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Abstract

Exposure-based development of brain responses of 7—10-year-old Finnish children to two speech
contrasts incorporated in pseudowords (PWs) and varying in perceptual difficulty were studied.
An oddball paradigm was used to record event-related potentials (ERPs) to a frequently present-
ed standard PW /baka/ and two infrequent deviant PWs: the easier = /baga/ and the more dif-
ficult /bag*a/ that sounded as intermediate between /baka/ and /baga/. The ability of children
to actively discriminate the more difficult contrast was investigated in two separate behavioral
sessions that alternated with the ERP recording blocks. The enhanced amplitude of the most
negative response to the standard, not to the deviants, suggested formation of an auditory tem-
plate for the frequent PW during the experiment. There was no reliable block effect on the ampli-
tude of the mismatch negativity (MMN), an automatic index of an experience-dependent audi-
tory memory trace. This suggests consolidation of the short-term representation of the repetiti-
vely presented PW during passive exposure to stimuli, rather than changes in the preattentive
discrimination process. This was also supported by the evidence from a behavioral discrimination
test. No perceptual learning to discriminate the difficult speech contrast could be detected in the
children in absence of the active behavioral discrimination.

Keywords: auditory ERPs, children, mismatch negativity, MMN, pseudoword, perceptual expe-
rience.

Introduction Since processing words of one’s native

language is affected by long-term per-

The majority of event-related
potential (ERP) studies on language
have focused on processing of isolated
sounds, be it tones, vowels, or conso-
nant-vowel (CV) syllables. Everyday
language comprehension, however,
involves encoding and perceiving
speech sounds incorporated in strings
of other sounds, often long and quickly
spoken. Therefore, the mechanisms
behind the perception of consonants,
(the most difficult sounds to identify in
speech), need to be studied in a context
similar to that of spoken language.

ceptual, phonological, and semantic
knowledge obtained during language
acquisition, the use of pseudowords
(PWs) can serve this purpose better.
Using PWs along with real words in
an auditory sensory discrimination
study allows one to relate the ability to
preattentively discriminate auditory
stimuli to higher stages of speech process-
ing and language learning (Diesch,
Biermann, & Luce, 1998; Pulvermiiller et
al,, 2001; Jacobsen et al., 2004; Aerts, van
Mierlo, Hartsuiker, Santens, & De Letter,
2015). To the best of our knowledge,
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only a few ERP studies have been con-
ducted upon perception of PWs as
such, aimed at studying the prelexical
level of speech processing and reflect-
ing pure phonological analysis (Con-
nolly, Service, D’Arcy, Kujala, & Alho,
2001; Ceponiene, Service, Kurjenl-
uoma, Cheour, & Naatanen, 1999; Kast,
Elmer, Jancke, & Meyer, 2010; Coch &
Mitra, 2010). The short-term mainte-
nance and learning of new words (such
as PWs) is largely a function of the
phonological loop, or a phonological
short-term memory (PSTM) (Bad-
deley, 1997).

PSTM is strongly implicated in new
word acquisition during early child-
hood and foreign language learning
during school years (Gathercole &
Baddeley, 1989; Baddeley, Gathercole,
& Papagno, 1998; Gathercole, 2006).
Ceponiené et al. (1999) showed in
Finnish 7-9-year-old children that dif-
ferences in PSTM, as tapped by a pseu-
doword repetition test, were paralleled
by differences in the accuracy of audi-
tory sensory discrimination, as reflect-
ed by an ERP component, the mis-
match negativity (MMN) that was
elicited by a difficult PW contrast.

