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Abstract

Background: speech acoustics. Aim: to acoustically analyze the substitution between /t/ and /k/ in the
speech production of children with typical and deviant acquisition process in order to identify and
quantify the presence of covert contrast. Method: the experiment involved the repetition of words that
combined /t/ and /k/ with /a/ and /u/ in stressed position. Participants were 9 children divided in three
groups: children in the acquisition process of the phonological contrast (G1); children with phonological
disorder (G2); and children with typical productions (G3). The speech productions were analyzed and
edited using software Praat. The acoustic parameters adopted were: burst spectral characteristics; CV
transition and durational characteristics. Duration parameters were analyzed by Friedman ANOVA while
the other parameters were analyzed using two-way ANOVA and Hierarchical Linear Modeling. The
adopted statistical significance level was of 0.05. Results: acoustic analysis indicated the presence of
covert contrast in the productions of childrenin G1 and G2 (80% and 57.14% of substitutionsrespectively).
Inaddition, acoustic analysisrevea ed differencesin how well the children differentiated the two occlusives
and which acoustic parameters were used to differentiate them. Conclusion: a lot of the substitutions
presented in the speech of children in typical and deviant acquisition process are in fact covert contrasts.
Moreover, the acoustic analyses allowed the detection of differences in the fine phonetic detail of
children's speech production.

Key Words: Child; Speech Acoustics, Phonetics.

Resumo

Tema: andliseacusticadafaa. Objetivo: analisar acusticamente as*“ substitui¢des’ envolvendo o contraste
entre /t/ e /k/ nafaa de criancas em aquisi¢ao tipica e desviante do contraste acimareferido, afim de
identificar e quantificar a existéncia de contrastes encobertos. Método: foi elaborado um experimento
de producgdo de fala que envolveu a repeticao de palavras, que combinavam /t/ e /k/ com /al e /u/ na
posicdo acentuada, por 9 criangas divididas em trés grupos. criangas em processo de aquisi¢do do
contraste investigado (G1); criangas com transtorno fonol égico (G2) e criangas com producdes tipicas
(G3). Com o uso do softwar e Praat, as produgdes foram editadas e analisadas de acordo com os seguintes
parémetros acusticos. caracteristicas espectrais do burst; transi¢cao CV e caracteristicas temporais. Os
testes estatisticos utilizados foram ANOVA de Friedman e Manova. A significancia estatistica adotada
foi menor que 0,05. Resultados: tanto nas produgdes das criangas do G2 quanto nas produgdes das
criangas do G1, detectamos, em grande medida (80% e 57,4%, respectivamente), apresencade contrastes
encobertos nos erros de substituicdo das oclusivas investigadas. Adicionalmente, a andlise acUstica
revelou diferengas em como as criangas utilizam as pistas fonéti co-acUsticas para marcarem a distingéo
entre/t/ e/k/. Conclusdo: muitas das substitui ¢des presentes da produgéo de fala de criangas em processo
de aquisicéo tipico e desviante tratam-se na verdade de contrastes foni cos encobertos. Além disso, 0 uso
daandlise acustica permitiu a detecgdo de diferencas sutis da producéo da fala das criangas.
Palavras-Chave: Acustica da Fala; Crianga; Fonética.
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Introduction

Studies of different languages of the world
concerning children speech with and without
production problemsl,2,3,4,5,6 have evidenced, by
using aninstrumental methodol ogy (acoustic and/or
articulatory), anintermediate phasein the process of
acquisition of aparticular phonic contrast suggested
by the presence of the so-called "covert contrast”,
present not only in the beginning of language
acquisition, but also in the so-called deviation of
phonetic-phonological development.

The expression "phonic covert contrast" 7
(covert contrast) is used to describe what is
categorized as audibly imperceptible, however
acoustically and articulatorily detectable phonic
contrasts.

The hypothesis of this study is that many of the
phonic substitutions audibly detected in children
speech going through typical and deviant language
acquisition are, in fact, covert contrasts.

