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| NTRODUCT| ON

"The attenpt to identify electrophysiological correl ates
of attention in man nay appear as a rather enpty exercise.

| ndeed one could ask, what can possible be gained by |inking

up ill-defined, hypothetical events on the psychol ogi ca
level with diffuse and unreliable el ect rophysi ol ogi ca
phenonena havi ng unknown brain origins?. Qur reply is that
the scalp Recorded Event Related Potentials (ERPs) are

virtually the only mnmeans that current technol ogy provide to
eval uate the physiol ogical events of the normal human brain,
as it perforns its spect acul ar feats of i nformation
processi ng".

Hillyard and Picton (1979)

Concentration on the short latency or auditory brainstem
response (ABR) by the field of audiology clearly stemmed
from the needs for an objective nmeasur e of heari ng.
Psychol ogy on the other hand focussed on the late or |ong-
| at ency. ERPs since these are associated wth perceptual and
cognitive processes. Recently there are signs, however, that
the interest of the field of audiology and hearing sciences
are expandi ng beyond identification -the "Does the patient
hear the tone/question?" to neasures of auditory speech

di scrimnation, processing and cognition i.e., the "How does



the patient hear the tone/question?". This grow ng interest
recogni zes the association t hat i's steadily bei ng
strengt hened bet ween vari ous audi tory event -rel at ed-

potentials and subtle forns of neuro-devel opnental disorders

of hearing (MPherson, 1994).

An evoked- pot enti onal (EP) refers to a series of
el ectrical changes occurring in the peripheral and centra
nervous systens, usually related to the sensory pathways.
When these electrical changes are caused by sensory
stimulation of the end-organs, for exanples the auditory
systenms. They are referred to as sensory evoked potentionals
(SEPS). Depening on whi ch sensory syt ens i's bei ng
stinul ated, evoked potenti al may be referred to as an
Audi t ory- evoked- potential (AEP), visual evoked pot enti al
(VEP) or somato sensory evoked potential (SSEP). Each of
these a SEP's may be further cat egori 2ed according to
specific usage. For exanple in the auditory systens, further
categorization may include the brainstem auditory evoked
potential (BAEP), the m ddl e | at ency audi tory evoked
potential (MAEP) and the 1ong | at ency auditory evoked
potential (LAEP).
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The BAEP, MAEP and LAEP are primarily elicited by sone
external event related to the dinensions of the stinulas and
as such are consi dered EXOGENOUS. There are also changes in
the brain electrical 'activity that occur in response to
internal events such as cognition or perception and are
referred to as event-related potentials (ERPS). ERPS are

considerd to be ENDOGENQOUS i n nature.

Wiile clinical interest in the long |atency potentials,
particularly the exogeneous potentials, preceded interest in
the short-latency potentials, the acceptence of their utility
has vacillated over tinme (Squires and Hecox, 1983). One of
the reason's for their waning popularity is undobtedly that
they are nore affected by change in patient state than are
the earlier auditory potentials. In contrast, Endogeneous
(Event -Related) potentials occur in proximty to t he
stimuli, but are relatively invarient to changes in the
physi cal paraneter's of the eliciting stinmulas (Desnedt and

Debecker, 1979a ; Donchin et al., 1978 ).

One of the nost popular and wi dely enployed Event -
related potential is the P300. The responce is so naned
because it is a vertex positive wave conponent occuring from
250- 600 nsec. post-stimul us. It is thought to result from

cognitive processes related to relevent stinuli. As such,



the sane stinulas way or may not result in a P300 waveformin
an individual, depending on the relavence of the stinulas to
the individual. In addition, the Psp may be elicited by an
absence of a stinulas, if that absence is task-relevent
(Donchin et al., 1978). Picton et al., (1977) stated that
They are the best evoked potential neasurenents avail able,
if they can be reproducebly recorded as their precense
i ndicates the conplete integrity of the auditory pathway in

the Central - Nervous- System (CNS)".

Wiile the origin of the stinulas-related potentials
(SRPs) is cortical with probable generator sites in the
auditory cortex of the superior tenporal |obe, parietal and
frontal association areas (Picton, et al., 1972; Mson and
Meller, 1984), the P39 ERP originates from non-specific,
unknown neural generators and is felt to be an el ectrophysi o-
| ogi cal manifestation of strategies used by the ONS in
selective attention activities, including frontal cortex
(Courchesene, 1978), Centro-partietal cortex (S npson, et
al., 1977), and auditory cortex of superior-tenporal |obe
(Kilany, 1985), hippocanmpus and associated brain sites
(Ckade, et al ., 1983) .
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The P3pp or P; conponents can be obtained with a nunber
of stimulus presentations (Auditory, visual and sonatosensory
stimuli), inwhich the subject processes task relevent
information. The P3000 conponent S consi der ed
to reflect aspects of cognitive processing.lts latency is
thought to reflect the time taken to evaluate stinuli
according to a  nunber of factors including salience

(Pritchard, 1981).

Py i S theorized to be relatively independent of
evoking stimulus (Polich and Starr, 1983; Picton, and
Fitzgeral d, 1983; Winberg, et al., 1984). The response
occurs when an i ndividual relates the incomng sensory
i nformation tomenory updating processes (Donchin, 1981), and
is considered to be wunaffected by exogeneous i nfl uences

(Kilney and Kripal 1987; Sponberg and Decker, 1990).

The anplitude of the Psp 1is about 15 mcrovolts and
under certain rcording and stinmulus conditions may be bi nodel
(i.e., Psoa and P3oob). The "a" conponent seens to have a
frontal distribution, whreas the "b" conponent appears to
have a parietal distribution (Squires, Squires and H |l yard,
1975). The Pspq oOccurs around 275 nsec. and the Psyp
around 300 nsec. (Polich, et al., 1986b). The P300 response

i s enhanced when the subject is attending to "target” or "odd



bal I" stimuli, which is a lowprobability stimuli presented
agai nst a background of higher probability non-target stiml

(Polieh, et al., 1986Db).

Qurrent Applications

The late conponents are not wused routinely in clinical
heari ng asessnent. A nunber of studies have considered Pzgp
| atency and anplitude as wuseful neasures of asessing the
cognitive function in both normals and neuro-physiol ogical
di sordered patients, as P reponses is directly related to

t he neuropsychol ogi cal state of the individual (Misiek, et

al ., 1988). Pz latency increase also reflects the degree
of cognitive decline in denenting illness (Polich, et al.,
1986) and nental retardation (Squires et al., 1980). Pz

has been used to differentiate cognitive disorders such as
depression fromthe A zeinmer's type i.e., organic Vs.

functional type.

In children, longer Ps;o latency and |ow Pz anplitude
has been reported in hyperactivity and attentioin deficits,

schi zophrenia, autism cluttering, central auditory disorders
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and reading disability populations (Finley, Faux, Hutcheson

and Anstutz, 1985).

NEED TO STUDY

The recent reports of the clinical wutility of the P300
Event-Rel ated potential in the diagnosis of |ess profound
cognitive deficits, autism , nental retardation, behaviour
di sorders such as hyperactivity - Attention deficits, reading
disability and cluttering give promse of an expending role

for clinical event-related potentials.

However, in order to use the |ate conponents of the ERP
as a clinical tool, the alterations due to normal devel opnent
must be wel | established. Several studies have exam ned Psgg
| atenci es over continuous age range (Goodin, et al., 1978b;
Squires et al., 1980; Syndul ko, et al., 1982). These studies
have all described a linear increase in Pszp |atency scanning
puberty and extending into the eighth decade. These studies
report significant positive linear corelations wth slope
ranging from1l.1 nsec./year (Syndulko, et al. 1982) to 1.8
m sec./year (Goodin, et al., 1978 b). Hewever there are
studies (Beck, et al., 1980, Brown, Masch and Bharve, 1982)
who report of a curvilinear relationship between Psyp |atency

and devel opnental aging.



The precise form of age/P300 latency regression is of
clinical inportance. |If the function is assuned to be |inear
and is infact non-linear, this assunption has potential
consequencies for the recogntion of deviant P |atency and
t he use of this result in the detection of «clinicals
popul ations. Hence there is a need to replicate simlar

experinents in a attenpt to resol ove the discrepancy.

Anot her inportant consideration in the application of
Psgo response to «clinical audiology is the task assigned to
the subject. Cdearly if the am is to obtain optina
responses, selection of the appropriate task is inportant.
More over the response strategy sel ected shoul d be applicable
to a wde range, especially suit younger children in order to

conpare the results.

Butcher (1983) conpared the P300 responses obtained
using three response types, specifically subjects were
instructed to (i) nentally acknow edge, (ii) silently count
or (ii1) silently count and press a button in response to
rare stimulas presentations. Their result indicated that the
changes in the response node had a significant inpact on P300
anplitude. No difference were noted between the two counting

conditions while a large anplitude reduction was present in



9
the first condition . Br own, et al., (1982) also had
suggested diferences in the response task as a possible
reason for the discrepancies seen in P300 |atency between his

study and Goodin, et al., study.

Al t hough the P300 is considered to be an "Endogeneous
potential™ with its anplitude, latency and scalp distribution
i ndependent of the physi cal attributes of the evoking
stinmulus, a few studies have shown that there are changes in
the P300 with variations in the stinulas parameters. Butcher
(1983), wutilized a oddball paradigm and found that changes in
the intensity of the rare stinulus had a significant effect
on the latency of the P300 response. Wen the stimulus was

increased from 10 dBSL to 50 dBSL, there was an average

reduction of 29.3 nsec the latency of Pso . Though he
reported that changes in stimul us frequency had no
significant effect on the P33 response. Polich (1989b)

reported that both the latency and anplitude of the response
where affected significantly by changes on the frequency, and
the Pz latency was affected by an interaction of stinulas
intensity and duration. Further nore, a study by Polich ,
Howard and Starr (1985) reported that increased target tone
frequency vyielded decreased P300 | at ency. They al so
reported that use of masking resulted in an increase in Pz

| at ency.
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Thus the review of Iliterature shows that stinmulus and
response strategies do affect the Psp response, and hence
every clinical/research setup needs to develop their own
normative data for different age groups with a fixed testing

procedure, stinmulus parameters and response strategies.

