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the finding that N2b is even elicited in an ignore
condition when the deviant stimulus is salient
enough (Squires et al., 1975; Paavilainen et al.,
1991). In the present study, a conspicuous sus-
tained negativity peaking around the latency of
300 ms appeared in the difference ERPs (deviant-
standard) in the unattended condition, which was
presumably identified as ‘residual N2b’ from its
scalp distribution in our previous study {(Kasai et
al, 1999). This finding, in accordance with the
above view, casts doubt on the view that N2b is
restricted to controlled processing, whereas a sig-
nificant enhancing effect of attention was detected
in our previous study. Moreover, in the present
study, N2b was obtained from the difference wave-
form by subtracting the ERPs elicited by standard
stimuli from that elicited by deviant stimuli in the
attended condition, which may well be assigned
to the controlled deviance detection.

The reason for the discrepancy in the findings
between the ears of stimulation is unclear, but
highly significant correlation coefficients were
obtained between CPT sensitivity A’ and N2b
amplitudes elicited by the right, but not by the left
ear stimuli. Moreover, in contrast to our expecta-
tions, significant correlations were obtained not at
the contralateral sites of stimulation, but at the
ipsilateral sites. Simson et al. (1976, 1977) sug-
gested that the N2b component shows a modality-
specific distribution and that the distribution of the
auditory N2b can be explained *“by a source within
the supratemporal plane projecting to the cortical
surface in the central region, which sums with
activity generated by a secondary source on the
surface of the posterior portion of the superior
temporal gyrus.”” However, this view has not been
directly verified, because very few studies attrib-
uted the raw N2 component o aclivity in sources
in the medial temporal lobe (Okada et al., 1983;
Halgren et al, 1986). O’Donnell et al. (1993)
indirectly supported the view by showing correla-
tions between difference N2b amplitudes and vol-
umetric changes in the gray matter of the left
superior temporal gyrus and of bilateral medial
temporal lobe structures in schizophrenic patients,
On the other hand, Potts et al. (1998) reported
that the topography of the N2b difference wave
showed a right hemisphere predominance, indicat-

ing an additional subcomponent arising restrictive-
ly from the right hemisphere, which might be
independent from the stimulated ear. Although
highly speculative, by postulating two subcompo-
nents, one arising from the contralateral superior
temporal gyrus and another mediated in the right
hemisphere, the finding obtained in the present
study that the contralateral predominance of N2b
was elicited by the left ear stimuli, but not of that
elicited by right ear stimuli, might well be
explained. Multiple subcomponents for N2b were
also suggested by Oades et al. (1996}, who showed
that the discrimination difficulty was associated
with an N2b amplitude increase in the midline,
whereas there was a decrease in the lateral sites.
From this topographical difference in relation to
stimulus discriminability, they postulated two dis-
tinct subcomponents underlying N2b: one arising
from lateral parts of the auditory association cortex
engaged in categorization in terms of stimulus
features, and another receiving input from the
frontal association cortex involved in a functional
categorization in terms of ‘target-like’ features.
They assumed that the latter type is related to
effort, or in other words, active attention. The
discrepancy in the location of the modality-non-
specific subcomponent might be due to the number
of electrode sites adopted between the Potts et al.
(1998) and Oades et al. (1996) studies. Therefore,
it is suggested that the subcomponent predomi-
nantly distributed in the contralateral site to the
stimulated ear coincides with the modality-specific
subcomponent, presumably arising from the audi-
tory association cortex, and the right hemisphere
predominant subcomponent irrelevant to the stim-
ulated ear coincides with the modality-non-specific
subcomponent related to active attention. Although
this view lacks ample evidence, it raises a plausible
explanation for the significant correlation between
CPT sensitivity A" and N2b obtained restrictively
in the right hemiscalp to the right ear of stimula-
tion. It is possible that the right hemisphere pre-
dominant modality-non-specific subcomponent,
which should not be contaminated with the contra-
lateral predominant subcomponent to the right ear
of stimulation, was related to CPT sensitivity A’.
If this is the case, CPT performance level might
be related to the modality-non-specific categori-

—375—



222 K. Kasai et al. / International Journal of Psychophysiology 45 (2002) 211-225

zation function in terms of “target-like’ features,
which requires active attention.