Thus, the aim of this current study was to
acoustically analyze the "substitutions' involving
phonic contrast between /t/ and /k/, in the speech of
children going through typical and deviant language
acquisition of the contrast previously mentioned, in
order to identify and quantify the presence of covert
contrasts.

Method

Subjects: This study was approved by the
Committee of Ethicsin Research from the Faculty of
Sciences - FFC/ UNESP - Marilia, under protocol
number 3499/2006. Three groups of children were
sdlected to take part in this study: (i) 03 children in
acquisition of the contrast between /t/ and /k/, average
aged 35,33 months (Gl); (ii) 03 children with
phonological disorder who presented substitutions
between /t/ and /k/ in speech production, average aged
59 months (GlI) and; (iii) 03 children with typica
production of the contrast mentioned, average aged
64months(GlII).

Production Experiment

Materia: the stimulus used in the production
experiment consisted of disyllabic words stressed in
the stressed in the first syllable matching the stops /t/
and/k/ withthevowels/al and /u/ in stressed position:
/"taku/ (baseball bat) x /'kaku/ (shard) and /'kubal (Sink)
X [tubal (tuba). The context vowe /i/ was excluded
because /t/ coming beforeis produced asthe affricate
2.
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Each child was recorded inside an acoustic booth
st at aKindergarten School with MARANTZ digital
recorder, model PM D 670 attached to SHURE cardioid
dynamic microphone, model 8800. PRAAT software
5.0.38 was used to analyze the data, while STATICA
software version 6.0 was used for statical analysis.

Procedure: the experimenta procedure was held
by asking thekidsto repeat eachword fivetimesinsde
thecarrier sentence: " Say target word very beautifully”,
involving thekidsinaludic activity, adding upto 180
tokens, therefore, favoring the acoustic analysis of
the dataand further statical trestment of such data:

05(repetitions) X 2 (vowels) X 2 (stops) X 9 (subjects)
=180tokens

Criteriaof dataandysis

Audio-perceptive andysis: aphoneticist livingin
the same region of the subjects of the study wrote out
al the 180 occurrences related to the children's
productions gotten on therecordings. The phoneticist
wrote out the children's productions as correct or
incorrect taking into account the target production of
the occlusives/t/ and /k/. The productionswritten out
as incorrect were characterized by omission errors,
substitutions or distortions of the stops. One month
after thefirst writings, the phoneticist wroteout dl the
data again. Through an intra-subject agreement
andys's, weobtained an agreement percentage of 95%
(57/60).

Acoustical Analysis: The phonetic-acoustical
parametersadoptedintheandysiswere: (1) parameters
related to the spectral characteristics of the burst:
spectral peak and spectral moments (centroid - M1,
standard deviation - M2, skewness - M3, kurtoss -
M4); (2) formant transition of the adjacent vowelsto
thestopsand; (3) parameters related to thetimepattern:
duration (absolute and relative) of the closure, burst
and formant transition.

Setistical Anadysis: atwo-way ANOVA was used
for each of the subjects productions separately, and
Scheffé Pés-hoc. Theintra-subject factorswere stops
(/t/ and /k/) and the vowels (/a/ and /u/), and the
dependent variables were the eight acoustical
parameters mentioned above. After the two-way
ANOVA, we used the Linear Hierarchical Model9to
determine which acoustical parameters are necessary
to digtinguish the stops investigated. In this andysis
wewereableto separatetypica contrastsfrom covert
contrasts.

The statistical tests used were applied to the
productions followed by /a/ and /u/ separately.
Statistical significance was set at 0,05 (p< 0,05). In
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addition, the results in which p-value was between
0,05and0,1(0,05< p<0,1) weretakenasmargind.

Results
Audio-perceptive analysis

According to the criteria adopted in the
analysis, children belonging to GllI presented
typical productions (target productions), both of /
t/ and of /k/.