The present study was undergone wth the followng
obj ectives: -

1) To check if there 1is any age-related variation in the
| atency of Pz oOn conparing paediatrics (7-10 years) and
young adults (18-35 years).

2) To check if there is any age-related variation in the
anmpl i tude of Pz on conparing paediatrics (7-10 years)
and young adults (18-35 years).

3) To check if there is any significant diference between the
| atency and anplitude of the response obtained from vertex
el ectrode placement (Cz) and parietal electrode placenment

(Pz) in the different age groups studied.
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REVI EW CF LI TERATURE

First discussed by Davis in 1964, and beginning with a
report by Sutton, Baren, Zubin and John (1965), it has been
denonstrated that a conponent of the human AEP existed that
did not reflect the physical parameters of the eliciting
stimuli. Rather this conponent appears to reflect active
cognitive processing of stimulus information on the part of
the subject. This sane brain conponent is elicited in
certain experinmental contexts regardless of the sensori
nodal ity of stimulus presentation (Squires, Squires and
Donchin, 1977). The nost comon designation given to this
conponent is 'Pso referring to its polarity (positive) and
approxi mate | atency (about 300 nsec) following stinmulus
presentation. Qher designations include P3 referring to the
prom nent positive conponent follow ng stinulus presentation
or otherwise called |ate positive conponent (Price and Smth,

1974) .

The anplitude of the Pspo is about 15 mcrovolts, and
under certain recording and stimulus conditions rmay be
binmodel (i.e. Pspa and Psyp). The "a" conponent seens to
have a frontal distribution, whereas the "b" conponent
appears to have a parietal distribution (Squires, Squires and

HIllyord, 1975). The Pspa oOccurs around 275 nsec. and the
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Psoop around 325 nsec. Squires et al. (1975) described an
early vertex maximal P300a that mght be related to the
regi stration of sensory changes, and a later parietal naximum
Psoop t hat m ght be rel at ed to the active cognitive

processing of the registered informtion.

The Ps3pa decreases in anplitude with age or nore likely
not increasing in anplitude/latency wth age, as nmuch as
Psoop (Squires, et al., 1975). Polich, et al., (1983) have
attenpted to record separate Pzpa and Ps00b conponent s
across different ages, and have reported that t he Psgoa

| at ency does change less with age than the Pz | atency.

Whether a given stinmulus serves as a task relevant
target/non-target is a function of the instructions given to

the subject, and not of sonething intrinsic to the stinmulus

itself. Since the sanme stimulus may/my not result in P300
dependi ng on the experinental context, it is nore accurate to
speak of Pz as being "Invoked" by the stimulus then as
"Evoked". Hence the term Event-Related Potential (ERP) is

begi nning to replace evoked potential in the literature.
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NEUROANATOM CAL AND PHYSI OLOQ CAL ORI G NS OF P3qo

The P30 ERP originates from nonspecific unknown neur al
generators and is felt to be an el ectrophysi ol ogi cal
mani festation of strategies used by the central nervous
systemin selective attention activities, including fronta
cortex (Courchesene, 1978), audi tory cortex of superior
tenporal |obe (Kilany, 1985), Hi ppocanpus and associated
brainsites (Okade, et al., 1983).

Buchwal d (1990) has suggest ed t hat al t hough the
generator sites of the Pz are still unknown, the maturation
of the P300 provides sone insight into the ontogeny of the
devel oping brain for cognitive versus sensory brain systens.
| nfact, the auditory brainstem evoked potentials (sensory,
exogeneous) are mature by about 60 nont hs (McPhar son,
Horesufi and Starr, 1985; Starr et al. 1981) whereas the Psq
(cognitive, endogenous) is not mature until about 14 years of

age (Buchwald, 1990).

The P300 Ilatency has been found to decrease wth
increase in cognitive devel opnent stemm ng from maturation in

children (Courchesne, 1984; Howard and Polich, 1985).
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Adult aging (Goodin and Squire, 1978; Brown, Marsh and
Larue, 1983; Polich, Howard and Starr, 1983) and neurol ogi ca
i npai rment (Pfefferbaumet al. 1980; Lai et al., 1983; Reich,
et al., 1986) have been correlated wth increases in Pz
latency. In addition Psp anplitude variations have been
associated with individual differences in menory function
(Polich et al., 1984; Davis, Donchin and Fabiani, 1984),
differentiated inheritability of alcoholism (Neville et al.
1982; Begleister et al., 1984; Polich, 1986) and the residua
effects of al cohol consunpti ons. Thus the P ERP is
begi nning to provide el ectrophysi ol ogi cal i ndex  of t he

cogni tive processes that co-vary w th physiol ogi cal changes.

Endogenous electrical potentials like Ps;o appear at
the scalp when a subject is engaged in tasks requiring
j udgenments about the properties of a stinmulus. Typically the
conponents of task related potentials appear between about
200 and 600 msec, after the onset of the stinulus. The
strengths of these conponents depend mainly on the rel evance
of the stimulus to the task, and |less on the sensory nodality
being stimulated or on the particular sensory property of the
stimulus (Sutton et al., 1965). Thus these conponents are
believed to refl ect non-sensory, cognitive processes carried

out by the human-brain (Donchin, et al., 1978).
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Gordon, Rennie and Collins (1990), using MEG have shown
that the source of the auditory P300 is in either the
tenporal cortex or the H ppocanpus, Paller et al. (1988),
however have disputed the origin of the P300 as being in the
tenporal lobe. In his study using nonkey's, Pallar et al.

recorded P300 responses following bilateral lesions in the

medi al tenporal | obe. They concluded that the nedia
tenporal brain structures "are not critical for P300
generation". This was simlarly true when the association
cortex incat's was ablated (Harrison, et al., 1990). The

P300 response was intact, thus suggesting that the P300 is
probably not generated by the poly-sensory association

cortex.

Knight, et al., (1989 were able to record the Pszyp in
patients with "extensive" lateral parietal cortical |esions
in patients with focal cortical lesions of lateral parietal
cortex and the tenporal cortex. The Py was absent in
patients with unilateral lesions centered in the posterior
superior tenporal plane, suggesting that the tenporo-parietal
function is inportant to the generation of the Py in
humans. The results of a study by Pineda, et al., (1989) on
nonkey showed a correlation between the extent of danage of
| ocus coerul eus cell bodies and reduction of the Py

response. They concluded that the nucl eus coerul eus plays a
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major role in the "Mdulation" and "Generation" of the Pz

response.

In a series of epileptic patients chronically inplanted

with electrodes in the frontal, t enpor al and parieta
regions. Reicher, et al . (1989) observed a biphasic
potential simlar to the Pz response. The potenti al

conpleted a 180 degree phase shift from the posterior-
tenporal area to the frontal area. Reicher. et al. (1989)
stated that this was consistent with a dorso-frontal oriented

posterior-tenporal generator for the P300.

Vel esco, et al. (1981) exam ned the vertex potentials in
patients with surgically i npl ant ed el ectrodes. They
activated both the specific sensory system and non-specific
systemby stinmulation wth depth el ectrodes. Based on their
results, they concluded that the P300 was considered to be
generated from sequential generators for the N2-P3-N4 sub-
conponents of the Pz wWth N, and Ny fromthe non-specific
sensory system and subconponents Ps3 from the specific

auditory system

Al though the precise generators are still not fully

resolved, there is evidence of a sub-thalamc and nedi al
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geniculate origin, with other activity noted in the gyrus
orbitalis, rostral thalamus and anterior conm ssure. Intra-
cranial recordings from epileptic patients revealed |arge
extra-cellular potential gradients and increased single unit
firing in or near the hippocanpal formation and amygdale
while the patients were performng tasks elicited t he
endogenous potentials at the scalp (Helgren et al. 1980;

Wod, et al., 1980, 1983).

Genetic studies have shown marked simlarity in Psoo
wavef or m bet ween nonozygoti c tw ns (Buchbaum 1974) .
Conpari son of nonozygotic and dizygotic tw ns have suggested
a strong genetic basis for this simlarity (Polich and Burns,
1987). The norphological simlarity in the twin waveform
conpared to the control pairs ERP suggest that the individua
differences in the P300 conponents are determned by the
under | yi ng neurophysi ol ogi cal structures associated with its

generation (Polich and Burns, 1987).

Thus it can be seen that the identification of sources
of the P300 is a difficult task, and can be considered to be
fromnultiple, sequential and overlying sources. Put into
the sinplest form the P300 includes responses fromfronta

cortex, centeropartietal cortex and hi ppocanpus.
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ELI C TI NG Psgo
One test approach or paradi gm commonly used in recording

t he P300 responses involves the presentation of an "oddbal |"

sti mul us.

ODDBRALL PROCEDURE
Two Stimuli S €6,
Train with fixed mtewals

Probabilities of & €S2 umequal
5,65, mued randemly

5, = 5 Sy Sa, S, s, Sa 5 Sz
. \\\\ \\ ‘: ,I’, ’fﬂ-(:“—"’ - R --"‘:-' . /’
~, oo e S .
RS \\ "’ ,” wﬁ.—-‘:"":--""--‘ “‘"-,_\ ;' -7
h \Y :I,f'—’;—:‘:""‘-# Bt ! r(,
N = \“"i',

AVETO.SG 1 [Nom TARGET] AVQYQSB 2: B_ARCHE‘I']

Fig.l. Schematic diagram of oddball stimulus presentation

paradi gm for P300 nmeasurenent (from Squires and Hecox,
1983). Responses are averaged separately for stinulus
type 1 i.e. the frequent stinulus and stinmulus type 2
i.e. the rare or oddball stinulus.

The stinul us used in the frequent condi tion IS
presented, nost of the time i.e. frequently, but occasionally
a different stimulus is presented, instead. That is, a
series of about 5 or 6 identical and then, unpredictably a

different or oddball stimulus e.g., 2000 Hz is presented.
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The oddball stimulus may differ in its frequency, or in sone

ot her paraneter such as intensity or duration.

