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since the initial observation that brain waves
could be recorded from the human scalp, it has
been assumed that these voltage oscillations would
ultimately reveal something about the physiologic
bases of mental states, both normal and pathologic.
The scalp-recorded field potentials of the brain,
which include the ongoing electroencephalogram
(EEG) and thé briefer evoked or event-related po-
ientials, are generally considered to represent the
summated electrical activity of large numbers of
neural (and perhaps glial) elements acting in syn-
chrony. The spontaneous rhythms of the EEG are
highly responsive to changes in state of arousal, the

sleep-wake cycle and a number of neurologic syn--

dromes and have occasionally been linked with
psvchiatric conditions. The main emphasis of this
chapter, however, will be on the phasic brain po-
tentials that are embedded in the EEG in associa-
tion with sensory, motor, and cognitive events. The
evidence linking these scalp-recorded potentials
with different classes of perceptual and cognitive
events will be surveyed, with particular emphasis
on physiologic signs of disordered information
processing in association with psychopathology.
The delivery of a sensory stimulus triggers a se-
ries of voltage peaks and troughs (often referred to
as “components’’) lasting for several hundreds of
milliseconds: this voltage—time complex is called
an evoked response or an evoked potential (EP)
(Fig. 1).! An EP is usually considerably smaller in
amplitude than the ongoing EEG and must, there-
fore, be extracted by a computerized averaging pro-
cedure. This involves recording the EPs 0 repeated
siimulus presentations. under the assumption thal
those aspects of processing that are time-locked 10
‘he ctimulus will summate and reveal a characteris-

tic response waveform, while the “random’ fluctu-
ations of the EEG will tend to cancel each other.
The number of repetitions needed for a reliable av-
erage depends on the amplitude of the particular
EP under study, since the averaging process im-
proves the resolution of the evoked signal in pro-
portion to the square root of the number of re-
sponses included.

The peaks or components of an EP are typically
labeled according to their polarity (negative [N] or
positive [P]) and latency. In some cases the peaks
are designated by their ordinal position in the
waveform (e.9.. N1, P1, N2) and in others by their
latency in milliseconds (e.g.. N100, P230, P300).
On occasion, labels that refer to the assumed func-
tional role or anatomic location of the EP compo-
nents have been adopted. As a general rule, the
earlier components (with latencies of less than 100
msec) are highly consistent within an individual
for a particular type of stimulus; their amplitudes,
latencies, and scalp distributions are highly repro-
ducible from one test session to the next. System-
atic variations in the physical parameters of the
evoking stimulus (e.g., intensity, frequency, dura-
tion) result in predictable changes in these early
components in accordance with the altered activa-
tion of the sensory pathways. Thus, the earlier
evoked components are considered to be “exoge-
nous’’ or stimulus bound: they generally show lit-
tle sensitivity to the state of alertness or attentive-
ness of the subject. It is this invariance in the face of
changing psychological state that has made the ex-
ogenous components an excellent diagnostic tool
for certain sensory and neurologic disorders.=*

For the psychophysiologist interested in the
neural bases of mental processes, the more inform-
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ative brain waves are the so-called endogenous the brain’s electrical output and, thus, entail ser.

components, which may precede or follow a trig-
gering event by many hundreds of milliseconds. An
“event” in this case refers o a stimulus, a response,
a voluntary movement, or a cognitive process for
which an external tming marker is available SO
that time-locked electrical brain activity (the event-
related potential [ERP]) can be examined. The re-
sponsivity of endogenous components to variations
in the physical stimulus parameters is relatively
small in comparison with their sensitivity to exper-
imental instructions and the subjects’ intentions,
decisions, expectancies, strategies, mental set, and
so on. Endogenous ERP components are thus not
““evoked” by a stimulus but are elicited in associa-
tion with the perceptual and cognitive processing
that is ‘“‘provoked” by that stimulus. The same
physical stimulus may or may not be followed by a
particular endogenous component depending on
how the subject chooses to process that informa-
tion. On occasion, as in the “missing stimulus’
paradigm, an endogenous ERP may be time-locked
to the absence of a physical event. The term /laze
component is often used interchangeably with that
of endogenous component because most potentials in
this class occur with a latency beyond 100 msec.
Although the neurophysiologic mechanisms un-
derlying the scalp-recorded ERPs are largely un-
known, these potentials appear to be reliable mani-
festations of a wide variety of informational
transactions in the brain. It must be acknowledged,
however, that ERPs are rather remote measures of

’

ous limitations. In most cases it has not been possi-
ble to pinpoint the anatomic site of the intracranial
senerators of the scalp-recorded ERPs. Further-
more, since ERPs reflect primarily the synchronous
activity of a large neuronal population, cognitive
acts that involve temporally dispersed processing
may not produce a surface ERP. Finally, a visible
peak or trough in the scalp-recorded ERP may rep-
resent the summation of activity from different
brain sources that is related in different ways to
task parameters and response requirements. De-
spite these difficulties, 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.

A major goal of ERP research is to identify spe-
cific ERP components as markers of specific modes
or stages of information processing. This is genet-
ally accomplished by systematic study of the
correlations between ERP measures, stimulus and
response factors, and task performance. Once vali-
dated in this way, ERP results can be used as con-
verging operations with behavioral measures o
clarify the timing, order, and interactions of pro-
cessing events and to help choose among
parallel, and hierarchical mechanisms of informa-
tion processing. In this way the ERPs are beginning
to yield new information about the neural bases of
cognitive processes, including selective attention.
recognition memory, decision making, and lan-
guage functions.
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 clinical Uses of

sensory EPs

;n several cases, the anatomic origins of sensory EP
components have been identified. For example, the
nitial six waves of the auditory brainstem potential
\ABR) originate in specific relay nuclei and path-
ways, including the auditory nerve (wave I) and
inferior colliculus (waves IV--V). The early compo-
pents of the somatosensory EP to a peripheral

© perve shock have similarly been localized to spe-

dfic structures in the afferent pathways and pri-
mary cortical areas. For stimuli in all modalities,
the spatiotemporal configuration of the exogenous

" fPis determined by the integrity and organization

of the mediating sensory pathways and by the
physical properties of the evoking stimulus. Certain
of these EP components are obtained so consist-
ently from normal subjects that small deviations
fom established norms indicate neurologic or sen-
sory dysfunction. Thus, sensory EPs are in routine
use by the practicing ophthalmologist, audiologist.
and neurologist for purposes that include helping
10 confirm diagnoses of disordered sensory func-
don, aiding in localizing the site of lesions along

the sensory pathways, following the course of the
sensorineural disease processes, and providing an

objective index of the efficacy of therapy. The EP
method has proved particularly valuable in the di-
agnosis of clinically silent lesions (e.g., in demyeli-
nating diseases) that are difficult to detect in com-
puted tomographic (CT) scan records.

