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Abstract

Event-related potentials (ERPs) were oblained 0 synthesized speech stimuli in 16 school-
aged children (7-11 years} and compared to responses in 10 adulis. P,, N, and P, eveni
refated potentials were elicited by the phonemes /ga/. The mismaich negativity (MMN) was
slicited by variants of /da/ and /ga/, which differ in the onset frecaiency of the second and third
formant transitions. in general, the weil-defined N /P, complex characteristic of the aduit
response, was not found in children. Waves P, and N had longer peak latencies in children
than in adults. Wave P,amplitude was smafler in children than in aduits. In contrastto the often
pootly delineated earier cortical potentials, the MMN was weli defined in chiidren. Significant
MMNs were obtained in ali subjects tested. MMN magnitude {peak ampfitude and area) was
significantly larger in the children, No significant differences were found in peak tatengy and
duration: of the MMM in children compared te the adult response. Another negative wave
occurring at 400 msec was also observed in response to the deviant stimuli, This negative
wave occurred at a similar latency in adulls and chiidren and was significantly larger and more
robust in children. Resulls support the view that development of ERPs does not involve a
hierarchical process with respectio latency. Thatis, earlier occurring waves do not necessarily
rmature before later occurring waves. The latencies of P, N,, and P, and overall morphology
of these waves may provide a measure of maturation of central pathways. The early
development of the MMN, its apparent robustness in school-aged children, and its reflection
of the processing of acoustic differences in speech stimuli suggest its possible use in the

assessment of central auditory function.

Key Words: Auditory evoked potentiais {AEP), children, development, eventrelated
potentials, mismatch negativity {MMN]}, speech

( j ertain event-related auditory evoked
potentials (ERPs or AEPs) can be elic-
ited passively, without requiring the

subject to perform a task. The well-studied

suditory brainstem and middle latency re-
sponses are in this group, as are P, N, P, and
the mismatch negativity (MMN), which are the
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focus of the present investigation. The MMN
(Nadtanen et al, 1978) permits an objective
analysis of sensory processing and discrimina-
tion of stimulus differences in patients who
cannot congistently attend to stimuli.

Like the auditory brainstem response, waves
P ,N,and P, are ehicited by repetitive acoustic
stimuli, but these later potentials are less de-
pendent on stimulus rise time and frequency
and can be elicited by complex stimuli such as
speech (Wood et al, 1971; Picton and Stuss,
1984; Woods and Elmasian, 1986). Wave P,,
eccurring at about 50 msec in adults, is alter-
nately considered a middle latency or late audi-
tory evoked potential depending on the time
window and repetition rate with which it is
elicited (Kraus and McGee, 1992). The N.-P,
complex, originally described by Davis(1939),is
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nbiguitous in adults. There is some question as
to its developmental sequence in children
{Courchesne, 1990). As the N, wave is thought
to consist of at leagt 3 distinctively generated
subcomponents (Na#tanen and Piclon, 1887),
these components may have distinctive deve-
lopmental time courses as well,

The MMN is elicited by an “oddball” se-
gquence in which a deviant stimuluseccurs within
a series of homogenous, or standard, stimuli
{Naatdanen et al, 1978). Again, these stimuli can
be acousticaily complex. The MMN is thought to
reflect a neuronal mismatch process eecurring
hetween the input from a deviant stimulus and
a sengory-memory trace, which has stored the
physical features of the repetitive standard
stimulus {Sokelov, 1975; Nasdtdnen, 1980). In
addition, the MMN, unlike other cognitive
potentials, decays rapidly when interstimulos
intervals are longer than 2 seconds (N##ténen
et al, 1987). These features have linked the
MMN to “engram” or immediate short term
memory processes {Nidtinen et al, 19894, b).

The MMN has been obtained in response to
minimal changes in acoustic parameters such
as frequency, intensity, location, and duration
(Sams et al, 1985; Nidtinen et al, 1987, 1989a,
b; Kaukoranta et al, 1989; Paavilainen et al,
1989) and can sccur when the difference be-
tween the standard and deviant stimuli is near
psychophysical thresheld (Sams et al, 1985a;
Kraus ef al, 1993a; Sharma ef al, 1993). The
MMN has heen elicited by speech stimuli
(Aaltonen et al, 1987; Sams et al, 1990; Kraus et
al, 1892a, 1993a, b; Sharma et al, 1993). As a
neurophysiologic index of processing of smali
acoustic differences, MMN may be used to in-
vestigate mechanisms underlying auditory sen.
sory discrimination. Clinical applications in-
ciuding assessment of auditory learning prob-
lems can be envisioned.

