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Abstract

The P3(OO)event-related potential (ERP) was elicited in 80 normal, right-handed male subjects using a simple visual
discrimination task, with electroencephalographic (EEG) activity recorded at 19electrodes. P3 amplitude was larger
over the right than over the left hemisphere electrode sites primarily at anteromediallocations (F3/4, C3/4) for
target, novel, and standard stimuli. The NI, P2, and N2 components also demonstrated hemispheric asymme-
tries. The strongest P3 hemispheric asymmetries for all stimuli were observed at anterior locations, suggesting a
frontal right hemisphere localization for initial stimulus processing, although target stimuli produced larger P3
amplitudes at parietal locations than did novel stimuli. The relationships of hemispheric asymmetries to anatom-
ical variables, background EEG activity, and neurocognitive factors are discussed.

Descriptors: Event-related potentials, P3(OO),Hemispheric differences

Hemispheric differences are observed readily using behavioral
techniques with auditory (lvry & Lebby, 1993; Kimura, 1993),
visual (Hellige, 1993; Polich, 1993; Polich & Morgan, 1994;
Sergent, 1991), and tactile (O'Boyle, van Wyhe-Lawler, &
Miller, 1987; Reitan, Wolfson, & Hom, 1992) stimuli. Similar
approaches have been employed using electroencephalographic
(EEG) measures, with consistent laterality effects obtained in
a wide variety of studies (e.g., Alexander & Sufka, 1993; David-
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son, 1992; Davidson, Chapman, Chapman, & Henriques, 1990;
Gevins et aI., 1979; Tomarken, Davidson, Wheeler, & Doss,
1992). Further, despite a general impression that cognitive event-
related potentials (ERPs) are fairly symmetrical in amplitude
about the midline (Donchin, Kutas, & McCarthy, 1977), hemi-
spheric asymmetries for the P3(OO)also have been found under
task conditions that encourage differential cerebral process-
ing (e.g., Gevins et aI., 1983; Kok & Rooyakkers, 1986; Rugg
& Beaumont, 1978; Schweinberger & Sommer, 1991; Tenke,
Bruder, Towey, Leite, & Sidtis, 1993; van de Vijver, Kok, Bak-
ker, & Bouma, 1984).Thus, reliable hemispheric differences can
be found with behavioral and electrophysiological measures.

The advent of multielectrode recording and topographical
mapping techniques has prompted a reassessment of hemispheric
ERP differences. In particular, several recent studies employ-
ing a relatively large number of electrodes have demonstrated
that P3 amplitude in normal subjects is greater over the right
than over the left cerebral hemisphere when a simple auditory
oddball paradigm is used to elicit the ERPs, that is, hemispheric
asymmetries are found in the absence of lateralized stimulus or
task influences (Alexander et aI., 1994; Holinger et aI., 1992;
Karniski & Blair, 1989; Naumann et aI., 1992). Additional stud-
ies on schizophrenic patients (and normal controls) have yielded
similar effects (Faux et aI., 1993; McCarley et aI., 1992; Mor-
styn, Duffy, & McCarley, 1993)and suggest that P3 amplitude
from simple auditory discrimination tasks may be asymmetric
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across the hemispheres. However, although such hemispheric
asymmetries have been observed they are not completely con-
sistent in their strength or location. The sources of these discrep-
ancies are not clear but may be related to the nonhomogeneous
samples that are compromised by a lack of control over variables
that can affect laterality differences (e.g., left/right handedness,
male/female subjects, press/count tasks, etc.), the relatively
small samples that are typically employed (e.g., n = 10-20), and
the use of linked ears or mastoids as a reference (this method
does not appear to affect asymmetry magnitudes appreciably,
but it has caused some controversy in this area; cf. Andino
et aI., 1990; Faux et aI., 1990; Nunez, 1981; Senulis & David-
son, 1989). When taken together in this context, previous studies
suggest a possible P3 hemispheric difference for nonlateralized
stimulus presentations and simple tasks, but the nature of these
effects is still uncertain.

The present study was conducted to ascertain whether P3
amplitude laterality asymmetries are reliable and to assess sys-
tematically the role of stimulus and task parameters on hemi-
spheric effects. A simple visual oddball discrimination task was
employed in which stimuli consisted of an infrequently presented
target, infrequently presented novel patterns, and frequently pre-
sented standards. Subjects were instructed to respond only to
the target stimuli and not to the other stimulus types. The infre-
quent novel stimuli were presented to engage the discrimination
mechanism in the absence of a response requirement but with
the same stimulus probability as the target stimulus in a manner
used previously (Courchesne, 1978; Courchesne, Courchesne,
& Hillyard, 1978; Friedman, Simpson, & Hamberger, 1993;
Pfefferbaum, Ford, Roth, & Kopell, 1980). Although presen-
tation of an infrequent nontarget stimulus can alter P3 scalp
distribution and peak latency in some populations (Fein & Turet-
sky, 1989; Turetsky, Raz, & Fein, 1988), this approach was
adopted in the present study to examine whether a response to
an infrequent stimulus contributes to P3 hemispheric differ-
ences. If, as suggested by auditory studies, the P3 component
is larger over the right than over the left frontal regions, then
similar lateralized amplitude effects should be obtained for
visual stimuli, with the influence of stimulus type, probability,
and response requirements assayed directly.