Because it provides an objective method of test-
ing sensory function, the EP technique can be used
i the assessment of impaired vision, hearing, or
somatic sensation. Abnormalities may manifest
themselves through (1) absence of an EP compo-
nent, (2) amplitudes or latencies that deviate be-
yond the normal range, (3) failure of the response
o follow standard input—output functions, or (4)
an abnormal component in the waveform. For ex-
ample, the visual evoked potential (VEP) to a pat-
lern-shift stimulus recorded in conjunction with
the electroretinogram (ERG) can aid the ophthal-
mologist in localizing a disease process 10 specific
2vels of the visual pathway. Auditory evoked po-

~entials (AEP) are used widely to test for hearing

disorders, particularly in cases in which subjective
s:diometry is difficult e g.. with demented indi-
Biualsy or impossible g with infantsy. Simu-
4y, the somatosensory evoked potentiai (SEF)
“2¢ nroven vaiuable in diagnosing peripherai
and esions affecting the dorsa:
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Endogenous ERPs 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 patients
presumed to have deficiencies in these areas. The
term cognitive subsumes a broad range of psycho-
logical concepts, including attention, expectancy,
surprise, storage and retrieval of information from
memory, and linguistic processing, among many
others. The relationships between ERPs and cogni-
tion are discussed in detail in several recent books

and reviews.> 12

ENDOGENOUS BRAIN
POTENTIALS AND
PREPARATION

When a person prepares to take in sensory infor-
mation or to generate a motor act, specific brain
wave patterns develop within the preparatory in-
terval. Among the most prominent of these are the
movement-related potentials and the contingent
negative variation.

Movement-Related Potentials

A characteristic series of potentials can be recorded
on the human scalp both preceding and following
voluntary movements. Postmovement potentials
were first reported by Bates'’ in 1951; premove-
ment activity, however, was not observed until the
early 1960s when it became possible to computer-
average the ERP preceding movement by playing
tape-recorded EEG data backward in time. Using
this procedure, Kornhuber and Deecke,'* in Ger-
many, and Vaughan and his colleagues,!® in New
York, demonstrated a slow negative shift averaging
from 5 wV to 15 uV and preceding movement on-
set by as much as 1 second. This negativity was
most pronounced in electrodes overlying the motor
cortex, peaked around the time of the response,
and gave way to a positive-going potential after the
movement.

Several distinct components were identified by
these investigators within the complex of move-
ment-related potentials (Fig. 2). The slow negative
shift. termed the readiness potential (RPy or N1 com-
ponent, begins as a svmmetrical wave over central
scalp locations 1 10 1.5 seconds prior to movement
and then becomes larger contralateraily. The RP is
generally taken to be a reflection o7 the cortical

Aroveties ssanciated svith areparalion ‘o omove-
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Flg. 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 Komhuber and colleagues
(in parentheses). Also shown is the integrated electro-
myographic (EMG) activity of the responding arm. The
ERPs are averaged with respect 10 the onset of EMG
activity at time zero.

ment. Its amplitude is influenced by the speed,
force, and duration of movement, as well as by
subject handedness.!¢ Eighty to 90 msec prior 10
Mmovement onset a small and more variable positive
deflection is seen (the premotion positivity or P1),
Although this positive wave is the smallest of the
movement-related components, Kornhuber and
colleagues have proposed that it marks the initja-
tion of movement in a corticocerebellar~motor
cortex loop. Immediately following the premotion
positivity is a sharp negative wave that is localized
over the precentral region contralateral to the re-
sponding limb; this “motor potential” or N2 com-
ponent occurs very near the onset of movement
and appears 10 be an expression of the activation of
corticospinal tract neurons in the motor cortex. Fi-
nally, following the onset of muscle contraction by
50 msec 10 150 msec are a series of positive deflec-
tions (the P2 or reafference potential) that repre-
sents the proprioceptive and kinesthetic feedback
from the movement. ERP investigations with mon-
keys have revealed remarkably similar potentials
for which cortical localization has been possi-
ble.IZIB

Most research on the movement-related poten-
tals has concentrated on relatively simple, upper
limb movements. More recent work, however, has
branched out 10 the description of potentials pre-
ceding skilled hand and foot movements. ERPs

preceding eye movements and speech have also
been reported, although it has proven very di
to separate the brain potentials of interest from
concurrent  bioelectrical  artifacts apic:
movements of the eyes, tongue, and facia] musqy.
lature. 12-16

Only a few investigators have €Xamineq
ment-related potentials in patients with neurolopi
disorders.}#20 patjents with hemiparesis due 1o yp;.
lateral cerebral lesions tend to have smaller i
tude RPs over the affected hemisphere. Similat.
patients with hemiparkinsonism show reduced Rpy
over the affected side. Studies of age-matcheg con-
trols for patients with parkinsonism led 1o observa.
tions of age-related changes in the movement-re.
lated potentials.2! The readiness potentia] was
reported to show a gradual reduction in amplitude
with age, most evident after the fourth decade of
life; a similar decline was not seen in the motor
potential. Occasionally, an apparently healthy ¢J.
derly individual was found 1o generate a positive
RP across the scalp, although this pattern was char-
acteristic of patients with bilateral parkinsonism.