Wiile the target tone is physically different fromthe
standard tones, it is not the physical difference which
produces the large positive going conponent but rather the
infornmation supplied to the subject wth relevant target
tones (Sutton, et al. 1965; 1967). This is evident by the
fact that the same response can be obtained by omtting a
stimulus in a series of tones and having the subjects count

t he nunber of omssions (Picton, et al. 1974).

The Psp can be elicited by other strategies Iike
semantic primng tasks, using verbal stimuli (Holconb, 1988),
visual stimuli and somato sensory stimuli (Donchin, 1979;

Sutton, 1979; Snyder, et al. 1980).

Semanti c Prim ng Tasks - Verbal Stinuli

The elicitation of ERPs by Ilinguistic stimuli has
becone nore coommon due in large part to the pioneering
research of Kutas, et al., (1980, 1982, 1983, 1984). The
great majority of these studies have used visual stinuli.

Spoken words, being nore difficult to present with consi stent
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stinmulus quality and reliable tine locking to the EEG have
rarely been used in ERP studies. Spoken words have appeared
substantially the sane as those obtainable in simlar

par adi gns using tones or visually presented words.

Neville, Kutas and Schm dt (1982) in their ERP study of
cerebral specilization during r eadi ng reported that the
anpl itude of Py and subsequent positive shift at the
occipital regions was |arger over the hem sphere ipsilateral
to the unilateral word presentations. The P40 is simlar in
some respects to Pz elicited by infrequent, unexpected

stimuli (Donchin, Ritter and McCallum 1978).

Very reliable al terations in the Nioo and Ps00
conponents were observed, elicited by word's (Neville et al.
1978; Neville, 1980) and found to be greater in left-

hem pshere than right.

Neville, Kutas and Schmdt (1982) investigated intra-
and inter hem spheric specialization in congenitally deaf
adults during a word readi ng task. They found that the deaf
subj ects were as accurate as the hearing subj ect s in
i dentifying word's however, they did not display visual field

assynmetry.



21

Wod word, Onen' s and  Thonpson (1990); Friednan
Si npson, Ritter and Rapin (1975) reported that P300 elicited
by spoken word's were snmall/absent when subjects "nerely
i stened”, but nuch | ar ger when t he word's were |ow
probability task rel evant oddball"’s. Such enhancenent of
P3oo anplitude by reduced tenporal probability and task
relevance is a common finding in ERP studies across a w de

range of stinmuli.

Cohort Model (Merslen-WIlcon and Welsh, 1978; Merslen-
Wl son, 1980; Grosjeen, 1980; Tyler, 1962) made  strong
predictions regarding tinme course of word recognition which
suggested that |istener identifies a word precisely as soon

as he or she has sufficient information.

And thus further study of the timng of word recognition
processes may benefit from the ability of ERP to augnent
mental chrononmetry (Kutas, MCarthy, and Donchin, 1977). In
particular the latency of the P300 has been considered an
i ndex of stimulus evaluation time (Pritchard, 1981; Dunchan-

Johnson and Donchin, 1982}.

Johson, Pfefferbaum and Kopell (1985) observed that

mar kedl y broadened Pz conponents consistent with word to
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word Pspe | atency variability were elicited by visually

presented word's in a nmenory paradi gm

Kutas and Hillyard (1980) recorded ERP from subjects as
they silently read 160 different seven word sent ences
presented one word at a tine. Substantial inter subject

variability was observed in the ERP wave shapes follow ng the

wor ds. More than half of the subj ects gener at ed Psq
conponents to word stimuli  which was greater in | eft
hem sphere than right. One quarter of the sentences at

random ended with a word printed in a Type-Force that was
different from preceding word's which elicited P300 to

greater extent.

In studies of |anguage functioning, the ERP s have
reported to index perceived neaning of words (Brown, Marsh
and Smth, 1973, 1976), different linguistic categorization
(Kutas and Donchin, 1979) and has been applied to the study
of the devel opnent of speech perception (Ml fese, Freeman and
Pal erino, 1975), the study of semantics (Tatcher, 1977) and
study of reading (Kutas and Hillyard, 1980). Further nore
Ps0o has been suggested as a tool for quantifying hem spheric
asymmetries and in detecting dichotic deficits (Jerger et

al ., 1955), and is reported that the N,- P; conplex accurately
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reflects the phonemc cat egori zation of speech sti nul

(Maiste et al., 1955).

The ERP's have hence been proven to reliably index
neur o- physi ol ogi cal events associated with human | anguage and

cognitive functions.

Once the spatial and tenporal distribution of |anguage-
related ERP has been described in particular paradigms in
normal adults, the conparison of simlar paradigms from
brai n damaged adults may suggest way's in which the flow of
| anguage information is altered in aphasia and in recovery
from aphasi a. Simlar devel opnental studies my indicate
neur ophysi ol ogi cal changes that acconpany normal and abnorma

devel opnental of |anguage abilities (Neville, 1980).

Anal ysis of the acoustic structures of word' s nust
precede identification of its meaning. These phases of
speech processing are associated wth ERP conponents that
differed in their timng. Posner and Snyder (1975) suggested
that ERP changed when the task was automatic during |exical
deci sion task's. Dunchi n, Johnson and Donchi n (1982)
recorded Ps3p |atency and Reaction tine (RT) in a task were

target letter's were preceded by either a matching letter,
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neutral stimulus or a msmatching letter. RT and P300 were
not delayed in the first two conditions but delayed in the

m snmat ched letter.

A nunber of studies have reported the existence of ERP
conponents that tenporarily overlaps the P300 but which has a
| ater peak (0-400 nsec after P300). 1In a systematic series
of studies, Ruchkin and Colleagues have denonstrated that
P300 reflects initial stimulus evaluation and a conponent
they referred to as slowwave (SW to a later nore "depth" or
reeval uation process that varies to task demands (Ruchkin,

Sutton and Stag, 1980).

VI SUALLY EVOKED ERP AND SOVATOSENSORY EVOKED ERP

Picton, et al., (1984) who studied the age related
changes of the visually evoked Ps;p reported that the Psy
conponent showed a simlar change in latency with age, to the
evoked by the auditory stimulus. However, the P; evoked
was del ayed by approximately 90 nsec than that obtained with
the auditory signal. Mst of this delay was expl ained by the
differences in transmssion tine to the cortex. The initial
response at the human prinary -auditory-cortex occurs wth a
| at ency of about 15 nsec, whereas the initial response in the

primary visual cortex has a |atency of about 40-60 nsec.
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According to -Squires, et al., (1950); Pfefferbaum et
al ., (1983), the visually evoked P300 i's reported to
increase in latency nore rapidly with age, than the auditory

evoked P300.

The P30 conponent evoked by the sonatosensory signa
was del ayed and larger than the of auditory and visual signa
(Picton et al., 1984), and this was related to the subjects
finding the somatosensory task nore difficult t han t he
auditory task, since this delay could not be explained by

del ayed transm ssion time.

AUDI TORY STI MULUS EVOKED ESP

Foll owi ng the germn nal st udi es of Sutton and his
col | eagues (Sutton et al ., 1965, 1967), it has been
frequently denonstrated that the vertex potential evoked by a
task-rel evant stinulus that delivers, significant information
is characterized by an augnented |late positive wave at about

300 nsec in latency (the P; or Ps3 conponent).

In one class of studies, it has been shown t hat an

enhanced P300 conponent is elicited by a specific anticipated



26
"target" signal that occur's unpredictably with in a series
of non-target stinuli and demand a special cognitive or notor

response.

In the auditory nodality which has received the nost
study, the Psp wave would be elicited selectively upon the

detection of target signals of various types including:

1) Pitch changes (Ritter et al., 1972; WIkinson and Lee,
1972; Hillyard., 1973)

2) Intensity shifts {Ritter and Vaughen, 1969; Picton and
Hillyard, 1974)

3) Threshold level tone pips (Mast and Watson, 1968; Hillyard
et al., 1971)

4) Clicks among speech sounds (Smth et al, 1970)

5) Noise bursts among clicks (Ford et al, 1973)

6) Omssions from a train of clicks (Picton and Hillyard,
1974) .

Several authors have enphasized the need for active
attention towards the targets as a prerequisite for P;
enhancement and have shown that ignoring the stimulus
resulted in a elimnation or absence of Psp (Hllyard et

al., 1971; Squires et al., 1973; Picton and Hillyard., 1974)
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The P300 wave which follows the detection of an attended
auditory target has a wdely distributed scalp topography
with maxi mum anplitude at central and parietal regions
(Ritter, et al., 1972; Picton and Hillyard., 1974; Hillyard
et al., 1975).

Psoo can al so be elicited when the subjects attention is

diverted fromthe auditory stimuli to read a book (Rtter
et al., 1965), performa concurrent manual task (Roth and
Kopel |l ., 1973) or sinply to "lgnore the sound bursts as much

as possible "(Roth., 1973; Roth et al., 1973).

As nentioned earlier, P300 can be elicited by om ssions
froma train of clicks (Picton and Hillyard., 1974). However
this Psp is reported to be different from the auditory
evoked Pzp, in that it should no age related changes. This
di f ference has been interpreted in several ways. One
interpretation is that the positive peak that occurs during
the detection of an omtted stinmulus is not the sanme as the
Psoo that occurs during the detection of a target stimulus.
However, the simlarities in nor phol ogy and scal p
di stribution suggest that the 2 waves represent the sane
cerebral process. A second interpretation is that the age

related increase in the latency of the P to a sensory
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signal is related to difficulties in sensory discrimnation

and that when the P300 is elicited by a non-sensory event,
there is no age related delay. A third explanation is
related to uncertainity. It is possible that ol der subjects
m ght make decision about sensory signals as quickly as
younger subjects but delay their Pz response because of
resi dual uncertainty about their decision. Wen detecting an
omtted stinmulus, there would be Ilittle if any residua

uncertainty. After the decision has been made, the subject
becomes nore and nore certain that it was correct, and there

is no delay in the P300.

