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Padrées silabicos no desenvolvimento
fonologico tipico e atipico: analise
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ABSTRACT

Objective: The present study aims to compare the production of syllabic patterns of the CVC and CV types
performed by Brazilian children with typical and atypical phonological development through ultrasonography
of tongue. Methods: Ten children (five with typical and with five atypical phonological development) recorded
nine pairs of words from the syllables: CCV and CV. The images and audios were captured simultaneously by
the Articulate Assistant Advanced software. The data were submitted to perceptive analysis and ultrasonographic
articulatory analysis (the area between the tip and the blade of the tongue). The area measurements were submitted
to one-way repeated measures ANOVA. Results: ANOVA demonstrated a significant effect for the clinical
condition (typical and atypical), (F (1.8) = 172.48, p>0.000) forthe area measurements. In both syllabic patterns
(CCV and CV) the atypical children showed greater values of the area between the tip and the blade of the tongue.
Regarding the syllabic patterns analyzed, the statistical test showed no significant effect (F (1.8)=0.19, p>0.658).
Conclusion: The use of a greater area of the tongue by children with atypical phonological development suggests
the non-differentiation of the tip and the anterior body gestures of the tongue in the production of CV and CCV.

RESUMO

Objetivo: O presente estudo busca comparar, por meio da ultrassonografia de lingua, a produgdo de padrdes
silabicos do tipo CCV e CV realizados por criangas brasileiras com desenvolvimento fonologico tipico e
atipico. Método: Dez criangas (cinco com desenvolvimento fonoldgico tipico e cinco atipico) gravaram nove
pares de palavras das silabas: CCV e CV. As imagens ¢ os audios foram capturados simultaneamente pelo
programa Articulate Assistant Advanced. Os dados foram submetidos a analise oitiva e a andlise articulatoria
ultrassonogréfica (4rea entre a ponta e a lamina da lingua). As medidas de area foram submetidas 8 ANOVA de
medidas repetidas. Resultados: Para os valores de area, a ANOVA mostrou um efeito significativo para a condi¢do
clinica das criangas (tipica e atipica) (F(1,8)=172,48, p>0,000). As criangas atipicas (CAs) apresentaram, em
ambos os padrdes silabicos (CCV e CV), valores superiores da area entre a ponta ¢ a 1amina da lingua. Com
relagdo aos padrdes silabicos analisados, o teste estatistico ndo mostrou nenhum efeito significante (F(1,8)=0,19,
p>0,658). Conclusio: O uso de maior area de lingua por parte das criangas com desenvolvimento fonolégico
atipico sugere a ndo diferenciag@o dos gestos de ponta e do corpo anterior da lingua na producdo de CV e CCV.
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INTRODUCTION

In syllabic terms, the CV structure (consonant and vowel)
precedes the acquisition of the CCV structure (consonant,
consonant and vowel)". In Brazilian Portuguese (BP), consonant
groups are composed of the lateral liquid (/I/) or the rhotic
liquid (/r/) followed by the obstruents. There is a consensus in
the literature>? that the lateral liquids are acquired before the
rhotic ones, being these stabilized in the phonological system
of the child by the age of five years®.

Researches®*¥ point out that CCV syllables are acquired
lately because of their phonological complexity, on the one hand,
and, on the other hand, because of their articulatory complexity.
In the attempt to adjust the target phonological system to the
expected phonological system, in the position of the segment
and/or syllabic structure unknown or improperly produced,
children make use of resources called repair strategies. In the
case of the CCV syllabic structure, the repair strategies are
commonly simplified from CCV to CV®,

The simplifications of the CCV structure towards the CV are
reported in the literature both in the initial phase of phonological
acquisition and in late phonological development. The high
prevalence of the called simplifications of the cluster in the
children’s speech is reported in several studies®® carried out
in different regions of Brazil. In relation to the CCV syllable,
a study involving the perceptive analysis showed evidence
that simplification (CCV to CV, for example, prato to pato)
is the most frequently adopted resource by school children,
corresponding to 60.67%® of simplified CCV productions to
CVs. However, other strategies can also be identified during the
acquisition process of this syllabic structure, as described in a
previous study: omissions of syllable (e.g.: plastico — [ "t[iku]),
epenthesis (e.g..: bruxa — [bu’rufa]), merger (e.g..: cravo —
["davu]), compensatory stretching (e.g.: planta — [ "pa:“ta]) and
metathesis (e.g.: prato — [ ‘partu])®.