To the extent that it has been investigated,
movenrent-related potentials appear to be abnor-
mal in psychotic patients,22-24 In particular, pa-
tients with psychosis display abnormally prolonged
RPs, an effect not seen in patients with neurotic
disorders. There is some controversy as to the spec-
ificity of this finding 10 movement potentials per
se. since such patients also tend to show prolonga-
tion of other slow negative ERPs, such as the con-
tingent negative variation or postimperative nega-
tive variation.

Contingent Negative Variation

In 1964, Grey Walter and his colleagues?®® discov-
ered that a slow, negative potential shift developed
on the scalp during the interval berween a warning
stimulus and a subsequent imperative stimulus re-
quiring a motor response (Fig. 3). This steady po-
tential persisted throughout the duration of the
foreperiod and was termed the contingent negative
variation (CNV) because it depended on the sub-
ject’s appreciation of the contingency (pairing) be-
tween the successive events, It was soon observed
that the CNV could be elicited prior to perceptual
judgments as well as motor acts, although its am-
plitude was generally larger when overt move-
ments were required.

For many vears, the CNV was art the center of
research in cognitive psychophysiology, being im-
plicated in processes of attention, intention, prepd-
ration, €Xpectancy, associative memory, e
alertness, motivation, effort. and so on, 267 This re-
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Fig. 3. The shaded area represents the contingent neg-
ative variation (CNV) arising in the interval between a
warning flash (S} and a subsequent tone (S,). to which
a prompt motor response is required. Recordings were
made from the central scalp (vertex) with direct current

amplifiers.

sulted from its apparent sensitivity to a wide variety
of task and subject variables. For example, CNV
amplitudes were usually enhanced when the sec-
ond stimulus of the eliciting pair was noxious (as
opposed to innocuous) or when it was near thresh-
old and difficult to detect (as opposed to normal
intensity). CNV amplitudes were also enhanced
under conditions of increased muscular effort or of
greater monetary reward. Distractions of various
sorts, on the other hand. tended to decrease CNV
amplitude. Thus, although many task manipula-
tions had an influence on the CNV, no one factor
accounted for a great deal of its variability. Further-
more, CNV amplitudes seldom correlated strongly
with subsequent behavioral performance.

As ERP researchers came to doubt the psvcho-
logical specificity of the CNV, a new way of looking
at it emerged.?® Several investigators proposed that
the CNV actually comprised separate subcompo-
nents, an early phase associated with the process-
ing of the warning stimulus and a later phase re-
lated to the preparation for a motor response. The
strongest version of the two-component interpreta-
tion held that each of these waves can be elicited
individually, that neither is unique to the paired
stimulus situation, and that the so-called CNV is a
simpie summation of these separate potentials.*®

Because of its hvpothesized link with orienting
processes, the early phase of the CNV has been
called the O wave. Accordingly, its amplitude is
responsive to changes in the modality. intensity,
and duration of the eliciting stimulus. In contrast,
the terminal phase of the CNV, sometimes referred
0 as the E wave or expectancy wave, is relatively

insensitive to variations in the physical parameters
of the waming stimulus. Rather, it appears to be
related to the preparation for movement. This
phase of the CNV is larger preceding fast than slow
reaction-time responses and is greatly attenuated
when no motor response is required. Since the E
wave is quite similar in waveform and scalp topog-
raphy to the readiness potential observed preceding
voluntary movements, many researchers consider
the two components to be equivalent. Further
work is needed to ascertain whether the CNV can
be accounted for completely by summation of an O
wave and an E wave, or whether other subcompo-
nents exist that reflect the preparation for upcom-
ing perceptual or cognitive acts.

There is conflicting evidence regarding the ef-
fects of aging on the CNV. Some investigations re-
port no significant age-related differences,3%3!
whereas others have noted changes in either CNV
morphology or amplitude.3?33 The changes that
have been observed include a general reduction in
CNV amplitude with advancing age (65 years and
above), in some cases across all scalp locations and
in others confined to frontal sites.>* Such results
underscore the necessity of including age-matched
controls when examining these slow negative po-
tentials in psychiatric groups.

Postimperative Negative

Varlation

In the early 1970s, Timsit-Berthier and her col-
leagues®® reported that the CNV was abnormally
prolonged for several seconds in most psychotics
and to an intermediate degree in some neurotics as
well. This phenomenon was called the postimpera-
tive negative variation {(PINV). It has since been
shown that transitory PINVs are sometimes seen in
normal subjects under stressful conditions,?® in
young children,’”?® and in patients with organic
brain damage in addition to psychotic patients with
poor prognosis.>**® This prolongation of the CNV
was considered an index of the patients’ failure to
terminate processing and relax their attention in a
normal fashion.

Most comparisons of these slow negative poten-
tial shifts (RP, CNV, PINV) between psychopatho-
logic groups and normal controls have revealed
statistically reliable differences.*® Although these
ERP differences seem 1o lack diagnostic specificity,
it is the case that extremely abnormal CNV values
indicate psychotic as opposed to neurotic illnesses
with a fairly high probability. On the whole.
psvchiatric patients including schizophrenic, psy-
chotic, depressed, and manic individuals are char-
acterized bv attenuated negativities during prepar-
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atory intervals and by prolonged negativities fol-
lowing these intervals. This reduction in CNV
amplitude is generally interpreted as reflecting a
combination of increased anxiety and arousal and
decreased attention.*! The impairment in main-
taining attentional set is generally attributed to a
heightened susceptibility to internal (e.g., halluci-
nations) and external distractions. Given the wide
range of overlapping psychological constructs with
which these slow potentials have been associated,
however, it would be premature to conclude that
these ERP abnormalities relate specifically to al-
tered cognitive functioning in psvchopathology.