Of theoretical interest is how the develop-
ment of the event-related potentials P,, N, P,,
gnd MMN compare with each other. Although
thereis a general trend toward the development
of early waves before later waves, it is unlikely
that a strict hierarchical process with regpect to
latency underlies ERP development(Eggermont,
1888; Courchesne, 1990} or ERP generation in
general (Picton et al, 1977; Satya-Murti et al,
1883; Kraus et al, 1893¢). Rather, developmen-
tal changes are likely to invelve an interactive
process where some potentiais have independ-
ent developmental time courses. The develop-
mental time course of these potentials may

provide information about the underlying gen-
erating systems and sensory processes. More
practically, if clinical applications are to be
envisioned for these ERPs in children, it is
necessary to know the characteristics of the
normal response in this population.

In this study, P,, N, P,, and MMN evoked
potentizls were compared in school-aged chil-
dren and adults in response to speech stimuli
differing in well-specified acoustic features.
Additionaily, a negativity at 400 msec was de-
scribed. MMN dats have been reported previ-
ously in part {Kraus et al, 1992a}. Unique tothis
communication are additional subjects and the
statistical analyges used to define the MMN in
groups and in individuals. Evaluation of the
MMN in individual subjects is essential to its
clinical application.

METHOD

S ubjects were 16 healthy children, 7-11

years old {8 males, 8 females) with normal
hearing threshelds {< 15 dB HL) from 500 to
8600 Hz. Also reviewed here, for comparison
with the child data, are data from 10 adults {17
28 years old; 4 males, 6 females) (Kraus et al,
1992a}.

Stimuli

Synthesized (Klatt, 1980) speech stimuli
(sampling rate of 10,000 Hz) were variants of
the voiced stop consonants /da/ and /ga/. The
stimuli were composed of five formants and
differed in the onset frequency of the second and
third formant transitions. The speech stimuli
were chosen from a nine-item condinuum in
which the second and third formants were var-
ted systematically from /da/ to /ga/ (Walley and
Carrell, 1983). The P{c)max scores, a meagure of
behaviaral discrimination (Green and Swets,
1974), for stimuli 3 and 8 in the continuum were
78 percent for children and 98 percent for adults.
These two stimuli, referred o as /da/ and /ga/,
were used to elicit the ERPs in this study.

The starting frequencies of the second and
third formants were 1685 Hz and 2625 Hz for
the /da/ stimulus and 1647 Hz and 2187 Hz for
the /ga/ stimulus. The center frequencies of the
formants for the steady-state vowel /a/ were
720, 1240, 2500, 3606, and 4500 He for F,F, F,,
F,, and F, respectively. The F, and F, formant
transitions were linear and 40msgecin duration.
F, and F, were steady-state formants.
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Stimulus duration was 9¢ msec. The ampli-
tude of voicing was constant for 80 msec and fell
linearly to 0 in the last 10 msec of the atimuli.
The fundamental frequency began at 103 Hz,
increased linearly to 125 Hz in 35 msec, and
then decreased to 83 Hz in 55 msec. The peak
amphitudes of both stimuli were within 0.5 dB of
each other,

Files from the Klatt synthesizer were
downloaded to a PC-based stimulus delivery
gystem that outputs the signalsthrough a 12-bit
D/A converter. That system controlied time of
delivery, the stimulus sequence, and the stimu-
lusintensity. it also triggered a PC-based evoked
poiential averaging system and indicated
whether the {rial contained a standard or devi-
ant stimulus.