Childrenbelonging to Gl I, presented 15 typical
productions of /t/; 20 typical productions of /k/;
15 substitutions of /t/'/k/ and 10 substitutions of /
t/'/K/.

Eventually, children belonging to GI presented
17 target productions of /t/; 20 target productions
of /k/; 13 substitutions of /t/'/k/; 08 substitutions
of /k/ ' It/ and two distorted productions of /k/
(characterized as afronting production of /k/).

Acoustical Analysis

Acoustical parameters validation: since we
haven't found any study dealing with the
description of the acoustical parameters needed
todistinguish /t/ and /k/ in Brazilian Portuguese, a
validation of all acoustical parameters based on
the speech productions of a typical adult and on
the three kids with typical productions was
previously held.

It was verified that thetypical adult usesall the
acoustical parameters adopted to distinguish /t/
from /k/, in both vowel contexts (/a/ and /ul).
Likewise, the three kids from GlII used the same
parametersto distinguish /t/ and /k/, although two
kids didn't use all the acoustical parameters to
enforce such distinction . Theresults of acoustical
analysisare summarized in Table 01, asfollows:

Although the acoustical analysis of children
belonging to Gl suggests certain instability in

their productions, they are able to use 75% of all
acoustical parameters to distinguish /t/ and /k/,
what possibly explains why the contrast is
considered "typical" by the listeners.

In the next item, we'll go through the data
obtained in the acoustical analysis of the
production of children who presented
substitutions of the contrast investigated.

Acoustical Analysis - production of children
with phonological disorder (GlI)

The results obtained for each of the
productionsfrom children belonging to Gll, in both
vowel contexts, are summarized in Table 02, as
follows:

Based on the results exposed, two distinct
phenomena were observed: (i) categorical
substitution between the segments (/t/ and /k/ and
vice versa); (ii) presence of covert contrast in the
investigated occlusives.

Among the 25 substitutions between /t/ and k/
, described asaudibly categorical, 20 of them (80%)
correspond to covert contrasts according to
acoustical analysis.

Acoustical analysis - production of children
acquiring the process investigated (GI)

Table 03, bellow, sums up the results obtained
in the analyses.

Just likein the productions of childrenfrom Gl
(that is, younger children), we alsoidentified both
categorical substitution between the segments (/
t/ and /k/ and vice versa), and covert contrasts in
the stops investigated.

We could see that among the 21 substitutions
of /t/ and /k/, described as audibly categorical, 12
(57,14%) are characterized as covert contrasts by
acoustical analysis.

In the next item | will discuss the results
considered as most relevant.

2The criterion usually accepted in literature so that we can consider that a certain contrast was acquired by the child indicates that the child should get the position of acertain
syllable 75% right 10,11,12.
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TABLE 1. Fvalues obtained inthe linear Hierarchical Model for the production of children belongingto Glll and the typical adult,
in context of the vowel /a. Meaningful p values are in boldface, marginal p values are underlined, and the blank cells don’t show

any significance.

Burst Spectrum

CcVv
Durational pattern
Subjects Transitions
0, 0,
Peak Centroid Star)dgrd Skewness Kurtosis Onset F2 % da % do
deviation closura burst
i 52,85
TXELCIE:' “U0 g4 5,85 ** 10,42 ** 4,29+ 101,88 ** 3333 %+ 40,00 %
Typical
5,29 ** 341* 4,54 * 13,47 *** 2,85 3,53*
child1 =
Tcyh[?;g:l 13,12 559 4,54 % 730 * 446% 18,89 *
Typical
cthi'IdS 6,15 ** 3,30* 10,36 *** 4,90 * 7,43 ** 24,40 *** 7,16 ** 5,84 **
**¥%*:p<0,001; **:p<0,01; *:p<0,05; p marginal: 0,05 <p <0,1.
534
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TABLE 02. F vdues obtained in the linear Hierarchical Model for the production of children beonging to Gl in context of the
vowds /a/ and /u/ . Meaningful p values are in boldface, marginal p vaues are underlined, and the blank cells don’t show any

