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Electrophysiology of Normal and
Pathologic Cognition

EDITOR'S COMMENTS

Activity of the brain may be characterized biochemically,
as shown throughout this texi, and by means of changes in
the electrical potentials exhibited by single nerve cells as
well as the large populations of nerve cells that make up
functional units of operation of the brain. In this chapter the
authors review recent research exploring these event-related
potentials. These electrical events iliustrate not only where
the biological manifestation of some important cognitive
event might be occurring in the brain during cognitive
behavior but also shed light on the temporal processing of
various sensory and cognitive operations. A great deal of
new research relevant to the biological substrates of psychi-
atric illness and its treatment has appeared only in the past
few years. This is reviewed very thoroughly and with schol-
arship in this chapter.

LEWIS L. JUDD, MD
EDITORIAL BOARD

Insofar as records of the electrical activity in the
scalp can help to reveal the mechanisms of our
mind, they can also help unravel the mysteries of
the shattered mind in various neurologic and psy-
chopathologic syndromes. In this chapter we sur-
vey the experimental literature documenting the
relationships between the perceptual and cognitive
subcomponents of different tasks and the electrical
responses that can be recorded at the scalp in syn-
chrony with these mental operations. The electrical
activity recorded at the scalp includes not only the
ongoing electroencephalogram (FEG) but also
more transient responses to specific stimuli, called
the evoked (EP) or event-related potential (ERP);
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both are believed 1o represent the summation of
graded postsynaptic potentials generated by the de-
polarization and hyperpolarization of numerous
neural (and perhaps glial} elements acting in uni-
sor.

A sensory stimulus triggers a series of voltage
peaks and troughs (sometimes referred to as com-
ponents) lasting for several hundreds of millisec-
onds; this record of voltage in time is called an
evoked response or an evoked potential (EP) (Fig.
1}.1 At the scalp an EP is substantially smaller in
amplitude than the background EEG (5 to 10 uV
versus 50 to 100 wV) and must, therefore, be ex-
tracted by an averaging procedure. This involves
recording EPs to repeated stimulus presentations; it
is assumed that random fluctuations will cancel
each other and leave a record of the evoked or
event-related activity that was time-locked to the
stimulus presentation. As averaging improves the
resolution of the evoked signal in proportion to the
square root of the number of responses included,
the number of repetitions needed for a reliable (i.e.,
“clean’’} average is a function of the amplitude of
the ERP component under study.

Typically, the peaks {i.e., components) of an EP
are labeled according to their polarity (negative [N]
or positive [P]) and latency in milliseconds (e.g.,
N100, P230, P300). On occasion, the peaks are
designated by their polarity and ordinal position in
the waveform (e.g., N1, P1, N2). Less often, the
labels refer to the hypothesized functional role
{e.g., readiness potential [RP]) or anatomic loca-
tion of the component (e.g., auditory brain-stem
response [ABR]). As a general rule, the amplitudes,
latencies, and scalp distributions of the earlier com-
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s {(with latencies of less than 100 msec) for a
ular stimulus are very consistent within an
dual; that is, they are highly reproducible
session to session. Moreover, systematic vari-
i in the physical parameters of the evoking
lus {e.g., intensity, frequency, duration) lead
dictable changes in these early components,
ing the altered activation of the sensory path-
Hence, the earlier evoked components are
lered to be “exogenous” or stimulus bound;
re generally impervious to a subject’s state of
ess or attentiveness. It is this invariance in the
f changing psychological state that makes the
nous components an excellent diagnostic
i certain sensory and neurologic disorders.”*
“those interested in the neural bases of men-
wesses, the more informative brain waves are
wdogenous components, which may precede
ow a triggering event by many hundreds of
:conds. An “event” in this case refers 1o a
us, a response, a voluntary movement, or a
ive operation for which an external timing
T can be specified so that time-locked electri-
in activity can be examined. The relative in-
vity of endogenous components to variations
© physical stimulus parameters contrasts to
exquisite responsivity to task demands, in-
ons, and the subjects’ intentions, decisions,
-ancies, strategies, mental set, and so on. In
words, endogenous ERP components are not
ed”” by a stimulus but are elicited by the per-
il and cognitive operations that are engen-
by that stimulus. The same physical stimulus
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may or may not be followed by a particular endog-
enous component depending on how the subject
chooses to process that stimulus. The term late com-
ponent is often used interchangeably with that of
endogenous component because most potentials in
this class occur with a latency beyond 100 msec.

Although the neurophysiological mechanisms
underlying the scalp-recorded ERPs are largely un-
known, these potentials appear to be reliable mani-
festations of a panoply of informational transac-
tions in the brain. However, ERPs are remote
measures of the brain’s electrical output and must
be interpreted with caution. In most cases it has not
been possible to localize the anatomic site of the
intracranial generators of the scalp-recorded ERPs.
Furthermore, since ERPs reflect activity of large
neuronal populations acting in synchrony, cogni-
tive acts that involve temporally dispersed process-
ing may not produce an ERP at the scalp. Finally, a
visible peak or trough in the scalp-recorded ERP
may represent the summation of activity from dif-
ferent brain sources that is related in different ways
to task parameters and response requirements. De-
spite these limitations, the ERP methodology re-
mains one of the few techniques currently available
for recording the dynamic patterns of neural activ-
ity that underlie specific cognitive acts. Over the
past 5 years, the picture of newronal activity re-
flected in electrical recordings at the scalp has been
complemented by images provided by magnetic re-
cordings of the same cognitive events.

A major goal of ERP research is to identify spe-
cific ERP components as markers of specific mental
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operations. This is pursued through systematic
study of the correlations between ERP measures,
stimulus and response factors, and task perfor-
mance. Once the correlations are validated, ERP
results can be used in convergence with behavioral
and neuropsychological measures to clarify the
timing, order, and interactions of processing events
and to help choose among serial, parallel, and hier-
archical mechanisms of information processing. In
this way the ERPs are beginning to provide new
information about the neural bases of the develop-
ment, maintenance and decline of cognitive pro-
cesses, including selective attention, recognition
memory, decision making, and language functions.

Clinical Uses of
Sensory Evoked
Potentials

For stimuli in all modalities, the spatiotemporal
configuration of the exogenous EP is determined
by the integrity and organization of the mediating
sensory pathways and by the physical properties of
the evoking stimulus. Certain of these EP compo-
nents are obtained so consistently that small devia-
tions from established norms reliably indicate neu-
rologic or sensory dysfunction. Thus, sensory EPs
are routinely used by ophthalmologists, audiolo-
gists, and neurologists to aid in confirming diagno-
ses of disordered sensory function, in localizing le-
sions among sensory pathways, in following
sensorineural diseases, and in providing an objec-
tive index of the efficacy of therapeutic interven-
tion. The EP method has proved particularly valu-
able in the diagnosis of clinically silent lesions (as
in demyelinating diseases) that are difficult to de-
tect in computed tomographic scans.

Because it provides an objective test of sensory
function, the EP technique can be used in the as-
sessment of impaired vision, hearing, or somatic
sensation. Abnormalities may manifest themselves
through (1) absence of an EP component; (2) am-
plitudes or latencies that deviate from the normal
range; (3) failure of the response to follow standard
input-output functions in response to systematic
variations in stimulus parameters such as fre-
quency, intensity, rate of presentation, and so on;
or (4) presence of an abnormal component in the
waveform. For example, visual evoked potentials
(VEPs) recorded to a pattern-shift stimulus in con-
junction with the electroretinogram (ERG) can aid
the ophthalmologist in localizing an abnormality to
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a specific level of the visual pathway. The early
components of the auditory evoked potentials
(AEPs) known as the brain-stem evoked responses
(BERs) are used widely to test for hearing disor-
ders, particularly in cases in which subjective audi-
ometry is difficult (as with demented persons) or
impossible (as with infants). Similarly, the somato-
sensory evoked potential (SEP) has proven valu-
able in diagnosing peripheral neuropathies and le-
sions affecting the dorsal column—medial lemniscal
pathways.

Early sensory components {e.g., P1, N1, P2) may
eventually prove useful in distinguishing among
various psychotic conditions. Several reports have
documented abnormal VEP latencies in schizo-
phrenic persons.®® Those with positive symptoms
(e.g., thought disturbance, hostility) were charac-
terized by reduced N1 and P2 latencies, whereas for
those with negative symptoms (e.g., affective
blunting, anhedonia, asociality) these components
were prolonged. Both animal and human studies
have revealed a strong relationship between the
latencies of the early VEP components and central
dopamine (DA) activity levels: latencies were de-
creased after agents that increased central DA and
delayed after administration of DA blocking agents
{i.e., those that decreased central DA).” Accord-
ingly, increased DA activity has been implicated in
the positive signs of schizophrenia and decreased
arousal and DA activity have been implicated in
the negative symptoms. Generally, schizophrenic
patients with the shortest latency VEPs and the
highest positive symptoms have very high baseline
arousal levels and are thus unusually slow at habit-
uating to sensory stimulation.

And, in fact, measures of neuronal “excitability”
have been at the core of many of the investigations
of early sensory components in schizophrenics. For
example, Shagass®!° measured neuronal recovery
cycles in a paradigm where ERPs were recorded to
pairs of stimuli separated by varying time intervals
(200 to 2500 msec). The principal measure was the
speed with which the second response recovered
from the refractory period induced by the first. Sys-
tematic examination of the effects of stimulus in-
tensity, sensory modality, drugs, age, and gender
led to the conclusion that psychotic patients have
prolonged neural recovery times, but this effect
was not pathognomonic of the different subclasses.
These EPs became more normal with clinical im-
provement. More recently, research on the cortical
excitability has employed a so-called sensory gat-
ing (double click or conditioning-test) paradigm in
which the primary measure is the suppression of
the P50 component of the AER to the second of a
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fclicks!V12; other than its assoclation with the
omponent this approach is no different than
covery cycle approach outlined above. Con-
ble research with this approach has demon-
1 that diminished sensory gating is a trait
r in schizophrenia but a siate marker in
other mental illnesses.!* Proper sensory gat-
believed to be necessary for the ability to
| to important signals and to ignore extrane-
vises, and thus may account in part for the
Ity many psychopaths have with selective at-
.
sther aspect of early sensory components
1as received some attention with psycho-
ogic groups is their trial-to-trial variability.
:ample, Shagass found that the variability of
somatosensory ERP components was lower
onic schizophrenic patients than in either
1 controls or other patient groups. These
omponents tended to be of lower amplitude
ressed patients and above normal in manic
5. In contrast to the very short latency EP
ments, the ERP components in all medal-
eyond 100 msec (e.g., P100-N140-P200)
mmaller and more variable in schizophrenics
n normal subjects. This trial-to-trial ampli-
ariation seemed to be more highly correlated
hought disorder than any other symptom.
ss argued that low amplitude and high vari-
in the later components favored a psychotic
osed to nonpsychotic diagnosis. This reduc-
amplitude was particularly marked at rapid
or high intensities of stimulation. These
ended to normalize with clinical improve-

amplitude of patients’ early responses to
7 stimulation has also been examined as a
e means of differentiating subtypes of psy-
ns along a personality dimension of ““aug-
g/reducing.” Augmenters tend to increase
jective intensity of the stimuli they receive
he “reducer” strives to decrease sensory in-
ith the use of ERP amplitudes as measures,
generally found that acute, nonparanoid
‘hrenics tended to be reducers, paranoid pa-
ended to be augmenters, and patients with
affective disorders were extreme augmen-
® The interpretation of these findings is
hat clouded, however, since changes in mus-
sion and attention also can alter the slope
rugmenting-reducing function relating ERP
ide to stimulus intensity'” and the nature
relation seems to vary with recording
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ENDOGENOUS
EVENT-RELATED
POTENTIALS AND COGNITION

ERPs recorded from the human scalp have been
used to evaluate perceptual, motor, and cognitive
processes in normal persons as well as in persons
presumed to have deficits in these domains.'%-%7
The term cognitive encompasses a broad range of
psychological concepts, including attention, ex-
pectancy, preparation, surprise, storage and re-
trieval of information from memory, and linguistic
processing, among others,

Endogenous Brain
Potentials and
Preparation

When a person prepares to process sensory infor-
mation or take a motor action, specific brain wave
patterns develop within the preparatory interval.
The most prominent of these are the movement-
related potentials and the contingent negative vari-
ation (CNV).

