0.16 0.78 �0.93
(2.46) (0.94) (1.69) (0.91)

Pz �1.00 0.14 �1.13 0.93 1.29 �0.36
(3.39) (0.86) (1.97) (0.76)

Attend pattern Unattend loudness

Fz �0.67 1.45 �2.12 �0.65 0.97 �1.62
(1.46) (1.21) (1.00) (0.74)

Cz 0.31 1.07 �0.76 �0.13 0.94 �1.08
(1.31) (1.34) (1.55) (0.99)

Pz 0.87 0.06 0.81 0.19 0.26 �0.07
(1.45) (1.24) (1.64) (0.93)

Table 3
Experiment 1. Ambiguous 5 ST condition.

P3b

Attend loudness Unattend pattern

Electrode Dev STD Difference DEV STD Difference

Pz 5.38 0.021 5.36 1.24 0.96 0.28
(4.37) (1.50) (1.57) (1.08)

Cz 2.93 �0.30 3.22 0.64 0.69 �0.04
(3.35) (1.29) (1.82) (1.14)

Fz 0.23 �0.65 0.88 �0.44 �0.04 �0.40
(2.52) (0.93) (1.56) (0.78)

Attend pattern Unattend loudness

Pz 4.87 �0.73 5.60 1.16 �0.41 1.57
(3.43) (1.85) (1.74) (0.83)

Cz 3.29 �1.28 4.57 0.20 �0.89 1.08
(3.00) (1.88) (1.92) (0.983)

Fz �0.50 �0.51 0.01 �1.30 �0.60 �0.70
(1.90) (1.73) (1.25) (0.99)
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Fig. 3. Experiment 1 Ambiguous condition (5 ST). Difference (deviant-minus-standard) waveforms are displayed for the MMN (top panel) and P3b (bottom panel)
components at the electrode of greatest signal-to-noise ratio. MMN and P3b elicited by the Intensity deviants for the attended target (thick, solid line) and the unattended
non-target (thin, solid line) are shown in the left column, and for the Pattern deviants in the right column. Gray bars indicate the peak of the components used to determine
measuring interval for obtaining mean amplitudes for statistical analyses. Displayed above the waveforms are maps of the scalp voltage distribution obtained at the peak of
the MMN and P3b components.
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positive than the standard at Pz (5.12 μV vs. �0.36 μV respec-
tively) and at Cz, but not at Fz for the Attended tasks. This is
consistent with the presence of the P3b for the attended tasks and
its absence in the unattended tasks. There was a significant four-
way interaction between task type, attention, stimulus type, and
electrode (F2, 22¼5.91, ε¼0.61, p¼0.025). This result confirmed
the presence of a significantly more positive amplitude for the
deviants compared to the standards in the attended tasks, with no
such difference in the unattended tasks at Cz and Pz, and no such
differences for attended or unattended at Fz. These results reflect
the topography of the P3b, with amplitude largest at the parietal
electrode site elicited for the attended targets and absent for the
unattended targets.

There were no other significant interactions (task type, attention
and stimulus type (p¼0.41); task type, attention and electrode
(p¼0.73); or task type, stimulus type and electrode (p¼0.21)).

To summarize, a significant P3b component was only elicited
by task-relevant deviants: intensity deviants elicited P3b when
performing the loudness detection task, and Pattern 3 deviants
elicited P3b when performing the pattern identification task. No
P3b components were elicited by the alternative (unattended)
organization during task performance.

3. Experiment 2: unambiguous condition (1 ST & 15 ST)

3.1. Purpose

Whereas the results of the Ambiguous condition (Experiment
1) were clear: multiple representations were maintained in
memory regardless of which task was being performed by the
participant, the results were also somewhat surprising in light of
the theory of mutual exclusivity. Therefore, we conducted a second
experiment to confirm that when the stimulus-driven input was
stronger toward the integrated (1 ST) or segregated (15 ST)
organizations, only one MMN would be elicited by the respective
deviant for that organization (i.e., pattern 3 for the integrated
organization and intensity for the segregated organization). That
is, there should be no MMN to the unrepresented (or less robust)
organization. The same procedures were used, but with two
different frequency distances between H and L tones to create
more clearly segregated and integrated percepts (i.e., the input
was not ambiguous as to the organization).

3.2. Methods and materials

3.2.1. Participants
Eleven healthy young adults participated in the study (8 male) aged 21–41

years old (M¼29 years, SD¼5). Participants gave written informed consent after
the procedures were explained to them. All participants passed a hearing screen
(20 dB HL at 500, 1000, 2000, and 4000 Hz bilaterally). None of the participants in
Experiment 2 participated in Experiment 1. We used a between-subjects design to
avoid potential learning or training effects from having performed this task
previously.