significance.
Analysisof the contrast between /t/ and /k/ in context of the vowd /a/
_ Burst Spectrum cv _
Subjects s Durational pattern
and Transitions
repetitions Peak Centroid gé?/?adtiaorg Skewness Kurtosis OnsetF2 ctljf))s?]?a % do burst
CPD1 R1 11758 ccC
CPD1_R2 385,01 * ccC
CPD1 R3
CPD1 R4 238,03* ccC
CPD1_R5
CPD2 _R1
CPD2 _R2 112,19 ccC
CPD2 R3 81.62 T CC
CPD2 R4 61,82 - cC
CPD2_R5 6422,50 * CcC
CPD3 R1
CPD3_R2
CPD3 R3 1005,08 * 330,08 ** 161,43* CC
CPD3 R4 58,48 cC
CPD3_R5 674,94 * 428,93 * 307,71* CC
Analysis of the contrast between /t/ and /k/in context of the vowel /u/
_ Burst Spectrum cv )
Subjects Transitions Durational pattern
and
repetitions Peak Centroid Star_1d_ard Skewness Kurtosis OnsetF2 % da % do burst
deviation closura
CPD1 R1 124,87 ccC
CPD1 R2 74,75 113,06 ccC
CPD1_R3 67,16 198,58* ccC
CPD1 R4
CPD1_R5 92,02 101,62 CcC
CPD2 R1
CPD2_R2 112,19 ccC
CPD2_R3 81,62 ccC
CPD2 R4 61,82 74,35 cC
CPD2_R5 6422,50 * 57,35 cC
CPD3 R1
CPD3_R2
CPD3 _R3 1005,08** 330,08* 161,43* CC
CPD3 R4 58,48 ccC
CPD3 _R5 674,94 * 428,93 * 307,71* CC

**%:1<0,001; **:p<0,01; *:p<0,05; pmarginal: 0,05 <p <0,1.

CC: covert contrast; R: repetitions; CPD: children with phonological disorder.

Contrastes e contrastes encobertos na producéo da fala de criangas.

535



Pré-Fono Revista de Atualizagéo Cientifica. 2010 out-dez;22(4).

TABLE 03. F vauesobtanedin the linear Hierarchical Mode for the productionsof contrasts between /t/ and /k/ in context of the
vowels /a/ and /u/ from children belonging to GI . M eaningful p values arein boldface, marginal p values are underlined, and the
blank cells don’t show any significance

Analysisof the contrast between /t/ and /k/ in context of the vowd /a/

Subjects
and
repetitions

Burst Spectrum

Ccv

Transitions Durational patem

Peak

Standard

deviation Skewness

Centroid

Kurtosis

% da

Onset F2 closura

% do burst

YC1 R1

YC1 R2

200,09 * 1048,28 *

ccC

YC1 R3

YC1 R4

YC1_R5

206,67 * 293,57 *

ccC

YC2_R1

YC2_R2

YC2_R3

YC2_R4

611,07 * ccC

YC2_R5

11118,2**

292,13* 2391,53 **

566,84* ccC

YC3 R1

YC3 R2

YC3_R3

107,75* CccC

YC3 R4

YC3_R5

Analysisof the contrast between /t/ and /k/ in context of the vowel /u/

Subjects
and

repetitions

Burst Spectrum

Ccv

Transitions Durational patem

Peak

Centroid Stapdgrd Skewness
deviation

Kurtosis

0,
Onset F2 % da % do burst
closura

YC1 R1

YC1 R2

200,09 * 1048,28 *

ccC

YC1 R3

YC1 R4

YC1_R5

206,67 * 293,57 *

ccC

YC2_R1

YC2_R2

YC2_R3

YC2_R4

611,071 * ccC

YC2_R5

11118,2**

292,13* 2391,53 **

566,84* ccC

YC3 R1

YC3 R2

YC3_R3

58,38

107,75* ccC

YC3 R4

4374 cc

YC3_R5
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**%1<0,001; **:p<0,01; *:p<0,05; p marginal: 0,05 <p <0,1.
CC: covert contrast; YC: younger children; R: repetitions.