Although the basic neurological mechanism
underlying the performance of the CPT is not yet
clear, several studies have related activation of the
right frontal region to CPT performance using
positron emission tomography (PET) (Berman and
Weinberger, 1990; Buchsbaum et al., 1990, 1992;
Cohen et al, 1992; Benedict et al., 1998), the
functional magnetic resonance imaging (fMRI)
approach (Hager et al., 1998), near-infrared spec-
troscopy (NIRS) (Fallgatter and Strik, 1997) and
three-dimensional tomography of ERPs (LORE-
TA) (Strik et al.,, 1998) in norma! subjects. The
localization of activation showed some discrepan-
cies in the details between the studies with regard
to the different modalities and/or variation of CPT
tasks adopted; however, they appeared to coincide
well in terms of the right hemispheric relevance
to the CPT performance. Strik et al. (1998),
applying LORETA to P300 microstates in each Go
and NoGo condition, revealed significant hyper-
activity in the frontal lobe restrictively during the
NoGo condition, which raised the possibility that
the right frontal activity in association with the
CPT performance by previous neuroimaging stud-
ies owes much to the inhibitory processing rather
than genera! task demands. This view is extremely
interesting, in that it first attempted to disentangle
the multi-aspects of processing involved in the
CPT performance in terms of execution and inhi-
bition; however, not enough studies have been
carried out in a similar perspective.

There are several other possible factors that
could be responsible for the hemispheric asym-
metry found in this study. Right hemisphere supe-
riority for processing of perceptually degraded
visual stimuli, for example, has been demonstrated
in other paradigms (Sergent and Hellige, 1986),
whereas other evidence has suggested that the
right hemisphere may have more general relevance
for maintenance of attention and alertness (Mesu-
lam, 1985; Posner and Peterson, 1990}. Moreover,
Strik et al. (1998) suggested that the right frontal
activity is related to inhibitory function in the
processing of NoGo trials. However, Cornblatt and
Keilp (1994) suggested that the left hemisphere
was relatively more active than the right in the

verbal CPT-IP (CPT in which identical pairs are
identified as targets), whereas the right was more
active than the left in the spatial CPT-IP, in their
SPECT study. Thus, the linkage of the brain
regions to specific stimulus features should be
more directly examined, as such associations might
imply that the cortical regions support specialized
processing modules as opposed to attentional mod-
ulation systems.

These views regarding localized activity of N2b
are highly speculative due to the poor spatial
resolution of the EEG topography, and thus require
additional studies to reach a conclusive interpre-
tation, such as using a current-source density
analysis with a multi-channel EEG system.

Another limitation of the present study arises
from the response mode. We adopted the counting
condition in an attempt to avoid the overlap of
movement-related potentials (MRPs), which
should be caused by button pressing, because MRP
onset occurs up to 1 s prior to movement, predom-
inantly over sites contralateral to movement
(Vaughan et al., 1968; Deecke et al.,, 1969; Shi-
basaki et al, 1980; Singh and Knight, 1990).
However, the response mode of the counting con-
dition involves disadvantages, in that erroneously
detected/missed trials were also included in aver-
aging, and whether or not the subjects actually
attended to the designated ear cannot be guaran-
teed. A significant correlation between N2b ampli-
tude and counting performance level in the ERP
task might have been caused by the higher pro-
portion of the erroneously missed trials contami-
nated in averaging, which should result in smaller
N2b amplitudes. However, the occurrence of P300
restrictively in the grand-averaged waveform of
the deviant stimuli in the attended condition might
support our presumption, in part, that the subjects
wetre correctly focusing attention to the designated
ear.

Although this suggestion about the discrepancy
in the findings between the ears of stimulation and
hemiscalp sites has not been verified, similar
discrepancies were obtained for schizophrenic
patients in our previous study (Ohno et al., 2000).
In that study, a higher level of social skills,
especially of non-verbal skills, was restrictively
related to N2b elicited by the right car stimuli at

—376—



K. Kasai et al. / International Journal of Psychophysiology 45 (2002) 211-225 223

the ipsilateral sites of stimulation. Together with
the findings obtained in the present study, future
studies with the aim of disentangling N2b into
several distinct subcomponents are warranted. In
future research, although not adopted in the present
study, it is essential to include the P3 component
as an index of cognitive function, the abnormality
of which has been consistently reported in the
schizophrenic population (Roth, 1977; Prichard,
1986; Blackwood et al., 1987; McCarley et al,
1991).
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