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Abstract

Background: The neural representation of different speech stimuli (phonemes) can be measured at the cortex using electro-
physiological techniques, a procedure called speech-evoked cortical potentials. Each phoneme produces cortical potentials
with different temporal and spectral properties. Latency and amplitude measures reflect changes in the way different pho-
nemes are neurally represented, so these measures are expected to change with maturation of the system, that is with age. The
aim of the present study to investigate whether there were differences in latency and amplitude between children and adults
in response to the three phonemes /m/, /g/, and /t/.

Material and methods: Exactly 10 normal-hearing children of age 5-7 years and 10 normal-hearing adults of age 17-24 years
were recruited. Speech-evoked cortical potential were recorded using the HEARLab (v.1.0) auditory evoked potential system.
Non-parametric statistics were used to compare both groups.

Results: Mann-Whitney U-tests shows statistically significant differences between children and adults for both the latency and
amplitude of wave P1 and N1 at the 0.05 level. At the same time, there were no significant differences between /m/, /g/, and

/t/ for children and adults at the same level when a Kruskal-Wallis test was applied.

Conclusions: The present study shows there are differences between children and adults in terms of the latency and amplitude
of their cortical potential responses, but the particular phoneme used does not appear to make a difference.
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MEDICION DE LOS POTENCIALES CORTICALES EVOCADOS POR EL HABLA
EN NINOS Y ADULTOS CON LA AUDICION CORRECTA, CON APLICACION
DE DIFERENTES ESTIMULOS DEL HABLA

Resumen

Introduccion: Una forma natural de evaluacion de distintos estimulos del habla (fonemas) son los métodos electrofisioldgi-
cos, llamados potenciales corticales, evocados por el habla. Cada fonema genera potenciales corticales de distintas propieda-
des temporales y espectrales. Las mediciones de latencia y amplitud reflejan los cambios en una presentacion natural de dis-
tintos fonemas; por este motivo se espera que estas mediciones vayan a cambiar con la maduracion del sistema con la edad.
El objetivo del estudio es comprobar si existen diferencias en la latencia y amplitud entre nifios y adultos en respuesta a tres
fonemas /m/, /g/ y /t/.

Materiales y métodos: Se han elegido exactamente 10 nifios con audiciéon normal, en la edad de 5 a 7 afios y 10 adultos de
17 a 24 afos. Los potenciales corticales evocados por el habla fueron controlados a través del sistema de potenciales auditivos
evocados HEARLab (v1.0). Se ha hecho la comparacion entre grupos utilizando estadistica no paramétrica.

Resultados: La prueba U de Mann- Whitney muestra diferencias estadisticamente relevantes entre los nifios y los adultos,
con respecto tanto a la latencia y la amplitud de las ondas P1 y N1 en el nivel de 0,005. Al mismo tiempo, no se han registra-
do diferencias significativas entre los fonemas /m/, /g/ y /t/- el nivel ha sido igual tanto para los nifios, como y para los adul-

tos, con la aplicacion de la prueba de Kruskal-Wallis.

Conclusiones: Este estudio demuestra la existencia de diferencias entre nifios y adultos en cuanto a la latencia y la amplitud
en respuestas de los potenciales corticales, sin embargo, el uso del fonema particular no tiene importancia.

Palabras clave: adultos e nifios  corteza auditiva « habla « fonemas
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VI3MEPEHVISI KOPKOBBIX IIOTEHIIVMAJIOB, BBI3BAHHBIX PEYBIO, Y TETEN
M B3POC/IbIX C HOPMAJTIbBHBIM CJIIYXOM C UCITIO/Ib3OBAHVMEM PA3HbBIX
PEYEBBIX IMIIY/IbCOB

W3noxxenune

Beepenne: EcrecTBeHHOI (HOPMOII OLIEHKYM PasHBIX pPeYeBBIX VIMITYIbCOB (HOHEM) ABIAIOTCA 3NMEKTPOPU3NOIOrIIe-
CKIe MeTOJIbI, Ha3bIBaeMble KOPKOBBIMM IIOTEHIMA/IaMy, BbI3BaHHBIMI peublo. Kakpas poHeMa Ipon3BoauT KOPKOBbIE
MMOTeHILMAIbl, MMEIOll[yie pa3Hble BpeMeHHbIe I CIIeKTPpa/IbHble CBOJCTBA. VI3MepeHNs TaTeHIINNU U aMIUIUTYAbL OTOOpa-
JKaIOT M3MEHEHNs B eCTeCTBEHHOM IIPEICTaBICHNN PasHbIX (pOHeM, I09TOMY OXKUAAETCs, YTO ITU U3MepeHMs OymyT
M3MEHATHCS BMECTe C BO3PACTHBIM CO3peBaHMeM CUCTeMBI. 1le/lb 3TOro MccnegoBaHmsA — IPOBEPUTD, ObIIA IV PasHU-
11a JIATEHL[MM U aMIUIUTYAbI MEeX/y I€TbMU ¥ B3POC/IBIMU B OTBET Ha Tpu GoHeMbl /M/6 /t/u /1/.