Berti.



Pré-Fono Revista de Atualizacdo Cientifica. 2010 out-dez;22(4).

Discussion

The first result which deserves to be
highlighted is related to the acoustical analysis of
thetypical productions of the contrast between /t/
and /k/ made by the adult speaker and children
from GlI, who present typical productions of such
contrast.

Despite the fact that the audio-perceptive
analysis is able to perceive the phonological
contrast between /t/ and /k/ made by the adult
speaker and children form GllIlI, the acoustical
analysis was able to detect some difference
between the adult and the children not only in the
number of parameters used to mark this contrast,
but also in the distinction magnitude. The
productions of children from GllI seemto be more
unstableif compared to the typical productions of
the adult speaker.

This point leads to a study 13 which warns us
about the fact that motor control over the tongue
movements during speech production lasts until
the age of 07 years old, at |east.

Secondly, our resultsreveal that in both Gl and
Gll that are covert contrasts in the substitution
errors of the stops investigated (80 and 57,14%
respectively).

In agreement with our outcomes, the presence
of covert contrast in substitution errors committed
both by children in language acquisition and by
children with phonological disorder has been
described by different authors of different studies
using an instrumental methodology (acoustical
and/or articulatory) to analyze speech production
1-6,14-16.

Nevertheless, none of the studies mentioned
abovefocuses on which acoustic cues or on which
distinctive magnitude they are used to mark a
certain phonic contrast.

| saw that both Gl and GII use a distinctive
magnitude which is not enough for the listener to
audibly identify this contrast.

| found only one study 17 which describes
describing both acoustic cues and their magnitude
to mark acertain phonic distinction. Although the
contrast investigated by these authors refer to the
contrast between /s/ e /?/ , have as subjects adults
and children in process of acquisition of the
contrast investigated and al so speakers of English
and Japanese, their outcomes greatly support the
ones outlined by us.

Contrastes e contrastes encobertos na producéo da fala de criangas.

Highlighted, specially, two implications these
findings to clinical practice of the speech
pathologist. The first implication is related to
investigation method (assessment tool) of speech
production. Onceit was detected the presence of
covert contrasts (both in speech production of
younger children and in the speech production of
children with phonological disorder), itisnecessary
to incorporate the instrumental assessment
(acoustic or articulatory) intheclinical practice not
only to enable the detection of covert contrast,
but also it is necessary to consider this type of
production as a category of analysis in speech
production of children.

Analogously, the second implication
concerning to therapy of childrenwith phonological
disorder. The detection and the identification of
which acoustic cues and, also, in what magnitude,
children mastering to establish a specific phonic
contrast, should direct the process the therapeutic
process aiming its focus from the standpoint of
auditory perception.

Next, I'll have some final remarks about our
study.

Conclusion

The results of this study support the hypothesis
raised in theintroduction of this paper that many of
the phonic substitutions audibly perceived as
categorical arein fact, convert contrasts.

Among the 25 audibly detected ascategorical in
the speech productions of GlI, 20 (80%) stand for
convert contrasts. Likewise, among the 21
substitutions audibly detected as categorical in the
speech productions of Gl, 12 (57,14%) stand for
covert contrasts. These results suggest that
transcription alone is not adequate to describe
phonological system of the children and needsto be
supplemented by other measures, such as acoustic
analysis.

In addition, children from GII and Gl used a
distinctive magnitude not enough to be audibly
perceived by the listener as covert contrast.

Therefore, it seemsto usthat further investigation
of other contrasts produced by children with typical
and deviant language devel opment isvery relevant,
aiming to describewhich acoustic cues children use
to start distinguishing a certain phonological
contrast, and contributing to a better therapeutic
prescription for those children with phonological
disorders.
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