Methods

Subjects
A total of 80 young adult right-handed males (age: M =22.6
years, SD = 1.8 years) served as subjects for pecuniary remu-
neration. Only males were used to maximize the likelihood of
obtaining cognition-based hemispheric differences (Halpern,
1992). All subjects reported an absence of psychiatric or neuro-
logic problems and were screened for alcohol and drug use.
Handedness was evaluated by self-report of dominant hand,
foot, and eye use in addition to direct observation of writing.
All subjects had normal or corrected-to-normal vision.

Recording Conditions and Procedure
EEG activity was recorded monopolarly using an electrode cap
at 19 electrode sites (Fpl/2, F3/4, C3/4, P3/4, F7/8, T7/8,
P7/8, 01/2, Fz, Cz, pz; see Scharbrough et aI., 1990) referred
to the nose, with a forehead ground and impedances maintained
at 5 kD or less. The electrooculogram (EO G) was assessed with
two channels referred to the nose. One electrode was placed at
the outer canthus of the left eye to measure vertical eye move-
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ment, and the second electrode was located on the forehead to
monitor horizontal eye movement. The filter bandpass was 0.02-
50 Hz (3 dB down, 6 dB octave/slope). The EEG was digitized
at 3.9 ms/point for 1,500 ms, with a 187-ms prestimulus base-
line. ERP data were averaged on line with the same computer
used to control the stimulus presentation and artifact rejec-
tion. Trials in which the EEG or EOG exceeded :t73.3 p.Vwere
rejected automatically.

ERPs were elicited with 280 stimuli presented on a computer
monitor for a duration of 60 ms, with an interstimulus interval
of 1.6 s. The target stimulus was a white "X" (4 x 4 cm, 2.9° x
2.9°), novel stimuli (5 x 5 cm, 3.6° x 3.6°) consisted of non-
repeating colored geometric shapes (e.g., blue hexagons, red
pentagons, green triangles) arranged in variegated patterns, and
the standard stimulus was a white square (4 x 4 cm, 2.9° x 2.9°).
All stimuli were viewed from a distance of 110 cm, with low
level, diffuse ambient lighting provided by a ceiling fixture. The
target and novel stimuli each occurred with a probability of .125;
the standard stimuli occurred with a probability of .75. Subjects
were instructed to focus on a dot located in the center of the
monitor, to press a key pad with their forefinger whenever a tar-
get stimulus was detected, and to refrain from responding when
the novel or standard stimuli occurred. Response hand was
counterbalanced across subjects. Stimulus presentation was con-
cluded when 25 target, 25 novel, and 150 standard artifact-free
ERP trials were acquired; time on task ranged from 7 to 10min.

Component Measurement and Analyses
Waveforms for the target, novel, and standard stimuli were
assessed visually and individually for each subject to identify
amplitudes and latencies of the PI, NI, P2, N2, and P3 com-
ponents at each electrode site by locating the most positive or
negative component within the latency windows of 150-250,
200-300,250-350,300-400, and 350-600 ms, respectively. Am-
plitude was measured relative to the mean of the prestimulus
baseline, with peak latency defined as the time point of maxi-
mum positive or negative amplitude within the latency window.

Results

All analyses of variance (ANOVAs) employed Greenhouse-
Geisser corrections to the degrees of freedom; only probability
values from corrected degrees of freedom are reported. Task
performance was nearly perfect, with the total number of errors
(misses and false alarms) at 0.4070across subjects. Mean response
time for the target stimuli for all subjects was 440 ms (SD =57.6,
range = 318-559 ms).

The grand average ERP waveforms for the target, novel, and
standard stimuli at each electrode position are presented in Fig-
ure 1. The effects of stimulus type on P3 component values from
the midline electrodes (Fz, Cz, pz) were straightforward. The
P3 scalp distributions were similar, albeit not identical, and the
amplitude decreased in magnitude for the target, novel, and
standard stimuli, respectively. P31atency decreased slightly from
the frontal to parietal electrodes and became shorter for the
target, novel, and standard stimuli, respectively. Similarly, the
typical amplitude, latency, and scalp distribution results were
obtained for the other components. Because the focus of the
present study is on hemispheric asymmetries, data from the mid-
line electrode sites will not be considered further.

To assess within-hemisphere medial/lateral electrode differ-
ences, the left lateral (F7, TI, P7), left medial (F3, n, P3), right
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Figure 1. Grand average event-related potentials from the target, novel, and standard stimuli for each electrode recording site
(n = 80).

lateral (F8, T8, P8), and right medial (F4, T4, P4) electrode loca.
tions were assessed (preliminary analyses indicated no reliable
hemispheric effects from the Fpl/2 and 01/2 electrode sites,
and these will not be considered further). Assessment of P3 peak
latency revealed no reliable P3 hemispheric differences and only
a few inconsistent differences for the other components. Because
virtually all of the latency data demonstrated no hemispheric
asymmetries of consequence, these analyses are presented in an
abbreviated manner (see Table I).