Marepuan 1 MeTOAbI: b BbIOpaHbI POBHBIM cyeTOM 10 meTelt ¢ HOPMaTbHBIM CIYXOM B BO3pacTe OT 5 10 7 JIeT U
10 B3pocnbIx B Bodpacre oT 17 o 24 net. KopkoBble OTeHI[MMabl, BBI3BAHHBIE PEYbI0, OBUINM KOHTPOIMPOBAHBI C I10-
MOIIIBIO CUCTEMBI C/TyXOBBIX BBI3BaHHBIX noTeHnnanos HEARLab (v1.0). Ipymnmbl cpaBHEHBI C MCIIONIb30BaHMEM Hella-
paMeTpUYecKUX CTaTUCTHUK.

Pesynbrarer: U-kputepnit MaHHa- YUTHM IMOKa3hIBA€T CTATUCTUIECKN 3HAYMMYIO PasHUIY MEXXY JETbMU U B3POC/IbI-
MI KaK II0 OTHOIIEHMIO K JIaTE€HIINN, TaK U aMIUINTy#bl BonHbl P1 1 N1 Ha yposHe 0,005. B T0 e BpeMs He ObIIO Cy-
1eCTBEHHO PasHMIIbI MEeXAY /M/, /T/ u /T/ [N geTeit M B3pOCIBIX HA TOM CAMOM YPOBHE C MCIIONIb30BaHMEM KpUTe-
pusa Kpackena-Yonnuca.

HUrorn: HaCTOHI]_U/Ie MCCnefoBaHNA MMOKA3bIBAIOT, YTO CYIIECTBYET pa3HNILA MEXTY IETbMI VI B3pOC/IBIMI B obmacTu n1a-
TEHIMN Y aMIUVIUTYIbI B OTBETAX KOPKOBBIX ITIOTEHIIMIA/IOB, HO JICIIO/Ib3OBaHNE KOHerTHOﬁ (bOHeMbI HE IMEET 3HAUYCHUA.

KnroueBbie cmoBa: B3POC/IbIE  IETHU o CTYXOBasA KOpa ¢ pEYD o (bOHeMI)I

POMIARY POTENCJALOW KOROWYCH WYWOLANYCH MOWA U DZIECI
I DOROSEYCH Z NORMALNYM SELUCHEM PRZY UZYCIU ROZNYCH BODZCOW
MOWY

Streszczenie

Wprowadzenie: Naturalng forma oceny roznych bodzcéw mowy (foneméw) sa metody elektrofizjologiczne, zwane potencja-
fami korowymi wywolanymi mowa. Kazdy fonem wytwarza potencjaly korowe o réznorodnych wlasciwosciach czasowych
i spektralnych. Pomiary latencji i amplitudy odzwierciedlaja zmiany w naturalnym przedstawieniu réznych fonemow, dlatego
oczekuje si¢, ze pomiary te beda si¢ zmienialy wraz z dojrzewaniem systemu z wiekiem. Celem jest zbadanie czy istnialy roz-
nice latencji i amplitudy pomiedzy dzie¢mi i dorostymi w odpowiedzi na trzy fonemy /m/, /g/ i /t/.

Material i metody: Wybrano dokladnie 10 dzieci z normalnym stuchem w wieku 5-7 lat i 10 dorostych w wieku 17-24 lat.
Potencjaly korowe wywolane mowg byly monitorowane za pomoca systemu stuchowych potencjaléw wywotanych HEARLab
(v1.0). Grupy poréwnano uzywajac statystyki nieparametryczne.

Wyniki: Test U Manna-Whitneya pokazuje statystycznie istotne réznice pomiedzy dzie¢mi i dorostymi zaréwno w odniesie-
niu do latengji jaki i amplitudy fali P1 i N1 na poziomie 0,005. Jednoczesnie nie bylo istotnych réznic pomiedzy /m/, /g/ i /t/

dla dzieci i dorostych na tym samym poziomie przy uzyciu testu Kruskala-Wallisa.

Whioski: Niniejsze badania pokazuja, Ze sg roznice pomiedzy dzie¢mi i dorostymi w zakresie latencji i amplitudy w odpowie-
dziach potencjaléw korowych, ale uzycie konkretnego fonemu nie ma znaczenia.