The MMN component of the long-
latency auditory ERPs is well suited
for examination of speech perception
and learning in children (for reviews,
see Cheour, Korpilahti, Martynova, &
Lang, 2001; Kraus & Cheour, 2000;
Leonard, 2014), because it does not
require active attending to the stimuli.
The MMN has been thought to index
echoic memory (Naatinen & Winkler,
1999). It is typically elicited by
“deviant” stimuli, infrequently and ran-
domly presented among frequent “stan-
dard” sounds in so-called oddball para-
digms. Depending on the stimuli, the

MMN characteristics can be adult-like
at already 5—8 years of age (Ceponieng,
Cheour, & Naatidnen, 1998; Csépe,
1995; Kraus, McGee, Sharma, Carrell,
& Nicol, 1992; Kraus, McGee, Micco,
Sharma, & Nicol, 1993; Kraus, Koch,
McGee, Nicol, & Cunningham, 1999;
Archibald, Joanisse, & Shepherd, 2008;
Medina, Hoonhorst, Bogliotti, & Ser-
niclaes, 2010). The MMN can be mod-
ulated by learning in adults (Kraus et
al.,, 1995; Tremblay, Kraus, Carrell, &
McGee, 1997; Tremblay, Kraus, &
McGee, 1998; Winkler et al., 1999;
Atienza, Cantero, & Quiroga, 2005),
children (Bradlow et al., 1999), and
infants (Cheour et al., 1998). In chil-
dren, a reliable MMN has been report-
ed to small acoustical contrasts incor-
porated in just discriminable conso-
nant-vowel syllables (Kraus et al.,
1993, 1999).

In the present experiment, we
manipulated the degree of perceptual
discriminability between two PWs.
With an easy-to-discriminate contrast
we aimed at providing reliable indices
of the discrimination of two consonants
embedded within PWs. Another diffi-
cult-to-discriminate contrast in turn
allowed the study of the time course in
perceptual learning. The experiments
were conducted both behaviorally and
by recording the ERPs. Two behavioral
discrimination sessions involving expe-
rience of the difficult-to-discriminate
contrast were interleaved between the
three ERP recording blocks.

Korpilahti et al. (2001) has suggest-
ed that in children auditory processing
of a PW activates brain processes
involved in the formation of a memory
trace for that particular new word
rather than just processes related to the
acoustic-level comparison of this novel
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input with an existing sensory memory
trace, i.e. MMN. Such a build-up of
central sound representation would
most probably be reflected in the ERP
to the repeating standard-stimulus.

To test the hypothesis of parallel,
and perhaps competing, events of trace
formation for a PW and the discrimina-
tion of phonemes contained in that
non-word, we monitored the dynamics
of the responses to frequent and infre-
quent PWs in the course of the experi-
ment that comprised three blocks of
auditory stimuli. If the MMN changed
as a result of perceptual experience,
then the corresponding changes in
behavioral performance in an active
discrimination task would be likely to
be observed. To test for this, we intro-
duced two blocks of active behavioral
discrimination of the difficult PW con-
trast.

Methods
Subjects

Twenty-eight healthy Finnish
school-age children (10 males) partici-
pated in the study. Their mean age was
8 yrs 10 mths (range 7 yrs 5 mths — 10 yrs
1 mth). The ERP data recorded from
seven children were rejected from fur-
ther analysis because of artifacts. None
of the children were reported to have
any hearing or academic achievement
problems at school. They volunteered
with their parents’ written consent.
The study was approved by the Ethical
Committee of the Department of
Psychology, University of Helsinki.
The subjects’ phonological short-term
memory was tested using a Finnish PW
repetition and PW span task (cf.
Ceponieng, et al., 1999; Gathercole,

Willis, Baddeley, & Emslie, 1994). All
subjects were relatively good repeaters
as compared to a group tested in an ear-
lier study (Ceponieng, et al., 1999).

Stimuli

An oddball stimulus paradigm was
used to record ERPs to a standard PW
/baka/ and two deviant PWs /baga/
and /bag*a/. The /g/ and /*g/ are not
consonants in the core phoneme inven-
tory of the Finnish language. In the
present experiment, we further manipu-
lated the non-Finnish language /g/—/k/
contrast. A PW /bag*a/ was construct-
ed that sounded in-between /baka/ and
/baga/, and thus comprised a difficult
speech contrast (Figure 1). Therefore,
the /bag*a/ deviant is hereafter referred
to as difficult as opposed to the relative-
ly easy-to-discriminate /baga/ deviant,
which is hereafter referred to as easy.