MOVEMENT-RELATED
POTENTIALS

A characteristic series of potentials can be recorded
on the human scalp both preceding and following
voluntary movements (Fig. 2).?*?° The slow nega-
tive shift, termed the readiness potential (RP) or NI
component, begins as a symmetric wave over central
scalp locations 1 to 1.5 seconds prior to movement
and subsequently becomes larger contralateral to
the upper limb that will be moved. The RP is gener-
ally taken to be a reflection of the cortical processes
associated with preparation for movement. Its am-
plitude is influenced by the speed, force, and dura-
tion of movement, as well as by subject handed-
ness.?? Eighty to 90 msec prior to movement onset
a small and more variable positivity is seen (the
premotion positivity [PMP] or P1). Kornhuber and
colleagues?’-?® have proposed that the PMP marks
the initiation of movement in a corticocerebellar—
motor cortex loop. Immediately following the pre-
motion positivity is a sharp negative wave that is
localized over the motor cortex contralateral to the
responding limb; this “motor potential” or N2
component occurs near the onset of movement and
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FI6. 2. Schematic illustration of movement-related po-
tential accompanying a voluntary hand movement. The
components are labeled according to the terminology of
Vaughan and colleagues and Kornhuber and colleagues
(in parentheses). Also shown is the integrated electro-
myographic (EMG) activity of the responding arm. The
ERPs are averaged with respect to the onset of EMG
activity at time zero.

appears to reflect activation of corticospinal tract
neurons in the motor cortex. Finally, following the
onset of muscle contraction by 50 to 150 msec are
a series of positive deflections (the P2 or reaffer-
ence potential) that represents proprioceptive and
kinesthetic feedback from the movement. These
potentials have been localized through depth re-
cordings from monkeys performing repetitive
movements®'*2 and neuromagnetic recordings in
humans.”>*

Most research on the movement-related poten-
tials has focused on the effects of varying move-
ment parameters on the amplitude, latency of on-
set, or lateral distribution of the elicited potentials;
moreover, the great majority of these studies have
concentrated on simple, voluntary movements of
the hand or arm. Lately, movement-related poten-
tials have been applied to the investigation of hu-
man information processing. In particular, the
asymmetric portion of the RP has been used to in-
dex commitment to a specific motor response in
choice reaction time tasks.’*>® Such studies have
demonstrated that the speed and accuracy of a sub-
ject’s reaction time response is, in part, related to
the degree of prior preparation manifested by the
movement-related potential. In addition, recent
work has included a description of potentals pre-
ceding skilled hand (e.g., writing, drawing)***® as
well as foot movements.*'#? ERPs preceding eye
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movements and speech have also been investi-
gated; however, it has proven quite difficult to sep-
arate the brain potentials of interest from concur-
rent bioelectrical artifacts due to movements of the
eyes, tongue, and facial musculature.?7°

There are only a few investigations of move-
ment-related potentials in patients with neurologic
disorders.43# Both patients with hemiparesis due
to unilateral cerebral lesions and with hemiparkin-
sonism have shown smaller amplitude RPs over the
affected hemisphere (i.e., contralateral to the aki-
netic side of the body) regardless of which hand is
moved. Comparisons with data from age-matched
controls for patients with parkinsonism reveal a
gradual reduction in RP amplitude with age, most
evident in persons who are 40 years or older.*’

To the extent that it has been investigated,
movement-related potentials appear to be abnor-
mal in psychotic patients***® In particular, pa-
tients with psychosis display unusually prolonged
RPs, an effect not seen in patients with neurotic
disorders. There is some controversy as to the spe-
cificity of this finding to movement potentials,
since such patients also showed prolongation of
slow negative potentials in general (e.g., CNV or
postimperative negative variation [PINV]). None-
theless, the possibility of abnormal RPs in schizo-
phrenics is worthy of pursuit given the findings
that some classes of schizophrenics have problems
with both voluntary and involuntary movements;
for example, they show disturbances in preparation
for movement, in directional and repetitive finger
movements of the dominant limb, in motor se-
quence programming, in lip and tongue move-
ments, in agonist/antagonist synchrony, and in
complex coordination of the extremities.*~" Like-
wise, it would be of interest to determine if de-
pressed persons, in whom psychomotor retarda-
tion®? is a frequently observed clinical feature,
would or would not generate abnormal RPs; this
finding would provide evidence on the cognitive
versus motor nature of the deficit.

CONTINGENT NEGATIVE
VARIATION

Grey Walter and his colleagues®® first described a
slow, negative potential shift that developed on the
scalp during the interval between a warning stimu-
lus and a subsequent imperative stimulus requiring
a motor response; this potential was termed the
contingent negative variation (CNV). Subsequently, it
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bserved that the CNV could be elicited prior
ceptual judgments as well as motor acts, al-
h its amplitude was generally larger when
movements were involved,
> CNV has been implicated in processes of
ion, intention, preparation, expectancy, asso-
: memory, arousal, alertness, motivation, ef-
wnid so on, in part, because CNV measures
woven sensitive 1o a wide variety of task and
t variables.***® For example, CNV ampli-
were usually enhanced when the second
us of the eliciting pair was noxious (as op-
to innocuous) or was near threshold and
It to detect (as opposed to normal intensity).
mmplitudes were also enhanced under condi-
f increased muscular effort or greater mone-
sward. Distractions of various sorts, on the
nand, decreased CNV amplitude. In sum, no
ctor can account for much of the variability
/ amplitude. Moreover, CNV amplitudes typ-
rave not correlated strongly with behavioral
mance {such as reaction times).
ordingly, several investigators have pro-
that the CNV actually comprises at least two
nponents,”®> an early phase associated with
ienting properties of the warning stimulus
vwave} and a later phase related to the prep-
1 of a motor response {i.e., expectancy or E
By this view the CNV is nothing more than
nation of these separate potentials as neither
nent is a reflection of the contingency be-
the warning and imperative stimuli, The
ade of the O wave is modulated by the mo-
intensity, and duration of the eliciting stim-
1 contrast, the E wave does not vary with the
il parameters of the warning stimulus but
with response parameters such as speed du-
number of fingers used, number of discrete
1ents, and complexity of the response se-
2738 Since the effects of these movement-
factors were seen primarily in potentials
ere averaged time-locked to the response,
% proposed that the negativity prior to and
ng response onset represented the formula-
' response-specific motor programs. Given
ilarities in waveform and scalp topographies
n the E wave and the RP preceding volun-
ovements, many researchers have argued
> two components are the same. Only fur-
rk will reveal whether the CNV is just the
an O wave and an E wave or includes one
> other subcomponents that reflect the prep-
for upcoming perceptual or cognitive pro-

prior to NREM naps
o= == = prior to REM naps

FIG.3. Grand average (N=12) waveforms at the vertex
(Cz) for narcoleptics prior to REM and NREM naps.
{Adapted from Broughton RJ, Aguirre M: Differences
between REM and NREM sleepiness measured by event-
related potentials (P300, CNV), MSLT, and subjective
estimate in narcolepsy-cataplexy. Electroencephalogr
Clin Neurophysiol 67:317, 1987)

The evidence regarding age-related changes on
the CNV is equivocal. Some investigators report no
significant effects of aging, > whereas others have
noted changes in either CNV morphology or ampli-
tude.®**? Among the observed changes have been a
general reduction in CNV amplitude with advanc-
ing age (65 years and older), in some cases across
all scalp locations and in others confined to fron-
tal sites.®* Such results underscore the necessity of
including age-matched controls when examin-
ing these slow negative potentials in psychiatric
groups.

Although the amplitude of the CNV does not
seem to be significantly different in normal controls
versus patients with untreated narcolepsy-cata-
plexy (i.e., suffering from unrelenting excessive
daytime sleepiness},® it does differentiate between
rapid-eye-movement (REM) and non-rapid-eye
movement (NREM) sleepiness; REM sleepiness is
characterized by almost total suppression of the
CNV and a subjectively greater sense of sleepiness
but equivalent speed of responding (Fig. 3).6°

POSTIMPERATIVE NEGATIVE
VARIATION

In the early 1970s, Timsit-Berthier and colleagues®®
reported that the CNV was abnormally prolonged
for several seconds in most psychotics and to an
intermediate degree in some neurotics. This phe-
nomenon was called the postimperative negative var-
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iation (PINV). Transitory PINVs have also been seen
on occasion in normal subjects under stressful con-
ditions,®” in young children,®®% in narcoleptics,®
in patients with organic brain damage, and in psy-
chotic patients with poor prognosis.®®’? This pro-
longation of the CNV has been considered an index
of patients’ failure to terminate processing and re-
lax their attention in a normal fashion.

mMost comparisons of these slow negative poten-
tial shifts {RP, CNV, PINV) between psychopatho-
logic groups and normal controls have revealed
some statistically reliable differences.”’ Although
these differences lack diagnostic specificity, ex-
tremely abnormal CNV values implicate psychotic
as opposed to neurotic illnesses with a fairly high
probability. On the whole, psychiatric patients in-
cluding schizophrenic, psychotic, depressed, and
manic patients produce attenuated negativities
during preparatory intervals and prolonged nega-
tivities following these intervals. This reduction in
CNV amplitude is generally interpreted as due to0
increasing anxiety and arousal levels in combina-
tion with decreased attention.” The impairment in
maintaining attentional set is generally ascribed to
an elevated susceptibility to internal (e.g., halluci-
nations) and external distractions. While it would
be premature to conclude that these ERP abnor-
malities are specific to altered cognitive functioning
in psychopathology, it is interesting to note that
patients with lower amplitude CNVs have had a
much poorer clinical and social outcome than
those with CNVs in the normal range.

Endogenous Brain
Potentials and
Selective Attention

Selective attention refers to the preferential pro-
cessing of some stimuli in relation to others. A cen-
tral question in attention research concerns the
level of the sensory systems at which stimulus se-
lections and rejections are made. Some investiga-
tors have proposed an early stage of processing
(“stimulus set’””) wherein stimuli that are outside
an attended sensory channel are rejected after a
cursory analysis,”> while others have argued that
all stimuli are processed fully before any selections
are made.” Such questions are particularly amena-
ble to investigation by the ERP methodology, be-
cause the ERP can provide immediate information
on how stimuli are being processed not only in the
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attended but also in the rejected channel since the
ERPs can be obtained without the need for a be-
havioral response,

A substantial body of evidence has accumulated
demonstrating that ERPs are reliable signs of stim-
ulus selection processes under appropriately con-
trolied conditions. 22257575 The experimental design
requirements for such experiments have been well
specified.””7® Briefly, to show that an ERP compo-
nent correlates specifically with selective attention
as opposed to general changes in arousal, it is nec-
essary to (1) ensure that across experimental con-
ditions the physical stimulus is held constant at the
sensory receptive surface (e.g., retina, cochlea,
skin); (2) present the attended and unattended
stimuli according to a randomized sequence (i.e.,
unpredictably); (3) use the same sequence of stim-
uli for the attended and unattended conditions in a
counterbalanced fashion; and (4) collect behav-
joral measures and ERP recordings concurrently.
Selective-attention experiments typically involve
the presentation of two or more classes of stimuli
(i.e., channel) on an unpredictable basis, with at-
tention alternated berween channels through in-
struction. In addition, many of these experiments
are designed to include both standard and target
stimuli within both the attended and unattended
channels; targets are differentiated from standards
by their generally low frequency of occurrence and
requirement for an overt respense,

In auditory modality, the principal effect of at-
tending to one channel of sounds (e.g., those in
one ear) and simultaneously ignoring another
(e.g., the other ear) is an enlargement of a negative
ERP to the attended stimuli in the region of the N1
component (around 100 msec or so; Fig. 4).”% Sev-
eral studies have shown that this attention-related
negativity can be dissociated from the N1 compo-
nent per se, often extending for several hundreds of
milliseconds beyond the N1 peak. This negativity is
best visualized in the difference wave generated by
subtracting the ERPs to stimuli in an unattended
channel from the ERPs to those same stimuli when
they are attended.'! This ERP difference has been
variously labeled the N1 effect, processing negativ-
ity (PN), or negative difference (Nd) wave.