The mean P3 amplitudes from the target, novel, and stan.
dard stimuli recorded over each hemisphere and medial/lateral
location as a function of the frontal, central, and parietal elec-
trode positions are illustrated in Figure 2. An initial four-variable
(Stimulus Type x Hemisphere x Medial/Lateral Location x
Frontal-to-Parietal Electrode Site) ANOVA was performed on
the P3 amplitude data for the target and novel stimuli. These
analyses produced several complex Stimulus Type x Medial/

Lateral Location interactions (p < .01 in all cases): (a) hemi-
sphere interacted with electrode site, and there was a three-way
interaction among hemisphere, stimulus type, and frontal-to-
anterior electrode placements; (b) the P3 amplitude difference
between target and novel stimuli was larger at medial than at lat-
eral electrode locations; and (c) the medial electrode locations
yielded larger amplitudes overall than did the lateral electrode
locations. Because the primary hemispheric effects of interest
differed somewhat among stimulus types and between the medial
and lateral electrode locations, separate two-variable (Hemi-
sphere x Frontal-to-Parietal Electrode Site) ANOVAs were per-
formed on the amplitude data from each stimulus type for the
medial and lateral locations. The significant effects are summa-
rized in Table I. Because the frontal-to.parietal electrode vari-
able produced consistent main effects in the typical direction,
this variable will receive comment only when the hemisphere and
electrode variables yielded reliable statistical interactions.



P3 component. The primary P3 amplitude hemispheric
effects originated from the interaction between hemisphere and
frontal-to-parietal electrode. The strongest of these asymmetries
were obtained for the target stimuli; the novel stimuli demon-
strated relatively weak interactive patterns. In contrast, the
standard stimuli yielded larger right than left hemisphere P3
components, and there was an interaction between hemisphere
and frontal-to-parietal electrode for the lateral recording sites.
No reliable hemispheric effects for P3 latency were obtained.

To assess the strength of the laterality lelectrode interaction
effects directly, simple main effects tests were performed by
evaluating each pair of lateral electrodes separately (Table 2).
The results of these tests for the P3 component suggest that

the majority of the significant Right-Greater- Than-Left Hemi-
sphere x Electrode interactions for the P3 component were pro-
duced at the frontal and central sites by the target and standard
stimulus conditions, although a significant left-greater-than-
right hemisphere effect was observed at the parietal electrode
sites. More important, however, is that the statistically conser-
vative nature of these tests implies that the observed hemispheric
differences are reliable, at least for the specific loci indicated.

PI, NI, P2, and N2components. The mean PI, NI, P2, and
N2 component amplitudes from the target, novel, and standard
stimuli for each lateral location are plotted as a function of
frontal-to-parietal electrode site in Figure 3. Significant hemi-

470 J.E. A/exander et at.

Table 1. Summary of F Ratios (and € Corrections) ANOVAs Performed on Component Amplitudes and Latencies

Amplitude Latency

Variable df PI NI P2 N2 P3 PI NI P2 N2 P3

Target stimuli
Medial

Hemisphere 1,79 8.0** 7.8* 15.2**
(1.000) (1.000) (1.000)

Electrode 2, 158 81.0*** 70.8*** 8.8*** 116.7*** 28.0*** 3.9* 15.5*** 25.2***

(0.6636) (0.5776) (0.5930) (0.5886) (0.7059) (0.6554) (0.7618) (0.8399)
HxE 2, 158 6.3** 26.8***

(0.8550) (0.8633)
Lateral

Hemisphere 1,79 5.2* 4.3* 18.9***
(1.000) (1.000) (1.000)

Electrode 2, 158 123.8*** 185.4*** 21.8*** 21.1 *** 47.0*** 3.5* 23.3*** 34.5*** 18.9***
(0.6564) (0.5493) (0.5642) (0.5445) (0.6062) (0.9093) (0.7714) (0.8043) (0.8566)

HxE 2, 158 3.6* 4.1* 12.8*** 15.5*** 3.9*
(0.7684) (0.7596) (0.7180) (0.8239) (0.8873)

Novel stimuli
Medial

Hemisphere 1,79 4.2
(1.000)

Electrode 2, 158 62.5*** 48.2*** 4.2* 17.0*** 90.7*** 8.6*** 37.0*** 25.9*** 9.7***

(0.6686) (0.5720) (0.5693) (0.5840) (0.5861) (0.9236) (0.8634) (0.6783) (0.7031)
HxE 2, 158 3.7* 3.7* 3.4*

(0.8746) (0.8730) (0.7946)
Lateral

Hemisphere 1,79 5.8* 4.4*

(1.000) (1.000)
Electrode 2,158 100.8*** 137.1*** 35.5*** 43.7*** 42.0*** 29.1 15.7

(0.6162) (0.5579) (0.5463) (0.5843) (0.9085) (0.8327) (0.7046)
HxE 2,158 7.4*** 5.6* 3.6*** 3.7*

(0.7253) (0.6975) (0.7029) (0.8319)

Standard stimuli
Medial

Hemisphere 1,79 13.0*** 6.0* 9.8*** 12.2***
(1.000) (1.000) (1.000) (1.000)

Electrode 2, 158 54.3*** 18.9*** 51.0*** 42.8*** 47.8*** 4.1*

(0.8263) (0.5574) (0.6605) (0.6851) (0.6350) (0.7345)
HxE 2, 158

Lateral
Hemisphere 1,79 37.9*** 10.9** 30.3*** 26.9*** 4.9** 4.7*

(1.000) (1.000) (1.000) (1.000) (1.000) (1.000)
Electrode 2,158 118.1*** 64.2*** 28.2*** 13.5*** 42.5*** 3.8* 5.5**

(0.5859) (0.5420) (0.5657) (0.5680) (0.6367) (0.8600) (0.7683)
HxE 2,158 5.2* 4.5*