PSYCHOLOG CAL CORRELATES OF Ps3qp

The results obtained from various studies on the Pz
have posed difficulties for any simpl e t heoretica
interpretation of the Pz phenonenon. There has been no
general agreenment upon how best to fornul ate t he
psychol ogi cal correlates of the P300. On one hand, the
evidence that Pz is evoked by shifts in a non-attended
train of habituating tones has led to suggestions that it is
a cerebral conponent of the orienting response (Ritter, et
al ., 1968; Roth, 1973; Roth and Kopell, 1973). On t he ot her
hand, the Pz that follows attended and task relevant

stimuli has been interpreted in ternms of decision nmaking



29

(HIllyard, 1969; Smth et al., 1970) and information delivery

(Sutton, et al., 1967).

Sal i ence or signi ficance (Sutton, 1971), cognitive
evaluation (Rtter and Vaughen, 1969), reduction of arousal
(Karlin, 1970), change in preparatory set (Kerlin and Martz,
1973) and "Response set" selective attention (Hllyard, et

al ., 1973) are other proposed expl anati ons.

A further unresol ved question concerning the P300 wave
concerns it latency of occurrence. Most report's place its
| atency within 300-450 nsec. post-stimulus, but some have
found it as early as 210-220 nsec. (Roth, 1973; Roth et al.,
1973), and others as late as 450-550 nsec. (Rtter and
Vaughen, 1969). Particularly puzzling are the wde
di screpanci es between the latencies reported for the Psgp
evoked by shifts in pitch of an irrelevant train of bursts;
Ritter, et al., (1965) obtained a |atency of about 350 nsec
in alls ubjects, while Roth and Kopell (1973) determ ned a
value of 300 nmsec. and Roth (1973) found a nmean |atency of

217 nsec.

Squires and Hillyard (1975) found tw distinct late

positive conponents of the scalp recorded auditory evoked



30
potential which differed in their |atency, scalp topography
and psychol ogi cal correl ates. The earlier component called
the 'Psa (latency about 240 nsec.) was elicited by
i nfrequent, unpredictable shifts of either intensity or
frequency in a train of tone-pips, whether the subject was
ignoring (reading a book) or attending to t he t ones
(counting). The later conmponent call ed " P3oop' (1 atency
about 350 nmsec.) occurred only when the subject was actually
attending to the tones. It was evoked by the infrequent,
unpredi ctable stimulus shifts regardl ess of whether the

patient was counting the target stinuli or frequent stinuli.

VARl ABLES AFFECTI NG P3q9

A) ATTENTI ON

Polich (1986) noted that attention was a necessary
factor in the generation of Pz conponent and a decrease in
attention is related to a decrease in response anplitude.
This effect of attention is reported to be simlar across all
sensory nodalities-Auditory, visual and somat osensory

(Hohnobei n, Fal benst ein, Hoormann and Bl anke, 1991).

According to McPherson (1996), P300 my be viewed in

essentially three attention conditions: (1) Active attention
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in which the traditional oddball paradigm is used and the
subj ect nust perform some nental or response task to the rare
i.e., target stimuli; (2) A passive attention condition in
which the subject is not instructed to respond to the rare
i.e., oddball stimuli; and (3) an ignore condition whereby
the subject is told to ignore the rare stinuli (the subject
is given sone other task such as reading). The Pzpo 1S nost
robust in the oddbal | par adi gm show ng the greatest
anplitude and shortest | atency. In the passive condition
there is a reduction in anplitude of the Psp, but |[atency
shows no changes relative to the oddball paradigm Finally,
inthe ignore condition, the Psp is either greatly reduced
or in some instances, absent (although the alter infrequently

occurs) (Pfefferbaum Ford, Weller and Kopell, 1985).

A fourth paradigm which has been termed a 'go'/'No go'
response task, is an active discrimnation task simlar to
t he oddbal |l paradigm (Pfefferbaum et al., 1985), used in
eliciting the Py and produces simlar results. Thi s
paradigm uses a warning stinulus, that indicates as to
whet her or not the subject is to respond to the inperative
stimulus. Often, there are tw warning tones; one that
requires a response and one that does not require response,

hence the term 'go'/'no go'. This paradigmis also reported
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to produce simlar waveform as obtained in the attention

condi ti on.

B. INTENSITY

Psgois considered to be an 'endogenous' conponent since
its anplitude, latency and scalp distribution does not depend
upon the physical attributes of t he evoki ng stinmul us
(Donchin, Ritter and McCallum 1978). However this generally
accepted i nvariance of atleast the anplitude of the Psp to
stimulus intensity has been challenged by Roth and its
associated in a series of 3 papers denonstrating t he
dependence of Pz anplitude on the intensity of the evoked
stimulus (Roth, et al., 1930). Al t hough these studies did
not enploy the nost frequently used 'oddball' paradigm the
results raise serious doubt as to the P30 anpl i tude

i nvariance in general.

But cher (1983), utilized a oddball paradigm and reported
that changes in the intensity of the rare stinulus, had a
significant effect on the latency of the P3p response. When
the stimulus intensity was increased from 10 dB SL to 50 dB.

SL, the average reduction in Pz |atency was 29.3 nsec.
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Papani col eau et al., (1985) reported that Ps anplitude
was not significantly affected by the intensity of the
stimulus. However a statistically significant increase in
P00 | at ency conti ngent on reduction of stinmulus intensity
was noted. Hence it is inportant to ascertain with both
normal subjects and with clinical population, the effective
stimulus intensity remains constant across the groups which

are conpar ed.

C) FREQUENCY

But cher (1983) utilized a oddball paradigm and reported
that changes in the stimulus frequency had no significant

effect on the Psp response.

Polich, Howard and Starr (1985) studied the frequency
separation effects of target tone frequency/presence of
maski ng stinulus and subjects sex on the auditory ERP using a
oddbal I paradi gm Psoo latency become shorter (about 15
nmsec.) as the difference between the standard (1000 Hz) and
target tone frequency increased (1500 Hz, 2000 Hz and 4000
Hz), but becone |onger (about 10 nsec.) with the presence of
a white noise masking stinmulus and found this true with both

P3ooa @nd Pszgop Subconponents of Psgg
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Polich (1989) reported that both the latency and
anplitude of the response were affected significantly by
changes in frequency, and Pz |atency was affected by an

interaction of stinulus intensity and duration

D) PROBABILITY

According to Picton et al. (1984), the probability of
the signals eliciting the Pz shows significant effects on
the Ps3p anplitude and | atency. These effects do not change
wi th age, suggesting that the probability-determ nants of the
Psoo remai n const ant across the [|ife-span. Their study
showed t hat P:oo latency was significantly longer in a |ong
inter-stimulus interval condition (3.1 sec) than in a 1.1

sec. condi ti on.

In a study by Fitzgerald and Picton (1981), t he
anplitude of the Psp was significantly reduced when the
probability of the signal was increased from 10%to 30% and
the inter-stimulus interval mintained at 1.1 sec. They
suggested that at higher sequential probabilities and |onger
inter-stinmulus-intervals, the subjects may enploy a different
cognitive strategy. Thus there is a need to determne a

optimal paradigmfor recording Pz, for clinical use, and it
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is probably better to record usi ng a | ower si gna
probability.
E) TASK

In experinental designs in which a subject either
predicts prior to a trial whether/not a stimulus wll be

presented is a (Quess task, and in which he reports after the
trial whether or not stinmulus was presented, is a Detect
t ask. Both have been reported to elicit P300 and no
significant effect due to task is noticed on Psp (Ruchkin,

Sutton and Stage, 1980).

Butcher (1983) conpared the Pz responses obtained
using three response types. Specifically, subjects were
instructed to: (1) Mentally acknow edged (2) silently count
or (3) silently count and press a button in response to rare
stinulus presentations. Results indicted that the changes in
response node had a significant inpact on P anplitude.
No differences were not ed bet ween t he t wo counti ng
conditions, a large anplitude reduction was present when the
subjects were only nentally acknow edging the tones. No

| atency effects were seen as a function of response node.
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Polich (1987) examined the effect on P300 by changes n
response node, across t hree condi tions during a
di scrim nation task. The three conditions wer e si | ent
counting, tapping an index finger, and pressing a button in
response to a target stinuli. Results indicated that the
Psgo, anplitude was greater when subjects counted the targets
than for the other conditions, and there was an increase in

P30 | at ency when subjects counted.

Thus it can be seen that an inportant consideration in
the application of the Pz response to clinical audiology is
the task assigned to the subject. Clearly if the aimis to
obtain optimal responses, selection of the appropriate task

is inportant.

F) TASK DI FFlI CULTY

Anot her factor af fecting t he P30 is the task
difficulty. This factor specifically becones inportant if
the response is to be utilized with patients having suspected

cognitive or auditory processing deficits.

Polich (1987) exam ned Psy responses obt ai ned for

‘easy' and 'hard’" auditory discrimnations, and concluded
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that processing difficulty does affect the Ilatency and
anplitude of Pz responses. Results al so suggest that the
effects are independent of stinmulus probability unl ess
differences in task requirenents affect the encoding of the

stinmuli enployed.

G SEX

Most of the studies report of no difference anong nal es
and females, in the evoked Pz (Polich et al., 1985;
Spongberg and Decker, 1990; Fernendez and Torres, 1988).
Polich, et al., (1985) reported no significant differences
between 50 males and 50 females in either | at ency or
anplitude of the Ps3 responses. However, a study by Picton,
et al., (1984) reported a smaller anplitude of the Pz
conponent in male subjects when conpared to fenmale subjects.
The difference was quite small when conpared to the general
variability of the P300 | at ency. They interpreted this
difference to sone physical difference in head size or skul
t hi ckness rather than any cognitive differences between the

Sexes.

H AGE

Age is an inportant factor affecting the Pspo |atency
and anplitude (Brown, Marsh and Larue, 1983) and wll Dbe

di scussed in detail, |ater
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|) ELECTRODE SITE PLACEMENT/ SCALP DI STRI BUTI ON

Anot her factor that has been found to influence the

waveform is the electrode site placenent.

