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Abstract
Hemispheric lateralization of early event-related potentials (ERPs; e.g. N1) is largely based on
anatomy of the afferent pathway; lateralization of later auditory ERPs (P2/N2, P250, P3b) is less
clear. Using 257-channel EEG, the present study examined hemispheric laterality of auditory ERPs
by comparing binaural and monaural versions of an auditory oddball task. N1 showed a contralateral
bias over auditory cortex in both hemispheres as a function of ear of stimulation, although right
hemisphere sources were activated regardless of which ear received input. Beginning around N1 and
continuing through the time of P3b, right hemisphere temporal-parietal and frontal areas were more
activated than their left hemisphere counterparts for stimulus evaluation/comparison and target
detection. P250 and P3b component amplitudes, topographies, and source estimations were
significantly influenced by ear of stimulation, with right hemisphere activity being stronger. This
was particularly true for anterior temporal and inferior frontal sources which were more strongly
associated with the later, more cognitive components (P250, P3b). Results are consistent with theories
of a right hemisphere network that is prominently involved in sustained attention, stimulus
evaluation, target detection, and working memory/context updating.
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Introduction
Cerebral hemispheric asymmetries in cognitive function have been the subject of numerous
neuroscience investigations. Auditory event-related potential (ERP) studies have provided
important information about the stages at which lateralization occurs. Early in auditory
processing, laterality of function is related to laterality of the afferent pathway from the
periphery to the cortex (Näätänen & Picton, 1987; Pantev, Lutkenhoner, Hoke, & Lehnertz,
1986; Reite, Zimmerman, & Zimmerman, 1981). Lateralization of later stages of neural
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processing, however, is less clear. For instance, it is uncertain whether the P2/N2 and/or P3
components, all of which are associated with higher-level cognitive functions, are prominently
lateralized. Addressing this issue could aid understanding of neural mechanisms supporting
cognition and highlight the importance of interhemispheric communication on ERPs,
especially within clinical populations (Bruder et al., 2002; Ford, 1999; Frodl et al., 2001; Jerger
& Lew, 2004; Polich & Corey-Bloom, 2005).

N1, an early ERP component occurring around 100 ms post-stimulus is significantly
determined by characteristics of the incoming stimulus (Clementz, Barber, & Dzau, 2002;
Huotilainen et al., 1998; Näätänen & Picton, 1987; Teder, Alho, Reinikainen, & Näätänen,
1993; Woldorff et al., 1993). The neural sources of N1 are heavily dependent on the anatomical
structure of the auditory pathway (Näätänen, 1992; Pantev et al., 1986). While auditory input
travels to both contra- and ipsi-lateral auditory cortices, the contralateral projections are far
stronger and more preponderant (Demanez & Demanez, 2003; Reser, Fishman, Arezzo, &
Steinschneider, 2000; Tervaniemi & Hugdahl, 2003). N1, therefore, occurs earlier and with
greater amplitude in auditory cortex contralateral to the ear of stimulation (Näätänen & Picton,
1987; Pantev et al., 1986; Reite et al., 1981; Virtanen, Ahveninen, Ilmoniemi, Näätänen, &
Pekkonen, 1998).

Following early auditory registration, task-specific processing begins, with components P2,
N2, and P250 indexing stimulus evaluation and classification processes. P2 and P250 are
theorized to represent attention-modulated stimulus classification processes (Crowley &
Colrain, 2004; Garcia-Larrea, Lukaszewicz, & Mauguiere, 1992; Reinvang, Nordby, &
Nielsen, 2000). N2 also indexes stimulus classification and identification processes; however,
N2 is evoked primarily by a deviation from the ongoing context (Näätänen & Gaillard, 1983;
Patel & Azzam, 2005). These components have distributed neural sources in anterior and
superior temporal cortex (Godey, Schwartz, de Graaf, Chauvel, & Liegeois-Chauvel, 2001;
Potts, Dien, Hartry-Speiser, McDougal, & Tucker, 1998). There are few reports, however,
addressing laterality effects for these components. Intracranial recordings suggest that both P2
(Di & Barth, 1993) and N2 (Clarke, Halgren, & Chauvel, 1999) have neural sources in both
hemispheres. Scalp-recorded ERP studies, however, suggest that P2 sources may be more
prominent in right hemisphere and N2 sources may be more prominent in left hemisphere
(Alexander et al., 1996). Thus, the neural circuitry supporting the cognitive functions
associated with P2, N2, and P250 generation is unclear.