All recording parameters, procedures, and data analysis techniques were the
same as in Experiment 1, except for the frequency distance between the H and L
tones. Based on previous studies by ourselves and others (Bregman, 1990; Carlyon
et al., 2001; Sussman et al., 2007a, 2007b; Sussman et al., 2014; Van Noorden 1975),
we used a 15 ST difference between H and L tones (H tone was 2489 Hz) to create
more strongly (unambiguously) segregated sounds under one condition, and a 1 ST
distance (H tone was 1109 Hz) to create unambiguously integrated sounds under
the other condition (see also Denham et al. (2013) for factors influencing percep-
tion of streaming). The task trials were randomly interwoven throughout stimulus
blocks. A visual stimulus occurring before each auditory trial designated which task
to perform (pattern identification or loudness detection). Participants performed
only the loudness detection task under the 15 ST condition and only the pattern
identification task under the 1 ST condition.

3.2.2. Data analysis
3.2.2.1. Behavioral data were analyzed the same way as in experiment 1. One-way
repeated measures Analysis of Variance (ANOVA) were calculated on d' and RT to
assess task effects. Greenhouse–Geisser corrected p values were reported. Tukey
HSD was used for post-hoc calculations.

3.2.2.2. ERP data were analyzed in separate calculations of four-way analysis of
variance (ANOVAs) with factors of trial type (15 ST vs. 1 ST), attention (attended vs.
unattended), stimulus type (deviant vs. standard), and electrode (Fz, Cz, Pz).
The stimulus type factor determines the presence of the ERP component and the
electrode factor indicates scalp topography. As a reminder, in the 15 ST trials, MMN
elicited by the intensity deviants would index segregation, and in the 1 ST trials,
MMN elicited by the pattern 3 deviants index integration. No MMNs were expected
to the unattended pattern deviants in the 15 ST trials, or the unattended intensity
deviants in the 1 ST trials. The MMN has a fronto-central scalp voltage distribution
and the P3b is maximal at the Pz electrode.

3.3. Results

3.3.1. Behavioral results
Table 1 shows the HR, FAR, and d' for the unambiguous (15 ST

and 1 ST) conditions of Experiment 2, displayed for each target
separately. There was a significant main effect showing differences
among the RT scores (F3,30)¼25.03, ε¼0.58, po0.0001). Post-hoc
calculations revealed that RT was significantly shorter to the
Pattern 3 targets than all the other targets, with no significant
differences among the other targets. There was a significant main
effect showing differences among the d' scores (F3,30)¼22.27,
ε¼0.86, po0.0001). Post-hoc calculations showed that sensitivity
to the loudness target as measured by d' was significantly higher
than all the Pattern targets. Sensitivity to P1 targets was not
significantly different than to P2 or P3. Sensitivity to the P2 target
was significantly lower than to the P3 target.

3.3.2. ERP results
Fig. 2 shows the ERPs evoked by the deviant and control

standard stimuli under the Unambiguous conditions (right col-
umn) when loudness was attended (top) and when the patterns
were attended (bottom). Table 4 shows the mean amplitudes of
the ERP waveforms elicited by standard and deviants for attended
and unattended targets, used to measure the MMN. Table 5 shows
the mean amplitudes of the ERP waveforms elicited by standard
and deviants for attended and unattended targets, used to mea-
sure the P3b component.

Fig. 4 shows the difference waveforms and scalp voltage
distribution, delineating the MMN (top row) and P3b (bottom
row) components.

3.3.2.1. MMN component. The significant four-way interaction ( F2,
20¼12.43, p¼0.00031) supports the key findings for MMN
elicitation and scalp voltage distribution. Post-hoc calculations
revealed that significant MMNs were elicited, the deviant was
significantly more negative than the standard at Fz (�1.89 μV,
0.004 μV, respectively) for the attended loudness targets in the 15
ST trials and for the attended pattern targets in the 1 ST trials
(�0.98 μV, 1.12 μV, respectively). In contrast, there was no
significant difference between deviant and standard for the
unattended pattern deviants at Fz in the 15 ST trials (�0.09 μV,
0.42, respectively), or the unattended intensity deviants in the 1 ST
trials (�1.77 μV, �1.38 μV respectively). At the Cz electrode, the
same differences between standards and deviants were observed,
but at the Pz electrode, no differences between deviants and
standards for any of the deviants in any trials. This pattern of
results is consistent with a fronto-central scalp distribution of
MMN. Thus, MMNs were elicited by the attended intensity
deviants in the 15 ST trials (segregated) and for the attended
pattern deviants in the 1 ST trials (integrated), and no MMNs to
the unattended deviants.
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3.3.2.1.1. Main effects. There was a main effect of stimulus type
(F1,10)¼17.11, p¼0.002), due to the deviant amplitude being overall
more negative than the standard amplitude. There was a main
effect of electrode (F2,20)¼8.72, p¼0.0079). Post-hoc tests
revealed that overall the amplitude at the Fz electrode was more
negative than that at Cz and Pz electrodes (and with no difference
between Cz and Pz). There was no main effect of trial type (Fo1,
p¼0.66) or attention (Fo1, p¼0.83).