The standard and deviant stimuli
were 310 ms in duration including 10-
ms rise and fall times (Figure 1). The
stimuli differed in only the second syl-
lable. Originally, two stimuli, /baka/
and /baga/, were pronounced by a
Finnish female speaker and digitized by
Signalyze software at a sampling rate of
22 kHz. The /baka/ PW served as a
standard. The easy deviant was con-
structed from /baka/ by replacing the
second syllable, starting from the laten-
cy of 169 ms, namely from the begin-
ning of the noise burst, by the corre-
sponding section cut from the original
/baga/. The splice started with a noise
burst and made up the syllable /ga/.
The resulting easy stimulus hence sound-
ed like /baga/ and contained the same
first syllable as the standard. The difficult
deviant was constructed from /baka/ by
splicing in only a 41-ms segment from
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Figure 1

Acoustical waveforms of the standard /baka/ (top) and the two deviant, /baga/ (middle) and
/bag*a/ (bottom), PWs

/ba/ /ka/
/baka/
/ba/ /ga/
/baga/
/ba/ /g*a/
/bag*a/
o Time (5) o7 021 0.31

beginning of difference
between standard and deviant

beginning of difference
between /ga/ and /g*a/

Note. The first, /ba/, syllable was identical in the standard and deviant PWs. The PWs differed in
the second syllable, starting at the latency of 169 ms, and the two deviants differed from 210 ms

onwards.

the second syllable in /baga/ rather
than the whole syllable. This again
resulted in an insert at 169 ms where
the noise burst started. As a result, the
difficult stimulus sounded like some-
thing in between the standard /baka/
and the easy deviant /baga/. The dif-
ference between the standard and
deviant PWs hence started at 169 ms

after stimulus onset, and the two
deviants differed from 210 ms onwards.
For the standard /baka/ stimulus, the
voice onset time (VOT) from the end of
the noise burst to the beginning of the
voicing in the second syllable was 22
ms whereas the deviant stimuli had
VOTs of 0 ms. However, the VOT gen-
erally cannot be considered the only
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difference between voiced and
unvoiced stop consonants in Finnish.

Electroencephalogram (EEG)
recording and response averaging

The standard and deviant sounds
were presented in 3 blocks of 1000
events each; with the interstimulus
interval (ISI, offset-to-onset) being
500 ms. Both deviants were randomly
interspersed among the standards with
a probability of 8% each.

Stimuli were delivered by the
NeuroStim software and presented via
two loudspeakers placed behind the
subject. The sound pressure level was
equal to 55 dB at the subject’s head.

The experiments were conducted in
an acoustically and electromagnetically
shielded chamber. During the experi-
ment subjects sat in a comfortable arm-
chair in front of a TV screen at a dis-
tance of 1.8 m watching silent cartoons
of their choice. Throughout the experi-
ment they were video-monitored. The
sessions lasted 1.5 hours on average.

The EEG (amplified by SynAmps at
DC-30 Hz and digitized at 250 Hz)
was recorded using a NeuroScan PC—
3.0 based system. Silver /silver chloride
electrodes were attached to the F3-4
(frontal left—right) and C3—4 (central
left—right) scalp sites, according to the
International 10-20 system. During
the recordings, scalp electrodes were
referred to the right mastoid. The
ground electrode was placed on the
forehead. In order to avoid a hemi-
spheric bias, the data were re-refer-
enced offline to the average of right and
left mastoid recordings. Eye move-
ments were monitored with two elec-
trodes, one below and the other at the
outer canthus of the right eye. The

EEG was digitally filtered (bandpass
1-15 Hz, 24 dB/ octave roll-off) and
averaged off-line. The raw data were
first epoched into 800-ms intervals.
These included 100ms of pre-stimulus
time, which was used for a baseline cor-
rection. Epochs following each deviant,
the first 3 epochs of each block, as well
as the trials with the EEG or EOG
voltage exceeding £100 pV in any
channel were omitted from averaging.
In each block, the remaining epochs of
each subject were averaged separately
for the standards and for both deviants
(69 and 67 events were accepted on the
average, respectively). Subjects with
less than 65 accepted deviant trials in
each block were excluded from further
analysis.