(0.7413) (0.7455)

*p < .05. **p < .01. ***p < .001.
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Table 2. Summary of Simple Main Effects (F Ratios) for Electrode Site

for Component Amplitudes and Latencies

Amplitude Latency

Electrode siteQ PI NI PZ NZ P3 PI NI PZ NZ P3

Target stimuli
Medial

F3/4 8.8* 4.1*
C3/4 3.8* 6.7* 14.S"*
P3/4 6.S" 7.S** 16.9*" 9.1**

Lateral
F7/8
T7/8 4.S*
P7/8 8.Z" 7.3" 30.1*** 10.6"

Novel Stimuli
Medial

F3/4 S.6*
C3/4
P3/4 4.1*

Lateral
F7/8
T7/8
P7/8 16.Z*** 6.1*

Standard Stimuli
Medial

F3/4 S.7*
C3/4 S.8* S.I* S.9*
P3/4 8.6* S.2*

Lateral
F7/8 6.7** 7.6" 13.6*** S.5* 9.7**
T7/8 8.6** 9.7" 9.3" S.4*
P7/8 40.3*" 8.1** 18.0*"

a df = 1,IS2 to 1,232. Denominator is variable across individual tests because df values are based on the specific mean squared
error value when repeated measures simple effects are calculated.
*p < .OS. "p < .01. *"p < .001.
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sphericmain effectswereobtainedfor the PI, P2, and N2 com-
ponents; right hemisphere amplitudes were larger than left
hemisphereamplitudes primarily for the target and standard
stimuli. The interactions betweenhemisphere and frontal-to-
parietal electrode sites were in the direction opposite of those
for the P3 component, with larger hemispheric asymmetries
observed toward the parietal recording locations. The only hemi-
spheric difference for the Nl component occurred for the novel
stimuli at the lateral electrode locations. The hemispheric latency
differences observed for the NI and N2 components stemmed
from shorter latencies for the right than the left electrode sites.
Specific comparisons between homologous lateral electrodes
from the simple main effects analyses are presented in Table 2.
Right hemisphere superiorities were obtained for ERP compo-
nents other than the P3, most often with the maximum differ-
ence obtained over the parietal locations for both lateral and
medial electrode sites.

Discussion

P3 amplitude from a visual oddball paradigm was consistently
larger over the right hemisphere frontal and central electrode
sites for target, novel, and standard stimuli waveforms; these
findings are similar to those of P3 studies that used auditory
stimuli (Alexander et aI., 1995; Holinger et aI., 1992; Karniski
& Blair, 1989; Naumann et aI., 1992). The magnitude of the
P3 right-greater-than-left hemispheric amplitude asymmetry at
frontal and central electrode locations for target stimuli was
1-2+ p.V,as was the left-greater-than-right difference at the pari-
etal electrode locations; both outcomes were statistically robust
for the homogeneous sample of right-handed male subjects
assessed in the present study. Because right hemisphere ampli-
tude asymmetries were observed for each of the stimulus types,
these latera Iized P3 amplitude differences appeared to be rela-
tively unaffected by stimulus probability or response task vari-
ables. Although the underlying sources for these P3 amplitude
asymmetry effects are still uncertain, these effects might origi-
nate from fundamental structural, electrophysiological, or cog-
nitive differences between the two hemispheres.

P3 Hemispheric Differences

Structural effects. Structural differences in brain morphol-
ogy, skullthickness,and cranialirregularitiesmayhavecontrib-
uted to the P3 hemispheric amplitude variations observed; such
factors can affect ERP amplitude. For example,plagiocephaly
or the underlying brain configuration associated with lateralized
cranial deformities consists of a counterclockwise torque in
which the left occipital pole flattens and the right frontalloca-
tions are larger and often protrude forward (Daniel, Myslo-
bodsky, Ingraham, Coppola, & Weinberger, 1989; Simpson &
David, 1986). The resulting hemispheric difference in neural
mass may therefore produce electrophysiological asymmetries
by redirecting current flow through the skull, such that larger
amplitudes are recorded over locations that contain more cel-
lular volume and/or where the skull is thinner (cf. Ford et aI.,
1994; Pfefferbaum & Rosenbloom, 1989). Although this expla-
nation is plausible, measurable plagiocephaly occurs only in
about 100/0of the population (Binnie, Dekkerm, Smit, & Van
der Linden, 1982).Furthermore, only a slight and apparently
unstable relationship between skull thickness and occipital EEG
alpha asymmetry has been reported (Myslobodsky, Coppola, &
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Weinberger, 1991), with strong indications that plagiocephaly
affects the occipital recording sites more than it affects the sym-
metrical, central, parietal, and temporal recording locations
(Chui & Damasio, 1980; Myslobodsky et aI., 1989). Hence, the
lateralized effects found for P3 amplitude at the frontal and cen-
trallocations are most likely unrelated to structural differences
in skull and brain morphology.