Subsequent to stimulus evaluation/classification, detection of stimuli that deviate from the
ongoing context elicits a P3 (see Linden, 2005; Soltani & Knight, 2000 for reviews). The
auditory P3 is most commonly elicited during an oddball task, which requires detection of a
low probability tone embedded within a series of high-probability “standard” tones. Successful
detection of the low-probability (target) events requires context-dependent processing.
Amplitude of the P3b component of the P3 complex, elicited by detection of a task-relevant
target, is theorized to reflect context updating in working memory and the generation of
subjective expectancies related to the probability of target occurrence (Donchin & Coles,
1988; Duncan-Johnson & Donchin, 1977). P3 latency indexes the speed with which the brain
accurately classifies a task-relevant target (Dien, Spencer, & Donchin, 2004; Kutas, McCarthy,
& Donchin, 1977). Cortical generators of the P3 ostensibly reside in temporo-parietal junction,
anterior cingulate and prefrontal cortices, while secondary auditory cortices may contribute
specifically to auditory P3 generation (Halgren, Marinkovic, & Chauvel, 1998; Linden,
2005; Soltani & Knight, 2000).

Reports vary on the degree of P3’s hemispheric lateralization: greater in right hemisphere
(Alexander et al., 1996; Cohen, Ji, Chorlian, Begleiter, & Porjesz, 2002; Kok & Rooyakkers,
1986; Oades, Zerbin, & Dittmann-Balcar, 1995; Stevens, Calhoun, & Kiehl, 2005; Yoshiura
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et al., 1999), greater in left hemisphere (Morstyn, Duffy, & McCarley, 1983), or bilaterally
symmetric (Bolsche, MacCrimmon, & Kropf, 1996; Clarke et al., 1999; DeFrance et al.,
1993; Downs, Hymel, & Cranford, 2001; Kiehl, Laurens, Duty, Forster, & Liddle, 2001).
Important findings regarding P3’s hemispheric lateralization come from unilateral stimulation
studies. If P3 sources are more prominent in one hemisphere, unilateral stimulation should
differentially affect P3 generation as a function of stimulated ear. Bilaterally symmetric P3s,
however, should result in a source structure that is independent of stimulated ear. Studies using
unilateral stimuli have reported bilaterally symmetric P3’s (Bolsche et al., 1996; Clarke et al.,
1999; DeFrance et al., 1993; Downs et al., 2001), suggesting that interhemispheric
communication may determine P3 generation.

Some theories indicate that as cognitive functions become more complex, neural sources in
both cerebral hemispheres may be engaged more equally to generate the component of interest.
Functional lateralization has also been found, however, for some higher-level cognitive
operations (e.g., Corbetta & Shulman, 2002). The present study sought to systematically
examine the laterality of ERP generation as a function of component latency during an oddball
task using both bilateral and unilateral auditory stimulation. Dense array (257-channel) EEG
was used to measure evoked brain activity; source distributions associated with primary
auditory cortex (N1) and distributed cortical responses characteristic of more complex
cognitive components (e.g., P2/N2, P250, P3) were estimated using minimum norm analyses.
Early processing of unilateral stimulation should occur initially and predominantly in
contralateral auditory cortex, and should manifest as differences in laterality for the N1
response. To the extent that both hemispheres are equally required for generation of later
components (P2, N2, P250, P3), ear of stimulation effects should be absent, and strengths of
neural activities supporting these responses should be roughly equivalent in the two
hemispheres.

Materials and Methods
Participants

Twelve healthy, normal-hearing University of Georgia students (Mean age = 25 years, SD =
4; 7 females; 11 right-handed) participated in this study. Participants provided informed
consent and received partial class credit for their participation. This study was approved by the
Institutional Review Board at the University of Georgia.