Behavioral Discrimination Task

The subjects performed behavioral
discrimination tasks during two sepa-
rate sessions alternating with the ERP
recordings. During the behavioral task,
the video presentation was switched
off. In order to improve the quality of
perception and avoid unnecessary dis-
traction, the stimuli were delivered
using headphones. Each behavioral ses-
sion lasted about 10 minutes.

The 210 stimuli (including standard
and difficult deviant in order to pro-
vide experience of the difficult speech
contrast in the active discrimination
sequence) were grouped into trains of
four, separated by 3-s inter-train inter-
vals. Within a train, the IST was 500 ms.
Each train began with 3 standard stim-
uli, and the fourth was either the stan-
dard or the difficult deviant: /baka
baka baka baka/ or /baka baka baka
bag*a/. The subject was instructed to
push the button on a response pad
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when the fourth stimulus was different
from the standards and not to press it
when it was the same. An equal num-
ber of trains, ending with either a
standard or a deviant stimulus,
appeared in a random order. Before
the main experiment, the subject was
familiarized with the behavioral task:
4-stimulus trains ending in the easy
deviant were presented in a single
behavioral session until the subjects’
conclusive correct responses were
obtained.

ERP data analysis
ERPs to the standard stimulus

The time intervals for automatic
measurements of the ERP peak laten-
cies were selected on the basis of visual
inspection of the grand-average wave-
forms. The most prominent negative
response to the standards peaked at a
latency of about 430 ms (Figure 2).
Based on its latency, we call this oblig-
atory negativity the N430 here,
although being the first and major neg-
ativity, it most likely corresponds to
the N250 elicited by tones in children
(Ceponieng, et al, 1998; Ponton,
Eggermont, Kwong, & Don, 2000;
Sussman, Steinschneider, Gumenyuk,
Grushko, & Lawson, 2008). The mean
amplitudes of the standard stimulus
response at each electrode were meas-
ured, in reference to the 100 ms base-
line, with a 20-ms integration window
centered at group-average peak laten-
cies of C3 and C4 leads (for both hemi-
spheres, respectively). The statistical
presence of the standard response
across the blocks was verified by com-
paring their amplitudes to 0 mV, using
two-tailed t-test analyses. Statistical

comparisons of mean amplitudes and
peak latencies were made using analysis
of variance (ANOVA) with the follow-
ing factors: Block (1st, 2nd, and 3rd),
Laterality (left and right hemisphere
electrodes), and Frontality (frontal and
central electrodes). A least-significant
difference (LSD) post hoc test was
used to find the sources of the signifi-
cant main ANOVA effects and interac-
tions. Greenhouse-Geisser correction
was used for factors with more than
two levels (corrected p-values are
reported).

Difference responses

The MMN response was defined as
the most prominent negativity in the
difference waveform (ERP to the stan-
dard stimulus subtracted from the ERP
to the deviant stimulus). For the easy
contrast, three distinguishable negative
displacements were found in the differ-
ence curves (Figure 2). Therefore, the
magnitude of the MMN response to
this contrast was estimated in three
latency windows (according to
Schulte-Koérne, Deimel, Bartling, &
Remschmidt, 2001): 275-400 ms (win-
dow ‘@"), 400-550 (window ‘b"), and
600-750 ms (window ‘¢’) (Figure 2).
For the difficult contrast, the negative
displacement was seen in the grand-
average waveform only in the ‘¢’ win-
dow preceded by a positive deflection
in the windows ‘a’ and ‘b’. The MMN
amplitudes at each electrode and each
subject were calculated separately for
each of the three latency windows:
mean amplitudes were measured using
a 20-ms integration window centered
around the left and right central elec-
trodes at latencies of most negative
peaks in the grand-averaged waveforms



ERP study of pseudoword discrimination in children 4!