The P3p IS a positive potential that 1is broadly

distributed with a maxi mum anplitude observed at the mdline

over the centro-parietal areas. The maxi ma noves slightly
dependi ng on the task. For exanple, in a signal detection
paradigm the maxima is largest at the vertex, and in

discrimnation tasks, it is largest just posterior to the
vertex (Sinmpson, Vaughen, and Ritter, 1977) . Li kew se,
Snyder, Hillyard and Galanbos (1980) observed an anplitude
maxima for the Pz Jjust anterior of the vertex for the
"oddbal | * paradigm Thus, el ectrodes shoul d be pl aced
mnmlly at Fz, Cz and Pz for optinum recordings and

referenced to linked nastoids (or |obes) (MPherson, 1995).

Several experinents have reported of a change in the
scalp distribution of the Pz WwWth aging (Pfefferbaum et
al ., 1980; Smith, Mchelewski, Brent and Thonpson, 1981);
Pfeffferbaum et al., 1984). At the two nost posterior sites

(@ and Pz), young children and adol escents had |arge targets
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Psgo'sS. Inthe older subjects the Psp is relatively |arger
at the md-frontal electrode conpared to the vertex than in
t he younger subjects. Both Pfefferbaum (1980, 1984) and
Smth (1980) have interpreted this as being due to an age
rel ated decrease in the anplitude of an over |apping frontal

negative slow wave.

J) DEFICITS I N MEMORY

Deficits in short-term as well as overall menory
performance are associated wth both increasedP;p |atency
and variability (Howard and Polich, 1985; Polich, et al.
1986) .

K) COGNI Tl VE PROCESSI NG

Psoo latency is felt to be directly related to speed of
i nformation processing (Millis, Hol comb, Diner and Dyken
(1985). Difficulties in these areas would be reflected by

| onger P3qp | at enci es.

L) RELATION WTH OTHER EXOGENOUS POTENTI ALS

Spongberg and Decker (1990) studied the relationship for

| atency and anplitude between exogenous auditory potentials
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arising at the level of <cranial nerve VIII and continuing
t hrough the level of the cortex (ABR MR and LLR), with the
auditory Pz endogenous potential. Their results reveal ed
that there was no significant positive correlations for
i ndividual |atency or anplitude differences between.ABR, MR
and LLR (exogenous responses), and the latency or anplitude
of the endogenous Ps00 response. Subj ect s t hose had
denonstrated |arge anplitude and/or short-|atency exogenous
responses did not denonstrate Pz responses t hat wer e
correspondingly larger in anplitude or shorter in |atency.
However, it was observed that conponents Pa (of M.R) and P3q
were negatively correlated for latency and anplitude, though
t he neurophysical basis of this interaction is unexplained by

t he above researchers.

M OTHER FACTORS

Prietchard (1981) <cited selected attention, feedback
orienting response, |anguage, decision confidence as other

factors affecting the P3po response.

Thus in summary, it can be stated that although the Psg
response is considered to be an endogenous potentials and is

therefore less sensitive to the physical attributes of the
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stimuli enployed, than the exogenous responses, it is clear
from the above l[iterature that stimul us and response
characteristics do have reliable effects on the P300 |atency

and anplitude of the P300 response.

Psoo AS A CLI NI CAL TOOL

Psoo has been used in the assessnent of cognitive
functions as it is thought to reflect stinulus evaluation and
classification processes. Initial applications found that
| atency of the Ps becones longer with an increase in adult
age (CGoodin et al., 1978b; Syndul ko, et al., 1982; Brown, et
al ., 1983; Pfefferbaum et al., 1984a; Picton, et al., 1984,
Polich, et al., 1985a). It also increases substantially wth
ment al dysfunction such as nental retardation (Squire, et
al ., 1979) and denenting illnesses (Brown, et al., 1982;
Goodin et al, 1978a; Hansch, et al., 1982; Pfefferbaum et
al ., 1984b; Polich, et al, 1986). Additional studies have
suggested that shorter Psp latencies are associated wth
relatively superior menory performance in neurologically
normal subjects (Polich, et al., 1983; Howard and Poli ch,

1985) .

Studies have also reported t hat changes I N Psgo

conmponent can originate from fluctuations in cognitive state
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(CGoodin et al. 1983) amount of alcohol typically consuned
(Polich, 1984; Polich and Bloom 1986) and i ndi vi dua

differences in nenory retrieval (Kevis, et al., 1984). The
Ps00 has been enpl oyed to differentiate <children wth
attention deficit and hyperactivity di sorder (ADHD) from
normal children (Satterfield, et al, 1990; MPherson and
Davis, 1995). The typical findings are an increased |atency
(by approximately 30 nsec) of t he P300 and decreased
anplitude of the P3oob. Satterfield, et al., (1984) working
wi th hyperactive and nor mal boys, observed significant
| atency and anplitude differences between these groups using
auditory ERPS. They noted that younger hyperactive subjects
exhibited | onger peak latency and smaller anplitude, while
the older clinical subjects showed shorter |atency and | onger
anplitude. Satterfied, et al ., (1987) conducted a
| ongi tudi nal investigation of bot h delinquent and non-
del i nquent hyperactive boys as well as normal age and gender
mat ched controls, and reported that the |atency neasures of
the auditory P3p response were sensitive to abnor mal

mat ur ati onal changes in t he non- del i nquent group when

conpared to both the delinquent and nornmal subjects.



AUDI TORY PROCESSI NG DI SORDERS

Children with central auditory processing disorders
(CAPDs) present a unique challenge for. the audiol ogist. Such
children usually do not present wth a peripheral hearing
probl em which can be assessed through the traditional test
battery approach. 1In an effort to enhance the objectivity in
the assessnment of central processing difficulties, interest
has been focussed on the use of event-related potentials
(Musi ek and Baran, 1988). Jirsa, et al., (1990) conpared the
P30 ERP of confirmed CAPD and age-matched chil dren. Thei r
results indicated that the patients either failed to generate
an Pz or produced a Pz conponent that was significantly
| onger in latency and reduced in anplitude conpared to the
normal control group. Moreover, when the clinical group was
subdi vided into four subgroups on the basis of the degree of
central auditory involvenent, those subjects in the group
wi th nost severe involvenent exhibited the |ongest P2-P3
interval. Thus Pz can be used as a clinical tool to

predict the severity of the processing disorder also.

Nevilles, et al. (1984) studied P33 and related |ong
| atency conponents and various I|earning and developnenta
processes in adults and children (using both normal hearing

and hearing-inpaired subjects). They examned the intra
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and inter hem sphere specilization during reading activities
and found that visual P300 ERP were sensitive to cortical

activities occurring during t he processi ng of witten

| anguage materi al . Furthernore they denonstrated that Psg
ERPS wer e useful in defining di fferences in cortica
organi zation occurring between t he nor mal heari ng and

hearing-i npaired subjects during reading activities.

COGNI TI VE  FUNCTI ONS

Audi tory ERPS were enpl oyed by Finley, et al., (1985 to
study children with cognitive disorder. They found that
conpared to normal controls, children with organical ly

confirmed cognitive problem had significantly delayed Psp
| at ency. In addition, they reported that <children wth
organic disorders could be differentiated from those wth
functional disorders or psychiatric disorders on the basis of

P300 | at ency.

In addition to aiding in the diagnosis of denentia
(Coodin et al., 1978; Lappler and G eenberg 1972), in
predicting the degree of cognitive decline in denenting
illness (Polich, et al., 1986), and in distinguishing

pseudodenentia from denmentia, the Ps; o ERP seens to provide a
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sensitive indicator of fluctuations in ment al state
experienced by individual patients, as a result of changes in
underlying illness (decrease in P300 latency wth clinica
i mprovenent in nental functions and increase in Pz |atency

in clinical deterioration).

Studies on traumatic head injury cases, (Canpbell, et
al ., 1986) have reported that appearance of the Pz response
may coincide with resolution of post-traumatic ammesia, and
return of orientation and nenory. A study by Hall and Harris
(1990) on 50 brain injury rehabilitation patients at various
stages of cognitive recovery ranging from coma to near
prenorbid function, revealed t hat for patients at nore
advanced stages of recovery, the Pz response appears to be

related to cognitive functioning |evel.

Ruchkin, et al., (1994) conpared the Pz between
multiple sclerosis patients and age matched normal as a neans
of evaluating their working menory inpairment. Their results
i ndi cated that the P300 anplitude tended to be snmaller
in the multiple schelerotic patients, and there was no
indication of any latency differences between the groups.
Newt on, et al., (1989) found that abnormal Pz tended to be
associ ated with higher pl aque counts and |onger disease

dur ati on.
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LANGUAGE AND MOTCOR SPEECH DI SORDERS

Studies have reported that the P300 can be used as a
tool for quantifying hem spheric asymretries and in detecting
dichotic deficits (Jerger et al., 1995). Mason and Mell er
(1984) on evaluating children with either confirmed | anguage
or notor speech disorders, reported significant intra and
inter hem spheric anplitude differences in the auditory |ong
| atency response and Pz WwWhen conpared to nornal controls.
They specul ated that these findings may prove beneficial in
t he exam nation of various factors i nvol ved in normal

| anguage devel opnent.

The Ps3po IS reported to be reduced in anpl i tude
(Martineau, et al., 1989; 1992) and delayed in |latency
(Courchesne (1984) in autistic subjects when conpared to
nor mal subj ect. Dawson, et al., (1988) using phonenes
observed a greater reduction of anplitude of Pz over the
| eft hem sphere than over vertex or the right hem sphere in
autistic subjects. In a simlar st udy usi ng "hi gh
functioning autistic children, differences in the vertex Psop
was not observed (Erwin, et al., 1991). According to Barrett
(1993), the reduced Pz anplitude reflects "either a | ess on

inefficient processing of the stinuli".
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Musi ek (1989a) specul at ed that the P300 would be
beneficial in the evaluation of individuals wth aphasia or
rel ated conmmuni cation disorders. Since the generation of the
Psoo requires that an individual understands the task at
hand, Musiek reports that the observation of the ERP gives
i mportant information regarding receptive capabilities which

woul d be useful in planning a therapeutic program

In general, an advantage of using the later auditory
potentials is that a wde variety of stinmuli can be used to
obtain the response. Longer tones (upto 200 nsec), short-
segnent speech stimuli and clicks can be used. Anot her
advantage is that the large anplitude of these potentials
allows for testing very close to behavioural threshold and
for still seeing an identifiable wave form Clinically, late
potentials such as the Pz can be used to exan ne the
function of nore rostral conmponents of the auditory pathway.
An evoked potential test battery exam ning ABR, MR and l|ate
potentials can be of value in delineating the general site of

audi tory dysfunction.