Stimuli and procedure
Stimuli were sine wave tones of 1 kHz and 2 kHz (100 ms duration, 5 ms rise/fall) created
using NCH tone generator software (Version 2.0; NCH Swift Sound, Bruce, Australia) and
Sound Forge audio editing software (Version 6.0; Sony Media Software, Madison, WI). Tones
were delivered through Etymotic insert earphones (Etymotic Research, Elk Grove Village, IL)
at 76 dB SPL.

Binaural, left monaural and right monaural versions of an auditory oddball task were used. In
all three tasks, the standard (1 kHz) tones and target (2 kHz) tones were presented with 0.80
and 0.20 probabilities, respectively. Tones were quasi-randomly presented, with a 1 s ISI, such
that no fewer than two and no more than six standard tones occurred between targets. In each
of the three versions of the task, there were 604 total trials presented in six blocks: two blocks
of 100 trials (20 targets), two blocks of 82 trials (16 targets), and two blocks of 120 trials (24
targets). The binaural and monaural versions of the task were each presented separately, i.e.
they were not interleaved. Task order and version was randomized and counterbalanced
between subjects. Participants were instructed to focus on a fixation cross presented on a
computer screen 80 cm in front of them, and to silently count the number of target tones,
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restarting their count after each break between blocks. Participants’ counts were recorded after
each block.

EEG data recording and screening
EEG data were recorded vertex-referenced using a 256-sensor Geodesic Sensor Net and
NetAmps 200 amplifiers (Electrical Geodesics; EGI, Eugene, OR). The sensor net was adjusted
until all pedestals were properly seated on the scalp (i.e., not sitting on thick mats of hair that
could result in bridging between sensors, e.g., Greischar et al., 2004). Individual sensor
impedances were adjusted until they were below 50 kΩ (Ferree, Luu, Russell, & Tucker,
2001). In addition, an electrolyte bridge test was conducted between all pairs of sensors prior
to recording (Tenke & Kayser, 2001), and, if there was evidence of bridging, sensors were
adjusted until bridging was no longer evident (this was rarely required). Data were sampled at
500 Hz with an analog filter bandpass of 0.1–200 Hz.

Data were pre-processed following recommendations (with minimal modification) made by
Junghofer, Elbert, Tucker, and Rockstroh (2000). Raw data were visually inspected offline for
bad sensor recordings and individual trials containing eye blink, horizontal eye movement, or
cardiac artifacts. Bad sensors were interpolated (no more than 5% of sensors for any subject)
using a spherical spline interpolation method as implemented in BESA 5.1 (MEGIS Software,
Gräfelfing, Germany). Blinks, horizontal eye movements, and cardiac artifacts were
automatically corrected using a spatial filtering algorithm in BESA (Berg & Scherg, 1994;
Ille, Berg, & Scherg, 2002). Data were then transformed to an average reference and filtered
from 0.1–30 Hz (6 dB/octave rolloff).

After these adjustments, trials with activity greater than 100 μV were automatically eliminated
from further processing. The overall number of usable trials (90% of targets, 87% of standards)
remaining after these steps did not differ between conditions. Trials consisted of 1000 ms
epochs, beginning 250 ms prior to stimulus presentation, averaged within each of the binaural,
left monaural and right monaural conditions according to whether the stimulus was a standard
or a target. The data were baseline-adjusted using the prestimulus period. Figure 1 shows the
data for standards and targets, averaged over ear of stimulation conditions, at midline electrodes
Fz, Cz, and Pz.

Analyses of ERP voltage data
Component latency identification and statistical analyses of voltage data were performed using
programs written in Matlab (Version 7.0, MathWorks, Natick, MA); source estimation was
performed using BESA. First, to identify components above baseline noise level, global field
power (GFP) plots were derived for every subject and condition. Grand averaged GFP plots
were generated by averaging over all subjects within a condition. There were identifiable peaks
for each condition around 100 (N1), 180 (P2/N2), 250 (P250), and 330 (P3b) ms post-stimulus
(see Figure 1). To score the latency of these components for each condition, the individual
subject GFP plots were compared to the grand averaged GFP plots by condition. For each
component, the peak in the individual plot that was closest in time to the grand averaged peak
was identified, and its time of occurrence was used to quantify the component latency.