Stowa kluczowe: doro$li « dzieci « kora stuchowa « mowa « fonemy

Background of the electroencephalogram (EEG) which can reflect long-

term changes in auditory cortical maturation. CAEPs are
Cortical auditory evoked potentials (CAEPs) are non-inva- long-latency evoked potentials which can be used to as-
sive measures of acoustically evoked potentials, components sess integrity of the central auditory system. CAEPs reflect
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maturation of the human brain through changes in their
latency, amplitude, and morphology [1]. CAEPs are com-
posed of four waves whose latency ranges from 80 to 300
ms: a positive peak (P1) at about 50 ms, a large negative
peak (N1) at about 80 to 100 ms, a second positive peak
(P2) at about 180 to 200 ms, and a negative peak (N2) at
220-270 ms [2]. CAEPs can be used as an objective meth-
od to estimate hearing thresholds [3]. The morphology of
the CAEP waveform depends on several factors, such as
age [4], attention [5], sleep state [6], presentation parame-
ter [7], and electrode recording position [8,9]. The latency
of the CAEP differs depending upon the age of the individ-
ual. The positive peak ranges from about 250 ms (birth) to
100 ms (childhood), while the low-amplitude negative peak
ranges from 450-600 ms (birth) to 200 ms (childhood).
The latency decreases with age as the auditory system de-
velops [10]. From the 8th year of life, N1 starts separat-
ing from P1 and P2, and this continues up to adulthood,
when CAEDP:s finally show distinct P1, N1, P2, and N2 [9].

CAEDPs are generated by multiple temporally overlapping
subcortical and cortical sources [11,12]. These compo-
nents are automatically elicited and the subject is not re-
quired to perform any task - they are simply asked to re-
main alert. Since they are not affected by behavioural or
performance-related demands, these evoked responses
provide a reliable objective measure of cortical auditory
function in both children and adults. Development of the
peripheral auditory system (ear and auditory brainstem)
is complete in early childhood; in contrast, central audi-
tory pathways of the human brain exhibit progressive an-
atomical and physiological changes through early child-
hood [13]. This maturation is likely to have an impact on
speech and oral language skills, which are primarily ac-
quired through the auditory modality.

Kraus et al. (1993) found that CAEPs can also be elicited by
using speech stimuli, which can help in quantifying perfor-
mance of the central auditory system [14]. Later, Carter et
al. (2013) [15] showed that the CAEP is a sensitive tool for
evaluating the audibility of speech sounds in children who
have hearing impairments. Speech-evoked CAEPs provide
an objective measure of central auditory processing [16],
and they are commonly used to observe how speech sounds
are neurally represented. The P1-N1-P2 complex shows
temporal and spectral cues that depend on age, so that
changes in the latency and amplitude of the complex and
probably reflect maturation in the way that different speech
stimuli are neurally represented. According to a study by
Trembley et al. (2003) [17], naturally produced speech to-
kens, having different acoustic cues, evoke distinct neural
response patterns. Kaushlendra et al. [18] showed in 2011
that CAEPs may be used to objectively measure differenc-
es in neural encoding and perception of spectrally different
speech sounds. A study in 2013 by Sharma et al. [19] using
speech stimuli on 5 hearing impaired children with multi-
ple disabilities showed that the P1 CAEP marker could be
used to objectively evaluate the maturation of central au-
ditory pathways, helping to determine the effectiveness of
various intervention strategies. Elangovan and Andrew re-
ported in 2011 that changes in morphology of the P1-N1-
P2 complex were related to acoustical changes in speech
sounds; moreover they were independent of phonetic cat-
egorization of voicing cues across language groups [20].

Another study on CAEPs by Easwar et al. [21] on 16 adults
suggested that incorporating naturally produced speech
sounds is important to account for temporal and spectral
variations and that they should be selected so as to optimise
the characteristics of the CAEP. Easwar et al. [21] also re-
ported good test-retest reliability of CAEP measures using
speech as stimuli. Similarly, a study by Shafer and Waqner
examined the maturation of CAEPs from 3 months of age
to 8 years of age [22]. They reported that, for amplitude,
only P1 showed a clear relationship with age, becoming
more positive in a linear fashion. Almeqbe [23] studied 18
school-age children with normal hearing who were tested
in two age-groups: younger (5-7 years) and older (8-12
years). They found that spectrally different speech sounds
were encoded differently at the cortical level and evoked
distinct CAEP response patterns. They also reported that
CAEP latencies and amplitudes may provide objectively in-
dicate that spectrally different speech sounds are encoded
differently at the cortical level.