Since the perceptive analysis does not allow the phonetic
detailing of the linguistic facts or structures that occur during the
process of phonological acquisition (whether typical or atypical),
instrumental analyzes (acoustic and/or articulatory) can make
it possible (have made possible) to elucidate questions related
to the typical and atypical CCV production®!,

In acoustic terms, studies®!'? were carried out to analyze
the phonic production of CCV and CV syllables with typical
and atypical phonological development and identified that, to
differentiate the two syllabic patterns, the typical children (TC)
or atypical children (AC) make use of what the authors called
as compensatory stretching strategy (CSS) (also called as vowel
stretching) as repair strategy. The presence of CSS elucidates
that children with atypical CCV production already have a
phonological knowledge about the syllabic structure®, but still
cannot produce according to the patterns expected by the adult.

The incorporation of acoustic analysis in studies aimed at
language acquisition has revealed strategies, such as CSS, carried
out by ACs, that is, they apparently appropriate the phonological
knowledge of the language, but do not necessarily perform the
expected and necessary articulation task to differentiate the
two syllables (in the example quoted above, CCV and CV)®.

Although the acoustic studies have promoted an advance in
relation to the phonetic detailing of children’s productions, the
acoustic information is capable of performing only articulatory
inferences. In this sense, methodologies that make use of
articulatory instruments (electropalatography, micro X-rays,
ultrasonography, articulography) have gained space, since they
allow the direct visualization of speech-articulatory organs
during speech production*!7,

In articulatory terms, a recent study carried out in the English
language'” has pointed out differences in the production of
children with typical and atypical phonological development.
Data from magnetic resonance showed different articulatory
patterns in liquid substitutions. The results pointed to different
gestures in the three groups of individuals studied (children in
phonological acquisition phase, adolescents with phonological
disorder and adolescents with hearing loss). Different from the
articulatory gestures found in typical productions, in children
in the phonological development phase and in adolescents with
phonological disorder, missing™ and stiffened* gestures were
found. However, in the group of adolescents with hearing loss,
only stiffened gestures were observed.

Research™ based on electropalatography (EPG) detected
articulatory differences in the production of Scottish school
children with typical and atypical development. When
comparing the speech of these children, the author identified
a high percentage of undifferentiated gestures in the group of
children with phonological disorders, which does not appear in
the group of typical children or adult. The children with typical
development articulated the tip and body gestures of the tongue in
amanner similar to the adult, being able to produce well defined
patterns against the palate. In contrast to, the atypical children
make use of the anterior and posterior region, simultaneously, or
even the entire surface of the tongue against the palate, without
differentiating the gestures independently. In accordance with
these findings, another study"”, when analyzing the coordination
of lingual consonant gestures in children with phonological
disorder, also identified not only undifferentiated gestures, but
also detected the presence of an excessive movement of the
body of the tongue during the production of the consonant /t/ if
compared to TCs?,

Although the studies mentioned previously were not analyzing
the CCV syllabic production, the articulatory analysis detected
differences in the productions of the investigated groups
(acquisition, phonological disorders and auditory deficits).
In BP, thus far, there are no studies comparing the production
of CCV and CV in TCs and ACs from the articulatory analysis.
Thus, analogously to previous studies®?, it is expected that
investigations based on instrumental methodologies may provide
information about the typical and atypical acquisition of the
CCV syllabic pattern.

T Missing gestures refer to when one of the two expected gestures is
absent, resulting in a single oral constriction.

! Stiffened gestures occur when the speaker intends to produce two
target gestures, but performs a third gesture.
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Therefore, the first hypothesis assumed was that ACs
(simplification of clusters) present values of area, between the
tongue tip and blade, higher to the values presented by TCs.
Additionally, the second hypothesis assumed was that the syllabic
pattern of the CCV type would present a greater area, between
the tip and the blade of the tongue, when compared to the CV.

The present study aims to compare the production of syllabic
patterns of the CVC and CV types performed by Brazilian
children with typical and atypical phonological development
through ultrasonography of tongue.

METHODS

This research was approved (n° 0974/2014) by the Ethics
Committee of the Faculty of Philosophy and Sciences -
UNESP/Marilia (Faculdade de Filosofia e Ciéncias— UNESP/Marilia).
The responsible for the children and the children nodded with
the Informed Consent Form (ICF). This study was based on
guidelines and regulatory standards for researches involving
human beings determined by the National Health Council in
its resolution 466/12 and 510/16, respectively.

Casuistry

This was a cross-sectional, quantitative and prospective
clinical study. The study sample consisted of 10 children aged
from 5 years to 6 years and 9 months, of both genders, being
subdivided into two delineated groups from the clinical condition
of'the children: children with typical phonological development
(TC) and atypical phonological development (AC).

In order to compose the group of children for this study,
the researcher carried out a speech-language screening in order
to identify alterations in oral language, voice, and orofacial
motricity, with the use of a specific protocol.

The hearing screening was also performed by the researcher
with the use of the Interacoustic AD-28 audiometer, with a
TDH-39 headphone, in an acoustic booth installed in a room
of the School of Early Childhood Education. The frequencies
of 1000, 2000 and 4000 Hz were investigated at an intensity
of 20 dB HL (decibel hearing level).