Attended auditory channels differing in pitch,
location, or intensity from unattended channels
can elicit Nd waves when presented at very rapid
rates (interstimulus intervals of 200 to 400 msec)
or under conditicns of increased task difficulty.
Slower rates of stimulation vield an Nd wave with
a delayed onset. The onset latency of the Nd wave
is also influenced by the discriminability of the cue
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Paradigm for demonstrating early ERP changes
annel selective attention. Randomized sequences
are delivered to the left (800 Hz) and right {1500
s at intervals shown on upper time axis. Asterisks

slightly deviant target tones. Subjects have to
L to detected targets in the attended ear; targets in
ttended ear are ignored. At the bottom right are
‘he grand average ERPs to tones in each ear as a
1 of attend-left and attend-right conditions. The
area represents the difference waveforms called
or negative difference, wave associated with the
-channel selection. (Hillyard SA, Simpson GV,
OL et al: Event-related brain potentials and selec-
ntion to different modalities. In Reinoso-Suarez
me-Marsan C (eds): Cortical Integration. New
iven Press, 1984)

g the attended and unattended channels;
re difficult the discrimination, the later is its
The functional characteristics of the Nd com-
so closely correspond to the “stimulus set”
if attention that the Nd has been taken as a
m of the further processing of stimuli in the
d channel following an early, stimulus set
n. The more prolonged portion of the Nd
:n interpreted as a sign of the short-term
1ance of the stimulus features that define
nded channel.”

al selective attention modulates a very dif-
et of ERP components.?>*%3! For example,
ubjects attend to flashes in one visual field
ore concurrent flashes in the opposite field,
nded flashes are associated with ERPs with
rged sequence of parieto-occipital waves,
1g P130, N170, P220, and N280 peaks. The
logy of these components suggests that vi-
itial attention acts by modulating a series of
sus components of the VEP rather than by
g an endogenous ERP. Selective attention
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to other visual cues, such as color, spatial fre-
quency, orientation, and contour is manifested in a
different  ERP configuration, characterized by
broad, predominantly endogenous negativity simi-
lar to the auditory Nd wave but largest over the
parieto-occipital scalp. Somatosensory selective at-
tention also results in an enhancement of a number
of early exogenous as well as endogenous compo-
H‘SH{S.zﬁ/zé‘Sz

It has been argued that the hypnotic state can be
considered as one extreme of a continuum of atten-
tion, thus making hypnosis a useful tool for explo-
ration of the neural mechanisms of focused atten-
tion. The empirical evidence on the sensitivity of
ERP components to hypnotic suggestion, however,
is mixed. A handful of previous reports have indi-
cated that in hypnotizable persons the amplitude of
the EP is diminished in response to the hypnotic
suggestion that the stimulus is attenuated; how-
ever, just as many investigators have failed to ob-
serve any reliable effect of hypnotic suggestion.
Spiegel and co-workers®® adopted a selective atten-
tion paradigm {with color as the channel dimen-
sion and stimulus duration as the standard-target
dimension) and compared ERPs in high and low
hypnotizable subjects in three hypnotic conditions
(stimulus enhancement, stimulus diminution, and
obstructive hallucination). They found that only
high-hypnotizable persons showed a significant re-
duction in the amplitudes of the late components
{e.g.. N2 and P3) of the visual EP over the back of
the head {occipital electrode sites) in the condition
in which subjects were instrucied to visualize a
cardboard box that blocked viewing of the TV
monitor on which the stimuli were presented.
While the data patterns point to possible differ-
ences between the high and low hypnotizable sub-
jects as a function of experimental condition, it is
impossible to determine what these findings say
about selective attention because the standard
comparisons between nontargets in the attended
and unattended channels were not analyzed and
presented for visual inspection. This logic of hyp-
nosis as a tool for studying selection attention,
however, deserves pursuit.

The ERP signs of selective attention seem to be
quite similar across the life span from adolescence
on.?* The robustness of the auditory Nd effect, in
particular, has made it useful for evaluating patient
groups with hypothesized deficits in attention such
as persons designated as hyperactive®®® with at-
tention deficit disorder, autism, schizophrenia, or
alcoholism. Hyperactive children were found to
have abnormally small amplitude N1s and Nds that
approached normal following acute doses of medi-
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FiG. 5. Representative ERPs recorded from the vertex
of two formerly hyperactive and two control adolescent
males. The waveforms represent the average of ERPs to
tone pips presented to the right and left ears under con-
ditions of attending to target tones in the right (solid lines)
versus left (dotted lines) ears. {Zambelli AJ, Stamm JS,
Maitinsky § et al: Auditory evoked potentials and selec-
tive attention in formerly hyperactive adolescent boys.
Am J Psychiatry 134:742, 1977)

cation {such as amphetamine or methylphenidate)
in those children who also showed a clinical re-
sponse to the drug.®”-% These children also pro-
duced smaller than normal late positive (P300)
components in response to target stimuli within an
attended channel.®>%¢ Other ERP characteristics
have likewise been used to differentiate responders
from nonresponders.”>% The N1 enhancement to
an attended channel of tones (i.e., Nd} is also re-
portedly below that of age-matched controls in ad-
olescents who were formerly hyperactive but
whose clinical symptoms have abated (Fig. 5).°
Recently it has been demonstrated that adult au-
tistics are also characterized by grossly abnormal
attention-related ERP effects {e.g., Nd, N270, Ng¢j,
with the deficits being more pronounced in the au-
ditory modality.”” The diminution or absence of
these ERP effects was interpreted as reflecting the
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malfunctioning of the neural mechanisms under-
lying the capturing, maintaining, and shifting of
attention. On the basis of magnetic resonance im-
aging measurements, Courchesne suggested that
these attentional deficits in autistic persons may be
the consequence of abnormal development of the
cerebellum.”

Abnormal selective attention effects (e.g.. NI
and Nd) have also been reported for adult schizo-
phrenics®; the majority of these studies were con-
ducted with patients receiving neuroleptic medica-
tion. Baribeau-Braun and associates'?® found that
schizophrenics seemed to be able to focus attention
effectively on tones in one ear and ignore tones in
the opposite ear when the stimuli were presented
at a fairly fast rate. However, if the stimuli were
presented at a slower rate or the task called for
dividing attention between the ears, schizophrenics
showed reduced ERP signs of attention (Fig. 6).
These findings suggested that schizophrenia does
not involve deficiencies in either stimulus set or
response set aspects of attention per se but rather in
an ability to organize and maintain an effective at-
tentional strategy for optimal processing of the
task-relevant information. Similar conclusions
were drawn by Michie and colleagues'?! who ex-
amined unmedicated schizophrenics in a variant of
a multidimensional attention task first used by
Hansen and Hillyard.'?? In this task, channels of
stimuli varied on the dimensions of location and
pitch and the difficulty of discriminating the two
dimensions was manipulated so that one dimen-

FIC. 8. ERPs from typical schizophrenic and normal
subjects recorded in a focused attention experiment in
which tones were presented in random order to the two
ears at either a fast or a slow rate (Same task as illus-
trated in Figure 4). These ERPs were recarded from a
midline parietal electrode in response to correctly de-
tected targets within the attended channel. (Adapted
from Baribeau-Braun J, Picton TW, Gasselin J: Schizo-
phrenia: A neurophysiclogical evaluation of abnormal
information processing. Science 219:874, 1983}
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ocation, left versus right ear) was easy and
wer (pitch, 900 versus 960 Hz) was difficult.
original as well as Michie studies, in the
t pitch/easy location task, ERPs to the tones
wo channels at the attended location exhib-
1 early negativity (location Nd) onsetting
. 100 msec relative to ERPs to tones in the
1ded location. This early Nd was followed by
separation around 200 msec (pitch Nd) and
long-lasting negativity in response to the
1at were of the appropriate pitch but only if
ere in the attended location. This ERP pat-
15 taken to reflect a hierarchical pattern of
n in which selection of the difficult pitch
ion was subsequent to, and contingent on,
n of the easy location dimension. Among
attention-related ERP abnormalities, Mi-
d co-workers found that schizophrenics did
wy evidence of an Nd associated with the
n of pitch at the attended location (Fig. 7).
ult, together with delayed Nds and reduced
target tones, was taken to suggest an over-
it in the planning and execution of selective

Grand average ERPs to standard stimuli at three
sites for healthy controls (N=10) and unmedi-
wzophrenics (N=10}. ERPs to four types of stan-
nuli are superimposed: standards matching the
" target on location and pitch (L+P+), location
-P—), pitch only (L—P+), and neither (L—P—).
1 from Michie PT, Fox AM, Ward PR et al:
lated potential indices of selective attention and
lateralization in schizophrenia. Psychophysiol-
09, 1990)
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listening strategies (i.¢., in the control functions re-
sponsible for the allocation of processing resources)
by schizophrenic persons. Further elegant studies
such as this with other patient populations will
help determine whether or not any of these abnor-
malities are specific to schizophrenics.

Alcohol ingestion has also been implicated as a
cause of attentional deficits in both alcoholics and
nonalcoholics. Although several ERP studies have
indicated smaller than normal N1 amplitudes in
both alcoholics and nonalcoholics following alco-
hol intake, these results are of marginal interpret-
ability 93194 Clearly this question is better ad-
dressed in the context of selective attention
paradigms where the physical parameters of elicit-
ing stimulus and subjects’ arousal level are kept
constant across comparisons of attended and unat-
tended stimuli,

Event-Related
Potentials Associated
with Expectancy and
Decision Making

Scalp-recorded ERPs are particularly sensitive indi-
ces of a subject’s reaction to novel, surprising, and
deviant events. Stimuli that deviate from expec-
tancies elicit a prominent series of endogenous
components that vary according to the context
within which the deviation occurs. For example,
novel or deviant events in adults may be associated
with a variety of negative (N2a, N2b, N400, mis-
match negativity) and/or positive (P165, P3a, P3b,
P4, slow wave) components, depending on the
properties of the stimuli and the state of the subject.

The best known component of this type is the P3
or P300,'% a label used to refer to late positivities
with latencies anywhere from 200 to 1000 msec
post stimulus, although there is good evidence that
multiple positive components of differing cognitive
significance can be elicited within this latency
range. The members of this proliferating family of
P300 waves have been associated with a variety of
psychological constructs such as orienting, infor-
mation delivery, uncertainty resolution, context
updating, decision making, and postdecisional clo-
sure of cognitive activity, among others, This diver-
sity reflects the fact that the generic P300 compo-
nent has been recorded in a wide range of
experimental situations that differ in their cognitive
demands. Typically P300s are elicited as part of a
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late wave complex that includes an earlier N200
wave and a subsequent “slow wave,” both of
which have been implicated in stimulus evaluation
PIoCesses.