Figure 2
Grand-average ERP waveforms recorded at the C3 electrode during the first, second,
and third ERP blocks
Easy contrast Difficult contrast
a b c a' c

1t block

2nd plock

3rd plock

latency windows

—— ERP to deviant stimulus
ERP to frequent stimulus
----- subtracted waveform

Note. The three latency windows for magnitude estimation of the MMN are marked as ‘a’, ‘b’, and
‘¢’ boxes, correspondingly, and shaded in gray. The transparent box (a’) indicates the latency window
used for measuring the positive deflection in the difference waveform. The arrow indicates the begin-
ning of the difference between the standard and the deviants. MMN was significant in the ‘¢’ latency
window (**— p < 0.005; * — p < 0.05). For the difficult contrast, the positive displacement of the dif-
ference curve was significant in the latency window 325-475 ms.
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for each block and each contrast sepa-
rately. Further, the two-tailed t-tests
were used to verify the presence of the
MMN response and positive deflec-
tions across the blocks and contrast
types. ANOVA (Block X Frontality X
Laterality) was used to compare MMN
amplitudes across the blocks first and
second in the latency window ‘c’ only,
where the MMN responses to the easy
contrast were significantly different
form 0 pV at all electrodes. As the
MMN to the difficult contrast was
absent in the grand-average waveform in
the first and the third blocks (Figure 2),
the ERPs of the second block only were
included in the statistical comparison.
Another ANOVA (Contrast X Fron-
tality X Laterality) was performed in
order to see the effect of the phonolog-
ical contrast type (easy vs. difficult) on
MMN amplitudes.

Analysis of the Behavioral data

The NeuroScan Respwin program
was used to perform an off-line analysis
of the behavioral data including reac-
tion times, hits, false alarms, and misses.

Results
ERPs to standard and deviant stimuli

The ERP changes across stimulus
types and ERP blocks were largely con-
fined to the N430 peak (Figure 3).

The standard N430 peak amplitude
was significantly different from 0 pV at
each recording site in each of the
3 blocks. The standard-N430 showed a
significant Block effect [F(2, 40) = 3.99,
p < 0.035]. The obligatory response be-
came larger across the blocks (Figure 3).
A least-significant difference post-hoc

test showed that the effect originated
from the difference between the first and
the second blocks (—3.49 vs —4.54 puV,
p=0.008). The Block x Laterality inter-
action was significant ([F(2, 40) = 5.70,
p < 0.006] in that the N430 amplitude
was larger over the left than the right
hemisphere in the second block (—4.72 vs
—4.36 pV for the left and right hemi-
spheres, correspondingly, p = 0.001), whe-
reas in the first and the third blocks hemi-
sphere differences were not significant.

Mismatch negativity

The easy contrast (as it can be seen
in Figure 2) elicited a multi-peak
MMN, whose magnitude was estimated
in the three successive latency windows
(‘a’, ‘b, and ‘¢’) (Figure 2, Table 1).
At-test for dependent wvariables
showed that the amplitudes signifi-
cantly differed from 0 pV in the third
latency window (600-750 ms, or
430-580 ms from the difference onset)
The difficult contrast elicited signifi-
cant MMNs only in the ‘¢’ window in
the second block (Figure 2; Table 1).

A 3-way ANOVA for the easy deviant-
minus-standard subtraction wave ampli-
tudes revealed no significant block effect.
The MMN response detected in the ‘¢’
window did not reliably change across
the experiment (p = 0.24).