ENDOGENOUS BRAIN
POTENTIALS AND SELECTIVE

ATTENTION

Everyone has an intuitive feel for what it means to
pay attention to something, but the concept of selec-
tive attention is generally defined in terms of the
preferential processing of some stimulus classes in
relation to others. A central question in attention
research concerns the level of the sensory systems
at which stimulus selections and rejections are ac-
complished. Some investigators have proposed an
early stage of processing (*'stimulus set’””) that re-
jects stimuli outside an atiended sensory channel
after a cursory analysis,*? while others have argued
that all stimuli are processed fully in their attributes
before any selections are made.?? Such theoretic
questions are particularly amenable to investiga-
tion by the ERP methodology. The ERP is unique in
providing online, immediate information of how
stimuli are being processed in both the attended
and rejected channels without the limitations im-
posed by the requirement for continuous behav-
joral responses.

Over the past decade a substantial body of evi-
dence has accumulated showing that ERPs are reli-
able signs of stimulus selection processes under
appropriately controlled conditions.®!!#44> The
experimental design requirements for such experi-
ments have been detailed in several sources.*¢4
Briefly, in order to prove that an. ERP component
correlates specifically with selective attention
rather than with general changes in arousal, it is
necessary to ensure that the physical stimulus is
held constant at the receptor across experimental
conditions; present the attended and unattended
stimuli according to a randomized sequence (i.e..
unpredictablvy; use the same sequence of stimuli
for the attended and unattended conditions in a
counterbalanced fashion: and collect behavioral

-

measures concurrently with the ERP recording
Present-day selective-attention experiments Y-
cally involve the presentation of two or more

- classes of stimuli on an unpredictable basis, with

attention being alternated according to i

between one class or channel and the other(s); 1
addition, most of these experiments are designed sy
that the stimuli within an attended or unattendeq
channel consist of both standard and target

the targets generally occur infrequently and are the
only stimuli that require an overt response. Experi.
ments of this type have been carried out with audi.
tory, visual, and somatosensory signals.

In the auditory modality, the principal effect of
attending to one channel of sounds {e.g., those in
one ear) and simultaneously ignoring another
channel (e.g., the other ear) is an enlargement of a
negative ERP to the attended stimuli in the region
of the N1 component at a latency of 100 msec or so
(Fig. 4). Several studies have shown that this atten-
tion-related negativity can be dissociated from the
N1 component itself and often extends for several
hundreds of milliseconds beyond the N1 peak. This
negativity is best visualized in the difference wave
generated by subtracting the ERP to stimuli in an
unattended channel from the ERP to those same
stimuli when they are being attended (Fig. 5). This
ERP difference has been termed the NI effect, pro-
cessing negativity, or negative difference (ND) wave.

Attended auditory channels differing in pitch,
location, or intensity from unattended channels
can elicit Nd waves. These stimuli are most effec-
tive in generating an Nd wave when presented at
very rapid rates (interstimulus intervals of 200
msec~400 msec) or under conditions of increased
task difficulty. Slower rates of stimulation yield an
Nd wave with a delayed onset. The latency of onset
of the Nd wave is also dependent on the discrim-
nability of the cue defining the attended and unat-
tended channels; the more difficult the discrimina-
tion, the later is the onset of the Nd. The functional
characteristics of the Nd component correspé:
closely to the “stimulus set” mode of atention-
Accordingly, the Nd has been considered as a sign
of the further processing of attended-channel st~
uli for their task-relevant properties following
early, stimulus set selection. The more prolong
portion of the Nd has been interpreted as & sig8
of the maintenance in shor-terrn memory
the stimulus features that define the attended
channel.*

Visual selective attention affects a different set of
ERP components.!'#?% For example, when st
jects attend to flashes in one visual field while 18
noring concurrent flashes in the opposite field, tb‘
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fFlg. 4. Paradigm for demonstrating early ERP changes
with channel selective attention. Randomized sequences
of tones are delivered to the left (800 Hz) and right (1500
Hz) ears at intervals shown on upper time axis. Asterisks
indicate slightly deviant “target’” tones. Subjects have to
respond to detected targeis in the attended ear; targets in
the unattended ear are ignored. At the bottom right are
shown the grand average ERPs to tones in each ear as a
function of attend-left and attend-right conditions. The
shaded area represents the difference waveform called
the Nd, or negative difference, wave associated with the
perween-channel selection. (Hillyard SA, Simpson GV,
woods DL et al: Event-related brain potentials and selec-
live attention to different modalities. In Reinoso F ted]:
IBRO Conference on Neural Imegration at Basic and
Cortical Levels, Toledo. Spain [in press})

attended flashes are associated with ERPs with an
enlarged sequence of parieto-occipital waves. in-
cduding P130, N170, P220, and N280 peaks. The
morphology of these components suggests that vis-
ual-spatial attention acts by modulating a series of
exogenous components of the VEP rather than by
invoking an endogenous ERP. Selective attention
to other types of visual cues, such as color, spatial
frequency, orientation, and contour is manifested
in a different ERP configuration, which includes a
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 nega-
tive component, the N140. which may or may not
be wholly exogenous; this negativity tends 10 have
a contralateral distribution over the sensorimotor
regions of 1the cortex.*!

The ERP signs of selective attention seem 10 be
quite similar across the life span froin adolescence
0 advanced age.’? The robustness and sensitivity of
e auditors M effect in parucular has med? it
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Fig. 5. ERPs associated with selective attention to one
of two channels of tones distinguished by frequency cues
(300 Hz vs 700 Hz). High and low frequency tones were
presented in a random order at a rapid rate (three per
second). Subjects attended to one channel at a time and
responded to largets of longer duration therein. In the
right column are shown the Nd components produced
by sublracting unatiended from attended ERPs. (Hillyard
SA, Kutas M: Electrophysiology of cognitive processing.
Annu Rev Psychol 34:33—-61. 1983)

useful for evaluating patient groups with hypothe-
sized deficits in attention. Research with hyperac-
tive children has documented an abnormally small
amplitude N1 component as well as a diminished
attention-related negativity (Nd) during selective
attention manipulations.>® Such children also
showed reduced late positive (P300) components
following target stimuli within an attended chan-
nel.’ These electrophysiologic abnormalities
tended to parallel poor behavioral performance.
Both ERP and behavioral indicators approached
more normal values with acute doses of medication
(such as amphetamine or methylphenidate) when
evaluated in a subset of the subjects classified as
clinical responders.’*7 Several other ERP charac-
teristics have been used as well to differentiate re-
sponders from nonresponders.***’ The NI en-
hancement to attended channels of tones (the Nd
effect) is also reportedly below that of age-matched
controls in adolescents who were formerly hyper-
active but whose clinical symptoms had subsided
(Fig. 6).%%