Electrophysiologic Measures

‘Fo control for level of arousal, subjects were
ingtructed to watch videotaped movies or car-
toons, a practical procedure for school-aged chil-
dren. The videotape audio levels were kept
below 40 dB SPL. Speech stimuli were pre-
sented to the right ear at 75 dB SPL through
insert earphones. The interstimulus interval
wes 1.5 see, Evoked responses elicited by stand-
ard stimuli and those elicited by deviant stimuli
were averaged separately. P, N,, and P, were
evident in both the ERP obtained to the stand-
ard as well as to the deviant stimuli; the MMN
occurred only in response to the deviant stimuli
in the oddball paradigm. An oddball paradigm
was used in which a deviant stimulus /da/(prob-
ability of occurrence = 15%) was presented in a
series of standard stimuli /ga/ (probability of
oceurrence = 88%). The averaged responses
were obiained in blocks of 25 deviant stimuli
and approximately 140 standard stimuli. A fo-
tal of eight such blocks were run for each sub-
ject. Stimuli were presented in & pseudorandom
sequence with at least three standard stimuli
separating presentations of deviant stimuli.
Twenty standard stimuli preceded the occur-
rence of the first deviant stimulus, Responses to
standard stimuli immediately following devi-
ant stimuli were excluded from the standard
gtimulus average.

As a control, responses also were measured
to eight blocks of 25 stimulus presentations of
the/da/stimulus in a “/da/-alone” condition. The
MMN should occur only when the auditory
system makes a discrimination between the
standard and deviant stimuli. Therefore, the
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ERP obtained to /da/ presented in the oddball
paradigm should be different from the response
to the same /ds/ stimulus when it is presented
alone (Same et al, 1985b; Néfitdnen et al, 1989b;
Kraus et al, 1993a, b).

The ERPs were recorded from Fo/A2 with
the forehead as ground. Trials containing eye
movements were excluded from the averages.
Eye movemenis were monitored with a
gsupraorbital electrode referenced to the
contralasteral mastoid or a bipolar electrode
montage (supraorbital-to-lateral canthus}. Prier
to data collection, subjecis were instructed to
blink and move their eyes while amplifier set-
{ings were adjusted to ensure detection of eye
movements (artifact level £163-245 uV). Aver-
aging was suspended automatically when the
eye channel registered movement. The record-
ing window included a 50-msec prestimulus
period and 500 msec of poststimulus time.
Evoked responses were analog bandpass fil-
fered on-line from 0.1 to 100 Hz (12 dB/octave).
Responses were digitally lowpass filtered witha
Blackman filter at 40 Hz off-line.

Data Analysis
Individual Subject Date Analysis

For each subject, responses from a total of
eight stimulus blocks of /ga/ and /da/ in the
oddball paradigm and eight blocks of the /da/-
alone condition were uged in the analysis. An
individual grand average of those eight blocks
was computed. Thus the individual grand aver-
ages generally consisted of a tetal of 1,200 re-
sponses to the standard (/ga/) stimulus and 200
responses each to the deviant {/da/} and /da/-
alone stimuli.

For each subject, ERPs were analyzed for
the presence of components (P,, N,, and P,),
amplitude, and latency. P,, N, and P, were
considered present if amplitudes exceeded or
were equal to 0.5 ¢V, Amplitude and latency
measurements of waves P, N, and P, were
obtained from the response to the standard
stimulus /ga/. Peak latencies were measured
from the midpoint of each wave in the latency
ranges of 25-100, 75200, and 1002580 msec for
P, N, and P,, respectively. Peak amplitudes of
P, and N, were computed with respect to the
prestimulus baseline. P, amplitude was meas-
ured from the preceding trough, because i is
influenced by several “negativities” associated
with latencies at N and just following N,
(Nudtdnen and Picton, 1987). Some of these
negativities extend well into the latency of P,
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Wave P, inherently “rides” on those negativities
and the apex of P, often lies below baseline, The
most consistent measure of P, amplitude ap-
pears to be from the preceding trough to the P,
peak. Waves P, N,, and P, occurred at similar
latencies in response to standard and deviant
stimuli.

Since the MMN is, by definition, elicited
only by the deviant stimulus, a difference wave
was computed by subtracting the individual
grand average response to the standard stimu-
lus from the response to the deviant stimulus.
Likewise, a difference wave was computed by
subtracting the response to the/da/-alone stimu-
lus from the regponse to the deviant (/da/) stimu-
has.