In the first two blocks, the ERP
response to the deviant was actually
smaller than to the standard. This led
to a positive deflection peaking in the
window of 325-475 ms. This positive
peak was significant at all the four elec-
trodes in the third block. The response,
however, was less consistent in the first
and second blocks: (Table 1). Therefo-
re, no ANOVA was performed to probe
the Block effect.
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Figure 3

The effect of repetition of the standard PW on the obligatory component of children’s ERP

a b Block x Laterality interaction:
F(2,40 )=5.70, p<0.005, **.
EEd
pv F3 Fa
5,4V
5.0 51 1
-4.0 ] —
-4 ]
-3.0
0.0 (]
1 2 3 Block -3
L[ |R L| [R L| |R
C3 C4 24
I/\A ‘/L-’—J 4l
1 e 0 T T T
1 2 3 Block

I

Blocl'{k effect:
F(2,40) =3.99, p<0.05, *.

Note. (a) Mean amplitudes (LV) of the standard responses registered at F3, F4, C3, and C4 elec-
trodes. Vertical bars indicate standard errors of mean. (b) The significant increase of the main response
to the standard PW is seen in the second ERP block. In the same block, a left-hemisphere predomi-
nance for the N430 was observed. L and R indicate means of the amplitudes of the N430 at the left and

right electrodes, respectively.

In a 3-way ANOVA, the difficult-
and easy-contrast MMNs from the sec-
ond blocks were compared. Neither
Contrast effect nor its interaction with
Centrality was significant (p = 0.61,
p = 0.40). However, the Contrast type
x Laterality interaction was significant:
the left hemisphere MMN was larger
for the easy than for the difficult con-
trast (—1.93-1.18 pV, p = 0.01).

Behavioral discrimination

In the first behavioral session the
average percentage of hits for all 21
children was 32%. In the second session
it increased to 39%, which was not sig-

nificant. Moreover, only 12 subjects
performed above the chance level for
hits in either of the two behavioral dis-
crimination sessions (none of them
reaching performance level of 75%
hits). On average, the children failed to
discriminate between the standard
stimulus and the difficult deviant in the
active behavioral task even though all
of them consistently correctly discrim-
inated between the standard and the
easy deviant in the practice session of
the same design. Poor performance
(below chance level) in the behavioral
session across the subjects neither
allowed us to observe a correlation
between ERP’s and performance
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scores, nor to compare ERPs of good
(too few number) and poor performers.

Discussion

Central processing of auditory PWs
as a function of exposure was studied
using ERPs and perceptual discrimina-
tion of easy and difficult speech con-
trasts embedded in CVCV stimuli
(/baga/ and /baka/) in 7—10-year-old
children. The major negativity in the
PW-elicited ERPs peaked at the laten-
cy of about 430 ms from stimulus onset.
This obligatory ERP elicited by fre-
quent stimuli showed an increase in
amplitude across the blocks of the ERP
experiment. In contrast, no enhance-
ment of a discriminative brain response
(MMN) to the rare stimuli was reliably
observed. As this response is character-
ized as a subtraction between the
response to the standards and that to
the deviants, it could only get stronger
if the response to the deviants grew
more than the response to the stan-
dards during the experiment, or the
response to the standards was attenuat-
ed while the response to the deviants
stayed the same or got larger.

The increasing response to the stan-
dard PW seems to reflect consolidation,
over the course of the experimental ses-
sion, of the short-term representation of
the repetitively presented PW. This
process appears to occur in the left hemi-
sphere as suggested by our finding that
obligatory auditory ERP was larger in
amplitude over the left than right hemi-
sphere. The left hemisphere predomi-
nance was seen when the effect of the
stimulus repetition on this typical chil-
dren’s response was the largest. In con-
trast, the few repetitions of the deviant
PW apparently were not enough to sup-

port such a process — accordingly, no sig-
nificant increase in the MMN was
observed. Based on the observation of
sensitization of the N200 response to
repetitive auditory stimulation, Karhu et
al. (1997) inferred an automatic build-up
of neuronal representations in develop-
ing brain networks in school-aged chil-
dren. Our finding of the enhancement
of the standard-stimulus obligatory
response is in line with this interpreta-
tion.