From the above literature, there seems to be a dearth of in-
formation on speech-evoked CAEPs, particularly in com-
paring different speech stimuli in children and adults with
normal hearing. The aim of the present study was there-
fore to find out, using latency and amplitude measures of
CAEDPs, aspects of the way in which different speech stim-
uli (/m/, /t/, and /g/) are neurally represented in children
and adults with normal hearing.

Material and methods

There were 20 participants with normal hearing selected
for the study: 10 children recruited from a private prima-
ry school (5 males and 5 females aged 5 to 7 years), and
10 adults recruited from a private science college (5 males
and 5 females aged 17 to 24 years). Informed written con-
sent was taken from the adults and from the parents of all
children. All participants had hearing sensitivity within
normal limits (<15 dB HL) in both ears. They had normal
middle ear function as indicated by immittance evalua-
tion. Further, they had no history of otologic or neuro-
logic problems, and they were well on the day of testing.

Testing environment

All behavioural and electrophysiological tests were carried
out in a sound-treated room in which noise levels were
within ANSI S3.1 (1991) guidelines. The rooms were well
illuminated and comfortable.

Instrumentation

A calibrated two-channel clinical audiometer (Orbit-
or-922) was used for pure tone audiometry. A calibrat-
ed GSI-Tympstar immittance meter was used for tympa-
nometry and reflexometry. A Biologic Navigator Pro EP
(v.7.07) was used for ABR threshold estimation. A HEAR-
Lab (v.1.0) system was used for recording speech-evoked
cortical potentials.

Procedure

Pure tone audiometry was done at octaves from 250 to
8000 Hz for air conduction and between 250 to 4000 Hz
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Table 1. Parameters for recording click-evoked ABRs and speech-evoked cortical potentials

Click-evoked ABR

Speech-evoked cortical potential

Stimulus

Click (100 ps duration)

/m/ (30 ms); /g/ (30 ms); /t/ (30 ms)

Reference M1

Reference M1/M2

Electrode placement Active Fz Active Cz
Ground M2 Ground Fz
Intensity 80 dB nHL 65 dB SPL
Transducer Insert earphones Loudspeaker
Transducer position None 0 degree azimuth
Ear Monaurally Monaurally
Polarity Alternating Alternating
Filter setting 100-3000 Hz 1-30 Hz
Repetition rate 30.1/sec 1.1/sec
Total No. of sweeps 2000 200
Impedance <5kQ <5kQ
No. of channels 1 1
Analysis time 10 sec 500 ms

for bone conduction using the modified Hughson West-
lake procedure. Immittance audiometry was carried out
with a probe frequency of 226 Hz. Ipsilateral and contralat-
eral acoustic reflex thresholds was measured at 500, 1000,
2000, and 4000 Hz. Click-evoked ABR was carried out to
verify the normal hearing sensitivity of participants when-
ever required. For ABR recording, the subject was seated
in a reclining chair. The skin surface at the two mastoids
(M1, M2) and forehead (Fz) was cleaned with skin abra-
sive to obtain skin impedance of less than 5 k() for all elec-
trodes. The electrodes were placed with the help of skin
conduction paste and surgical plaster was used to secure
them tightly in place. To minimise artifacts, participants
were instructed to relax and refrain from extraneous body
movements. Testing was done monaurally.

For speech-evoked cortical potential recording, the HEAR-
Lab system was used. The participant was seated at the test
position with his/her head approximately 1 m from the
loudspeaker positioned at 0° azimuth. The participant was
encouraged to sit quietly. Stimuli were presented at a fixed
interstimulus interval of 1125 ms (onset to offset). Dispos-
able self-adhesive button electrodes were used. HEARLab
uses an automatic statistical detection procedure that does
not require subjective interpretation from the operator. A
system-generated p-value determines the presence or ab-
sence of a response. Testing was done using the default
settings. Three speech stimuli (/m/, /g/, and /t/) at 65 dB
SPL were used for recording CAEPs. Details of the pro-
tocols are given in Table 1.

Speech stimuli

The speech stimuli were /m/ (duration 30 ms), /g/ (du-
ration 21 ms), and /t/ (duration 30 ms) incorporated in

12

HEARLab system in identical form. The stimuli were ex-
tracted from a digital recording of uninterrupted dialogue
spoken by a female with an average Australian accent at a
sampling rate of 44.1 kHz. Very little vowel transition was
included in the stimuli. An additional high-pass filter of
250 Hz was applied to /t/ to remove low-frequency noise.
These three essentially vowel-free speech sounds /m/, /g/,
and /t/ have spectral emphasis in the low, mid, and high-
frequency regions respectively.