EEG and ERP relationships. A more appealing explanation
for the overall ERP lateralized amplitude effects stems from
EEG hemispheric asymmetries, because greater right hemisphere
alpha-band EEG power has been observed often (cf. Davidson,
1988;Tomarken, Davidson, Wheeler, & Kinney, 1992;Wieneke,
Deinena, Spoelstra, Strom Van Leeuwen, & Versteeg, 1980).
Variation in background alpha power was correlated positively
with P3 amplitude from midline recording locations in several
studies (Ba~ar, Ba~ar-Eroglu, Rosen, & Schutt, 1984; Intriliga-
tor & Polich, 1994; Jasiukaitis & Hakerem, 1988), although the
relationships between EEG power and the PI, NI, P2, and N2
component are less consistent (lntriligator & Polich, in press).
More important, the most consistent P3 amplitude hemispheric
effects in the present study were obtained over the frontal and
central recording sites, locations where EEG alpha power asym-
metries are readily observed (Davidson, 1988, 1992). Given these
electrophysiological similarities and the possible association
between EEG alpha power and P3 amplitude, the implication
arises that lateral asymmetries for alpha power may underlie the
observed increases in P3 amplitude over the right hemisphere
for the frontal and central electrode sites. association between
variation in EEG power from specific bands and ERP compo-
nent amplitudes is not yet clear. Positive correlations between
EEG power and P3 amplitude have been reported for the delta,
theta, and alpha bands (Polich & Luckritz, 1994; Spencer &
Polich, 1992), frequencies that also appear related to slow wave
activity (Ruchkin, Johnson, Mahaffey, & Sutton, 1988; Ruch-
kin & Sutton, 1983). Moreover, the right-greater-than-Ieft P3
hemispheric asymmetries of the present study were observed at
the frontal and central electrodes, locations where P3 amplitude
is typically small, with significant left-greater-than-right asym-
metries observed at the parietal electrode where P3 amplitude
and alpha power are largest. Thus, EEG contributions to P3 and
other ERP amplitude asymmetries may not be the only source
of these effects.

Cognitive contributions. The strongest interaction between
hemisphere and frontal-to-parietal electrode sites for P3 ampli-
tude was found for the target stimuli (see Figure 2, Table I), sug-
gesting that neurocognitive influences also may underlie these
hemispheric differences. A major theoretical interpretation of
the P3 posits that this ERP component reflects a developing rep-
resentation within short-term memory (Donchin & Coles, 1988;
Donchin, Karis, Bashore, Coles, & Gratton, 1986). This hypoth-
esis is supported by the results from human lesion studies, which
have suggested that multiple neural generators, most likely
originating from portions of the temporal-parietal cortex, are
involved in P3 production (Johnson, 1989; Knight, Scabini,
Woods, & Clayworth, 1989; Yamaguchi & Knight, 1991). In
addition, very surprising or alerting stimuli will elicit a P3a sub-
component that is of maximum amplitude over frontal/central
electrode sites (cf. Courchesne, Hillyard, & Galambos, 1975;
Polich, 1988; Squires, Squires, & Hillyard, 1975), reflects ini-
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flects initial signal evaluation, appears to originate from the
frontal lobe, and readily habituates (Ford, Roth, & Kopell, 1976;
Knight, 1984; Roth, 1973). When the stimulus is processed sub-
sequently in memory, the central/parietal canonical P3b is gen-
erated (Knight, 1990; Polich & Squire, 1993). Taken together,
these findings imply that at least two different ERPs comprise
the "P3" component and that these different subcomponents
have distinct neuroanatomical loci (Johnson, 1993; Picton,
1992).

Given this background, it is not unreasonable to suppose that
the frontal-central P3 amplitude asymmetries of the present
study may be reflecting the neurocognitive operations underly-
ing the fundamental discrimination process required in the odd-
ball paradigm. In this view, the observed right hemisphere P3
amplitude superiorities may stem in part from neural activity
related to the processing of the incoming signal in a manner sim-
ilar to effects observed using positron emission tomography
(Posner & Petersen, 1990). Discriminating the target from a
novel or standard stimulus could initiate right frontal engage-
ment, because such a process requires the consistent application
of attentional focus, a major attribute of frontal lobe function
(Pardo, Fox, & Raichle, 1991;Posner, 1992). The reason for the
reversal of these effects at the parietal location is not clear, but
this reversal may stem from localized decision processes that
govern response production. The decrease in the parietal hemi-
spheric effects across stimulus types (target, novel, standard) is
consonant with this view, because each stimulus type is likely
to evoke different propensities to respond. The lack of similar
patterns for the other components is also consistent with this
approach. Thus, P3 amplitude asymmetries may be a relatively
more precise manifestation of context updating processes than
are midline recordings because the P3 recordings localize at least
the initial processing response to the right frontal lobe areas, per-
haps with task decision processes occurring in the left parietal
lobe.

Other ERP Asymmetries
The PI, NI, P2, and N2 components also showed hemispheric
asymmetry in patterns similar but not identical to the P3 effects:
greater right hemisphere positive-going amplitudes and shorter
latencies relative to left hemisphere locations. However, in con-
trast to the P3 component these hemispheric amplitude differ-
ences from the other components were typically largest at the
central/posterior locations, a finding that implies that their
hemispheric differences may stem from cognitive influences
unrelated to those governing P3 generation. Additional studies
that manipulate variables affecting these potentials directly are
needed to specify the source of their lateralization patterns more
clearly.

Summary
P3 amplitude elicited with a simple visual oddball discrimina-
tion task was larger over the right than the left frontal and cen-
tral hemisphere electrode sites. The sources of these lateralized
amplitude effects are not yet clear, but these effects may origi-
nate from asymmetric electrophysiological and neurocognitive
processes governing attentional operations on incoming stim-
uli. Assessment of individuals for both EEG and ERP measures
with other discrimination tasks is needed to delineate the gen-
esis of these effects.