The easy deviant elicited a multi-
component MMN, whose peaks were
measured over three successive time
windows, while the difficult deviant
elicited a significant MMN only in the
600—-750 ms (430—580 ms from the dif-
ference onset) window. Moreover, for
the difficult contrast, the MMN was
preceded by a positive ERP. This posi-
tive deflection in the difference curve
was obtained because the deviant ERP
was positively displaced in relation to
the standard response. This finding
corroborates data reported by several
authors (Pihko et al., 1999; Morr,
Shafer, Kreuzer, & Kurtzberg, 2002;
Ceponieng, et al., 2004) who found that
ERPs to deviant responses might be
more positive than that to the stan-
dard, especially in infants.

The results obtained in this study
suggest that automatic auditory differ-
ence detection, as indexed by the
MMN, was sensitive to the difficulty
level of the discrimination: the easily
detected deviant elicited the more neg-
ative response, resulting in the nega-
tively displaced response (MMN),
whereas the deviant response to the dif-
ficult contrast was smaller in amplitude
and more positively displaced, thus
resulting in the positive deflection in
the difference waveform. Comparison of
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the easy- and difficult-contrast MMN
responses showed a left-hemisphere
predominance in discrimination of the
easy-, but not the difficult-PW con-
trast. Though neither of the PW con-
trasts was specific to the subjects’
mother-tongue, the easy PW however
was less difficult to discriminate as com-
pared with the difficult one; this may
suggest activation (partial, at least) of
language—specific memory traces dur-
ing the easy-contrast discrimination
(Naitanen, 2001). Although the /k/ vs.
/g/ contrast is not part of Finnish
phonology, it does occur in loan words
and names.

In our study, the children’s ability to
actively discriminate the difficult con-
trast did not significantly improve dur-
ing the behavioral experiment, nor did
the MMN increase across the ERP ses-
sions. Our initial expectation in this
PW study was to observe an MMN en-
hancement as a result of perceptual
experience along with (or even prior
to) the improvement of behavioral per-
formance in the active discrimination
task. However, the present study
showed no effect of passive stimuli
exposure on the MMN response to the
difficult stimulus. The behavioral task
of the present study turned out to be
too difficult for the 7—10-year-old chil-
dren. Our results thus support the evi-
dence obtained in previous studies:
although speech perception in humans
can be modified by relatively short-
term auditory exposure (Kraus et al.,
1995; Merzenich et al., 1996; Tallal et
al., 1996; Tremblay et al., 1998; Shafiro,
Sheft, Gygi, & Ho, 2012), such modifi-
cation goes hand-in-hand with success-
ful active behavioral discrimination
and cannot be seen in its absence.

The multicomponent structure of
the MMN to PWs5s recorded in our study
is similar to that reported in some stud-
ies using speech stimuli (Cheour,
Shestakova, Ceponieng, & Néatinen &
Rinne, 2002; Schulte-Korne et al., 2001;
Korpilahti et al., 2001; for review, see
Néatanen et al., 2012). The results
obtained in our study, showing that the
easy contrast elicited the MMN with
more than one pea\k, whereas the diffi-
cult one elicited a single-peak MMN,
may suggest that the component struc-
ture of the difference waveforms
depends on the degree of perceptual dif-
ficulty of the PW contrast.

Conclusion

Different dynamic behaviors of the
obligatory (N430) and discriminative
(MMN) responses were observed dur-
ing the course of the experiment. The
significant increase in the magnitude of
the ERP to frequently repeated stan-
dard stimuli seems to reflect consolida-
tion of the short-term representation of
the repetitively presented PW, thus
supporting the hypothesis of the auto-
matic build-up of neuronal representa-
tions in developing brain networks in
school-aged children. No such effect
was observed in this study for the
MMN, perhaps because of different
time courses for learning effects on the
frequent standards and the deviants.
However, the results obtained in this
study suggested that automatic audito-
ry difference detection, as indexed by
the MMN, is sensitive to the difficulty
level of the discrimination: the easy-to-
detect deviant elicited a more negative
response whereas the deviant response
to the difficult contrast was smaller in