Statistical comparisons of scalp potential amplitudes were conducted for each of the
components. Scalp potentials were averaged within a time window centered on the mean
latency of each component (for N1 a 20 ms window, for all later components a 40 ms window).
For each component, a repeated measures ANOVA with factors Stimulus (target, standard)
and Ear of stimulation (binaural, left monaural, right monaural) was conducted separately for
each sensor (257 total sensors, including the reference). To compensate for any violations of
the sphericity assumption, Huynh-Feldt epsilon (ε) degrees of freedom adjustment was used.
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Because multi-sensor EEG data result in significant activations of multiple sensors that are in
close spatial proximity, a cluster threshold technique (see Gilmore, Clementz, & Buckley,
2005; Krusemark, Keith Campbell, & Clementz, 2008, for examples) was used to control for
possible increases in Type I error as a result of performing multiple comparisons (e.g., Forman
et al., 1995). Traditional Bonferroni correction is inappropriately conservative with brain
activity data, so alternative methods have been developed to manage the multiple comparison
problem (e.g., Kilner, Kiebel, & Friston, 2005; Worsley, 2003). One such method, cluster
thresholding (e.g., Forman et al., 1995), integrates the probability of significance for an
individual source or sensor location with that for a cluster of such locations. Cluster
thresholding is done because real brain activations are likely to result in correlated changes in
clusters of sources and/or sensors. The following statistical significance rules were determined
based on the noise level of the data (estimated from the prestimulus baseline) and Monte Carlo
simulations calculated using AlphaSim (Cox, 1996). To maintain the familywise alpha lower
than .01 within a comparison, the following conditions needed to be met: (1) an individual test
at a single time point for a given sensor was significant at p < .035; (2) at least six other
neighboring sensors were statistically significant at p < .035.

Simple effects were then evaluated within those areas that showed significant differences. For
clusters in which there was a significant main effect of Ear of stimulation, scalp potentials were
averaged over sensors within that cluster then collapsed across standards and targets, separately
for each Ear of stimulation condition. Simple effects between binaural, left ear, and right ear
stimulation were evaluated using pairwise t-tests with Bonferroni corrected alpha levels (p ≤ .
0167; familywise alpha of 0.05, 3 comparisons). Likewise, for clusters in which there was a
significant interaction, scalp potentials were averaged for sensors within that cluster, separately
for standards and targets within each ear of stimulation condition. Simple main effects were
evaluated with one-way repeated measures ANOVA, separately for standards and targets,
followed by pairwise t-tests if the simple main effect analysis was significant.

Source analysis
Source analyses were performed in order to estimate the source activity associated with the
voltage differences observed at the sensors. ERP responses were modeled using L2 minimum
norm estimation (MNE, Hämäläinen & Ilmoniemi, 1984). For the minimum norm approach,
the source configuration is fixed a priori (fixed source locations are specified on the surface
from which EEG signals emanated; e.g., the cerebral cortex). Given the measured data, source
strength values are estimated for each location at each time point. In BESA 5.1, 713 locations
are evenly distributed on the surface of a smoothed standard MRI of the brain. At each location,
sources are located 10% and 30% below the cortical surface (for a total of 1426 sources). The
source used at each location in the final analyses is the one with the largest magnitude.

In order to further illustrate the effects observed in the potential amplitudes recorded at the
sensors, MNE analyses were performed in three ways: 1) for main effects of stimulus (i.e. a
difference between the scalp potential amplitudes in response to targets and standards), MNE
was performed on the difference wave created by subtracting the ERP waveform in response
to standards (averaged across ear of stimulation conditions) from the ERP in response to targets,
2) for main effects of ear of stimulation, MNE was performed on ERP data averaged across
targets and standards, separately for left ear, right ear, and binaural stimuli, and 3) for any
interaction effects, MNE was performed on ERP data for each individual condition (i.e. left
ear targets, left ear standards, binaural targets, binaural standards, right ear targets, and right
ear standards).
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Results
Percentage of correct target identification

There were no significant differences in the percentage of targets correctly identified as a
function of ear of stimulation, as revealed by a one-way ANOVA (binaural M=99.3%, SD=1.1;
left M=99.4%, SD=1.0; right M=99.3%, SD=1.1; F(2,33)=0.10, p=0.91).