A few other applications of Pz are - Miiste et al
(1995) enployed the P to determ ne whether there are any
physi ol ogi cal correlates of categorical perception . They

reported that the N,-P3; conplex was forned to accurately
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refl ect the phonem c categori2ation of speech-stinuli.

- Attias et al., (1996) studied a group of chronic tinnitus
patients with the Pz ERP. They reported that their
findings point to a cortical I nformation processi ng

dysfunction in the chronic tinnitus patients, associated
primarily with auditory stimuli and that ERP'S may provide an

obj ective el ectro-physiological tinnitus neasure.

EXPONENTI AL ELECTROPHYSI OLOG CAL AG NG - P3p0 LATENCY

All of t he | at e potentials are i nfl uenced by
neuromat urational factors with N P, and N2 thought to
stabilize by about 10-15 vyears of age (Kilney, 1985; Mson
and Meller, 1984; Musiek, et al., 1988).

The Pspo conponent appears to mature sonewhat |ater
than the earlier waves wth several studies show ng a
decrease in latency and an increase in anplitude from age 5-
16, followed by an progressive decrease in anplitude and an
i ncrease | atency throught adul t hood ( Cour chesne, 1978;
Goodi n, Squires and Henderson, 1978; Pfefferbaumet al, 1980;

Polich, Howard, Starr, 1985)
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ERPs have been recorded while performng stenbergs
paradi gm of menory retrieval task by young (Roth et al.,
1975, 1977, 1978; Goner et al, 1976; Adamand Collins, 1978),
and young and old subjects (Marsh, 1978; Ander et al., 1972;
Anders and Fozer, 1973; Ford et al., 1979), and found that
P300 increased with increasing nenory sets and age and thus
Psoo reflects the time taken to encode the test sti nmul us.

They also found a same relation with rise tine (RT), but this

i ncluded response processes al so. These results wer e
consistent wth other researchers (Kut as et al., 1977,
Squires et al., 1977; Duncan-Johnson, 1978; Roth et al.,

1978) indicating that generation of Pz is related to the
processes associated with stimulus evaluation and that the
|atency of P3 reflects the relative tine taken to evaluate

stimulus sufficiently to performthe task.

Recent reports have shown that the Psp-ERP has
clinical utility in the diagnosis of conditions |like Autism
(Martineau et al., 1989, 1992), <children with attention
deficits and delinquent children (Satterfield et al., 1984),
with central auditory processing deficits (Jirsa, et al.,
1990) and other disorders. However in order to use the Psqp
ERP as a clinical tool, the alterations due to "normal"

devel opment nust be well established.
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The latencies of AEP conponents occurring after 150
nsec. (P2, Nz, P3) have all been shown to increase as a
function of age (Marsh and Thonpson, 1972; Brent, et al.,
1977; Goodin, et al., 1978b; Ford, et al., 1979; Pfefferbaum
et al., 1979b). In contrast conponents occurring before 150
nsec. show little or no latency change with age (Goodin, et
al ., 1978b; Pfefferbaum et al., 1979b). Goodin, et al.,
(1978b) denobnstrated that the later the evoked potential
conponent with regard to stimulus onset tine, the nore it is
prolonged with age i.e., Psp 1is prolonged nore than P2,
which is prolonged nmore than Nl. They cal cul ated the sl ope
of the regression line for the latency of the various
conponents on age to be 1.8 nsec./year for P300, 0.7

nsec./year for P2 and 0.1 nsec./year for NI .

Hol conb, Diner and Dykinan (1985) studied visual stinuli
to elicit ERP on 108 normal subjects ranging in age from 8-90
years. Age related inferences were found for both Psg
| at ency and anplitude. Children and elderly adults were

found to have |atest Pz, and earliest P3po were found in

subjects in their twenties. A curvilinear function best
descri bed Pz | atency-age relation. P300 decreased in
anplitude at posterior site and i ncreased in frontal

| ocations with increasing age.
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Kurtzberg, et al., (1986) reported of recordi ng P300
response to speech sounds in awake infants. Stimuli used
were stop consonant vowel (CV) syllables such as /tal/ [/dal
and / ba/ presented, in a oddball paradigm A distinct Pz
response was reported, wth changes in norphology, wth
devel opnent. Initially, it was reported to be a -negative
peak in a preterm infant, progressively becones a positive
peak, although norphology may differ as a function of the
speech sound stinmulus, and the devel opmental course nay vary,

dependi ng on electrode site (Mdline vs. Lateral tenporal).

Martin, Barajas and Fernendez (1988) st udi ed Psqp
response devel opnent, using a tone burst oddball stinulus
paradigm in 68 normal hearing subjects ranging in age from 6
t hrough 23 years. The results revealed a si gni fi cant
correl ati on between age and |atency was defined by a Pz
| at ency/ age sl ope upto age 15 years. Pearce, et al., (1989
exam ned age related changes in P latency in children
ranging in age from 5-13 vyears. These authors reported
significant age trends in Pz l|atency which appeared to be
linear in nature. The slope of the curve reported was
approximately 20 msec, which is in good agreement with 19
nsec. slope reported by Martin et al., (1988) for children

aged 15 years, and younger.
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An extensive study by McPherson, et al., (1989) reported
the following latency values for the different age groups 5-
12 years = 241-396 nmsec, 17-30 years = 225-365 nsec, 30-50
years = 290-380 nsec, and in 50-70 years = 350-427 nsec.
Barajas (1990) has shown that the Ps;p reaches its shortest
| atency at about 18-24 years of age and then increases at a
rate of approximately 1.25 nsec. per year upto 78 years of

age.

A single exception to age vs. Pz |atency increase was
reported by M chael | weski, et al., (1982) for the omtted
P30, to mxing clicks in which no age differences were seen

for N2 and P; for traditional or |atency corrected average.

In addition to the variations 1in the |atency, there
seens to be an interaction between age and scal p topography
in Psp neasurenments. Young adults had a pronounced pari et al
di stribution, whereas P3o beconmes distributed from the
parietal region (Pz) to the frontal region (Fz) as a function
of advancing age (Pfefferbaum et al., 1980; 1984). Harbin,
Marsh and Harvey (1984) evaluated the effect of age on late
ERPs elicited by semantic vs. non-semantic tasks. ERPS wer e
generated by the last word in a string of 5 words, which was

either in the same semantic category as the other words or in
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a different category. Young subj ects showed a |arger
potential for matched words (vs. mi smatched), while the ol der

subj ects showed just the opposite pattern.

Because of its relationship to information processing
the Ps3p has been studied extensively across the life span in
order to evaluate the neurophysiol ogical basis of the changes
in cognition that occur with aging. Normal increase/decrease
with age in Pz |atency/cognitive processing tinme mght be
due to a decrease/increase in neural conduction velocity

caused by an age rel ated decrease in nyelination.

However, further studies of the relationship between
Psoo | atency and age devel opnent are needed to clarify
whet her these interpretations are right and to establish

reliable normati ve Psgo dat a.
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METHODOL OGY

The present study was undertaken to investigate the

foll owi ng objectives

1. To check if there is any age related variation in the
| atency of P39 on conparing children (7-10 years) and

young adults (1835 years)

2. To check if there is any age-related variation in the
anplitude of Pz on conparing children (7-10 years) and
young adults (18-35 years)

3. To check if there is any significant difference between
the latency and anplitude of the response obtained from
vertex electrode placenent (Cz) and parietal electrode

pl acenent (Pz), in the different age groups studied.

Subj ect s

Two groups of subjects were included in the study.

Group | consisted of 30 normal young adults between age-range

of 18-35 years (15 mal es and 15 femal es) .
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Goup Il consisted of 30 children with nornmal hearing in

t he age range of 7-10 years.

Oriteria for selection of subjects

1. Al subjects had volunteered for the study.

2. None of the subjects had presented with any past history
of otol ogi cal / neurol ogi cal / or psychol ogi cal di sturbances.

3. None of the subjects reported of any nedi cal or
neurol ogi cal inpairnent such as Trenors, cerebral palsy
etc.

4. The subjects were able to relax in the presence of
el ectrodes placed for the duration of testing and
| npedance val ues were within normal limts.

5. Al subjects had no cognitive inpairment and had nornal
intelligence as evidenced by their teachers report and

school / col | ege perfor mance.

| nstrunent ati on

The entire experiment was conducted in a specially
designed electrically isolated, sound treated room using
Bi ol ogi c- Evoked Potential System (EP Navigator). TDH 39

ear phones with MXH 41/ OR cushions were used to deliver the
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alternating tone burst stimuli (both target and non-target)
of 2 KHz for the target tone and 1 KHz for the non-target
standard tone, presented at 75 dB nHL binaurally at a
probability ratio of 20/80 for target/non-target. The tones
were presented in a randomseries at arate of 1.1/sec. wth
300 stimuli in each run. Each stinuli had a rise and fall
time of 2 nsec. and a pleteau of 20 nmsec. The anplifier
filter was set to a band pass of 1 Hz 30 Hz, with a 12

dB/ octave rol | -of f.

The equi pent set-up, patient record and test selection
were done as given in the instrument manual .
TEST PROCEDURE
(1) Patient set-up

The subjects were seated in a confortable posture, wth
the head fully supported to ensure noise-free recordings.

Neck and jaw nuscles were relaxed to ensure a mninmm

rejection rate.

(2) Electrode placenent

The electrode site for the tw channel mapping

recordings were selected as Cz and Pz as positive, the FPz as
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comon and Al (left ear mastoid) and Az (right ear nastoid)

as negati ve.