The evaluation of speech production was performed by means
of phonological evaluation®”, and both the phonetic inventory
and the phonological system were collected. The analysis of the
phonetic and phonological inventory made it possible to exclude
the children who presented difficulties in the production of other
classes of sounds and of the liquids separately. The children who
presented alterations in the speech-language screening were
referred for specific services at the Speech-Language Therapy
Clinic of the UNESP (Marilia).

For the TC group, children from 5 years and 4 months up
to 6 years and 8 months of age, of both genders were included,
who presented absence of intellectual, neurological alterations;
anatomo-morphological alterations that compromise the speech
production process (for example, cleft lip and cleft palate);
otologic/hearing alterations, changes in the stomatognathic
system and speech and language alterations.

The ACs also did not present hearing, intellectual, neurological
alterations and presented difficulties in the pronunciation of
clusters. Children who presented difficulties in the production
of liquid isolated, lateral liquids or rhotic, that is, in the CV
syllabic pattern, were excluded.

Experimental procedure
Corpus

18 words were recorded contrasting the CCV and CV
initial syllable as proposed by previous study®. For the corpus,
figures corresponding to the pairs of the following words were
selected: broa/boa ["broa/ ‘boa], prato/pato [ prato/ pato],
prego/pego [ "prego/ pego], pressa/peca [ presa/ pesa], bruxa/bucha
[brufa/’bufa], frita/fita [ frita/ fita], grato/gato [ grato/ "gato],
troca/toca [ "troka/ toka], troco/toco [ "troko/ toko]. The figures
referring to the words were presented to the individuals by
means of a play activity, that is, throughout the recording,
the children named the figures inserted in the AAA software
(Articulate Assistant Advanced).

Equipment

The recordings used in this research were performed using
a portable ultrasound device (model DP 6600), located in
a booth acoustically treated with the following equipment:
unidirectional microphone, coupled micro-convex transducer
to a computer and a head stabilizer®-??. The capture of the data
was made by the AAA software, which allows us to analyze
the ultrasonographic and acoustic signals obtained in speech
recording in real time®?.

The transducer was positioned on the child’s chin with the
help of the head stabilizer, the Articulate, developed by Articular
Instrument (Queen Margaret University). This procedure
was adopted in order to minimize changes in the position of
the transducer in relation to the submandibular region of the
individual.

Recording procedure

The individuals were individually recorded in a single
session of approximately 30 minutes at the Acoustic Analysis
Laboratory — AAL of the Universidade Estadual Paulista (UNESP
on the campus of Marilia), inside an acoustically treated cabin.

The figures that represented the stimuli were presented in
the AAA software. The figures were presented previously to the
children, with the purpose of certifying the understanding of
the target word. For each word, the individuals were requested
to perform three repetitions, totaling 540 stimuli (3 repetitions
x 5 TCs x 5 ACs x 9 words with CCV + 9 words with CV).
In consequence of the clinical condition of the ACs, it is expected
that, from the point of view auditory perceptual, these ones
produce the CCV as CV.

If the child did not understand or did not remember the
target word at the time of recording, the researcher produced
the word and requested the child to imitate her.
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Form of analysis
Perceptual-auditory judgment

The 540 acoustic files (.wav) produced by the children, being
240 recordings of the TCs and 240 of the ACs, were sent to
three judges by means of a computational resource that allows
to share digital files. The judges who participated in the research
are experienced in phonetic transcription and residents in the
same dialectal region of the participants in order to perform
perceptual-auditory judgment.

The stimuli were randomly organized by the researcher in the
attempt to avoid patterns of responses at the trial. When hearing
the sound stimulus, the judge was oriented to respond between
CCYV, CV or the other option (in this case, it would be necessary
to transcribe phonetically), being that the agreement of at least
2 (66%) judges was considered for each evaluated stimulus.
The judges were instructed to listen to the data with the aid of
earphones as many times as they judged necessary.

Ultrasonographic parameter

In relation to the articulatory measure, it was decided to
investigate the relative area to the region between the tongue tip
and blade, as illustrates the Figure 1. This quantitative measure
of the ultrasound essentially seeks to apprehend the presence
of the relative gesture to the rhotic inside the CCV syllable.
The resulting value of this measure is given in mm?.

The ultrasonographic recording is composed of several frames
(images) per second, which results in visualization of the tongue
movement. It was decided to select a period corresponding to
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seven frames because it is believed that it is in its interior that
occurs the point of maximum constriction of the tongue for the
production of rhotic, in the case of the CCV syllabic pattern.