Abnormal selective attention effects based on
the N1/Nd component have also been reported for
adult schizophrenics.®® By this electrophysiologic
criterion, the 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 rresented at a fairle fast rates However, if the
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100 200 e ) However, the label P300 has been used to refer 1o fac
TIME (milaeconds) late positivities with latencies anywhere from 209 ;s
EXPERIMENTAL SUBJECTS msec to 1000 msec post stimulus, and there is goog ud

Rig™ Er Stimutus Lem Ear Stomynus evidence that multiple positive components of dif- tin
- Iz“" fering cognitive significance can be eliciteq within con

’ Subrct3 this latency range. The members of this prolifera;. furt

ing family of P300 waves have been assodiateq evel

with a variety of psychological constructs such as P30

orienting, information delivery, uncertainty resoly- fem

tion, context updating, decision making, and pos:- ities

decisional closure of cognitive activity, among oth- tion

—l ers. This diversity reflects the fact that the generic the

L . : e P300 component has been recorded in a wide 0

100 200 100 200 range of experimental situations that differ in their

TIME (mihseconds)

cognitive requirements. The P300 waves typically

FIg. 6. Representative ERPs recorded from the vertex are elicited as part of a late wave complex that
of two formerly hyperactive and two control adolescent includes an earlier N200 wave and a subsequent

males. The waveforms represent the average ERPs to of  “slow wave,” both of which have been implicated
lone pips presented to the right and left ears under con- in stimulus evaluation processes.
ditions of attending 10 target tones in the right (solig The most extensively studied member of the

lines) versus left (dotred lz'nes) ears. (Zambelli AJ,' Stamm P300 family is a modality-independem, late posi-
e St I fome! 0L POl (0L UL ity ndependent. e o
boys. Am J Psychiatry 134:742-747, 1977, ’ nor scalp by task-relevant stimulj. Th1§ compogent
has been called the P3b (o distinguish it from other

late positivities, but here it will simply be desig-

nated as P300. This P300 wave was first described

stimuli were presented at a slower rate or the task by Sutton and co-workers®” in 1965 in a task in
called for dividing attention between the two ears, which subjects predicted on each trial which of a
the schizophrenics showed reduced ERP signs of  set of stimuli would occur next. The amplitude of
attention. These findings suggested thar schizo- the P300 wave 10 the anticipated stimulus was an
phrenia does not involve deficiencies in either inverse function of its probability. One of the basic
stimulus set or response set aspects of attention per experimental situations in which the P300 wave
se but rather in an ability to organize and maintain can be recorded is the “oddbail paradigm,” in
an effective attentional strategy for optimal pro- which a random (Bernoulli) series of two classes of
cessing of the task-relevant information. stimulus events is presented 1o a subject who must
discriminate between them and make some kind of

differential response. The response may involve a

ERPs ASSOCIATED WITH choice motor reaction or an updating of a menta F,gdl7
EXPECTANCY AND DECISION - count of the events. The less frequently occurring :‘:’nfe
MAKING stimulus (i.e., the ““oddball") i typically associated ,',‘Olfree(

with an enhanced P300 in relation to the more "oulliy s
Scalp-recorded ERPs are particularly sensitive indj- frequent stimulus class. The two classes of stimuli Sonchin
cators of a subject’s reaction 1o novel, surprising, may be distinguished by simple phvsical cues (such veny-re

and deviant events. Stimulj that violate expectan- as tone frequency or lighy intensirvy or by complex nophus



us com.

10ve] op
| with 3

ISmatch
3b, p4.
proper-

e is the
asiu'vizy

refer 1o
m 200
is good
of dif-

liferat-
diated
uch as
resolu-

g oth-
eneric

1 their
vically
x that
quernt
icated

f the

Yoste-
ynent
other
esig-

Volume 3 / Chapter 62 Event-Related Potentials and Psychopathoiogy 9

nles (such as words that belong to different se-
mantic categories) (Fig. 7).

in the oddball task, it has been demonstrated that
p300 amplitude varies monotonically with the
probability of the task-relevant stimuli.*® However,
when the stimulus sequence is predictable or
known to the subject, P300 amplitudes are greatly
reduced, even to highly improbable stimuli. Thus,
while the objective or a priori stimulus probability
has a strong influence on P300 amplitude, subjec-
iive probability or expectancy is the more critical
factor. This was illustrated in studies by Squires and
his co-workers.*® which showed that P300 ampli-
nde decreased within an oddball sequence when
simulus repetitions occurred; these researchers
considered that repetitions raise the expectancy for
further occurrences of that stimulus. In addition to
event probability and sequential probability, the
P300 wave has also been found to be sensitive 1o
iemporal, local, and response-contingent probabil-
ies. The upshot of all these studies is that varia-
ions in the P300 wave are determined primarily by
the subject’s expectancy for a task-relevant event.