3.3.2.1.2. Interactions, two-way. There was a significant interac-
tion between trial type and attention (F1,10¼13.08, p¼0.0047).
Post-hoc tests showed that the amplitude evoked by the attended
trial type was more negative than the amplitude of the unattended
trial type. There was a significant interaction between attention
and stimulus type (F1,10¼26.01, p¼0.0005). Post-hoc calculations
showed that the amplitude of the deviant was significantly more
negative than the amplitude of the standard for the attended but
not for the unattended targets. The significant interaction between

trial type and electrode (F2,20¼23.21,ε¼0.79, po0.0001) was due
to a more negative overall amplitude for the responses in the 1 ST
trials at Fz but a more positive overall amplitude for the responses
in the 1 ST trials at Pz. The stimulus type by electrode interaction
(F2,20¼18.82, ε¼0.89, po0.0001) was due to the overall ampli-
tude for the deviant stimuli at Fz being significantly more negative
than that at Cz, and Cz more negative than Pz (FzoCzoPz), and
with all deviants being more negative than the standards overall,
but with the amplitude of the standards at Fz being more negative
than the standards at Cz and Pz. There was no interaction between
trial type and stimulus type (Fo1, p¼0.48). There was a signifi-
cant three-way interaction between trial type, attention and
electrode (F2,20¼20.01,ε¼0.59, po0.0006). No other interactions
were significant (no interactions between trial type, attention, and
stimulus: F¼1.93, p¼0.19; trial type, stimulus type, and electrode:
F¼2.05, p¼0.18; attention, stimulus type, and electrode Fo1,
p¼0.67).

3.3.2.2. P3b component. The key finding for the P3b component was
the three-way interaction between attention, stimulus type, and
electrode (F2,20¼30.81, po0.0001). Post-hoc calculations revealed
that the amplitude of the ERP to the deviant stimulus (4.62 μV) was
significantly more positive than the amplitude of the ERP to the
standard stimulus (�0.26 μV) at Pz for the attended tasks (as well as a
significant difference between deviant and standard at Cz and Fz) but
with no significant difference between deviant and standard ampli-
tudes at any electrode for the unattended tasks. This demonstrates
elicitation of the P3b component only for task-relevant deviants.

3.3.2.2.1. Main effects. There was a significant main effect of
trial type (F1,10¼42.76, po0001), with loudness task amplitude
more positive than pattern task amplitude overall; a main effect of
attention (F1,10¼8.54, p¼0.015) with the attended task amplitude
more positive than the unattended task amplitude overall; a main
effect of stimulus type (F1,10¼25.93, po0005), with the ERP
amplitude of the deviant more positive than the ERP amplitude
of the standard overall; and a main effect of electrode (F2,20¼39.39,
ε¼ 0.96, po0.0001), with post-hoc calculations showing that the
amplitude was most positive at the Pz electrode (Pz4Cz4Fz).

3.3.2.2.2. Interactions, two-way. Significant interactions were
found between trial type and attention (F1,10¼19.52, p¼0013);
and between trial type and stimulus (F1,10¼15.49, p¼0028), with
post-hoc calculation showing that the greater positivity comes
from the deviants and not the standards (no significant difference
between standards). There was an interaction between attention
and stimulus type (F1,10¼17.15, p¼002). Post-hoc calculations
showed that the difference between deviant and standard comes
from the attended task and not the unattended (no significant
difference between unattended deviant and standard). There was
also an interaction between attention and electrode (F2,20¼22.25,
ε¼ 0.67, p¼0002); and between stimulus type and electrode
(F2,20¼20.33, ε¼ 0.78, po0.0001). The interaction between trial
type and electrode was not significant (Fo1, p¼0.74).