ERP latencies
Differences in latencies were evaluated (see Table 1), separately for each component, using
repeated measures ANOVA with factors Stimulus (target, standard) and Ear of stimulation
(binaural, left monaural, right monaural). There was a main effect of Stimulus for N1, F(1,11)
=5.55, p=0.04 (targets occurred later than standards). There was a main effect of Ear for P250,
F(2,22)=8.219, p < .01, ε = 0.70, with shorter latencies to left ear stimulation. There were no
significant interactions on component latencies.

ERP amplitudes and source analyses
Table 2 summarizes the significant results found for each ERP component and includes the
mean potential amplitudes averaged over sensors within each cluster for which significant
effects were found. For each component, results of analyses on scalp potentials will be
presented first, followed by the source analysis results for that component.

Effects of stimulus—For each component, there was a main effect of Stimulus. Figure 2
illustrates that, for all components, there were two groups of sensors within which this effect
occurred: one group on the superior aspect of the scalp and one on the inferior aspect. The main
effects of Stimulus resulted from more extreme amplitude (whether positive or negative) in
response to the targets (see Table 2 for mean potential amplitudes in these groups of sensors).

MNE performed on the target-standard difference wave indicated that target-specific brain
activity was stronger in right hemisphere for all ERP components (see Figure 2). For N1, this
activity occurs over auditory cortex. For P2/N2, the stronger right hemisphere activity to targets
was largely from temporal-parietal areas. P250 and P3b had similar areas of activity in anterior
temporal lobe, stronger in right hemisphere, to targets. Additionally, P250 source analyses
showed activity in superior fronto-central cortex, while P3b showed activity in right
hemisphere supramarginal/angular gyrus.

Effects of Ear—Effects of Ear of Stimulation are illustrated in Figure 3. N1 showed a main
effect of Ear in sensors over auditory cortex bilaterally. In left hemisphere, right ear stimuli
elicited more extreme negative potential amplitudes than left ear stimuli, t(11)=4.15, p < 0.01
(see Table 2 for mean potential amplitudes in groups of sensors within which significant effects
of Ear were found). Binaural condition amplitudes did not differ from those for the monaural
conditions in left hemisphere. In right hemisphere, binaural and left ear conditions did not
differ, but both had more extreme negative potential amplitudes than right ear stimuli: binaural,
t(11)=3.40, p < 0.01; left ear, t(11)=2.70, p=0.01. There were also Stimulus by Ear of
stimulation interactions in similar left and right hemisphere sensor groups. For the left
hemisphere group, there was a significant simple main effect for responses to targets, F(2,22)
=14.32, p < 0.01, in which binaural and right ear conditions had more extreme negative
potentials than did the left ear condition: binaural, t(11)=3.39, p < 0.01; right ear, t(11)=4.65,
p < 0.01. For right hemisphere, there was also a significant simple main effect of targets, F
(2,22)= 5.125, p=0.02: right ear stimuli had more extreme positive potential amplitudes than
left ear stimuli, t(11)=2.75, p < 0.01, but the binaural condition did not differ significantly from
the monaural conditions. For both the main effect of ear and the interaction, MNE source
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analyses illustrated bilateral auditory cortex activity that was stronger in right hemisphere,
regardless of which ear(s) received stimulation (see Figure 3 for the source locations).

For the P2/N2, there were neither significant effects involving Ear of stimulation nor an
interaction. Following the P2/N2, a centrally maximum P250 was evident in response to both
standards and, more strongly, to targets (see e.g. Figures 1 and 2). For P250, there was a main
effect of Ear in a sensor group over the left hemisphere temporo-parietal region (see Figure 3).
Binaural and right ear conditions did not differ; however, both had stronger positive potentials
than did the left ear condition: binaural, t(11)=3.71, p < 0.01; right ear, t(11)=3.19, p < 0.01.
Following P250, target stimuli elicited the classic P3b response. For P3b, there was an effect
of Ear for sensor groups over both left and right hemisphere temporo-parietal regions (see
Figure 3). Over left hemisphere, potentials elicited by binaural and right ear conditions did not
differ, while both differed from the left ear condition: binaural, t(11)=3.16, p < 0.01; right ear,
t(11)=3.49, p < 0.01. Over right hemisphere, potentials elicited by binaural stimulation did not
differ from either left ear or right ear conditions, while left and right ear conditions did
significantly differ from each other, t(11)=3.37, p < 0.01. Right ear stimuli elicited a more
bilaterally symmetric topography than did the other two conditions.