The morphologies of the standard, deviant,
fda/-alone, and difference waveforms (deviant
minus standard, deviant minuvs/de/-alone) were
assessed relative to the previously described
morphology of speech-evoked MMNs {Aalionen
etal, 1987 Sams et al, 1996, Kraus et al, 1993a).
The MMN was identified visually as a relative
negativity following the N,, within a latency
range of 150-300 msec. Statistical tests were
performed on the individual responses fo en-
sure that the MMN identified visually was in-
deed a significant negative deflection as de-
seribed previously {(Krauset al, 1993a,b). Using
the subject’s grand average waveforms, a la-
tency (in msec) was determined for the onset,
offset, and peak (point of maximum negativity)
of the MMN. Using the contributing difference
waves, {-tests were performed comparing the
amplitudes of b-msec periods flanking the three
marked latencies {onset, peak, offset). Like-
wise, t-tests were performed on the individuai
deviant (oddball paradigm) and deviant minus
/da/-alone difference waveforms comparing the
amplitudes at the same three latency points
identified above. An MMN was considered to be
present for that individual if the amplitude of
the peak was significantly different from the
onset or offset amplitudes of the MMN in both
the deviant minus standard and deviant minus
/da/-alone conditions.

The magnitude and latency of the MMN
was measured {rom each individual subject’s
difference wave, MMN duration was defined as
the offset minus the onset latency for each
subject. MMN magnitude was caleulated (1} by
measuring the peak-to-peak amplitude {mini-
mum 0.5 1V} from the preceding peak to the
midpoint of the MMN {(onset-to-peak) and from
the midpoint {0 the end of the MMIN waveform
(peak-to-offset) and (2) by measuring the area of

the MMN waveform. To measure the area of the
MMN, a line was drawn between the onset and
offset of the MMN in the difference wave, The
enclosed area of the difference waveform was
meagured in msec X V.

The amplitude and latency of MM4 were
also calculated from each individual subject's
difference wave. MM4 latency was measured
from the midpoeint of the wave. MM4 amplitude
was measured from that trough to the preceding
peak.

Group Data Analysis

Grand averages were computed across sub-
jects. T-tests were used to compare differences
between children and adultsfor P, N, P, and
MMN. In addition, a grand average of the differ-
ence waveform (deviant minus standard) was
calculated. A point-by-point t-test of the values
of the contributing waveforms determined the
lateney duration over which the grand averages
were significantly different from zero (i.e., a
significant difference between the standard and
deviant waveforms). A significant negativity
(seen in the grand average difference wave)
following the N, (seen in the grand average
standard and deviant waveforms) was defined
as the group MMN. A similar analysis was
performed on the deviant {oddball paradigm)
minus /de/-alone difference waveforms. By defi-
nition, the MMN occurs in response to the
deviant stimulus only when it is presented in
the oddball paradigm and not when the deviant
stimulus is presented alone.

RESULTS

rand average responses across subjects

to the standard and deviant stimuli and
the corresponding difference waves are shown
in Figure 1 for children and adults. Waves P,
N,, and P, are evident in response to both
standard and deviant stimuli. The MMN and
MM 4 are evident in the responses tothe deviant
stimuli, Latency and magnitude values of all
waves and statistical comparisons between
adults and children are listed in Table 1.

P,N,and P,
Figure 2 shows representative responses to
the standard stimulus /ga/. Responses from sev-

eral children are compared to the adult re-
aponse. While the MMN was adult-like in mor-
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Figure 1 Grand average ERPg across subjects are
shown for children {top) and adults (bottom). For ench
group, the light trace is the response to the standard
stimulus /ga/ and the darker trace is the response to the
deviant stimulus /da/. The bottom trace is the difference
wave obtained by subtracting the ERP te the standard
stimuive from the response to the deviant stimulus.
Positive is up.

Tabie ¥ Comparison of Latency and
Amplitude Values for Chlidren and Aduits

Children Adidls  Significant
Mean SD  Mean 8D Difference

Latency
P, 61 1t 50 6 p< 05
N, 119 25 a8 12 B 05

s 171 3 17723

MMN peak 220 4% 231 3
MMN onset 183 34 170 19
MMN offset 21y 33 280 30
MM4 388 39 418 28

Ampiitude
P, 15 1.1 11 1
N, 25 15 -28 11
Pe 28 1¢ 43 17 P
MMN onsetfpeak 33 22 12 08
MMN oliset/peak 33 18 13 05 p .
MM~ area 280 169 153 67 p<.05
MM4 43 2.2 14 1.2 p< 0005
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Figure 2 Represeniative responses o the standard
stimalus /ga/ from several children are compared i the
adult response. Note the large P, and the later and more
variable latency of N, in the children in comparisen tothe
adults,

phology, the earlier components differed in the
¢hildren. Adults showed the classic, well-de-
fined N,~P, complex. In children, a large posi-
tive wave (P,) tended to dominate the P/N,
complex. N, peak latency was less well defined
{consistent with greater latency variability),
and P, was smaller in children, as compared to
adults. Both P, and N, latency were signifi-
cantly longer in children.