The most extensively studied member of the
P300 family is a modality-independent (although
this has been questioned recently!?¢1%7), late posi-
tive wave (P3b) that is elicited maximally over the
posterior scalp by task-relevant stimuli. The P3b
wave was first described in a task in which subjects
predicted on each trial which of a set of stimuli
would occur next. % The amplitude of the P3 to the
anticipated stimulus was an inverse function of its
probability. One of the basic experimental situa-
tions in which the P3 can be recorded is the ““odd-
ball paradigm,” in which a random (Bernoulli) se-
ries of two classes of stimulus events is presented 10
a subject who must discriminate between them and
make some kind of differential response. The re-
sponse may involve a choice motor reaction or an
updating of a mental count of the events. The less
frequently occurring stimulus (i.e., the “oddball”
or target) is typically associated with an enhanced
P3 in relation to the more frequent stimulus class.
The two classes of stimuli may be distinguished by
simple physical cues (e.g., tone frequency or light
intensity) or by complex rules (e.g., words belong-
ing to different semantic categories).

within the oddball task, P3b amplitudes have
varied monotonically with the probability of the
task-relevant stimuli’®® but only if the stimulus se-
quence was unpredictable or unknown to the sub-
ject and interstimulus intervals were less than 3
seconds. Thus, although objective or a priori stimu-
lus probability has a strong influence on P3 ampli-
tude, subjective probability or expectancy has
proven to be the more critical factor. This was illus-
trated in studies by Squires and his co-workers,''?
showing that P3 amplitude decreased within an
oddball sequence whenever a stimulus repetition
occurred; repetitions were considered to raise the
expectancy for further repetitions of that stimulus.
In addition to event probability and sequential
probability, the P3 has also been found to be sensi-
tive to temporal, local, and response-contingent
probabilities. The upshot of all these studies is that
variations in P3 amplitude are determined primar-
ily by the subject’s expectancy for a task-relevant
event. The notion of task relevance is important in
that it underscores the need for the subject to pay
attention to the stimuli to elicit a P3b component.
For example, P3bs are not elicited by infrequent
tones if the subject ignores them and reads a book.
Likewise, target events in the unattended channel
in a selective attention paradigm do not yield P3s.
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On the whole, elicitation of the P3b requires ac-
tive attention and engagement in a task in relation
to the eliciting stimuli. Deviant or low probability
events with no assigned task relevance elicit differ-
ent members of the P300 family. For instance, a
deviant stimulus interspersed within a monoto-
nous auditory sequence that is not attended is asso-
ciated with a “P3a” component that is earlier in
latency, smaller in amplitude, and more frontally
distributed than the P3b. The P3a (together with a
preceding negative wave) seems to reflect a basic
sensory “‘mismatch’ operation that is a precursor
to the orienting reaction toward an unexpected
event in the sensory background.

Although earlier components such as P1, NI,
and Nd provide the best indices of selective atten-
tion, the P3b in the oddball task can be used to
evaluate the allocation of a subject’s attentional
“resources.”” For instance, under dual task condi-
tions (in which counting infrequent tones is one of
the tasks), P3b amplitudes to the oddball targets
were found to diminish whenever the perceptual
demands of the primary task were increased (i.e.,
when more stimulus elements had to be evalu-
ated); increasing response demands had no effect.
Under these same circumstances, reaction times
did not differentiate increases in perceptual load
from those in response load. Subsequent studies of
this type showed a clear reciprocity between the
amplitudes of the P3s to the primary and secondary
tasks as their respective difficulties were manipu-
lated: this result was interpreted as an indication
that the two tasks drew on a common pool of pro-
cessing resources.'!! A similar logic led Daruna and
associates''? to use P3 amplitude as a test of the
proposition that introverts allocate more attention
to behavioral tasks than do extroverts. And, indeed
they found that introverts (defined as in the top
25% of the Eysenck Personality Inventory and Six-
teen Personality Factor Questionnaire) elicited
Jarger amplitude P3s in response to low probability
(25%) target in a paradigm in which subjects had
to guess whether the next stimulus would be a
high- or low-pitched tone; the two groups also
showed different patterns of guessing, indicating
use of different strategies.

The precise role of the P3 in stimulus evaluation
has not been determined, but its elicitation seems
to depend on a comparison of stimulus input
against representations of the relevant stimuli in
memory. Some evidence indicates that stimuli elic-
iting larger positivities in the time window gener-
ally associated with the P3 will be better remem-
bered than stimuli with smaller positivities.’??
These findings are in line with recent suggestions
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on intracranial’’*''% and neuromagnetic!!”?
ings that at least a portion of the P3 activity is
ted in the hippocampal region, known for its
ant role in stamping in and maintaining ex-
remory. The smaller than normal amplitude
P3 in chronic alcoholics, 9118122 persons
ragile X syndrome,'?® and schizophren-
"124-128 may also reflect signs of hippocampal
e.'*” At present, however, hippocampal
e seems unlikely as an explanation for the
d reductions in P3b amplitudes following
Icohol ingestion,!?? in males at risk for alco-
39134 and in depressed and manic per-
¥1%6 In addition, the question has been
1s to how much of the memory-related posi-
i indeed an enhancement of the traditional
There is mounting evidence that multiple
reas {e.4., temporoparietal junction,?*® fron-
5,118 locus coeruleus’®) are involved in the
iion if not generation of the P3b. There are
itions in different patient populations that
wsistent with the involvement of each of
reas. For instance, the significantly smaller
rersons suffering from narcolepsy-cataplexy
ared with normal controls could reflect an
nt role for brain-stem structures (perhaps
1s coeruleus) in P3 elicitation. The contribu-
the frontal lobes may be evidenced by the
- P3s in schizophrenics who also show fron-
dysfunction by several neuropsychological
iroanatomic measures.
sted previously, P3b latency is often consid-
onger than 300 msec because increasingly
mplex or difficult categorizations yield pro-
ly longer latency P3s. In fact, many of the
ctors that influence behavioral measures of
ng time also alter P3b latencies. However,
useful adjunct to RT measures because the
dissociable. For example, if a subject in an
task is encouraged to respond quickly, the
ral response may occur before the P3b
1d the RT-P3b latency correlation may be
1all. On the other hand, if that subject re-
vith an eye toward accuracy, RTs will gen-
How the P3b peak and the two measures
* highly correlated. Such results have led to
rosal that the timing of the P3b is more
ied to the moment of a decision than to
' organization and production. For these
P3b latency is presumed to provide a use-
ure of the duration of stimulus evaluation
s {encoding, recognition, and classifica-
lependent of response processes, thus al-
1¢ nonmotor contributions to RT measures
entangled from the motor ones.
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The latency of the P3 increases systematically as
a function of age, beginning at puberty and extend-
ing into the 90s. The majority of investigators!40.14!
have reported a significant positive linear correla-
tion between age and P300 latency, with slopes
ranging from 1.1 msec t 1.8 msec/yr with little
change in morphology across the life span. How-
ever, some reports!421%% indicate that the relation-
ship between P3b latency and age is more closely
approximated by a curvilinear function; and under
the conditions tested, this was a positively acceler-
ating curve with a slope of 0.53 msec/yr for persons
younger than 45 years of age and of 3.14 msec/yr
for those older than 45. Goodin and associates'*4
have suggested that the general slowing of the
P300 wave with age may reflect a decrease in neu-
ral conduction velocity due to decreased myelina-
tion.

The correlation between P3 latency and RT also
appears to be altered with age.'*> The elderly tend
to show longer delays between the P3 peak and RT,
as well as lower P3—RT correlations, than do youn-
ger subjects. These findings suggest that the slower
task performance of aged persons cannot be ac-
counted for fully by slower sensory analyses, mem-
ory matching, or stimulus classification, but that
delayed response engagement also makes a contri-
bution. A similar interpretation has been offered
for the finding that depressed persons have abnor-
mally long reaction times together with normal la-
tency P3s.1% A similar logic can be used to disen-
tangle motor and cognitive impairments in patients
with parkinsonism. Several reports have suggested
that N2 and P3 latencies to target tones in an odd-
ball paradigm are delayed in patients with parkin-
sonism.'*"~1%* 0’Donnell and colleagues found that
P3 latency was correlated with performance on
tests requiring learning or mental manipulation of
information but not with measures of verbal per-
formance or immediate memory. In addition, they
noted that P3 latency prolongation was correlated
with mental status decline but not with the severity
of motor disturbance. In possible conflict are the
findings of Starkstein and associates, who found
that the P3 latencies of patients with parkinsonism
were shorter in the on (i.¢., motor function near
normal) than off (i.e., severe motor disabilities)
phases of the disease in the absence of concomitant
changes in neuropsychological measures. Note that
Starkstein and associates’ patients had usually
short latencies for their age (mean, 64 years);
moreover, no ERPs were presented for visual in-
spection.

Within a given task such as the oddball para-
digm, the latency of the P3 across normal subjects
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of a particular age is consistent encugh that it can
be used in the diagnosis of organic dementia, %>
Demented patients typically show a P3 that is de-
layed in latency by more than two standard devia-
tions beyond the mean age-matched controls.'** 1>
Delays of this magnitude appear to be specific to
organic dementias (Alzheimer’s, Huntington’s,
Parkinson’s) not having been observed for any
other neurologic or psychiatric patient groups, al-
though there have been occasional reports of
smaller delays in P3 latencies of chronic alco-
holics,'?° nondemented patients with parkin-
sonism,'#® and schizophrenics.'*? To date, the only
group to show shorter than normal P3 latencies are
nonmedicated persons suffering from obsessive-
compulsive disorder (OCD)."**!>* This particular
pattern of latencies across various patient popula-
tions means that the P3 can serve to help distin-
guish between dementia and other conditions that
present similarly but are more responsive to treat-
ment. Depression accounts for the majority of such
pseudodementias, especially in the elderly, al-
though similar syndromes can be produced by a
number of psychiatric disturbances, including ma-
nia, schizophrenia, hysterical conversion reactions,
and acute confusional states. Although there is
some controversy as to the sensitivity and specific-
ity of the P3 latency to dementia, it is clear that “in
a patient with a 50% chance of being demented on
clinical grounds, the finding of an abnormal P3 la-
tency would increase the likelihood of true demen-
tia to 90%).”1%° What are needed are good pro-
spective studies that assess how well the P3 test
identifies those whose later clinical deterioration
and/or autopsy results confirm the diagnosis. Be-
sides its use in diagnosing dementia, there is accu-
mulating evidence that P3 may have a diagnostic
role in tracking the clinical course of a dementing
disorder, in monitoring response to treatment, and
in identifying patients at risk for dementia, such as
those with human immunodeficiency virus en-
cephalopathy . '*?

Event-Related
Potentials in Children

Many of the endogenous components observed in
adults have their counterparts in infants, children,
and adolescents.!>¢157 For instance, familiar and
easily categorizable events such as the target and
standard stimuli in the usual oddball task elicit sim-
ilar ERPs in persons between 6 and 60 years of age
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with little change in morphology across the life
span, although the P3s are substantially longer in
latency in children than in adults under compara-
ble conditions.

Complex visual stimuli, on the other hand, such
as meaningful pictures and novel, meaningless
shapes, elicit ERPs with very different morpholo-
gies in persons of different ages. The most promi-
nent waves in infants and children to such stimuli
are the frontal Nc¢ {700 msec) and Pc (1000 mseq)
waves. The Nc waves decrease in latency and am-
plitude as a function of age until they are no longer
evident in adults. The Nc elicited by pictures of
known objects and scenes has been interpreted as
relating to the perception of meaningful, nonverbal
stimuli, while the Nc elicited by novel shapes has
been related to the perception of “attention get-
ting” events. The Pc also becomes earlier and
smaller with age but is still present in adolescents
and even in 50% of the adults tested.