The el ectrode were plugged into the follow ng jacks of

t he el ectrode box.

Site Headbox connection

Fore head (FPz) Common

Vertex () Channel 1, input 1

Parietal (Pz) Channel 2, input 1

Left ear (A) Channel 1, input 2

R ght ear (A2 Channel 2, Input 2
NASION

“CHANNEL L CHANNEL &

3

— o ] — e ] —
InRUTL _IN.'PU'i’-J, INAPUTA INPUTl, "
I B o e e JETUTE] TN |
! g | r_,
C_ae o — -~ - S e e
1
v b e e e e . . . — = —————t

oo

Fig.2 Eectrode connection for a Psp response
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Silver-cup electrodes were fixed at the sites given in
Fig.2 after thorough skin surface cleaning wth surgical
spirit and a skin preparing solution, and later filled wth
standard EEG el ectrode paste, suitably secured in place with

surgi cal tape.

3. Measuri ngl npedance

The inpedance of the electrodes were neasured for each
el ectrode for the two channels. The inpedance values for the
positive and negative electrodes were referenced to the
common el ectrode. Al electrode inpedance were less than 5
K.ohns, and within 3 K ohns of each other. |If the inpedance
i ncreased beyond 5 K ohns, the el ectrodes were renoved, the
sites properly cleaned again, the patient was asked to rel ax
and resettled with the electrodes secured in their respective

sites again.

The negative electrodes Al and A2 were |inked together

by neans of a junpen to obtain a clear Ps3p wave form

4. Instructionstothesubjects

1. The subjects were instructed to be alert but rel axed

t hr oughout the recording.
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2. The subjects were asked to keep hi s/ her eyes open and
to fixate his/her vision to one spot to mnimze

al pha interference.

3. The subjects were asked to relax all neck and jaw

nmuscl es.

4. The subjects were told they would hear two stimuli.
The difference between the rarely occurring stimlus
and frequently occurring stimulus was described i.e.
a lowpitch tone burst would occur frequently and a

hi gh-pitch tone burst would occur rarely.

Atrial run was given to ensure that they understood

the instruction.

5. The subjects were asked to nake a nental count of the
nunber of rarely occurring target stimuli, and to
ignore the frequently occurring non-target stinuli.
In the case of the paediatric subjects, to facilitate
the task, they were allowed to count wth their

fingers, if they w shed to.

At the end of the stimulus run, the subjects were
required to report the nunber of target stimuli, they

had count ed.
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6. The subjects were cautioned to avoid tine |ocked
physi cal responses such as eye-blinks wth each

presentation of the rare stinulus.
(5) Procedureof recording

1. The earphones were placed on the subjects ear, being

careful not to dislodge any el ectrodes.

2. The blue ear phone was over the left ear and the red
ear phone over the right ear. The center of the
ear phone di aphragm was placed directly over the ear
canal openi ng. This is not always the nost
confortabl e earphone placenent, but this placenent is
critical for the delivery of accurate stimulus

intensity | evel.

The el ectrode | eads and el ectrode head box were as far
away fromthe earphones as possible. The earphones and head

box cables did not overl ap.

| dentification of the P;p wave form

The P30 waveformwas identified by visual inspection.
The first positive peak followi ng the N,go was considered as
v The P; anplitude was neasured as the anplitude

di fference between N,po and Psgp peak.
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ANALYSI S, RESULTS AND DI SGUSSI ON

Qut of the 30 adults (15 nales and 15 fenales) a P300
wavef orm coul d be ldentified for 29 subjects (15 nmales and 14
females). Psp was obtained for both Pz and Cz el ectrode
pal cements in the 29 subjects. For 5 subjects, a double peak

(Psa and Ps) was recorded.

Such a binmodel P9 has been reported by Squires et al.

(1975), Polich, et al., (1983) and McPherson (1996).

Qut of the 30 children (15 males and 25 fenal es, 10 each
inthe 3 different age groups), a Psxo waveform coul d be
identified for 22 children (7 in the age group of 7-8 years,
6 in the age group of 8-9 years, and 9 in the age group of 9-
10 years). In general, the P3p was less distinct in the
children's group, particularly in the younger age group (7-8
years). This may be due to the higher nunber of artifact
recorded and the inability of the younger group to sustain

their attention.

Only one subject showed a binodel Pz waveform



A Bi nodel P30 waveform of a subject aged 22 years

+

|

Al 5.‘130\‘_

FREQUENT
Sk P3040

T T
LATENCY 50.00 ms/div

Pso0 LATENCY = 333 nsec. Psoo  AMPLI TUDE = 12.81 Vv

The data obtai ned was subjected to statistical analysis.

Tabl e-1: Latency of Psq

S. No Age Elec- NO  Mean Medi an SO Mn. Max.
group trode nsec nsec nsec nsec nsec
(in years) site
1. Adult Cz 29 315.14 318 36.99 252 401
(18- 35) Pz 29 313.62 317.5 40.24 241 409
2. Children Cz 22 342.23 343 28.07 272 386
(7-10) Pz 22 342.18 346.5 32.65 266 386
3. Children Cz 7  356.28 363 22.22 327 386
Sub-group Pz 7 363 365 23.20 327 386
| (7-8)
4. Children Cz 6 345.66 362 36.84 272 366
Sub-group Pz 6 333.17 363 49.79 266 369
11 (8-9)
5. Children Cz 9 329 333 21.70 283 357
Sub-group pz 9 332 334 16.96 303 354

11 (9-10)
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Psoo waveform of a subject aged 23 years, recorded at Pz
el ectrode site.

-+
Al 2.E3qu
FREQUENT o
] P304
- AMPLITUDE
- Lo1gMY
A2 - S.80uv
RARE
- _l T T T ] T il T T T
LATENCY 50.00 ms/div
Pgoo LATENCY = 323 nsec.
Psoo waveform of a subject aged 7 vyears, recorded at
el ectrode site.
+
Al 2-.55UV:M
SEQUENT i
i P3gy
A2 2.07uV-
RARE ]
I 1 I LN i 1 [} 1

LATENCY 50.00 ms/div

Ps00 LATENCY = 363 nsec. Psoo AMPLI TUDE = 9.74 pVv
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P30 waveform of a subject aged 8 years, recorded at Cz
el ectrode site.

+
Al l5.87uV_
FREQUENT
7 P3gp
A2 5.88uY
RARE - N2
- I T T T T T L T T T

LATENCY 50.00 ms/div

4 P3oo LATENCY = 362. 6 nsec. Psoo AMPLI TUDE = 14.39 pVv

Psoo waveform of a subject aged 9 years, recorded at Pz
el ectrode site.

.
Al 7.12u¥
FREQUENT
i P388
4
A2 5.88uy
RARE )
N2
- T T I | T T T | — T ;

LATENCY 50.00 ms/div

P3oo LATENCY = 343 msec. Ps3oo AMPLITUDE = 12.70 pVv
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As shown in Table-1, there was a clear devel opnental
trend in the Pso latency, with the adult group having the
| east latency and the 7-8 years children group having the
| ongest latency, for both Cz and Pz el ectrode pl acenents. In
conparison to the children group, the adult group Psy
| atency was nore variable (& for & = 36.99, SDfor Pz =
40. 24) .

Tabl e-2: Latency of Ps;o : Conparison between the adult group
and children group (2 sanple 'T Test).

S No Vari abl e N Mean SD F-ratio Pr obabi - N
nsec. nNsec. lity
| evel
1. C latency
adul t 27 360. 37 33. 11
1. 3914 0. 4320
children 22 342. 23 28. 07
2. Pz latency
adul t 27 307. 96 35. 13
1. 1580 0. 7265
children 22 342. 18 32.65

As shown in Table 2, there was no significant difference
on 2 sanple 'T" test between the young adults group (18-35
years) and children group (7-10 vyears) for P latency in
both Pz and C electrode placenents (For Cz, probability
| evel = 0.4320; for Pz, probability |evel =0.7265.
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Tabl e-3: Latency of Pz : conparision between adult group
and each separate children group (Mann-Witney 'U
Test
Vari abl e N Mean "U value Probability
(nsec) | evel
Gz Latency
adul ts 8 305. 88
7 0. 007
Chil dren 7 356. 28
(7-8 years)
Pz Latency
adul ts 8 310
5 0. 003
Chi | dren 7 342.18
(7-8 years)
Cz Latency
adul ts 8 305. 88
6 0. 010
Chi I dren 6 345. 66
(8-9 years)
Pz Latency
adul ts 8 310. 88
4 0. 004
Chi I dren 6 333. 17
(8-9 years)
& Latency
adul ts 8 305. 88
22 0. 164
Chi I dren 9 329
(9-10 years)
Pz Latency
adul ts 8 310
26 0.578
Chi | dren 9 332

(9-10 years)

Mann-Wiitney 'U test was carried out to conpare the

| atency of adults with each of the 3 children groups. As the
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nunber of children tested, in each group was |ess, a random
sanpl ing was done to select 8 adult subjects. As seen in

Table 3, the results showed that

1) There was a significant difference between the sanpled
adult group and the 7-8 years children group for both Pz
and Cz el ectrode placenents, at 0.01 level (probability

| evel for Cz = 0.007, probability level for Pz = 0.003).

ii) There was a significant difference between the sanpled
adult group and the 89 years children group for both Pz
and &z electrode placenments at 0.01 level (probability

| evel for Cz = 0.010; probability level fromPz =0.004).

iii) There was no significant difference between the sanpled
adult group and 9-10 years children group, for both Pz
and Cz electrode placenents at 0.05 level (probability

level for & = 0.164; probability level for Pz = 0.578).
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Table-4 : Latency of P : Conparison of latency within the
children age groups (Mann-Witney Testy
S.No. Variable N Mean "Z' value Probability
| evel
1. Cz Latency
chil dren 7 356. 28
(7-8 years)
0. 2857 0. 7751
Chi |l dren 6 345. 66
(8-9 years)
2. Pz Latency
chil dren 7 363
(7-8 years)
1. 1429 0. 2531
Chi l dren 6 333. 17
(8-9 years)
3. & Latency
chil dren 7 356. 28
(7-8 years)
1. 9053 0. 0567
Chil dren 9 329
(8-9 years)
4. Pz Latency
chil dren 7 363
(7-8 years) 2. 3287 0. 0199
Chi |l dren 9 333
(8-9 years)
5. C Latency
chil dren 6 345. 66
(8-9 years)
2. 0035 0. 0451
Chil dren 9 329
(9-10 years)
6. Pz Latency
chil dren 6 333. 17
(8-9 years)
1. 0607 0. 2888
Chi |l dren 9 332

(9-10 years)
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As seen in Table-4, conparison of P300 |atency wthin
the children age groups, using Mnn-VWitney 'U test, showed

t hat

(i) There was no significant difference in P;3p |atency at
0.05 level, Dbetween the 7-8 years children group and 8-9
years children group, for both Cz and Pz electrode

pl acenment s.