On the whole, elicitation of the P300 requires

50% —=<-\--T" =<

40% wo~'" \:\“:/:;:/f

0% =R

20% /J)i-/‘;;

10%

= Count
——— ighore

FIg. 7. Grand average ERPs (over 10 subjects) from
Midline parietal electrode to counted and ignored tones
# nine levels of a prior stimulus probability. Tones of
Wo frequencies were presented in randomized (Ber-
oulliy sequences. (Adapted from Duncan-Johnson CC,
Sonchin E: On quantifying surprise: The variation of
“enterelated potentzis with subjective probabilite. Psy-
Tophysiology (4:450-467, 1977

active attention and engagement in a task in rela-
tion to the eliciting stimuli. Deviant or low proba-
bility events that have no assigned task relevance
are more commonly associated with different

- members of the P300 family. For instance, a devi-

ant stimulus interspersed within a monotonous au-
ditory sequence that is not being attended typically
elicits a “P3a”” component that is earlier in latency,
smaller in amplitude, and more frontally distrib-
uted than the usual P300 (P3b). The P3a (together
with a preceding negative wave) seems to reflect a
basic sensory “mismatch’” operation that is a pre-
cursor to the orienting reaction toward an unex-
pected event in the sensory background.

The P300 in the oddball task can be used to
evaluate the distribution of the subject’s attentional
“‘resources’’ between that and a concurrent “pri-
mary task.” Under these dual-task circumstances,
P300 amplitudes to oddball targets were found to
be reduced when the perceptual demands of the
primary task were increased {i.e., when more stim-
ulus elements had to be evaluated) but not when
the response demands were made more strenuous.
In this case, the ERP was more informative than
the reaction time data, which failed to differentiate
increases in perceptual from response load. Experi-
ments along these lines have shown trade-offs in
P300 amplitude elicited by primary and secondary
task stimuli as their respective difficulties were ma-
nipulated, suggesting that the two tasks draw on a
common pool of processing resources.”™

As noted previously, the P300 latency is often
considerably longer than 300 msec. Generally, the
more complex or difficult the stimulus evaluation
and categorization procedure, the more delayed is
the P300. Many of the same factors that influence
behavioral measures of processing time also alter
P300 latencies. The P300 is a useful adjunct to RT
measures, however, because the two are dissocia-
ble. If the subject in an oddball task is urged to
respond very quickly, RTs may occur well before
the P300 peaks, and the RT-P300 latency correla-
tion may be relatively small. On the other hand, if
the subject responds with an emphasis on accu-
racy, RTs tend to follow the P300 peak and the two
are more highly correlated (Fig. 8). Such resulis
have led to the proposal that the timing of the P300
is more closely tied to the moment of a decision
than to response organization and production. Ac-
cordingly. P300 latency can be used to measure the
duration of stimulus evaluation processes (encod-
ing, recognition, and classification) independent of
response processes. therebv helping to disentangle
the contributions of sensory and motor factors (0
RT measures.
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The precise role of the P300 in stimulus evalua-
tion has not been worked out, but its elicitation
seems to depend on a comparison of stimulus input
against representations in memory of the relevant
stimuli. There are indications that stimuli eliciting
larger positivities in the region of the P300 will be
better remembered than stimuli with smaller posi-
tivities. These findings are in line with recent sug-
gestions based on intracranial’>™ and neuro-
magnetic’ recordings that at least a portion of the
P300 activity is generated in the hippocampal re-
gion, known for its impornant role in memory func-
tions.

The latency of the P300 wave increases system-
atically as a function of age, beginning at puberty
and extending into the 80s. The majority of investi-
gators”7¢ have reported a significant positive lin-
ear correlation between age and P300 latency, with
slopes ranging from 1.1 msec 10 1.8 msec/year.
However, some reports’78 indicate that the rela-
tionship between P300 latency and age is more
closely approximated by a curvilinear function; un-
der the conditions tested, this was a positively ac-
celerating curve with a slope 0of 0.53 msec/year for
persons under 45 and of 3.14 msec/year for those
over 45. Goodin and associates” have suggested
that the general slowing of the P300 wave with age
may reflect a decrease in neural conduction veloc-
ity due to decreased myelination.

The correlation between P300 latency and RT
also appears to be altered with age.’® The elderly
show longer delays between the P3 peak and RT, as
well as lower P3/RT correlations, than do younger
subjects. These findings suggest that the slowing of
sensorimotor task performance seen in aged indi-
viduals is more a consequence of delayed response
engagement than of slowed sensory analyses.
memory matching, or stimulus classification. A

ek wo s Sure of stimulus evaluation_umg

Science 197:792-795, 1977y -~

similar interpretation has been offered for the find-
ing that depressed individuals have abno

long reaction times together with normal latency
P300s.8! :

Within a given task such as the oddball para-
digm, the latency of the P300 wave across normal
subjects of a particular age is consistent enough
that it can'be used in the diagnosis of organic de-
mentia. Demented patients typically show a P300
wave that is delayed in latency by more than two
standard deviations beyond the mean of age-
matched controls.” Delays of this magnitude seem
to be specific to organic dementias and have not
been reported for any other neurologic or psychiat-
ric patient groups. This means that the P300 wave
can serve as an imponant diagnostic tool in distin-
guishing between dementia and other conditions
that present similarly but are more responsive o
treatment. 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. The consequences of
misdiagnosing an acute confusional state or de-
pression as dementia can be tragic indeed. The din-
ical signs for distinguishing pseudodementia from
dementia are well validated, and recordings of
P300 latencies should prove valuable in diagnosing
borderline patients and those with whom it is
cult to communicate.
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dren.®1-8% Studies using simple discrimination and
oddball tasks that elicit P300 waves in adults have
revealed similar late positivities in children and ad-
olescents. On the whole, familiar and easily catego-
rized events such as the target and standard stimuli
in the usual oddball task tend to elicit similar ERPs
in persons between 6 and 60 years of age. The
complex of waves elicited by such target events
changes little in morphology across the life span
and includes N200, P300, and slow wave compo-
nents; the P300 waves, however, are considerably
jonger in latency in children than in adults under
comparable conditions.