Overall, wave P, was present in 14 children
and 6 adulis tested. All subjects in this study
exhibited waves N, and P,. The latency of both
F, and N, were significantly longer and more
variabie in children compared to adults as seen
intheindividual subject datain Figure3.The P,
latency was similar in adults and children. P,
and N, amplitudes were similar in adults and
children. The P, component was larger in adults.

Mismatch Negativity

There were no differences in the latency of
the MMN in children, compared o adultz. No
gignificant differences were found in peak la-
tency, onset, offset, or total duration. Pesk la-
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Figure 83 P, N, and P, iatency and ampiitudes. Top:
Latency of wavea P, N, and P, are shown for individuat
subjects and are compared in children and adults. Solid
lines indicate + 1 SB. Waves P, ard N, occurred signifi-
cantly later in children than in adults. Bottom: Ampli-
tude of waves P, N, and P, are shown for individual
adults and children. Solid lines indicate + 1 8D. P,
amplitude was greater in adults.

tency and duration measurements are shown in
Figure 4 for each subject. Mean latency (£18D)
is depicted by vertical bars in the figure {top).
Individual amplitude values (onset-to-peak
and peak-to-offeet) for each individual child and
adult are shown in Figure 5 (top). Mean ampli-
tudes (11 SD) are also depicted by the vertical
barg in the figure. Mean MMN area measures
are shown for the children and adults at the
bottom of the figure. Onset-to-peak amplitude
was not significantly different in adults and
children, although there was a trend for larger
amphitudes in the children. Peak-to-offset am-
plitudes were significantly larger in the chil-
dren, as compared to the adults. MMN area
measures were algo larger for the children than
the adults. Using the criteria specified above,
the MMN was present in each individual, in the
deviant minus standard condition as well asin

MMN Peak Latency
Chiid Adult
3HH
g : -
& % =
B w0 :
5 T ".‘..
100 farS and idar O
MMN Duration
A
Childt Aduit
W ' i
= ;
FTh
T
g _
S w0 I z 1'
o oS e e

Figure4 MMN peak latency (+ 18D} and duration for
individual aduits and children, Solid lines (top) indicale
+ 1 8. There were no significant differences between
adults and children. 8 and D indicate standard and
deviant, respectively.

the corresponding conirel deviant /d&/ minus
/da/-alone condition {Fable 2).

Figure 6 shows the grand average MMN
difference wave for all 16 children and 10 aduits.
The croas-hatched area below the waveforms
denotes the portion of the difference wave that
is significantly different from zero. The analysis
shows a region of significance in the latency
range of the MMN, which occurs at 200 msec.

Another negative wave occurring at about
400 msec{MM4)was observed intheresponse fo
the deviant stimuli and was clearly present in
the difference waves, That negative wave oc-
curred at a similar latency in adults and chil-
dren and was significantly larger and more
robust in children.

DISCUSSION
F rom this cohort of school-aged children, it

appears thai various passively elicited
event-related potentials develop at different
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Figare 5 MMN magnitude (amplitude and area} for
individual children and aduits. Selid lines indicate
% 1 8D. Peak-to-offset and area measures were signifi-
captly larger in the children than in the adults. Band D
indicate standard and deviant, respectively.

CHILDREN

neiG

IG.S::V

ADULTS

]

z%pmm
a

1 aency {msec)

106 é ) 400

Figure 8 Grand aversge difference waves cbhtained by
subtracting the response to the standard stimulus /ga/
from the response to the deviant stimulus/da/ in children
(top}and in adulla(bottom), The significant MMN region
in children (0 > [1.75]; df = 15; p < 0.05) and adults
(4> 11.83]; 4F = 9; p < 0.08) are indicated by the cross-
hatched areas.