3.3.2.2.3. Interactions, three- and four-way. Another significant
three-way interaction occurred between trial type, attention and
electrode (F2,20¼6.28, ε¼ 0.73, p¼0.016). There were no other
significant three- or four-way interactions (trial type, attention
and stimulus type, F1,10¼2.34, p¼0.16); trial type, stimulus type
and electrode, Fo1, p¼0.66); or among all factors, F2,20¼2.39,
ε¼0.62, p¼0.144).

4. General discussion

This study tested the hypothesis that attention would resolve
ambiguous auditory input by neurophysiologically representing in
memory the sound organization used to perform a task. Specifically,

Table 4
Experiment 2. Unambiguous conditions.

MMN

15 ST trials

Attend loudness Unattend pattern

Electrode Dev STD Difference DEV STD Difference

Fz �1.89 0.00 �1.89 �0.09 0.42 �0.50
(1.57) (0.98) (0.89) (0.62)

Cz �2.00 0.49 �2.49 0.14 0.26 �0.11
(1.86) (0.98) (0.91) (0.39)

Pz �1.72 0.58 �2.29 0.20 �0.28 0.48
(1.53) (0.87) (1.12) (0.29)

1 ST trials

Attend pattern Unattend loudness

Fz �0.98 1.12 �2.10 �1.77 �1.38 �0.39
(1.50) (1.15) (1.23) (1.14)

Cz �0.30 1.19 �1.49 �0.84 �0.49 �0.35
(1.57) (1.31) (0.84) (0.94)

Pz 0.05 0.53 �0.49 0.15 0.27 �0.12
(1.24) (1.29) (0.64) (0.58)

Table 5
Experiment 2. Unambiguous conditions.

P3b
15 ST trials

Attend loudness Unattend pattern

Electrode Dev STD Difference DEV STD Difference

Pz 7.04 0.39 6.68 0.28 �0.68 0.96
(3.19) (0.99) (1.14) (0.63)

Cz 5.57 0.23 5.34 0.61 �0.97 1.58
(3.57) (0.97) (0.85) (1.00)

Fz 2.85 0.12 2.73 0.38 �0.73 1.12
(3.13) (0.90) (0.69) (1.15)

1 ST trials

Attend pattern Unattend loudness

Pz 2.19 �0.89 3.08 0.55 0.67 �0.12
(2.63) (1.11) (1.34) (0.39)

Cz
1.29 �1.28 2.57 0.267 0.61 �0.34
(2.48) (1.30) (1.35) (0.72)

Fz �1.01 �1.04 0.03 �0.30 0.042 �0.34
(1.76) (1.31) (1.33) (0.52)
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Fig. 4. Experiment 2 Unambiguous condition (15 ST and 1 ST). Difference (deviant-minus-standard) waveforms are displayed for the MMN (top panel) and P3b (bottom
panel) components at the electrode of greatest signal-to-noise ratio. MMN and P3b elicited by the Intensity deviants are shown in the left column for the attended target and
the unattended non-targets for the 15 ST (thick line) and 1 ST (thin line) conditions. Pattern deviant responses are shown in the right column for the attended target and the
unattended non-targets for the 1 ST (thick line) and 15 ST (thin line) conditions. Gray bars indicate the peak of the components used to determine measuring interval for
obtaining mean amplitudes for statistical analyses. Displayed above the waveforms are maps of the scalp voltage distribution obtained at the peak of the MMN and P3b
components.
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we sought to determine whether focusing on one of two possible
organizations means that the neurophysiological representation of the
other is suppressed, or whether both organizations are represented
even when only one organization appears in perception. The key
finding was that MMN was elicited by organizational deviants specific
to both organizations, integration (pattern deviants) and segregation
(loudness deviants), regardless of the task being performed (Fig. 3).
This suggests that task performance does not exclude alternative
organizations for ambiguous input.

It might be expected that performing a task would enhance or
bring to the foreground the organization used to perform the task,
while suppressing or diminishing the unattended, alternative orga-
nization (Mesgarani and Chang, 2012). However, that was not the
case. The unattended organization not needed to perform the task
was still accessible, evoking a change-detection response by devi-
ants specific to the unattended organization. This is consistent with
the results of Pressnitzer and Hupé (2006), who found that the
alternative organization intruded into perception when actively
grouping or segregating sounds. The current results demonstrate
that even when one organization dominates in perception, alter-
native organizations are represented in the neural trace. The
perception of one state does not abolish representation of the other
state even during the dominant percept. This result is consistent
with perceptual switching studies suggesting that multiple poten-
tial organizations are maintained simultaneously and compete for
representation (Winkler et al., 2012; Denham et al., 2014).