Alterations in these late ERPs have been related
to processing deficits in infantile autism.">*"'*! The
most robust finding has been a reduction in the
amplitudes of the P3a and P3b components, espe-
cially in the auditory modality (Fig. 8). The re-
sponses of autistics to unexpected novel and target
events in the visual modality are usually not very
different from those of control subjects {on occa-
sion characterized by a somewhat attentuated Nc
component). By contrast, autistics’ responses in the
auditory modality are substantially more variable
and thus much smaller than normal on the aver-
age.'¢ The pronounced auditory deficit relative to

FIC. 8. ERP waveforms recorded from a midline parie-
tal electrode from seven children with autism and seven
age-matched normal children. The ERPs were elicited by
auditory presentations of standards (80% the spoken
word “me’’), targets {10% the spoken word “'you’’), and
novels (10%, unique complex sounds). The subjects
pushed a button to the target sounds. {Adapted from
Courchesne E, Kilman BA, Galambos R et al: Autism:
Processing of novel auditory information assessed by
event-related brain potentials. Electroencephalogr Clin
Neurophysiol 59:238, 1984)
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il deficit has been confirmed in a selective
n task.””

les of hyperactive children and those with
1 disorders indicate that they, too, have di-
d late positive components in target detec-
discrimination tasks. Schizophrenic chil-
re found to exhibit not only reduced P300
des in general but also a lack of sensitivity
ges in task difficulty.’s? These ERP abnor-
were associated with problems in correctly
ng task-relevant stimuli. The diminished
itivities in such children have generally
cribed to the attentional disturbances so
ristic of these syndromes.

t-Related
ntials of
ps at Risk

¢ many methodologic and theoretic advan-
studying persons at risk for a disorder
1an those who show it in full clinical
As the data on the different cognitive ERP
ants in various patient populations accrue,
yming increasingly feasible and critical to
e whether persons (including children,
nts and adults) at risk for a particular dis-
aifest any of the same abnormal electro-
gic patterns despite their lack of overt
1s. At-risk populations have been defined
of behavioral ratings, scores on self-report
naires, or by virtue of having a positive
story (FHP or FH+) for the disease. For
antisocial behavior and early aggression
dered risk factors for later drug abuse and
utionalized nondelinquent youths with
factors did show abnormal late potentials
w waves) under certain conditions.!%
whether this relates to the smaller than
3s observed in adults who reported heavy
ise {e.g., cocaine} is unclear given the
f possible causes (Fig. 9).16¢
vhat clearer results have emerged from
" persons who score high on a question-
laating risk for psychosisi®’; relative to
vith normal scores, subjects who had high
¢ Chapman’s questionnaire demonstrate
al and affective symptoms. Several studies
:d psychophysiologic abnormalities (e.g.,
a subset of such persons who score high
of physical anhedonia (defect in pleasure
and perceptual aberration experiences. In
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FIG. 9. Grand average ERP 1o infrequent tones in an
oddball task before and at two times after intravenous
administration of 0.2 mg/kg cocaine (Adapted from
Herning R, Jones RT, Hooker WD, Tuluna EC: Informa-
tion processing components of the auditory event related
potential are reduced by cocaine. Psychopharmacology
87:187, 1984)

one study, unlike normal controls, anhedonics did
not show larger CNVs preceding slides of human
nudes than preceding more neutral slides.!8 These
persons have also been found to respond to a vari-
ety of stimuli with abnormal N2, P3, and slow
wave potentials. 169170

Two populations in which there is some evi-
dence of genetic mediation of a disorder are chil-
dren at risk for alcoholism and for schizophrenia.
Studies conducted with adoptees suggest that some
types of alcoholism are heritable; sons of alcoholic
fathers are four times as likely to develop alcohol-
ism than sons of nonalcoholics even when they are
separated from their biological parents at birth. Al-
though ERP signs of the genetic predisposition for
alcoholism have been mixed, there does seem to be
a striking similarity in the P3 responses of abstinent
alcoholics and men at risk for alcoholism (namely,
male offspring and relatives of those with male-
limited alcoholism). In many, although not all, of
the reports about young boys at risk for alcoholism,
the amplitude of the P3 to a target in an oddball
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task was significantly attenuated relative 1o age-
maiched controls.®! In other cases, target P2 am-
plitudes were correlated with the number of drinks
per occasion for the persons with a positive family
history or were delayed in latency./?*17117
Whether the cognitive functions of males at risk for
alcoholism are more or less sensitive to alcchol
challenge is still at issue.)”

The mode of inheritance of schizophrenia re-
mains elusive.!”® The evidence of abnormal P3s in
persons at risk for schizophrenia is also not very
compelling. Typically, adult and child schizophren-
ics show reduced amplitude P3s, which by some
reports are especially pronounced in the left tem-
poral region (Fig. 10),10012>126173.176 A similar re-
duction has been obtained for siblings of schizo-
phrenics.!”” The most systematic longitudinal
investigation of children at risk for schizophrenia
has revealed no reliable differences in their ERPs
relative to those of children of normal controls or

FIG. 10. Grand averages at the vertex in response to
target tones in an auditory detection task from 20 con-
trols and 20 schizophrenics. (Adapted from Barrett K,
McCallum WC, Pocock PV: Brain indicators of altered
attention and information processing in schizophrenic
patients. Br J Psychiatry 148:414, 1986)
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persons afflicted with an affective disorder.!7®
Given that there is only a small (10%—15%) prob-
ability that a child of a schizophrenic will develop
the disorder, it is hardly surprising that the group as
a whole does not show reduced P3s. The true test
of the utility of the P3 as a reliable prognosticator
will come from a prospective study of those chil-

dren at risk who do indeed become schizophrenic.

Event-Related
Potentials and
Language

A substantial research enterprise has focused on
the relationships between ERPs, hemispheric spe-
cialization,’’® and language.'® Although most
early studies of hemispheric specialization using
electrophysiologic measures uncovered only small,
inconsistent, or uninterpretable results, more re-
cent investigations have demonstrated robust, lat-
eralized ERP components.?>!8182 Such lateralized
ERPs have been related to hemispherically special-
ized modes of processing that are quite sensitive to
early experience and individual differences in de-
velopmental history.’®> Few attempts have been
made to link ERP lateralization with psychopa-
thology. However, the direction of ERP asymmetry
might be useful as a test of the currently popular
hypothesis that schizophrenics and manic-depres-
sives have different and opposite balances of hemi-
spheric activation.'®* Already studies using the
BEAM technique, which displays ERP topogra-
phies in a color-coded map, have suggested that
the scalp distribution of the P3 differs between
schizophrenic and normal persons.'”>!7% In specific
schizophrenics’ P3s were found to be displaced an-
teriorly and toward the right hemisphere, whereas
in the control subjects the P3s were usually bilater-
ally symmetric. In schizophrenics, significant corre-
lations were obtained between the Thought Disor-
der Index (TDI) and the Scale for the Assessment of
Positive Symptoms (SAPS) and the amplitude of
the P3 in the left temporal scalp region.'® Thus,
evidence from EEG, ERP, and anatomic sources for
differential hemispheric involvement in schizo-
phrenia and mania continues to mount,'7%1#18¢
A late negative (N400) component of the ERP
has been identified as a sensitive indicator of the
semantic relationship between a word and the con-
text in which it occurs.'81%0 Words that complete
sentences in a nonsensical fashion elicit much
larger N400 waves than do semantically appropri-
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rds or nonsemantic irregularities in a text.
iplitude of the N400 has been shown to be
rse function of a subject’s expectancy for the
; word (assuming that word length and fre-
of occurrence in the language are held con-
n addition, the N400 appears 10 be respon-
subtle semantic relationships armong words,
r or not they make sense as long as some
n is directed at analyzing the words (al-
not necessarily the relationship'®'). These
i have suggested that the N400 can be a
nline measure of the strength of the seman-
traints imposed on a word and the time
with which various factors that comprise
mstraints are applied.'?
e few studies that have examined the con-
es of aging on the N400, all have found
N400 is both significantly reduced in am-
and delayed in latency with age.'” Prelimi-
- in our laboratory indicate such a striking
in N400 amplitude in the healthy elderly
additional drop associated with Alz-
s dementia seems insignificant by compari-
date, none of the N400 studies have cov-
broad an age range as has been emploved
’3. A few studies have also investigated the
1 various schizophrenic populations with
esults.

ES

lusions

hysiologic research in psychiatry, as in
> psychology, has so far been largely corre-

Objective ERP measures are correlated
diagnostic categories of the trained psychi-
ch of which is presumed to correlate with
rmal physiology that underlies the mental

i moment, the ERP plays a minor role in
hiatric clinic since the electrophysiologic
re subject to many of the same problems
> plagued behavioral investigations of psy-
slogy.'®* In particular, it has proven ex-
difficult to match patient and control
long all critical dimensions that may influ-
dependent measures over and above the
"primary group membership. When mak-
parisons among different patient groups,
f age, gender, medication, and the dy-
f the illness cannot be ignored as potential
ing factors.

e vexing problem is the difficulty in attrib-
abnormal ERP configuration 1o a specific

£

Clinical Psychiatry / Vvolume 3

cognitive dysfunction rather than o a generalized
lack of task involvement. That is, patient groups
may generate aberrant ERPs and generally poor
performance, not because they are incapable of the
task but because they are unmotivated, do not un-
derstand the task, or are otherwise precccupied.
Although there is no wholly satisfactory solution to
this problem, Roth and associates!® have sug-
gested that behavioral measures should be re-
corded concurrently with the ERP and, whenever
possible, performance should be matched in pa-
tient and control groups.

A final problem is the extreme vulnerability of
ERP measures, particularly the late “‘cognitive”
components 1o momentary changes in the sub-
ject’s state. Indeed, the problem with ERPs in psy-
chiatry has not been a lack of significant effects
but rather an overabundance of nonspecific and
difficult-to-interpret correlations. Tables of the ERP
abnormalities that have been observed in schizo-
phrenics, affective psychoses, personality disorders,
and chronic brain syndromes abound in the litera-
ture,

In sum, ERP measures tend to reflect the pres-
ence or absence of psychopathology and to some
degree its severity, rather than specific nosologic
categories; that is, ERP effects observed to date are
not pathognomonic. Few links have been estab-
lished between specific ERP component abnormal-
ities and diagnostic categories. Systematic attempts
to refine ERP paradigms so as to tap into specific
cognitive abnormalities should help to remedy this
state of affairs, The tracking of ERP changes
throughout the dynamic course of an illness and in
persons at risk for developing them should also
lead to greater diagnostic specificity.

Callaway has argued that more headway may be
made if the ERP is used as an independent variable
and the structured interview is used as the depen-
dent variable. In this manner, ERPs could be used
to segregate subgroups of patients, who then
would be evaluated along other dimensions (e.g.,
by clinicians, biochemists, or geneticists) to deter-
mine what characteristics these patients share. In
the near future, at least, it appears that the ERP
methodology will probably be most valuable as one
of a battery of diagnostic tests rather than used in
isolation.

REFERENCES

1. Picton TW, Hillyard SA, Krausz HL et al: Human auditory
evoked potentials: 1. Evaluation of components. Elec-
iroencephalogr Clin Neurophysiol 36:179, 1974



10.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.

21

22.

. Courjon F, Mauguiere F, Revol M

Volume 3/

{eds}: Clinical Applica-
tions of Evoked Potentials in Neurology. New York, Raven
Press, 1982

. Halliday AM (ed): Evoked Potentials in Clinical Testing.

Edinburgh, Churchill Livingstone, 1982

. Moore El: Bases of Auditory Brain-Stem Evoked Re-

sponses. New York, Grune & Stratton, 1983

. Romani A, Zerbi F, Mariotti G et al: Computed tomog-

raphy and pattern reversal visual evoked potentials in
chronic schizophrenic patients. Acta Psychiatr Scand
73:566, 1986

. Schwarzkopf 5B, Lamberti JS, Jiminez M et al; Visual

evoked potential correlates of positive/negative symptoms
in schizophrenia. Biol Psychiatry 27:400, 1990

. Bodis-Woellner 1, Yahr MD, Mylin L, Thorton J: Do-

paminergic deficiency and delayed visual evoked poten-
tials in humans. Ann Neurol 11:478, 1982

. Shagass C: Bvoked Brain Potentials in Psychiatry. New

York, Plenum Press, 1972

. Shagass C: An electrophysiological view of schizophrenia.