On the other hand, complex visual stimuli, in-
duding meaningful pictures and novel, meaning-
less shapes, elicit ERPs with very different mor-
phologies in persons of different ages. The most
prominent waves in infants and children to such
simuli are frontal Nc¢ (700 msec) and Pc (1000
msec) waves. The Nc waves decrease in latency and
amplitude 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, non-
verbal stimuli, while the Nc elicited by novel
shapes has been related to the perception of “at-
ention getting” events. The Pc also becomes
carlier 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
10 processing deficits in infantile autism.®+37 Cour-
chesne and colleagues®® reported that in autistic
children the ERPs to surprising and novel stimuli
are markedly abnormal, in a modality-specific
fashion. In the visual modality the abnormality
ook the form of an attenuated Nc¢ component,
whereas the major difference from normal children
1 the auditory modality resided in a smaller P300-
like component over the central scalp (Fig. 9).
These observations suggested that autistic children
have differential impairments in orienting to novel
auditory and visual events. Studies of hyperactive
children and those with learning disorders indicate
that they, too, have diminished late positive com-
ponents in target detection or discrimination tasks.
Schizophrenic children were found to exhibit not
oniy reduced P300 amplitudes but also a lack of
sensitivity of this positivity to changes in task diffi-
Qlty.®® These ERP abnormalities were associated
with problems in correctly identifving the task-rel-
tvant stimuli. The diminished late positivities in
such children have generally been auributed to at-
Treienal disturbances that are characterisuc of the
Yngromes in question.

Event-Reiated Potentiais and Psychopathology "

STANDARDS TARGETS NOVELS
CHILOREN . N
WITH AUTISM ———>— Ve =
P SW
NorMAL M . . .
CHILDREN i
P2 \/st \/J _
Y e ‘_]*zouv
0 300 msac

Fig. 9. 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: Processing
of novel auditory information assessed by event-related
brain potentials. Electroencephalogr Clin Neurophysiol
59(3):238-248, 1984

ERPS AND LANGUAGE

A substantial research endeavor has explored the
relationships between ERPs, hemispheric speciali-
zation,*® and language.®' Although most early
studies of hemispheric specialization using electro-
physiologic measures uncovered only small, incon-
sistent, or uninterpretable results, more recent in-
vestigations have demonstrated that robust,
lateralized ERP components can be recorded under
proper circumstances.'!%2%> Such lateralized ERPs
have been related to hemispherically specialized
modes of processing that are highly sensitive to
early experience and individual differénces in de-
velopmental history.** Few attempts have been
made to link ERP lateralization with psychopatho-
logy. However, the direction of ERP asymmetry
promises to be useful as a test of the currently pop-
ular hypothesis that schizophrenics and manic-de-
pressives have different and opposite balances of
hemispheric activation.®*

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.?®®? Words that complete
sentences in a nonsensical fashion elicit much
larger N400 waves than do semantically appropri-
ate words or nonsemantic irregularities in a text
The amplitude of the N400 has been shown to be
an inverse function of a subject’s expectancy for the
eliciting word. In addition, the N400 appears to be
responsive 1o subtle semantic relationships among
words, whether or not they make sense. These
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findings have been interpreted as suggesting that
the N400 may reflect the priming of activation of
word representations within the internal lexicon,
certainly within the semantic and possibly within
the phonemic and graphemic dimensions as well.

No evidence is available linking language-re-
lated ERPs to psychiatric disorders. A particularly
promising area for future clinical investigations
would employ the N400-type paradigm to help an-
alyze comprehension difficulties in dementia and
the organization of semantic fields in schizophren-
ics, who are well known for their abnormal, unpre-
dictable word associations.

Event-Related
Potentials in
Psychiatry

Electrophysiologic research in psychiatry, as in
cognitive psychology. has so far been largely corre-
lational. Objective ERP measures are correlated
with the diagnostic categories of the trained psychi-
atrist, each of which is presumed to correlate with
an abnormal physiology that underlies the mental
illness. Shagass®®°® has differentiated between in-
vestigators who have adopted the psychophysio-
logic as opposed to the pathophysiologic approach
in applying ERPs to psychiatric research. The psy-
chophysiologic orientation assumes that deviant
behavior and cognition are accompanied by aber-
rant phyvsiology, and the ERP is taken as means of
characterizing both. The pathophysiologic orienta-
tion, as espoused by Shagass, emphasizes the pri-
macy of the abnormal physiologic functions that
underlie the pathologic behavioral symptoms. The
psychopathologic view is more concerned with lo-
calizing the malfunctioning neural structures as a
marker of the disease process rather than with de-
scribing the cognitive dysfunctions. How the al-
tered physiology gives rise to the behavioral symp-
tomatology is of lesser concern. With either
orientation, however, the psvchiatrist hopes to use
ERP measures as objective diagnostic indicators of
the psychopathology in question.

After more than 20 years of research, the ERP
still plays a minor role at best in the psychiatric
clinic. Many of the same problems that have
plagued behavioral investigations of psychopatho-
logy have also confounded electrophysiologic stud-
tes. In particular, it has proven extremely difficult
to match patient and controi groups along all perti-
nent dimensions that may influence the dependent

measures over and above the effects of Primary
group membership. When making COMparisopg
among different patient groups, factors of age;
medication, and the dynamics of the illnesg

be ignored as potential confounding factors, +

A more vexing problem is the difficulty in anrdh.
uting an abnormal ERP configuration to a
cognitive dysfunction rather than to a generalized
lack of task involvement. That is, patient
may evince aberrant ERPs and generally Poor per-
formance, not because they are incapable of the
task but because they lack motivation, do not un-
derstand what is expected, or are otherwise preoc-
cupied. Although there is no wholly sati
solution to this problem, Roth and associatesi®e
have suggested that behavioral measures should be
recorded concurrently with the ERP and, when
possible, performance should be matched in pa-
tient and control groups.

A final problem area is the extreme lability of
ERP measures, particularly the late “cognitive”
components to momentary changes in the subjeas
state. As Sutton and Tueting'® have noted:

In comparing patient groups with each other and
with normal subjects, the very sensitivity of the
evoked potentials to so many psychological varia-
bles—the sensitivity of the evoked potential to
every passing thought and every fluctuation of at-
tention—is an embarrassment of riches. Given this
high degree of sensitivity of the evoked potential,
many of the symptoms of psychosis—delusions.
hallucinations, affective states, poor attention, dis-
tractibility—create barriers 10 good experimental
methodology.