(ii) There was a significant difference in P300 |atency at
0.05 level for Pz electrode, between the 7-8 years
children group and 8-9 years children group (probability
l evel = 0.0199) .

Cz electrode showed no significant difference between

t he above 2 groups.

(iii) There was a significant difference in P latency at
0.05 level for Cz electrode between the 8-9 years
children group and 9-10 years chil dren group

(probability |evel = 0.0451).

There was no significant difference in P3o |atency for

Pz el ectrode between the above 2 groups.
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Thus the above results are in concurrence with earlier
studies in showing a decrease in Pz latency with maturation
of the auditory nervous system Holconb et al., (1985)
studi ed 108 normal subjects in the age group 89 years using
visual |y evoked Pz and reported of a age-related change in
Pso latency, with a decrease in latency with age upto early
adul thood. Martin, et al., (1989) studied 68 nornmal subjects
in the age range of 6 to 23 years, and reported of a
significant correlation between age and latency upto age 15
years. Simlar results have been reported by Pearle, et al.,
(1989) who studied normal subjects in the age range of 5-13
years, MPherson et al., (1989) who studied the age range of
5-12 years and Barajas et al., (1990), who studied the age

range of 6-24 years.

The lack of a statistically significant difference for
the Ps;po |latency between the adult group and children group
may be explained by the large variability in the |atency
(large SDs) obtained w thin each group. Such large SDs have
been reported in earlier studies also (Brown, et al., 1983);
Polich, et al., 1985; Pearce, et al., 1989; Barajas, et al.,
1990) . The finding of a significant difference between the
adult group and the 7-8 and 8-9 vyears children group and the
|l ack of a significant difference between the adult group and

the 9-10 years children group suggests that the difference in
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| atency between the adult group and children group decreases

with increase in age.

Thus these findings provide a normative data for Psg
latency for the children age group (7-10 years) and young
adults (18-35 years). This is especially inportant for the
study of clinical populations such as learning disability,
mental retardation, central-auditory disorders etc, as the
maj or alteration seen is a variation of Pspo |atency, which
is also seen in normal devel opnent, but to a |esser degree,

as shown by this study.

Tabl e-5: Anplitude of Psg

S No Age Elec- No. Mean Median SO Mn. Mx.
gr oup trode (mcro

(in years) vol t s)

1. Adult (074 29 12. 28 12. 43 544 4.11 24.17
(18- 35) Pz 29 12.40 12.96 4.97 5.11 25.05

2. Children 22 11.64 11.73 3.82 4.5 19. 33
(7- 10) Pz 22 11.54 10.97 4.63 3.21 22.31

3. Children Cz 7 11. 08 12. 46 3.20 6.19 14.88
Sub-group Pz 7 10. 36 10.72 3.96 6.34 15.16
| (7-8)

4, Children 6 10. 43 10.34 3.84 4.5 14. 39
Sub-group Pz 6 9.31 9. 46 2.80 3.21 11.23
I (8-9)

5. Children Cz 9 12. 87 11.54 4.29 7.91 19.33
Sub-group Pz 9 14. 35 14. 35 4.86 7.07 22.31

111 (9-10)
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Tabl e-6: Anplitude of Pz : Conparison of adult and children
group (2 sanple 'T test).

S. No Vari abl e N Mean SD F-ratio Pr obabi - N
(mcro- (mcro- lity
volts) vol ts) | eve

1. Cz anplitude
adul t 27 12. 21 5.37
1.9726 0. 1086
chil dren 22 11. 64 3.82
2. Pz anplitude
adul t 27 12. 65 4.95
1.1404 0. 7542
children 22 11.54 4.63

As shown in Table 5, there was lots of variability in
anplitude of Py and there was no systematic change in

anplitude with increase in age.

As shown in Table-6, when the 2 groups were conpared
with 2 sanple 'T° test, there was no significant difference
between the adult group (18-35 years) and children group (7-
10 years) for Py anplitude in both C and Pz electrode
pl acenents (For Cz, probability level - 0.1086; for Pz,
probability level = 0.7542).

This finding is in concurrence with earlier studies
(Godin et al., 1978, Brown, et al,, 1983; Polich, et al.,
1985; Martin, et al., 1988; Barajas, et al., 1990) who al so

report of no significant variation of the P300 anplitude
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with an increase in age. Such a finding may be explained by
the presence of a large inter subject variability in Pz
anplitude across all age groups. It has been reported in
literature that intra-subject and intersubject variability is
nore for anplitude of Pz (Brown, et al., 1983; Polich, et

al ., 1985; MPherson, et al., 1989).

Thus the above study reveals that the P;spo anplitude
does not show any devel oprent al trend and has hi gh
intersubject variability or even wthin the same age group.
This suggests that it is difficult to study devel opnenta
changes or maturation of the auditory nervous system by
recordi ng anplitude of Psp. Also the anplitude of Pz when

in clinical population should be interpreted with caution.
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Tabl e-7: Latency of P300 : Conparison of Pz and Cz el ectrode
pl acenents in the different age groups.
(Mann- Wi t ney Test)

SNo Variable N Mean Z-val ue Probability
nsec. | evel
1. Adults
(074 27 310. 37
- 4. 3249 0. 9655
Pz 27 307. 96
2. Children
(7-8 years)
(074 356. 28
-0.5111 0. 6093
Pz 7 363
3. Children
(8-9 years)
(074 345. 66
-0. 2401 0. 8102
Pz 6 333. 17
4. Children
é?-lo years)
329
- 0. 3090 0. 7573
Pz 9 332

As seen in Table 7, there was no significant difference
in the P300 |latency between the Pz and C electrode
pl acenents, in both the adult and children groups. Thi s
finding suggests that there is no shift in the prom nent Psgyp

el ectrode site.

This finding 1is in contrast to earlier st udi es.

Hol conb, et al., (1985) reported of a shift in the dom nant
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P30 waveform (shorter latency and larger anplitude) from a

posterior site (Cz) to a nore anterior site (Pz) wth

i ncrease in age. Simlar results have been reported by
Pfefferbaum et al., (1980), Sm t h, et al ., (1980)
Pfefferbaum et al., (1984). The present studies result is

i nconcurrence with Snyder's study (1980) which reported of no

age related changes in the Pspo electrode site.
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SUMVARY AND CONCLUSI ON

The P30 IS a positive response recorded at 300 nsec,
and i s an endogenous cognitive event-related potential (ERP).
The anplitude of the Pz is about 15 mcrovolts, and under
certain recording and stinulus conditions may be binodel
i.e., Psoa and P300b- The Psp is broadly distributed with
a maxi mum anpl i tude observed at the mdline over the centero-
perietal areas, and is best recorded with a auditory "odd-
bal I " paradigm  The P300 is greatly i nfl uenced by
attention, alerting, arousal, subject psychol ogical state and

varies with devel opnent/agi ng of the subject.

The current study was undertaken to investigate if there
was any age related significant variation in the |atency of
P:oo and its anplitude on conparing nornal children (7-10
years) and normal young adults (18-35 years). It was also
designed to determ ne whether there was any significant
variation in Pspo on conparing frontal (Cz) and parietal (Pz)

el ectrode pl acenents.

The 2 groups were studied on an auditory 'odd-ball"’
paradigm in which a infrequently occurring target tone (2
KHz, 20% of the trials) was used to elicit the event-rel ated

P:oo potential against a background of a frequently occurring
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non-target tone (1 KHz, 80% of the trials). The subjects
were instructed to keep a cumul ative count of the rare tones
and to ignore the frequent tones. P300 was recorded at &

and Pz el ectrode sites.

The nean Ps; latency was &z = 315.14, Pz = 313.62 nsec.
and Cz = 342.23, Pz 342.18 nsec. for the adult and children
group, respectively. The 3 children age groups had a nean
latency of &z = 356.28; Pz = 363 nsec. (7-8 years); G =
345. 66 nsec, Pz = 333.67 nsec. (89 years) and Cz = 329 nsec,
Pz = 332 nsec. (9-10 years).

The results reveal ed that

1. There was clear developnmental trend in the P |atency
(the latency decreased from the children to adult age
group) seen, but no statistical significant difference was

seen between the 2 groups.

There was a significant difference in ternms of Psgp
| atency between the adult group and the children age groups
7-8 years and 89 years, but no significant difference was

found between the adult group and 9-10 years children group.
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2. There was no developnental trend in the P300 anplitude,
and no significant difference was found between the 2

groups (adults vs. children).

3. There was no significant difference in the Pz [|atency
bet ween t he Pz electrode placenment and Cz electrode

pl acenment .

The results of this study, thus reaffirns the inportance
of aging as a contributing factor to <changes in the |atency

of event-related potential Psgo.

Limtations of the present study

1. The nunber of subjects included in each group, was not
| arge enough, to reliably extend the results to al

subj ects of the same age group.

2. The present study included children in the age group of 7-
10 years, only and thus did not study the variation in the

Psoo | atency over the whole children popul ation.

3. The present study enployed a fixed stinulus paraneters and
response strategies, and did not study the influence of a
varied stinmulus paraneters and response strategies on the

Psoo | atency.
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