Statistical analysis

The data were analysed using SPSS (v.17) for descriptive
and non-parametric test analysis.

Because of the small sample size, non-parametric tests
were used for statistical analysis for data collected from
the two groups. A Mann-Whitney U-test was used to de-
termine differences between children and adults for la-
tency and amplitude measures of wave P1 and N1 at 0.05
levels. Similarly, a Kruskal-Wallis test was used to deter-
mine differences across speech stimuli for children and
adults at 0.05 levels.

Results

P1 latency and amplitude

A Mann-Whitney U test revealed that adults had sig-
nificantly shorter latency compared to children (U=61,
p=0.000, two-tailed). Similarly, Mann-Whitney U test
also showed a significant difference between children and
adult in terms of amplitude of wave P1 (U=261.5, p=0.00,
two-tailed).
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N1 latency and amplitude

The Mann-Whitney U-test showed that adults had sig-
nificantly shorter latency compared to children (U=170,
p=0.000, two-tailed). Similarly, the Mann-Whitney U-test
also revealed a significant difference between children and
adults with N1 amplitude (U=408.5, p=0.000, two-tailed).

Kruskal-Wallis tests were used to discern differences across
different speech stimuli for children and adults at 0.05
levels.

For children

For P1, the Kruskal-Wallis test revealed that there was no
significant difference across stimuli (/m/, /g/, or /t/) in
terms of P1 latency (%?=0.485, df=2, p>0.05) or P1 am-
plitude (%?=0.589, df=2, p>0.05). Similarly, for N1, the
Kruskal-Wallis test revealed that there was no significant
difference across stimuli (/m/, /g/, and /t/) in terms of
latency (y*=2.56, df=2, p>0.05) or amplitude (x?=0.143,
df=2, p>0.05).

For adults

For P1, the Kruskal-Wallis test showed that there was no
significant difference across stimuli (/m/, /g/, and /t/) in
terms of P1 latency (x*=0.356, df=2, p>0.05) or in terms of
P1 amplitude (%?=0.218, df=2, p>0.05). Similarly, for N1,
the Kruskal-Wallis test revealed that there was no signif-
icant difference across stimuli (/m/, /g/, and /t/) in terms
of N1 latency (y?=5.145, df=2, p>0.05) or in terms of N1
amplitude (y*=1.577, df=2, p>0.05).

Discussion

The aim of the present study was to measure aspects of the
neural representation of different speech stimuli (/m/, /t/,
and /g/) in children and adults with normal hearing. Ro-
bust P1, N1, and P2 responses were obtained for all par-
ticipants in both groups. For the different speech sounds,
there were statistically significant differences (at the 0.05
level) between children and adults for latency and ampli-
tude measures of wave P1 and N1. This is probably because
CAEPs reflect maturation of the human brain through
changes in latency, amplitude, and morphology [1,24,25].
Similar to a 2013 study done by Cone and Whitaker [26],

References:

CAEP component latencies in younger subjects were pro-
longed compared to adults. The present study did not show
any significant differences across different speech stimu-
li for children or adults, a result supported by the 2012
study done by Dun and colleagues [27] on children. This
is in contrast with Golding et al. [7] who reported in 2006
that the cortical responses evoked by a /t/ sound were sig-
nificantly larger in amplitude and shorter in latency than
for the other two sounds. A study on adults in 2011 by
Munro et al. [28] using HEARLab also reported, for dif-
ferent speech stimuli, that the plosive speech contrasts /t/
and /g/ used to evoke CAEPs in their study did not reli-
ably result in different CAEP waveforms. A similar study
in 2007 by Garinis and Cone [29] also reported no sig-
nificant difference in CAEP waveforms for /sa/ and /da/
in terms of either amplitude or latency. Thus distinguish-
ing CAEP responses using different speech stimuli is not
an appropriate method to objectively demonstrate that the
brain has discriminated between these speech stimuli. The
above results probably reflect a similar neural represen-
tation of different speech stimuli in children and adults.

Conclusions

The present study shows that there are differences, in terms
of latency and amplitude measures, in CAEPs between
children and adults, that is, there is a clear maturation-
al change. However, the neural representations of differ-
ent speech stimuli are shown to be similar in both chil-
dren and adults with normal hearing. There is therefore
a need for an alternative objective electrophysiological
measure of speech discrimination in individuals. The out-
comes from the present study can probably be helpful as a
baseline while researchers prepare to test cortical poten-
tial measures in clinical populations such as individuals
with hearing impairment.
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