474

REFERENCES

J.E. Alexander el al.

Alexander, J., Bauer, L., Kuperman, S., Rohrbaugh, J., Morzorati, S.,
O'Connor, S., Porjesz B., Begleiter, H., & Polich, J. (1995). Hemi-
spheric differences for P300 amplitude from an auditory oddball
task. Manuscript submitted for publication.

Alexander, J., & Sufka, K. (1993). Cerebrallateralization in homosex-
ual males: A preliminary EEG investigation. International Journal
of Psychophysiology, 15,269-274.

Andino, S. L., Marqui, R. D. P., Sosa, P. A. V., Lirio, R. B., Machado,
C., Diaz, G., Rodriguez, P. F., & Torez, C. C. (1990). Brain elec-
trical field measurements unaffected by linked earlobes reference.
Electroencephalography and Clinical Neurophysiology, 75, 155-160.

Ba$ar, E., Ba$ar-Eroglu, c., Rosen, R., & Schutt, A. (1984). A new
approach to endogenous event-related potentials in man: Relation
between EEG and P300-wave. International Journal of Neurosci-
ence, 24, 1-21.

Binnie, C. D., Dekkerm, E., Smit, A., & Van der Linden, G. (1982).
Practical considerations in the positioning of EEG electrodes. Elec-
troencephalography and Clinical Neurophysiology, 53, 453-458.

Chui, H. C., & Damasio, A. R. (1980). Human cerebral asymmetries
evaluated by computed tomography. Journal of Neurological Neuro-
surgery and Psychiatry, 43, 873-878.

Courchesne, E. (1978). Changes in P3 waves with event repetition: Long-
term effects on scalp distribution and amplitude. Electroencepha-
lography and Clinical Neurophysiology, 45, 754-766.

Courchesne, E., Courchesne, R., & Hillyard, S. (1978). The effect of
stimulus deviation on P3 waves to easily recognized stimuli. Neuro-
psychologia, 16, 189-199.

Courchesne, E., Hillyard, S. A., & Galambos, R. (1975). Stimulus nov-
elty, task relevance, and the visual evoked potential in man. Elec-
troencephalography and Clinical Neurophysiology, 39, 131-143.

Daniel, D. G., Myslobodsky, M. S., Ingraham, L. J., Coppola, R., &
Weinberger, D. R. (1989). The relationship of occipital skull asym-
metry to brain parenchymal measures in schizophrenia. Schizophre-
nia Research, 2, 465-472.

Davidson, R. J. (1988). EEG measures of cerebral asymmetry: Concep-
tual and methodological issues. International Journal of Neurosci-
ence, 39, 71-89.

Davidson, R. J. (1992). Emotion and affective style: Hemispheric sub-
strates. Psychological Science, 3, 39-43.

Davidson, R. J., Chapman, J. P., Chapman, L. J., & Henriques, J. B.
(1990). Asymmetrical brain electrical activity discriminates between
psychometrically-matched verbal and spatial cognitive tasks. Psy-
chophysiology, 27, 528-543.

Donchin, E., & Coles, M. G. H. (1988). Is the P300 component a man-
ifestation of context updating? Behavioral and Brain Science, II,
357-374.

Donchin, E., Karis, D., Bashore, T. R., Coles, M. G. H., & Gratton,
G. (1986). Cognitive psychophysiology and human information pro-
cessing. In M. G. H. Coles, E. Donchin, & S. W. Porges (Eds.), Psy-
chophysiology: Systems, processes, and applications (pp. 244-267).
New York: Guilford.

Donchin, E., Kutas, M., & McCarthy, G. (1977). Electrocortical indi-
ces of hemispheric utilization. In S. Harnad, R. Doty, L. Goldstein,
J. Jaynes, & G. Krauthamer (Eds.), Lateralization in the nervous sys-
tem (pp. 339-384). New York: Academic Press.

Faux, S. E, McCarley, R. W., Nestor, P., Shenton, M., Pollak, S., Pen-
hune, V., Mondrow, E., Marcy, B., Peterson, A., Horvath, T., &
Davis, K. (1993). P300 topographic asymmetries are present in
unmedicated schizophrenics. Electroencephalography and Clinical
Neurophysiology, 88, 32-41.

Faux, S. E, Shenton, M., McCarley, R., Nestor, P., Marcy, B., & Lud-
wig, A. (1990). Preservation of P300 event-related potential topo-
graphic asymmetries in schizophrenia with use of either linked-ear
or nose reference sites. Electroencephalography and Clinical Neuro-
physiology, 75, 378-391.

Fein, G., & Turetsky, B. (1989). P300 latency variability in normal
elderly: Effects of paradigm and measurement technique. Electro-
encephalography and Clinical Neurophysiology, 72,384-394.

Ford, J., Roth, W. T., & Kopell, B. (1976). Auditory evoked potentials
to unpredictable shifts in pitch. Psychophysiology, 13, 32-39.

Ford, J. M., Sullivan, E., Marsh, L., White, P., Lim, K., & Pfeffer-
baum, A. (1994). The relationship between P300 amplitude and re-
gional gray matter volumes depends on the attentional system

engaged. Electroencephalography and Clinical Neurophysiology, 90,
214-228.