ERP study of pseudoword discrimination in children 77

amplitude and included a positive dis-
placement.
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Pesiome

Bouti m3ydeHbl 1ICHX0(MU3HONOTHYECKUE aCTeKThl 00pabOTKU JIBYX PEYEBbIX KOHTPACTOB,
BKJIIOUEHHBIX B CTPYKTYPY IICEBJIOCJIOB M PA3JINYABIINXCS 110 CJIOKHOCTH BOCIPUATHS, B TPYIIIE
urckux mereit 7—-10 set. /I 3amvicu BbI3BaHHBIX TToTeHIamoB ( BIT) 6bi1a mpruMeHeHa Kaccu-
yeckas oddball mapaaurma, B kauecTBe cTaHgapTa NCIOJIb30BAIOCH IiceBnoca0Bo /baka/, a B kave-
CTBE JIBYX JIEBUAHTOB — JierKoe st Boctpustust /baga/ n Gosee caoxnoe /bag*a/, kotopoe 3Byua-
JIo Kak cpennee mexay /baka/ u /baga/. CiocobHOCTD JeTeill akTHBHO pa3inyarh GoJiee CI0KHBIN
KOHTpACT OblJla M3y4eHa B JABYX OT/EIBHBIX MOBEIEHYECKHX CECCHSIX, KOTOPbIE YePeIOBAIICH C
saricsivu BIL. YBesmuennast aMIuintyzia HaboJiee HEraTHBHOTO OTBETA Ha CTAHAAPTHBINA CTUMY.I,
a He Ha JIEBUAHTHI, IPeroaraet (hopMUpoBaHue Tak HA3bIBAEMOTO aKyCTHYECKOTO MabJIoHa /st
YACTO MOBTOPSIONIMXCST MICEBAOCIIOB B X0/ie OKcIepuMenTa. Hamu He G110 0GHAPYIKEHO I0CTOBEP-
HOTO BJIMSIHVSE THIIA GJI0KA HA aMIUIUTY/Ly HETATUBHOCTU PACCOIJIACOBAHUSI, KOTOPYIO MOJKHO pac-
CMaTpHUBaTh B Ka4ecTBEe MH/CKCA aBTOMATHIECKH (hOPMUPYIOIIETOCS CJIefla CEHCOPHON HaMSTH.
Crkopee, HabmoiaeMblie 3(hheKThI YKAa3bIBAIOT HAa PA3BUTHE MPOIIECCA KOHCOTUAINN CJIE0B MaMsi-
TH B OTBET Ha IOBTOPHO MPEIbsIBJISIEMbIE CTUMYJIbI (IICEB0CIOBA), 4eM Ha IIPUOGPETAEMbIE PA3JIK-
YHsI B IMCKPUMHHAIINY CTUMYJIOB BHE aKTUBHOTO (hOKyca BHUMAHMS, KaK 9TO MPE/IT0IaraeT Kiac-
cuueckuii oddball. [lanHoe mpeionokenne TakKe MOATBEPIKAAETCS PE3YIbTaTaMU [TPOBEIEHHOTO
MIOBEJIEHYECKOTO TeCTa Ha aKTHBHOE Pa3jimyeHue TICeB0CIOB. Pe3yIbraTel HAIIeTO MCCIeI0BAHMS
He MOATBEPKAAIOT TIPEIIOIOKEH s 00 aBTOMATUYHOCTH MPOIECCOB HAYUYEHMsT PA3INYaTh CIIOXK-
HbIi1 PeueBOil KOHTPACT B OTCYTCTBHE HEOOXOAMMOCTH AKTUBHOM TT0BEIEHIECKON [MCKPUMUHATIULL.

Kmouesbie cnoBa: ciyxosbsie B, netn, HeratusHocTb paccorsacosanus (HP), ncesnoco-
Ba, MEPIENTUBHOE BOCIPUSITHE.