MNE source analyses at the time of P250 showed areas of activity over superior central cortex
and anterior temporal/inferior frontal lobes for all three Ear of stimulation conditions (Figure
3). This anterior temporal/inferior frontal activity in left hemisphere was evident in response
to binaural and, more strongly, right ear input. There was right hemisphere activity, however,
regardless of the ear of stimulation. P3b showed bilateral activity in temporal-parietal junction,
as well as activity in anterior temporal/inferior frontal cortex that was stronger in right
hemisphere for all three Ear of stimulation conditions (Figure 3).

Discussion
This study examined the hemispheric laterality of ERPs elicited in an auditory oddball task.
Throughout stimulus processing, ERP components were sensitive both to task-relevant
instructions, as evidenced by consistently larger potentials and cortical source activity
estimates to targets, and to ear of stimulation. Apparently, during the auditory oddball task,
both bottom-up and top-down processes are affected by how information is initially registered
in the auditory sensory apparatus.

The present study demonstrated that both early and late stage auditory processing were
sensitive to which ear(s) received direct stimulation. Around the time of N1, ERPs recorded
at the scalp corresponded to the amount of direct input, such that bilateral and contralateral
responses were stronger than ipsilateral responses in both hemispheres. MNE source analyses
demonstrated, however, that right hemisphere tended to be more equally engaged regardless
of ear of stimulation, while left hemisphere activity depended more on the afferent path from
ear to cortex (see also Clementz, Dzau, Blumenfeld, Matthews, & Kissler, 2003 for a similar
effect with MEG data).

Beginning around the time of N1 and continuing through the time of P3b, right hemisphere
was prominently involved in stimulus processing. The present study found: 1) consistently
stronger target-specific cortical activity in right temporal and parietal areas, 2) significant
differences as a function of ear of stimulation over temporo-parietal cortices for N1 (cf.
Clementz et al., 2003), 3) consistently stronger cortical activity in right hemisphere temporal,
parietal, and frontal areas beginning around the time of P2/N2, and 4) right lateralized scalp
potentials at the time of P3b regardless of which ear received stimulation. This pattern may be
related to recent descriptions of a right hemisphere temporal-parietal/prefrontal cortex network
associated with sustained attention, working memory, and the abilities to identify salient
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features of incoming stimuli and determine their task-relevance (Corbetta & Shulman, 2002;
Downar, Crawley, Mikulis, & Davis, 2001; Pardo, Fox, & Raichle, 1991; Stevens et al.,
2005). Prominent right hemisphere involvement in deviance detection also has been theorized
for the mismatch negativity ERP component which occurs around the time of the N2 (Giard,
Perrin, Pernier, & Bouchet, 1990; Paavilainen, Alho, Reinikainen, Sams, & Näätänen, 1991).

Following the P2 and N2 components, a centrally maximal positive deflection occurred around
250 ms poststimulus in response to both standards and, more prominently, to targets. This
component, as observed in the present study, resembles the P250 proposed by Garcia-Larrea
et al. (1992) in latency, morphology, and, perhaps, functional correlates. While some
researchers have interpreted P250 as analogous to the P3a (e.g. Brown, Clarke, & Barry,
2007), there are subtle differences which leave open its interpretation. Unlike the frontally
maximal P3a, which is primarily an index of attention-orienting processes (Linden, 2005;
Soltani & Knight, 2000), P250 has a central-parietal maximum and is theorized to index a top-
down stimulus classification process (Garcia-Larrea et al., 1992), whereby incoming stimuli
are evaluated and identified as a target or standard. Upon identification of a target, cognitive
processing continues and a P3b is evoked; otherwise, identification of a standard ends the
evaluation process (Garcia-Larrea et al., 1992). P250 amplitude was shown to be greater during
easy discrimination tasks, when more attention could be allocated to both non-targets and
targets for stimulus classification. The presence of a central-parietal P250 to both standards
and targets in the present study is in accordance with this hypothesis: due to the relative ease
with which stimuli could be discriminated, all stimuli were attended and classified. When the
stimulus was classified a target, a large amplitude P250 was evoked, followed by, and partially
overlapping, a P3b. Right hemisphere also appeared to play an important role in P250
generation: right temporal and frontal sources were active regardless of the laterality of auditory
input, while left hemisphere sources were apparent only when receiving direct input from right
ear or via binaural stimulation.