Biol Psychiatry 11:3, 1976

Shagass C: Sensory evoked potentials in psychosis. In Be-
gleiter H {ed): Evoked Brain Potentials and Behavior, pp
467-498. New York, Plenum Press, 1979

Adler LB, Pachtman E, Franks RD et al: Neurophysiologi-
cal evidence for a defect in neuronal mechanisms involved
in sensory gating in schizophrenia. Biol Psychiatry
17:639, 1982

Freedman R, Adler LE, Waldo MC et al: Neurophysiologi-
cal evidence for a defect in inhibitory pathways in schizo-
phrenia: Comparison of medicated and drug free patients.
Biol Psychiatry 18:537, 1983

Baker NJ, Staunton M, Adler LE et al: Sensory gating
deficits in psychiatric inpatients: Relation to catechol-
amine metabolites in different diagnostic groups. Biol Psy-
chiatry 27:519, 1990

Landau SF, Buchsbaum MS, Carpenter W et al: Schizo-
phrenia and stimulus intensity control. Arch Gen Psychia-
try 32:1239, 1975

Landau SF, Buchsbaum MS: Average evoked response
and muscle tension. Physiol Psychol 1:56, 1973
Schooler C, Buchsbaum MS, Carpenter WT: Evoked re-
sponse and kinesthetic measures of augmenting-reducing
in schizophrenics: Replications and extensions. J Nerv
Ment Dis 163:221, 1976

Schechter G, Buchsbaum MS: The effect of attention,
stimulus intensity and individual differences on the aver-
age evoked response. Psychophysiology 10:392, 1973
Prescott J, Connolly JF, Gruzelier JH: The augmenting/
reducing phenomenon in the auditory evoked potential.
Biol Psychol 19:31, 1984

Callaway E, Tueting P, Koslow SH (eds): Event-Related
Brain Potentials in Man. New York, Academic Press, 1978
Otto D (ed): Multidisciplinary Perspectives in Event-Re-
lated Brain Potential Research, publication No. EPA 600/
9-77-043. Washington, DC, US Government Printing Of-
fice, 1978

Begleiter H (ed): Evoked Brain Potentials and Behavior,
New York, Plenum Press, 1979

Desmedt JE (ed): Progress in Clinical Neurophysiology,
Vol 6, Cognitive Components in Cerebral Event-Related
Potentials and Selective Attention. Basel, Karger, 1979

PS8Y-91

23,

24.

B
on

Chapter 62 Electrophysiology of Normal and Pathologic Cognition

17

Lehmann D, Callaway E {eds): Human Evoked Potentials:
Applications and Problems, Vol 9, Human Factors. New
York, Plenum Press, 1979
Gaillard AWK, Ritter W {eds): Tutorials in Bvent-Related
Potential Research: Endogencus Components. Amsier-
dam, North-Holland, 1983

. Hillyard SA, Kutas M: Electrophysiology of cognitive pro-

cessing. Annu Rev Psychol 34:33, 1983

. Hillyard SA, Picton TW: Electrophysiclogy of cognition. In

Plum F {ed): Handbook of Physiclogy, Section I, The Ner-
vous Syster, Vol 5, Higher Functions of the Nervous Sys-
tem, part 2, pp 519-584. Washington, DC, American
Physiological Society, 1987

. Kornhuber HH, Deecke L (eds): Motivation, motor and

sensory processes of the brain: Electrical potentials, be-
havior and clinical use. Prog Brain Res 54, 1980

28. Kornhuber HH, Deecke L: Hirnpotentialanderungen bel

29.

30.

31,

32.

33.

34.

35.

36.

37.

38.

39,

40.

41,

42.

Wilkurbewegungen und passiven Bewegungen des Mens-
chen: Bereitschaftspotential und reafferente Potentials.
Pflugers Arch 284:1, 1965

Vaughan HG Jr, Costa LD, Ritter W: Topography of the
human motor potential.  Electroencephalogr  Clin
Neurophysiol 25:1, 1968

Desmedt JE (ed): Progress in Clinical Neurophysiology,
Vol 1, Attention, Voluntary Contraction and Event-Re-
lated Cerebral Potentials. New York, Karger, 1977
Arezzo J, Vaughan HG Jr: Relationship of neuronal activ-
ity to gross movement-related potentials in monkey pre
and postcentral cortex. Brain Res 132:362, 1977
Hashimoto S, Gemba H, Sasaki K: Analysis of slow corti-
cal potentials preceding self-paced hand movements in the
monkey. Exp Neurol 65:218, 1979

Deecke L, Weinberg H, Brickett P: Magnetic fields of the
human brain accompanying voluntary movement: Be-
reitschaftsmagnetfeld. Exp Brain Res 48:144, 1982
Okada YC, williamson SJ, Kaufman L: Magnetic field of
the human sensorimotor cortex. Int J Neuroscl 17:33,
1982

Weinberg H, Brickett P, Deecke L, Boschert J: Slow mag-
netic fields of the brain preceding movements and speech.
Nuovo Cimento 2:495, 1983

Coles MGH, Gratton G, Donchin E: Detecting early com-
munication: Using measures of movement-related poten-
tials to illuminate human information processing. Biol
Psychol 26:69, 1988

De Jong R, Wierda M, Mulder G, Mulder LJ: Use of partial
information in response processing. J Exp Psychol [Hum
Percept and Performance] 14:682, 1988

Gratton G, Coles MGH, Sirevaag E et al: Pre- and post-
stimulus activation of response channels: A psychophy-
siological analysis. J Exp Psychol [Hum Percept and Per-
formance] 14:431, 1988

Schreiber H, Lang M, Lang W et al: Frontal hemispheric
differences in Bereitschaftspotential associated with writ-
ing and drawing. Hum Neurobiol 2:197, 1983
Grunewald-Zuberbier E, Grunewald G, Runge H et al:
Cerebral potentials during skilled slow positioning move-
ments. Biol Psychol 13:71, 1981

Boschert J, Brickett P, Weinberg P, Deecke L: Movement-
related potentials preceding toe plantarflexion and dorsi-
flexion. Hum Neurobiol 2:87, 1983

Brunia CHM, Vigerhoets AJJM: Opposite hemisphere dif-



PSYCHIATRY  Psychobiclogical Foundations of Clinical Psychiatry / Volume 3

wces in movement-related potentials preceding foot
finger flexions. Biol Psychol 13:261, 1981
asaki H: Movement-associated cortical potentials in

1975

ateral cerebral lesions. J Neurol 209:189, 1975

ke L, Englitz HG, Kornhuber HH et al: Cerebral po-

als preceding voluntary movement in patients with
eral or unilateral Parkinson akinesia, In Desmedt JE

. Progress in Clinical Neurophysiology, Vol 1, Atten-
Yoluntary Contraction and Event-Related Cerebral

ntials. New York, Karger, 1977

ke L: Influence of age on the human cerebral poten-
associated with voluntary movements. In Stein DG,
The Psychobiology of Aging: Problems and Perspec-
. Amsterdam, Elsevier North-Holland, 1980

zier M: Event-related slow potential changes in psy-

1v. In Bogoch S (ed): Biological Diagnosis of Brain

rders. New York, Spectrum Publications, 1973

zier M, Dubrovsky B, Garcia-Rill E: Slow cerebral po-
als in psychiatry. Can Psychiatr Assoc J 19:177, 1974
it-Berthier M, DeLaunoy J, Rousseau JC: Slow po-
al changes in psvchiafry: 1. Motor potential. Elec-
wephalogr Clin Neurophysiol 35:363, 1973

schreck TC, Keuthen NJ, Schneyer ML et al: Abnor-
involuntary movements and chronic schizophrenic
ders. Biol Psychiatry 27:150, 1990

aski PB, Simpson DM, Meltzer HY: Voluntary move-

dysfunction in schizophrenia. Biol Psychiatry

29, 1989

ither W, Breitling D, Banquet J-P et al: EEG mapping
t hemisphere dysfunction during motor performance
hizophrenia. Biol Psychiatry 21:249, 1986

t VJ, Lapierre YD: Electrophysiological and behav-
correlates of psychomotor responsivity in depression.
Psychiatry 22:313, 1987

er WG, Cooper R, Aldridge VJ et al: Contingent nega-
rariation: An electric sign of sensorimotor association
expectancy in the human brain. Nature 203:380,

allum WC, Knott JR (eds): Event-related slow poten-

of the brain: Their relations to behavior. Electroen-

alogr Clin Neurophysiol (suppl 33), 1973

sllum WC, Knott JR (eds): The Responsive Brain.

>l, England, John Wright, 1976

wor WH, Lang PJ: Cortical slow-wave and cardiac rate

nse in stimulus orientation and reaction-time condi-

.J Exp Psychol 82:310, 1969

baugh JW, Gaillard AWK: Sensory and motor as-
of the contingent negative variation. In Gaillard

., Ritter W (eds): Tutorials in ERP Research: Endoge-
Components. Amsterdam, North-Holland, 1983

ott J: The effects of response parameters on CNV am-

fe. Biol Psychol 22:107, 1986

ipson LW, Nowlin JB: Relation of increased atten-

o central autonomic nervous system states. In Jarvik

isdorfer C, Blum JE (eds): Intellectual Functioning in

5. New York, Springer, 1973

ipson LW, Marsh GR: Psychophysiological studies of
. In Fisdorfer C, Lawton MD (edsj: The Psychology

dult Development and Aging. Washington, DC,

ican Psychological Association, 1973

ess NE, Sanford AJ: Effects of age on the contingent
ive variation and preparatory set in a reaction time
J Gerontol 29:52, 1974

62.

63.

64,

65,

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

77.

78.

Nakamura M, Fukui Y, Kadobavashi I et al: A comparison
of CNV in young and old subjects: Iis relation to memory
and personality. Blectroencephalogr Clin Neurophysiol
46:337, 1979

Michaelewski HJ, Thompson LW, Smith DBD et al: Age
differenices in the contingent negative variation (CNV):
Reduced frontal activity in the elderly. J Gerontol 35:542,
1980

Aguirre M, Broughton RJ: Complex event-related poten-
tials (P300 and CNV) and MSLT in the assessment of ex-
cessive daytime sleepiness in nacrolepsy-cataplexy. Elec-
troencephalogr Clin Neurophysiol 67:298, 1987
Broughton RJ, Aguirre M: Differences between REM and
NREM sleepiness measured by event-related potentials
{P300, CNV), MSLT and subjective estimate in narco-
lepsy-cataplexy. Electroencephalogr Clin Neurophysiol
67:317, 1987

Timsit-Berthier M, DeLaunoy, J Koninckx N et al: Slow
potential changes in psychiatry: Contingent negative vari-
ation. Electroencephalogr Clin Neurophysiol 35:335,
1973

Gauthier P, Gottesman C: Etude de la variation con
gingente negative et d 'onde postimperative en presence
d'interferences. Electroencephalogr Clin Neurophysiol
40:143, 1976

Tirsit-Berthier M, Hausman J: Etude de la VCN et du
phenomene de preparation motrice chez des enfants de 5
a 15 ans. Rev Electroencephalogr Neurophysiol Clin
2:141, 1972

Low MD, Stoilen L: CNV and EEG in children: Matura-
tional characteristics and findings in the MCD syndrome.
Blectroencephalogr Clin Neurophysiol {suppl 33):139,
1973

Dubrovsky B, Dongier M: Evaluation of event-related
slow potentials in selected groups of psychiatric patients.
In McCallum WC, Knott JR (eds): The Responsive Brain.
Bristol, England, John Wright, 1976

Shagass C, Ornitz EM, Sutton S et al: Event-related poten-
tials and psychopathology. In Callaway E, Tueting P,
Koslow SH (eds): Event-Related Brain Potentlals in Man.
New York, Academic Press, 1978

Tecce JJ, Cole JP: The distraction-arousal hypothesis, CNV
and schizophrenia. In Mostofsky DL (ed): Behavior Con-
trol and Modification of Physiological Activity. Engle-
wood Cliffs, NJ, Prentice-Hall, 1976

Broadbent DE: Decision and Stress. New York, Academic
Press, 1971

Norman DA: Toward a theory of memory and attention.
Psychol Rev 75:522, 1968

Naatanen R: Processing negativity: Evoked-potential re-
flection of selective attention. Psychol Bull 92:605, 1982

. Donald MW: Neural selectivity in auditory attention:

Sketch of a theory. In Gaillard AWK, Ritter W {eds}: Tuto-
rials in Event-Related Potential Research: Endogenous
Components. Amsterdam, North-Holland, 1983
Naatanen R: Selective attention and evoked potendals in
humans: A critical review. Biol Psychol 2:237, 1975
Hillyard SA, Picton TW: Eveni-related brain potentials
and selective information processing in man. In Desmedt
JE {ed): Progress in Clinical Neurophysiology, Vol 6, Cog-
nitive Components in Cerebral Event-Related Potentials
and Selective Attention. Basel, Karger, 1979

. Hillyard SA, Simpson GV, Woods DL et al: Event-related



80.