Notably, evidence for both organizations occurred only when
the stimulus input was ambiguous (5 ST, Experiment 1) and not
when the stimuli had physical characteristics that induced a
stronger representation of stream segregation (15 ST distance
between H and L tones) or stream integration (1 ST distance
between H and L tones). For the unambiguous cases (Experiment
2), deviants elicited MMN only with respect to the attended task
that matched the stimulus organization used to perform the task.
There was no indication that the opposite organization was
neurophysiologically represented (deviants of the unattended
organization did not elicit significant MMNs).

There was evidence that the alternative organization was
detected and neurally represented in the ambiguous case because
deviants (non-targets) elicited MMNs. However, the deviants of the
alternative organization were not processed as alternative targets.
This was shown by the absence of a response-related P3b compo-
nent to the deviants of the alternative sound organization. Even
though they elicited MMNs, the target-related P3b component was
only elicited by the deviants that were also targets (Fig. 3, bottom
panel, thick line) and were not elicited by unattended, non-targets
of the alternative organization (Fig. 3, bottom panel, thin line).

Taken together, these results demonstrate that when the stimu-
lus input is ambiguous more than one organization is neurophysio-
logically represented despite the task being performed. Task
performance did not abolish the alternative representation available
in the ambiguous input. This pattern of results supports the
hypothesis that multiple representations are maintained in mem-
ory, and demonstrate a level of flexibility of the auditory system
that would be advantageous, for example, for performing multiple
tasks. Having access to multiple neural representations of sounds in
the environment would facilitate the behavioral ability to perceive
and respond to different events quickly when there are multiple
competing sound sources. These results further indicate that multi-
ple alternative representations are available to perception.

In Experiment 1 (Ambiguous 5 ST condition), the same set of
sounds was presented and only the instruction to the participants
to switch tasks altered how the sounds were perceived. The
physical input was the same across the whole experiment and
attention modulated what was perceived within the set of sounds:
integration or segregation. Thus, a possible explanation for the

current set of results is that both organizations were neurophy-
siologically represented because the task required switching back
and forth between the two organizations across the trials within
each stimulus block. That is, trial type was randomized so that the
participant had to be ready to perform the loudness task (requir-
ing segregation) or the pattern identification task (requiring
integration) as each trial was visually cued. The task-switching
may thus have provided the basis for both organizations to remain
active throughout the task. The prediction would be that if only
one task were being performed with the sounds, under a condition
in which only a single task was performed in a block of trials, then
it is possible that the one organization involved in the task would
dominate in perception, and MMNs would not be elicited by the
alternate, non-task organization. However, the results of the
spontaneous switching experiments (Pressnitzer and Hupé,
2006; Winkler et al., 2012; Denham et al., 2014) suggest that
multiple organizations would be present despite the focus of
attention because the switching arises from lower-level competi-
tion and not from task demands. Thus, these spontaneous switch-
ing studies would predict that multiple alternative organizations
should always be present.

The current findings are also consistent with the idea that
stimulus-driven processes of grouping do not fully create one organi-
zation or the other in perception, but pass “suggestions” about possible
groupings to higher processes, with the strength proportional to the
weight of evidence favoring each grouping. Top-down processes make
selections based on both the weighting induced by the stimulus-
driven strength of the organization and on task requirements, biases,
or expectations. The neural traces of the possible organizations may
persist for some time, even when not being used, making it easier to
reinstate a recently used task. In these experiments, trials on the
“attend pattern” and “attend loudness” tasks were randomly inter-
mingled, so they occurred in close temporal proximity and possibly
served to keep the neural traces ‘active’.

In sound environments when there are multiple possible
organizations occurring simultaneously, overlapping acoustics
from many sources, maintaining several representations may
facilitate the ability to switch attention around the room or area
with facility and ease. Listening to an orchestra involves perceiving
the global ‘picture’ of the overall harmony (how all the instru-
ments sound together), as well as hearing the individual melodies
of various instruments. To be able to switch from listening to the
global harmony to the individual melodies, we propose that neural
representations of both organizations are maintained to allow
access to multiple representations simultaneously. This would
allow for rapid and flexible switching. Our results thus support
the hypothesis that maintenance of multiple neural representa-
tions facilitates behavioral goals in multi-source environments by
allowing access to several sound organizations.

Rather than a competitive model of the system, in which the
multiple organizations are in competition for a winner-take-all
resolution, results of the current study suggest that multiple
representations are neurophysiologically represented simulta-
neously regardless of task performance, even when one organiza-
tion appears in perception. This type of rapid and flexible adaptive
processing is needed in everyday situations to maintain stable
auditory representations of the environment and allow rapid
scanning of interesting events in busy places.
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