Table 2 Analysis of MMN Significance in Individuai Children

Deviam-Standard Daviant Rare-Deviant Alone

Onset/Peak Peak/Offset Onset/Peak Peak/Offset
Subject Amg Amp Amp Amp ¢
AA 429 1010 3 208 813 ¢ 369 1021 ¢ 266 1.38
AK 2685 358 ¢ 60 380 ¥ 318 0981 4 419 488 ¢
M 132 321 ¢ 241 341 1% 558 369 ¢ 316 446 +
cs 085 Q72 287 270 % 291 396 ¢ 303 281 ¢
(8] 845 608t 812 7869 % 464 371 ¢ 642 336 ¢
A 308 2914 132 134 296 187 * 153 083
3B 215 423t 445 648 1 203 271 % 260 3146 1
K3 51 853 1 280 354 1 436 740 ¢ 782 572 %
(Y 088 225 * 133 2356 1 470 073 154 483 ¢
MEB 179 44 ¢ 316 328 ¢ 200 170 ¢ 352 288 ¢
MG 423 163 433 471t 1141 42 ¢ 883 803 ¢
NP 195 306 t 295 499 1 00 400 4 384 201 *
= B51 983 ¢ 315 3821 344 794 % 875 280 *
G 446 774 4 230 343 % 431 774 % 386 4538 %
M 188 172 * 256 443 1 481 2258 # 257 580 %
G 311 394 1 430 548 § T3 703t 587 469 1

*»> < 05 tp < 01
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rates. Development of speech-evoked P,, N,
and P, waves appears {o continue beyond the
ages of the children in the present study. The
child MMN was similar to the adult response in
both latency and morphology, indicating that
this response iz largely mature in school-aged
children. The results support the view that
developmental changes in late potentials do not
involve changes in a single parameter, like a
gradual latency or amplitude shift, as a function
of age (Eggermont, 1989; Courchesne, 1990).

Pl

In children, a wave at the latency of P, often
dominated the early portion of the ERP. The
generating system underlying this wave in
adults has been linked to the reticular activat-
ing system at thelevel of the thalamus(Buchwald
et al, 1881; Erwin and Buchwald, 1986;
Buchwald, 1989). The continuing development
of P, into the second decade of life is consistent
with the view that the reticular activating sys-
tem or the areas it influences, (although clearly
functional early in life) continue to myelinate
during this time (Yakovlev and Lecours, 1967).
The decrease in P, latency with age may reflect
this continuing myelinization process. The
reticular formation is also thought to affect the
preceding positive wave (Pa}, which also contin-
ues to develop until preadolescence(Krauset al,
1985, 1989, 1992b).

N,-P, Complex

N, was detected in all children 7 years of age
and older in this sample, but N, latency oc-
curred significantly later in children compared
to adults. Although N, wasidentifiable, its peak
was not clearly delineated and the significantly
reduced amplitude of P, in children impeded the
identification of the “N /P, complex” that is se
characteristic of the adult response. Both Goodin
et al (1978} and Martin et al (1888) report that
N, and P, are unreliably obtained in 6-year-olds,
but become easier to identify in older children.
According to Courchesne (1990}, it ig not unti}
preadolescence and puberty that the familiar
auditory N /P, vertex potential begins fo be
clearly seen. Similarly, Csépe and colleagues
(1992) reported P, N, and P, morphologies and
latencies consistent with those reported here
for achool-aged children. In contrast, Johnson
(1889) reported adult-like latencies and amphi-
tudes for N, and P, in school-aged children.

Mismatch Negativity

The speech-evoked MMN was elicited to
gpeech stirmuli in all children tested. The MMN
to speech stimuli appears to be a robust phe-
nomenon oceurring at adult iatencies even in
the youngest subjects tested. Congistent with
other reports (Ceépe, 1992), MMN magnitude
was larger in children. This may be an indica-
tion that the MMN reflects processes that are
particularly salient in children. Alternatively,
the geometric orientation of the generating sys-
tem may optimize MMN amplhitude at Fz in
children.