Friedman, D., Simpson, G., & Hamberger, M. (1993). Age-related
changes in scalp topography to novel and target stimuli. Psychophys-
iology, 30, 383-396.

Gevins, A. S., Schaffer, R., Doyle, J., Cutillo, B., Tannehill, R., &
Bressler, S. (1983). Shadows of thought: Shifting lateralization of
human brain electrical patterns during brief visuomotor task. Sci-
ence, 220, 97-99.

Gevins, A. S., Zeitlin, G., Doyle, J., Yingling, c., Schaffer, R., Cal-
laway, E., & Yeager, C. (1979). Electroencephalogram correlates of
higher cortical functions. Science, 203, 665-668.

Halpern, D. E (1992). Sex differences in cognitive abilities. Hillsdale,
NJ: Earlbaum.

Hellige, J. (1993). Unity of thought and action: Varieties of interaction
between the left and right cerebral hemispheres. Current Directions
in Psychological Science, 2, 21-25.

Holinger, D., Faux, S., Shenton, M., Sokol, N., Seidman, L., Green,
A., & McCarley, R. (1992). Reversed temporal region asymmetries
of P300 topography in left and right-handed schizophrenic subjects.
Electroencephalography and Clinical Neurophysiology, 84, 532-537.

Intriligator, J., & Polich, J. (1994). On the relationship between back-
ground EEG and the P300 event-related potential. Biological Psy-
chology, 37, 235-245.

Intriligator, J., & Polich, J. (in press). On the relationship between EEG
and ERP variability. International Journal of Psychophysiology.

Ivry, R. B., & Lebby, P. (1993). Hemispheric differences in auditory per-
ception are similar to those found in visual perception. Psychologi-
cal Science, 4, 41-45.

Jasiukaitis, P., & Hakerem, G. (1988). The effect of prestimulus alpha
activity on P300. Psychophysiology, 25, 157-165.

Johnson, R. (1989). Developmental evidence for modality-dependent
P300 generators: A normative study. Psychophysiology, 26,651-667.

Johnson, R. (1993). On the neural generators of the P300 component
of the event-related potential. Psychophysiology, 30,90-97.

Karniski, W., & Blair, R. C. (1989). Topographical and temporal sta-
bility of the P300. Electroencephalography and Clinical Neurophys-
iology, 72, 373-383.

Kimura, D. (1993). Neuromotor mechanisms in human communication.
New York: Oxford University Press.

Knight, R. (1984). Decreased response to novel stimuli after prefron-
tal lesions in man. Electroencephalography and Clinical Neurophys-
iology, 59, 9-20.

Knight, R. (1990). Neural mechanisms of event-related potentials from
human lesion studies. In J. Rohrbaugh, R. Parasuraman, & R. John-
son (Eds.), Event-related brain potentials: Basic issues and applica-
tions (pp. 3-18). New York: Oxford University Press.

Knight, R., Scabini, D., Woods, D., & Clayworth, C. (1989). Contri-
butions of temporal-parietal junction to the human auditory P3.
Brain Research, 502, 109-116.

Kok, A., & Rooyakkers, J. (1986). ERPs to laterally presented pictures
and words in a semantic categorization task. Psychophysiology, 23,
672-683.

McCarley, R. W., Shenton, M., O'Donnell, B., Faux, S., Kikinis, R.,
Nestor, P., & Jolesz, E (1993). Auditory P300 abnormalities and left
posterior superior temporal gyrus volume reduction in schizophre-
nia. Archives of General Psychiatry, 50, 190-197.

Morstyn, R., Duffy, E, & McCarley, R. W. (1993). Altered P300 topog-
raphy in schizophrenia. Archives of General Psychiatry, 62, 203-208.

Myslobodsky, M., Coppola, R., Bar-Ziv, J., Karson, C., Daniel, D.,
& Weinberger, D. R. (1989). EEG asymmetries may be affected by
cranial and brain parenchymal asymmetries. Brain Topography, I,
221-228.

Myslobodsky, M., Coppola, R., & Weinberger, D. (1991). EEG later-
ality in the era of structural brain imaging. Brain Topography, 3,
381-390.

Naumann, E., Huber, C., Maier, S., Plihal, W., Wustmans, A.,
Diedrich, 0., & Bartussek, D. (1992). The scalp topography of P300
in the visual and auditory modalities: A comparison of three nor-
malization methods and the control of statistical type II error. Elec-
troencephalography and Clinical Neurophysiology, 83, 254-264.

Nunez, P. (1981). Electricfields of the brain. New York: Oxford Uni-
versity Press.



P300 amplitude asymmetries

O'Boyle, M. W., van Wyhe-Lawler, F., & Miller, D. A. (1987). Recog-
nition of letters traced in the right and left palms: Evidence for a
process-oriented tactile asymmetry. Brain and Cognition, 6, 474-494.

Pardo, J. V., Fox, P., & Raichle, M. (1991). Localization of a human
system for sustained attention by positron emission tomography.
Nature, 349, 61-64.

Pfefferbaum, A., Ford, J., Roth, W., & Kopell, B. (1980). Age-related
changes in auditory event-related potentials. Electroencephalogra-
phy and Clinical Neurophysiology, 49, 266-276.

Pfefferbaum, A., & Rosenbloom, M. (1989). Skull thickness influences
P3 amplitude. Psychopharmacology Bulletin, 23, 493-496.