8L

82.

83.

85.

86.

87.

38,

89.

90.

91.

92.

93.

94,

95.

96.

Volume 3

brain potentials and selective attention to different modal-
ities. In Reinoso-Suares F, Ajmone-Marsan C {eds): Corti-
cal Integration. New York, Raven Press, 1984

Harter MR, Aine C, Schroeder C: Hemispheric differences
in the neural processing of stimulus location and type:
Effects of selective attenstion on visual evoked potentials,
MNeuropsychologia 20:421, 1982

Harter MRK: Discussion on selective attention. In Donchin
E {ed): Cognitive Psychophysiology. Hillsdale, NJ, Law-
rence Erlbaum Associates, 1984

Desmedt JE, Robertson D: Differential enhancement of
early and late components of the cerebral somatosensory
evoked potentials during forced-paced cognitive tasks in
man. J Physiol 271:761, 1977

Spiegel D, Cutcomb S, Ren C, Pribram K: Hypnotic hallu-
cination alters evoked potentials. J Abnorm Psychol
94:249, 1985

. Ford JM, Hink RF, Hopkins WF et al: Age effects on event-

related potentials in a selective attention task. J Gerontol
34:388, 1979

Loiselle DL, Stamm JS, Maitinsky § et al: Evoked potential
and behavioral signs of attentive dysfunctions in hyperac-
tive boys. Psychophysiology 17:193, 1980

Danier KB, Klorman R, Salzman LF et al: Learning-disor-
dered children’s evoked potentials during sustained atten-
tion. J Abnorm Child Psychol 9:79, 1981

Halliday R, Rosenthal JH, Naylor H et al: Averaged evoked
potential predictors of clinical improvement in hyperac-
tive children treated with methylphenidate: An initial
study and a replication. Psychophysiology 13:429, 1976
Prichep LS, Suiton S, Hakerem G: Evoked potentials in
hyperkinetic and normal children under certainty and un-
certainty: A placebo and methylphenidate study. Psy-
chophysiology 13:419, 1976

Klorman R, Salzman L, Pass H et al: Effects of methyl-
phenidate on hyperactive children’s evoked responses
during passive and active attention. Psychophysiology
16:23, 1979

Connors CK: Stimulant drugs and cortical evoked re-
sponses in learning and behavior disorders in children. In
Smith WL (ed): Drugs, Development and Cerebral Func-
tion, p 179. Springfield, 1L, Charles C Thomas, 1972
Buchsbaum M, Wender P: Average evoked responses in
normal and minimally brain dysfunctioned children
treated with amphetamine. Arch Gen Psychiatry 29:764,
1973

Saletu B, Saletu M, Itil T: The relationship between psy-
chopatholoegy and evoked responses before, during and
after psychotropic drug treatment. Biol Psychiatry 6:45,
1973

Satterfield JH: Neurophysiologic studies with hyperactive
children. In Cantwell D (ed): The Hyperactive Child: Di-
agnosis and Management. New York, Halstead Press,
1976

Michael RL, Klorman R, Salzman LF et al: Normalizing
effects of methylphenidate on hyperactive children’s vigi-
lance performance and evoked potentials. Psychophysi-
ology 18:663, 1981

Halliday R, Callaway E, Rosenthal JH: The visual ERP
predicts ¢linical response to methyiphenidate in hyperac-
tive children. Psychophysiclogy 21:114, 1984

Zambelli AJ, Stamum JS, Maitinsky S et al: Auditory
evoked potentials and selective attention in formerly hy-
peractive adolescent boys. Am J Psychiatry 134:742, 1977

P8Y-91

/ Chapter 62 Electrophysiology of Normal and Pathologic Cognition

97.
98.
99.

100.

101,

102.

103,

104,

105.

106.

107.

108.

109.

110.

113,

114.

115,

182

Courchesne E, Akshoomoff NA, Townsend J: Recent ad-
vances in autism. Curr Opin Pediatrics 2:685, 1990
Courchesne E: In vive neuroanatomical imaging in autism.
Pediatrics, in press

Holzman P: Recent studies of psychophysiclogy in schizo-
phrenia. Schizophr Bull 13:49, 1987

Baribeau-Braun J, Picton TW, Gosselin J: Schizophrenia:
A neurophysiological evaluation of abnormal information
processing. Science 219:874, 1983

Michie PT, Fox AM, Ward PB et al: Event-related poten-
tial indices of selective attention and cortical lateralization
in schizophrenia. Psychophysiology 27:209, 1990
Hansen JC, Hillyard SA: Selective attention to multidi-
mensional auditory stimuli. J Exp Psychol [Hum Percept]
9:1, 1983

Campbell X, Lowick BM: Ethanol and event-related po-
tentials: The influence of distractor stimuli. Alcohol 4:257,
1987

Daruna JH, Goist KC, West JA, Sutker PB: Scalp distribu-
tion of the P3 component of event-related potentials dur-
ing acute ethanol intoxication: A pilot study. In Johnson
R, Rohrbaugh JW, Parasuraman R (eds): Current Trends
in Bvent-Related Potential Research (EEG Suppl 40}. Am-
sterdam, Elsevier, 1987

Pritchard WS: Psychophysiology of P300. Psychol Bull
89:506, 1981

Ruchkin DS, Johnson R, Canoune HL et al: Multiple
sources of P3b associated with different types of informa-
tion. Psychophysiology 27:157, 1990

Johnson R: Auditory and visual P300s in temporal lobec-
tomy patients: Evidence for modality independent genera-
tors. Psychophysiology 26:633, 1989

Sutton S, Braren M, Zubin J: Evoked potential correlates
of stimulus uncertainty. Science 150:1187, 1965
Duncan-Johnson CC, Donchin E: On quantifying sur-
prise: The variation of event-related potentials with sub-
jective probability. Psychophysiology 14:456, 1977
Squires K, Wickens C, Squires N et al: The effect of stimu-
lus sequence on the waveform of the cortical event-related
potential. Science 193:1142, 1976

. Wickens €, Kramer A, Vanasse L et al: Performance

of concurrent tasks: A psychological analysis of the
reciprocity of information-processing resources. Science
221:1080, 1983

. Daruna JH, Karrer R, Rosen AJ: Introversion, attention

and the late positive component of event-related poten-
tials. Biol Psychol 20:249, 1985

Kutas M: Review of event-related potential studies of
memory. In Gazzaniga MS {ed): Perspectives in Memory
Research. Cambridge, MA, MIT Press, 1988

Halgren E, Squires NK, Wilson CL et al: Endogenous po-
tentials generated in the human hippocampal formation
and amygdala by infrequent events. Science 210:803,
1980

wood CC, Allison T, Goff WR et al; On the neural origin
of P300 in man. In Kornhuber HH, Deecke L {eds): Moti-
vation, Motor and Sensory Processes of the Brain: Electri-
cal Potentials, Behavior and Clinical Use. Prog Brain Res
54:51, 1980

. McCarthy G, Wood CC, Williamson PD, Spencer DD:

Task-dependent field potentials in human hippocampal
formation. J Neurosci 9:4253, 1989



PSYCHIATRY Psychobiclogical Foundations of Clinical Psychiatry / Volume 3

wda YC, Kaufman L, Willlamson 5J: The hippocampal

nation as a source of the slow endogenous potentials.

troencephalogr Clin Neurophysiol 55:471, 1983

merson RY, Dustinan RE, Shearer DE, Chamberlain

1 EEG, visually evoked and event-related potentiabs in

ng abstinent alcoholics. Alcohol 4:241, 1987

erson BW, Williams HL, McLean GA et al: Alcoholism
family history of alcoholism: Effects on visual and

itory event-related potentials. Alcohol 4:263, 1987

ferbaum A, Rosenbloom M, Ford J: Late event-related

:nitial changes in alcoholics. Alcohol 4:275, 1987

esz B, Begleiter H, Bihari B, Kissin B: Event-related

n potentials to high incentive stimuli in abstinent alco-

cs. Alcohol 4:283, 1987

rbaugh J, Stapleton JM, Parasuraman R et al: Dose-

ted effects of ethanol on visual sustained attention and

at-related potentials. Alcohol 4:293, 1987

Clair D, Blackwood DHR, Oliver CJ, Dickens P: P3

ormality in fragile X syndrome. Biol Psychiatry
303, 1987

1 WT, Plefferbaum A, Horvath TB et al: P3 reduction
wditory evoked potentials of schizophrenics. Elec-
ncephalogr Clin Neurophysiol 49:497, 1980

ett K, McCallum WC, Pocock PV: Brain indicators of
ed attention and information processing in schizo-
>nic patients. Br J Psychiatry 148:414, 1986

hard WS: Cognitive event-related potential correlates
‘hizophrenia. Psychol Bull 100:43, 1988

‘her M, Porjesz B, Begleiter H: Late positive compo-
. amplitude in schizophrenics and alcoholics in two
rent paradigms. Biol Psychiatry 22:848, 1987

rerl U, Gaebel W, Gutzman H, Ulrich G: Auditory
ced potentials as possible predictors of outcome in
zophrenic ocutpatients. Int J Psychophysiol 6:207,
3

wn R, Colter N, Corsellis J et al: Postmortem evidence
ructural brain changes in schizophrenia: Differences
rain weight, temporal horn area, and parahippocam-
wyrus compared with affective disorder. Arch Gen Psy-
try 43:36, 1986

eiter H, Porjesz B, Rawlings R, Eckardt M: Auditory
very function and P3 in boys at high risk for alcohol-
Alcohol 4:315, 1987

eiter H, Porjesz B: Neuroelectric processes in individ-
at risk for alcoholism. Alcohol Alcohol 25 (2/3),
3

mnor S, Hesselbrock V, Tasman A, Depalma N: P3
litudes in two distinct tasks were decreased in young
with a history of paternal alcoholism. Alcohol 4:323,
7

thauser SR, Hill §Y, Zubin J: Event-related potentials
lcoholics and their first-degree relatives. Alcohol
7. 1987

ople SC, Parker ES, Noble EP: An atypical neuro-
itive profile in alcoholic fathers and their sons. J Stud
hol 49:240, 1988

erbaum A, Wenegrat BG, Ford JM et al: Clinical ap-
tion of the P3 component of event-related potentials:
rementia, depression and schizophrenia. Electroen-
alogr Clin Neurophysiol 39:1104, 1984

kwood DHR, Whalley LJ, Christie JE et al: Changes in
tory P3 event-related potential in schizophrenia and
ession. Br J Psychiatry 150:154, 1987

137.