The P800 ERP (Sutfon et al, 1965) consists
of an inconsistently present, passively elicited
component, P3a(Roth, 1973; Squires et al, 1975;
Polich, 1989} as well as a task-related, P3b
regponse (Donchin, 1979; Woods et al, 18800
The MMN has been shown to be distinet from
P3a, particularly when standard and deviant
stimulus differences are small (Sams et al, 1985a;
Pruncan and Kaye, 1987} and when the subject’s
attention is clearly diverted from the stimulus
{Nadténen et al, 1989b). However in this study,
acoustic differences between /da/ and /ga/ may
have been distinct enough to allow the peak-to-
offset portion of the MMN and P3a to overlap. if
thig is the case, our resuits are consigtent with
previous investigations reporting the existence
of an early developing positive wave in this
latency range. For example, a P300-like re-
sponse to speech stimuli presented in the oddbail
paradigm is present at birth (Kurizberg et al,
1986). Other sindies have shown that from
early childhood to young adulthood, there is a
P3a-like positivity of about 300360 msec that
ig elicited by auditory targets, auditory high-
probability nontargets, and auditory novel, un-
expected sounds {Courchesne, 1990), That P3a-
like component does not change in latency from
childhood to adulthood. Also, there is a compo-
nent of similar latency, in an animsal model,
dependent upon the locus coeruleus (Pineda et
al, 1988), that may be an analog of the P3a. In
contrast, strong developmental differences be-
tween adults and children are reported for the
task-related P8b component of the P300 re-
gponse. Latency of P3b decreases systemati-
cally throughout childhood, reaching asymp-
tote beyond puberty (Goodin et al, 1878; Finley
et al, 1985, Polich et al, 1985; Martin et al, 1988,
Johnson, 1989; Courcheane, 1998), The negativ-
ity at 400 msec seen in the response o deviant
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stimuli ig likely related to the Nc response
described by Courchesne (1977, 1978), which is
known te be larger in children and incensist-
ently obiained in adults.

Overall Comparisons

Waves P, N, and P, differed morphologi-
cally in children and adults. P, and N, Iatencies
were longer and P, amplitude was smallerin the
children. The MMN appears to reflect auditory
processes that develop early in childhood. The
latency and morphology of the MMN was simi-
lar in children and adults, and MMN and MM4
magnitude was greater in children. It should be
noted that the number of subjects in this study
was net large enough to fully characterize the
developmental continuum of these ERPs from
the ages of 7 to 11 years. Instead, this is a
comparison of data from a group of children
versug a group of adults. Characteristics of the
developmental sequence would require a larger
subjeet group.

The neurophysiologic processes underlying
certain automatic responges may mature ear-
lier than the processes underlying task.related
responses {Shiffrin and Schneider, 1977,
Nadstéinen and Picton, 1987). The MMN was
elicited while the subjects attended to stimuli
ether than the test stimuli. There were no dif-
ferences in the latency or morphology of the
MMN in adults and children under those condi-
tions. This contrasts with the P3b response,
{which requires attention to the stimul) and
has longer latencies in children than adults
{Goodin et ai, 1978; Martin et al, 1988; Johnson,
1988). Nevertheless, the larger response in chil-
dren may also reflect atientional effeets to the
deviant stimuli (Woldorff and HiHyard, 1991;
Alho et al, 1992; Woods et al, 1892) which may
be more pronounced in children.

The MMN is thought to originate in central
auditory and nonauditory structures {(Hariet al,
1984; Ceépe et al, 1987; Kaukoranta et al, 1989;
Giard et al, 1990). As an early developing re-
sponse, it may become a useful tool for evaluat-
ing patients with auditory disorders affecting
central pathways {Korpilahii et al, 1992; Kraus
et al, 1993¢). The response can be obtained in
school-aged children in eonjunction with view-
ing cartoons or a movie, which is a practical and
effective way to maintain the cooperation of
young children during a 1 to 2 hour test session.
Additional information about the specific as-
pects of sensory processing reflected by these
different ERPs are likely to be obtained through
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a combination of electrophysiologic and
hehavioral studies.

Insummary, P, tends to dominate the P,/N|
complex, N, peak latency is less well defined,
and P, is smaller in children as compared to
adults. Both P, and N latency are significantly
longer in children. Thus, the overall morphol-
ogy and latencies of these waves may provide a
ciinically useful measure of the maturation of
central pathways. In contrast to these earlier
waves, the MMN is well developed in school-
aged children. The early development of the
MMN and its reflection of fine auditory dis-
crimination makeit a potentially important toot
for the assessment of central auditory system
function in children.
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