Right hemisphere also seems to be more prominently engaged during the working memory
context updating processes indexed by P3b. Scalp topographies were more similar over right
than over left hemisphere, driven by the right lateralized potentials to left ear stimulation and
more bilateral distribution of right ear stimulation. MNE source analyses revealed that, while
anterior temporal and inferior frontal sources were indeed more strongly lateralized to right
hemisphere regardless of ear of stimulation, superior temporal-parietal sources were more
bilaterally symmetric. Task-relevant stimuli, therefore, may engage a network responsible for
target detection and working memory updating, with right temporal/frontal sources persisting
throughout (P250 and P3b) and bilateral temporal-parietal sources also contributing to the later
P3b.

ERPs elicited during an auditory oddball task were shown to be sensitive to the laterality of
stimulus presentation. The N1 component depended upon both the architecture of the auditory
pathway, as well as echoic memory comparison processes. Upon detection of stimulus
deviance, a right hemisphere attention/working memory network seemed to be prominently
involved in stimulus processing (Corbetta & Shulman, 2002). Generation of especially the
later, more cognitive components appeared to be significantly determined by the need for
engagement of right hemisphere. Implications of these findings are particularly important for
investigations using clinical populations which have characteristic hemispheric asymmetries,
interhemispheric communication dysfunction, and/or ERP abnormalities (Bruder et al., 2002;
Ford, Mathalon, Kalba, Marsh, & Pfefferbaum, 2001; Frodl et al., 2001; Jerger & Lew,
2004). For instance, the problem may not be in either right or left hemisphere specifically, but
in getting the correct information to the right hemisphere attention/working memory network.
Impaired transfer of information to right hemisphere, either as a result of left hemisphere
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processing dysfunctions or interhemispheric communication problems, may underlie some
ERP abnormalities observed among clinical populations.
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Figure 1.
Grand-averaged ERP data for targets (solid lines) and standards (dashed lines), averaged over
ear of stimulation conditions, for midline channels Fz, Cz, and Pz. Negative is up.
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Figure 2.
ERP components for which a main effect of stimulus was found. First two columns show top-
down meridian maps of scalp potentials for each ERP component separately for standards (St)
and targets (T), averaged over Ear of stimulation conditions. Positive isopotential lines are in
red, negative isopotential lines are in blue; isopotential line scales are: .32 μV/step for N1 and
P250, .16 μV/step for P2/N2, and .20 μV/step for P3b. Third column shows clusters of sensors,
indicated by gray areas, within which significant ANOVA/cluster thresholding effects of
stimulus were found (see Table 2 for the mean potential amplitudes averaged over sensors
within each cluster). Last two columns show cortical maps (for left and right hemispheres) of
minimum norm estimation (MNE) source analysis performed on the target minus standard
difference ERP waveform. MNE maps are all on the same scale (in nA/m2 units).
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Figure 3.
ERP components for which a main effect of Ear of stimulation was found. First three columns
show top-down meridian maps of scalp potentials for each ERP component separately for left
ear (L), binaural (Bi), and right ear (R) stimulus presentation, averaged over standards and
targets. Isopotential line scales are: .40 μV/step for N1 and P250, .13 μV/step for P3b. Third
column shows clusters of sensors within which significant ANOVA/cluster thresholding
effects of Ear of stimulation were found (see Table 2 for the mean potential amplitudes averaged
over sensors within each cluster). Last two columns show cortical maps of MNE source analysis
performed on ERPs for each Ear condition, averaged over standards and targets.
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