Picton, T. W. (1992). The P300 wave of the human event-related poten-
tial. Journal of Clinical Neurophysiology, 9, 456-479.

Polich, J. (1988). Bifurcated P300 peaks: P3a and P3b revisited? Jour-
nal of Clinical Neurophysiology, 5, 287-294.

Polich, J. (1993). Hemispheric differences for feature migrations. Acta
Psychologica, 83, 179-201.

Polich, J., & Luckritz, J. Y. (1994). EEG and ERPs in young and elderly
subjects. In G. Karmos, M. Molnar, V. Csepe, I. Czigler, & J. E.
Desmedt (Eds.), Perspectives of event-related potentials research
(EEG Suppl. 44), 358-368. Amsterdam: Elsevier.

Polich, J., & Morgan, C. (1994). Handedness and hemispheric differ-
ences for feature perturbations. Brain and Cognition, 25, 220-234.

Polich, J., & Squire, L. R. (1993). P300 from amnesic patients with bi-
lateral hippocampal lesions. Electroencephalography and Clinical
Neurophysiology, 86,408-417.

Posner, M. I. (1992). Attention as a cognitive and neural system. Cur-
rent Directions in Psychological Science, I, 11-14.

Posner, M. I., & Petersen, S. E. (1990). The attention system of the
human brain. Annual Review of Neuroscience, 13,25-42.

Reitan, R. M., Wolfson, D., & Hom, J. (1992). Left cerebral dominance
for bilateral simultaneous sensory stimulation. Journal of Clinical
Psychology, 48, 760-766.

Roth, T. W. (1973). Auditory evoked responses to unpredictable stim-
uli. Psychophysiology, 10, 125-138.

Ruchkin, D., Johnson, R., Mahaffey, D., & Sutton, S. (1988). Toward
a functional categorization of slow waves. Psychophysiology, 25,
339-353.

Ruchkin, D., & Sutton, S. (1983). Positive slow wave and P300: Asso-
ciation and dissociation. In A. W. K. Gaillard & W. Ritter (Eds.),
Tutorials in event-related potential research: Endogenous compo-
nents (pp. 233-250). Amsterdam: North-Holland.

Rugg, M. D., & Beaumont, J. G. (1978). Interhemispheric asymmetries
in the visual evoked response: Effects of stimulus lateralization and
task. Biological Psychology, 6, 283-292.

Scharbrough, F., Ghatrian, G.-E., Lesser, R. P. Luders, H., Nuwer, M.,
& Picton, T. W. (1990). Guidelines for standard electrode position
nomenclature. Bloomfield, CT: American Electroencephalography
Society.

475

Schweinberger, S. R., & Sommer, W. (1991). Contributions of stimu-
lus encoding and memory search to right hemisphere superiority in
face recognition: Behavioral and electrophysiologica1 evidence.
Neuropsychologia, 29, 389-413.

Senulis, J. A., & Davidson, R. J. (1989). The effect of linking ears on
the hemispheric asymmetry of EEG. Psychophysiology, 26(Suppl.),
S55 (abstract).

Sergent, J. (199\). Judgments of relative position and distance on rep-
resentations of spatial relations. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 17, 762-780.

Simpson, D., & David, D. (1986). Craniosynostosis. In H. Hofman &
F. Epstein (Eds.), Disorders of the developing nervous system: Diag-
nosis and treatment (p. 323). Boston: Blackwell.

Spencer, K., & Polich, J. (1992). EEG, P300, and probability. Psycho-
physiology, 29(Suppl.), S66 (abstract).

Squires, N., Squires, K., & Hillyard, S. (1975). Two varieties of long-
latency positive waves evoked by unpredictable auditory stimuli in
man. Electroencephalography and Clinical Neurophysiology, 38,
387-401.

Tenke, G. E., Bruder, G., Towey, J., Leite, P., & Sidtis, J. (1993). Cor-
respondence between brain ERP and behavioral asymmetries in a
dichotic complex tone test. Psychophysiology, 30, 62-70.

Tomarken, A. J., Davidson, R. J., Wheeler, R. E., & Doss, R. C. (1992).
Individual differences in anterior brain asymmetry and fundamen-
tal dimensions of emotion. Journal of Personality and Social Psy-
chology, 62, 676-687.

Tomarken, A. J., Davidson, R. J., Wheeler, R. E., & Kinney, L. (1992).
Psychometric properties of resting anterior EEG asymmetry: Tem-
poral stability and internal consistency. Psychophysiology, 29, 576-
592.

Turetsky, B. I., Raz, J., & Fein, G. (1988). Noise and signal power and
their effects on evoked potential estimation. Electroencephalogra-
phy and Clinical Neurophysiology, 71,310-318.

van de Vijver, F. R., Kok, A., Bakker, D., & Bouma, A. (1984). Lat-
eralization of ERP components during verbal dichotic information
processing. Psychophysiology, 21, 123-143.

Wieneke, G., Deinema, C., Spoelstra, P., Strom Van Leeuwen, W., &
Versteeg, H. (1980). Normative spectral data on alpha rhythm in male
adults. Electroencephalography and Clinical Neurophysiology, 49,
636-645.

Yamaguchi, S., & Knight, R. (1990). Gating of somatosensory input by
human prefrontal cortex. Brain Research, 521, 281-288.

(RECEIVED January 26, 1994; ACCEPTED January I, 1995)