Indeed, the problem with ERPs in psychiatry has
not been a lack of significant effects but rather an.
abundance of nonspecific and difficult-to-interpret
correldtions. Extensive tables of the ERP abnormal-
ities that have been observed in schizophrenics, af-
fective psychoses, personality disorders,

chronic brain syndromes are supplied in the litera-
[ure.4l,98,IOZ,]O3 o

ERPS IN PSYCHOSIS

The majority of electrophysiologic investigauons I
psychiatric populations have been carried out
schizophrenics. Early experiments by Buchsbaum
and associates'®* attempted to differendate
types of schizophrenics along a personality

sion of “augmenting/reducing’’; the “augm
tends to increase the subjective intensity O the
stimuli he receives while the “reducer” stives ¥
decrease sensory imput. Using ERP amplitudes 3
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SLtow

measures, it was generally found that acute, non-
paranoid schizophrenics tended to be reducers,
paranoid patients tended to be augmenters, and

patients with bipolar affective disorders were ex-
e geme augmenters. The interpretation of these find-
atrih- ings is somewhat clouded, however, since changes
Pedfic in muscle tension and attention aiso can alter the
ralized slope of the augmenting-reducing function that re-
;mﬁi lates ERP-amplitude to stimulus intensity.'0>107
T, pey- In studies with schizophrenics, Shagass®®9%-102 — Normal
of xhe measured neuronal recovery cycles in a paradigm o == Schizophrenic

Ot - where ERPs were recorded to pairs of stimuli sepa-
Fig. 10. ERPs from typical schizophrenic and normal

Irenc- rated by varying time intervals (200 msec~2.5 sec).

actory The principal measure was the speed with which  subjects recorded in a focused attention experiment in
tes!oo the second response recovered from the refractory which tones were presented in random order to thg wo
1ld be period induced by the first, a measure of neuronal [eraartseg’ig“g;’u ?efis)t OTrh‘ZsseloEng[;e(riaziotfggda?rggsg;
when excitability.” The effects of vapables such as stm- Lo o e e o
e ulus intensity, sensory modality, drugs, age, and tected targets within the attended channel {Adapted

=5 sex were systematically examined. The principal from Baribeau-Braun J, Picton TW, Gosselin J: Schizo-

BE K9

BERNRFRBE"

ity of conclusion of this work was that psychotic patients phrenia: A neurophysiological evaluation of abnormal
tive” in general have reduced neural recovery, but this information processing. Science 219:874-876, 1983)
ject's effect did not differentiate among diagnostic sub-
classes.
nd In other work, Shagass reported that the trial-to- or surprise value. In several studies, significant cor-
he tria] variability of early somatosensory ERP compo- relations between symptom ratings and P300 am-
a-- nents was lower in chronic schizophrenic patients plitude were noted. Depressed and manic patients
than in either normal controls or other patient also showed attenuated P300s in some paradigms,
t- groups. These same components tended to be of  although not 10 the same degree as in schizophren-
is: lower amplitude in depressed patients and above ics. A P300 reduction may also be evident in chil-
1 normal in manic individuals. In contrast to the dren at high genetic risk for schizophrenia.
;"_' short-latency EP components, the late ERP compo- Studies using the BEAM technique, which dis-
| nents bevond 100 msec are smaller and more vari- plays ERP topographies in a color-coded map.
able 1 schizophrenics than in normal subjects; this suggests that the scalp distribution of the P300
was true for the entire P100-N140~P200 complex differs between schizophrenics and normals.'’® The
has of waves elicited by stimuli in all-modalities. This schizophrenics’ P300 was found to be displaced
T an trial-to-trial amplitude variajion seemed to be anteriorly and toward the right hemisphere.
prat more highly correlated with thought disorder than whereas in normal individuals it is nearly always
1331 any other symptom category. Shagass argued that bilaterally symmetrical.
Jf‘ low amplitude and high variability in the later '
and components favors a psvchotic as opposed to non-
c1a- psychotic condition. This reduction in amplitude is ~ CONCLUSION
boers particularly marked for rapid rates of presentation

or high intensity stimulation. Moreover, these
ERPs tended to normalize with clinical improve-
ment.

The endogenous P300 component shows
marked amplitude reductions in schizophrenic pa-
lients in a variety of paradigms (Fig. 10).10%!3
P300 attenuation has been a consistent finding de-
spite the usual problems of pauent compliance,
medication. attentional factors, and diagnosis. Al-
Wough it is difficult 1o generalize across the differ-
et paradicme. the reduced P300s da not anpear to
fwilect an inablilty to appreciate tash-relevant target
“imuli so much as an indifference to their import

The main conclusion to be drawn from these elec-
trophysiologic studies is that ERP measures tend to
reflect the presence or absence of psychopathology
and to some degree its severity, rather than specific
nosologic categories. It has been frequently dem-
onstrated that the ERPs of psychotic patients differ
from those of nonpsychotic patients and normal
subjects, but aside from a tendency for schizo-
phrenics 1o have the most deviant waveforms, few
links have been established between specific ERP
component abnormalities and diagnostic catego-
ries. Svstematic attempts 1o refine ERP paradigms
so as to tap into specific cognitive abnormalities
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should help to remedy this state of affairs, The
tracking of ERP changes throughout the dynamic
course of an illness and in individuals at risk for
developing them should also lead to greater diag-
nostic specificity.

‘Callaway!'7 has proposed that the ERP technol-
0gy should shed its reliance on behavioral symp-
tomatology and classifications, against which ERP
abnormalities are typically evaluated. Rather, he
argues that more headway may be made if the ERP
is used as an independent variable and the struc-
tured interview is used as the dependent variable.
In this manner, ERPs could be used to segregate
subgroups of patients, who then would be evalu-
ated along other dimensions (e.9.. by clinicians,
biochemists, or geneticists) to determine what
characteristics these patients share. In the near fy-
ture, 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.
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