138.

139,

141.

142,

143,

144.

145.

146.

147.

148.

149,

150.

151.

153.

154,

155.

Paller KA, Kutas M, Maves A: Neural correlates of encod-
ing in an incidental learning paradigm. Electroencepha-
logr Clin Neurophysiol 67:360, 1987

Knight RT, Scabini 1D, Woods DL, Clayworth CC: Contri-
butions of temporal-parietal junction to the human audi-
tory p3. Brain Res 5302:109, 1989

Pineda JA, Foote SL, Neville JH: Effects of locus coeruleus
iesions on auditory, long-latency, event-related potentials
in monkey. J Neurosci 9:81, 1989

. Goodin DS, Squires KC, Henderson BH et al: Age-related

variations in evoked potentials to auditory stimuli in nor-
mal human subjects. Electroencephalogr Clin Neurophys-
iol 44:447, 1978

Syndulko K, Hansch EC, Cohen SN et al: Long-latency
event-related potentials in normal aging and dementia. In
Courjon J, Mauguiere F, Revol M {edsj: Clinical Applica-
tions of Evoked Potentials in Neurology. New York, Raven
Press, 1982

Beck EC, Swanson C, Dustman RE: Long latency compo-
nents of the visually evoked potential in man: Effects of
aging. Exp Aging Res 6:523, 1980

Brown WS, Marsh JT, LaRue A: Exponential electro-
physiological aging: P3 latency. Electroencephalogr Clin
Neurophysiol 55:277, 1983

Goodin DS, Squires KC, Starr A: Long latency event-re-
lated components of the auditory evoked potentials in de-
mentia. Brain 101:635, 1978

Pfefferbaum A, Ford JM, Roth WT et al: Age differences in
P3-reaction time association. Electroencephalogr Clin
Neurophysiol 49:257, 1980

Giedke H, Thier P, Bolz J: The relationship between P3
latency and reaction time in depression. Biol Psychol
13:31, 1981

Hansch EC, Syndulko K, Cohen SN et al: Cognition in
Parkinson’s disease: An event-related potential perspec-
tive. Ann Neurol 11:599, 1982

O'Donnell BF, Squires NK, Martz MJ et al: Evoked poten-
tial changes and mneuropsychological performance in
Parkinson’s disease. Biol Psychol 24:23, 1987

Starkstein SE, Esteguy M, Berthier ML et al: Evoked po-
tentials, reaction time and cognitive performance in on
and off phases of Parkinson’s disease. J Neurol Neurosurg
Psychiatry 52:338, 1989

Goodin DS: Clinical utility of long latency ““cognitive”
event-related potentials {P3): The pros. Electroencepha-
logr Clin Neurophysiol 76:2, 1990

Pfefferbaum A, Ford JM, Kraemer HC: Clinical utility of
long latency “cognitive” event-related potentials (P3):
The cons. Electroencephalogr Clin Neurophysiol 76:6,
1990

. Gordon E, Kraiuhin C, Harris et al; The differential diag-

nosis of dementia using P300 latency. Biol Psychiatry
21:1123, 1986

Towey J, Bruder G, Hollander E et al: Endogenous event-
related potentials in obsessive-compulsive disorder. Biol
Psychiatry 28:92, 1990

Beech HR, Ciesielski KT, Gordon PK: Further observations
of evoked potentials in obsessional patients. Br J Psychia-
try 142:605, 1983

Goodin DS, Aminoff MJ, Chernoff DN, Hollander H: Long
latency event-related potentials in patients infected with
human immunodeficiency virus. Ann Neurol 27:414,
1990



156,

159.

160.

161.

162.

163,

164.

165.

166.

167.

168.

169,

173.

Yolume 3/ Chapter 62

Courchesne E; Cognitive components of the event-related
100 brain potential: Changes associated with develop-
ment, In Gaillard AWK, Ritter W {eds): Tutorials in ERP
Research: Endogenous Components. Amsterdam, North-
Holland, 1983

. Kurtzburg D, Vaughan HG Jr, Courchesne E et al: Devel-

opmental aspects of event-related potentials. In Karrer R,
Cohen J, Tueting P {eds): Brain and Information: Event
Related Potentials. Ann NY Acad Sci 425:300, 1984

. Small JG, DeMyer MK, Milsiein V: CNV responses of au-

tistic and normal children. J Autism Child Schizophr
1:215, 1971

Novick B, Vaughan HG Jr, Kurtzberg D et al: An electro-
physiclogic indication of auditory processing defects in
autism. Psychiatry Res 3:107, 1980

Rothenberger A: Event-related potentials in children: Ba-
sic concepts and clinical application. In Rothenberger A
{ed): Developments in Neurology. Amsterdam, Elsevier
Biomedical, 1982

Courchesne E, Kilman BA, Galambos R et al: Autismu
Processing of novel auditory information assessed by
event-related brain potentials. Electroencephalogr Clin
Neurophysiol 59:238, 1984

Courchesne E, Linceln AJ, Kilman BA et al: Event-related
brain potential correlates of the processing of novel visual
and auditory information in autism. J Autism Dev Disord
15:55, 1985

Strandburg RJ, Marsh JT, Brown WS et al: Event-related
potential constraints of information processing dysfunc-
tion in schizophrenic children. Electroencephalogr Clin
Neurophysiol 57:236, 1984

Garmezy N, Streitman 5: Children at risk: The search for
the antecedents of schizophrenia: 1. Conceptual models
and research methods. Schizophr Bull 1:14, 1974
Herning RI, Hickey JE, Pickworth WB, Jaffe JH: Auditory
event-related potentials in adolescents at risk for drug
abuse. Biol Psychiatry 25:598, 1989

Herning RI, Jones RT, Hooker WD, Tuluna FC: Informa-
tion processing components of the auditory event related
potential are reduced by cocaine. Psychopharmacology
87:187, 1984

Chapman LJ, Edell WS, Chapman JP: Physical anhedonia,
perceptual aberration and psychosis proneness. Schizophr
Bull 6:639, 1980

Simons RF, MacMillan FW, Ireland FB: Anticipatory plea-
sure deficit in subjects reporting physical anhedonia: Slow
cortical evidence. Biol Psychol 14:297, 1982

Miller GA, Simons RF, Lang PJ: Electrocortical measures
of information processing deficits in anhedonia. Ann NY
Acad Sci 425:598, 1984

. Miller GA: Information processing deficits in anhedonia

and perceptual aberration: A psychophysiclogical analy-
sis. Biol Psychol 21:100, 1986

. Polich J, Rloom F: P300 from normals and adult children

of alcoholics. Alcohol 4:301, 1987

. Elmasian RH, Neville HJ, Woods D et al: Event-related

brain potentials are different in individuals at high and
low risk for developing alcoholism. Proc Natl Acad Sd
USA 79:7900, 1982

Schuckit MA, Gold EO, Croot K et al: P300 latency after
ethanol ingestion in sons of alcoholics and in controls.
Biol Psychiatry 24:310, 1988

PSY-91

176.

179.

180.

182,

183.

184,

186.

187.

189,

190,

191

2

Electrophysiology of Normal and Pathologic Cognition 2%

{

. Baron M: Genetics of schizophrenia: 1. Familial patterns

and mode of inheritance. Biol Psychiatry 21:1051, 1988

. Morstyn R, Duffy DH, McCarley RW: Altered P300 topog-

raphy in schizophrenia. Arch Gen Psychiatry 40:729,
1983

Faux SF, Torello MW, McCarley RW et al: P300 in schizo-
phrenia: Confirmation and statistical validation of tempo-
ral region deficit in P30C topography. Biol Psychiaty
23:776, 1988 -

7. Saitoh O, Niwa 5, Hiramatsu K et al: Abnormalities in late

positive components of event-related potentials may re-
flect a genetic predisposition to schizophrenia. Biol Psy-
chiatry 19:293, 1984

78. Friedman D, Cornblatt B, Vaughan HG, Erlenmeyer-

Kimling L: Auditory event-related potentials in children at
risk for schizophrenia: The complete initial sample. Psy-
chiatry Res 26:203, 1988

Rugg MD: The relationship between evoked potentials
and lateral asymmetries of processing. In Gaillard AWK,
Ritter W (eds): Tutorials in ERP Research: Endogenous
Components. Amsterdam, North-Holland, 1983

Picton TW, Stuss DT: Event-related potentials in the study
of speech and language: A critical review. In Caplan DN,
Lecours AR, Smith AM {(eds): Biological Perspectives on
Language. Cambridge, MA, MIT Press, 1984

. Whitaker HA (ed): Neuroelectrical correlates of language

processes: Evidence from scalp recorded evoked potential
research. Brain Lang 11, 1980

Molfese DL, Kutas M, Schunidt A: Event-related potential
studies of cerebral specialization during reading: Studies
of normal adults. Brain Lang 16:300, 1982

Neville HJ: Event-related potential studies of cerebral spe-
cialization during reading: 1. Studies of congenitally deaf
adults. Brain Lang 16:316, 1982

Flor-Henry P, Koles ZJ, Howarth BG et al: Hemisphere
asymmetries of function in psychopathology. In Gruzelier
J, Flor-Henry P {(eds): Developments in Psychiatry, Vol 3.
New York, Elsevier/North Holland, 1979

. Shenton ME, Faux SF, McCarley RW ¢t al: Correlations

between abnormal auditory P300 topography and positive
symptoms in schizophrenia: A preliminary report. Biol
Psychiatry 25:710, 1989

Morihisa JM, McAnulty GB: Structure and function:
Brain electrical activity mapping and computed tomog-
raphy in schizophrenia. Biol Psychiatry 20:3, 1985
Guenther W, Breitling D: Predominant sensorimotor area
left hemisphere dysfunction in schizophrenia measured by
brain electrical activity mapping. Biol Psychiatry 20:515,
1985

. Shelton RC, Weinberger DR: X-ray computerized tomog-

raphy studies in schizophrenia: A review and synthesis. In
Nasrallah DR, Weinberger DR {eds): The Neurology of
Schizophrenia. Amsterdam, Elsevier, 1986
Kutas M, Hillyard SA: Brain potentials during reading re-
flect word expectancy and semantic association. Nature
307:161, 1984
McCallum WC, Farmer SF, Popcock PV: The effects of
physical and semantic incongruities on auditory event-
related potentials. Electroencephalogr Clin Neurophysiol
59:477, 1984

utas M, Van Petten C: Event-related brain potential
studies of language. In Ackles PK, Jennings JR, Coles



PSYCHIATRY  Psychobioiogical Foundations of Clinical Psychiatry / Volume 3

H {eds): Advances in Psychophysiology. Greenwich
JAI Press, 1988

1 Petten C, Kutas M: Electrophysiological evidence for
flexibility of lexical processing. In Simpson G (ed):
rd and Sentence. Amsterdam, Elsevier/North-Holland,
0

bin TJ, Marsh GR, Harvey MT: Differences in the late
wponents of the event-related potential due to age and

emantic and non-semantic tasks. Electroencephalogr
1 Neurophysiol 59:489, 1984

“

194, Roth WT, Tecce 1, Plefferbaum A et al: ERPs and psycho-
pathology: Behavior process issues. In Karrer R, Cohen J,
Tueting P {eds): Brain and Information: Event-Related
Potentials. Ann NY Acad Sci 425:496, 1984

Marta Kutas is supported by a Research Scientist Development
Award MH3022. Some of the work cited herein was supported
by grants from NIA (AGO08313) and NICHD (HD22614).

U e
P