The time frame chosen for all words whose first consonant
was occupied by voiceless stops were the three frames before
and after the burst, totaling seven frames. In voiced stops, the
reference was the end of the voicing bar, before the beginning of
the vowel. For the words “frita” and “fita”, it was used the end
of fricative noise, as reference point. Therefore, this selection
corresponds to the transition between the first consonant and
the subsequent vowel, that is, the corresponding period to the
seven frames selected (three frames before and three after the
reference point) is illustrated in Figure 2.

Considering the period of seven frames selected, by means
of AAA, the frame corresponding to the point of maximum
constriction for the extraction of the area measurement was
automatically selected.

Statistical analysis

It was performed a descriptive and inferential statistical
treatment of ultrasonographic data using the IBM SPSS Statistics
software (version 2.2). In relation to the descriptive statistics,
the mean, standard deviation and the area values between the
tongue tip and blade were extracted.

For the area values, it was adopted the ANOVA test for
repeated measures, with syllabic patterns (CCV and CV) as the
intra-individual variable and the clinical condition (typical and
atypical) of individuals as an inter-individual variable. A significance
level of 0.<0.05 and a reliability interval of 95% was established.

1170872013
23:15:84

Region between the tip
and the blade of the

tongue.

Figure 1. The arrows indicate the measured area by AAA, corresponding from right to left, to the tip of the tongue and to the blade of the tongue
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RESULTS

Perceptual-auditory judgment

All children with atypical phonological development were
previously selected by the researchers and, when producing
the CCV syllable, such syllables presented a simplification of
the cluster.

Thus, of the 270 words whose onset is formed by CCV, 135
(50%) of the typical children’s achievements were evaluated
as CCV. However, the 135 (50%) target words produced by
atypical children were judged as CV, this means that all CCV
productions were judged as simplified.

Of the 270 target words with CV onset, 270 (100%) were
judged as CV, being 135 (50%) in the TCs group and 135 (50%)
as CV in the ACs group.

Ultrasonographic parameter

Table 1 shows the values, in millimeters?, of the mean and
standard deviations of the area measurements between the tongue
tip and blade, as a function of the syllabic pattern analyzed and
the clinical condition of the children.

However, in the table 2 results obtained by repeated measures
ANOVA are presented, having as the main effects the syllabic
pattern and the clinical condition of the individuals, as well as
the interaction between clinical condition and syllabic pattern.

The ACs produced the two syllables analyzed, CCV and CV,
with area values (between the tongue tip and blade) higher than
the values of typical children, as exposed in Figure 3.

Table 1. Descriptive statistics (mean (x), standard deviation (+) and
coefficient of variation) for the parameter of area between tongue tip
and blade of typical and atypical individuals. Mean of CCV means an
average of the values for the CCV syllabic pattern and Mean of CV
means an average of the values for the CV syllabic pattern

Atypical Children

Typical Children

Corpus Mean Standard Mean Standard
deviation deviation
Broa 340.66 134.37 539.63 191.48
Boa 278.35 128.57 567.94 136.21
Prato 326.64 106.6 547.31 95.58
Pato 261.99 113.51 536.16 127.19
Prego 310.24 82.87 603.47 91.17
Pego 366.45 127.86 590.45 83.43
Pressa 282.18 93.52 604.52 145.43
Peca 292.92 116.01 599.53 116.51
Bruxa 313.21 93.02 656.92 115.76
Bucha 274.89 86.4 594.48 140.99
Frita 346.08 124.49 651.17 131.83
Fita 372.02 92.43 658 108.92
Troca 309.26 113.79 608.36 118.37
Toca 268.37 114.53 630.27 174.82
Troco 335.59 114.97 589.52 146.35
Toco 265.23 129.73 621.11 154.28
Grato 374.52 131.06 628.68 206.04
Gato 387.18 152.97 725.06 166.53
CCV Mean 326.49 110.52 603.29 138
CV Mean  307.49 118 613.67 134.32
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Table 2. ANOVA values by repeated measures obtained by area
measurements (between the tongue tip and blade), as well as the main
effects on the clinical condition of the individuals and the syllabic pattern
(CCV and QV), as well as the interaction between clinical condition and
syllabic pattern

Main effects and interactions Tongue
between effects Tip/Blade
Syllabic Pattern F F(1.8)=0.19

P 0.658
Clinical Condition F F(1.6)=172.48
P 0.000
Interaction between syllabic F F(1.6)=2.95
pattern and clinical condition P 0.090

Area between the tip and the tongue blade

1200+
1000-]
800+

o
600

400

o

Area between the tip and the tongue blade

200
Syllabic pattern
Ecv
o o Bccv

Typical children Atypical children

Clinical condition

Figure 3. Boxplot of the area between the tongue tip and blade of typical
and atypical children in the two syllabic patterns (CV in blue and CCV
in green). The x-axis represents the clinical condition of the individuals
and in the y-axis are the area values between tongue tip and blade

The ANOVA did not show any significant effect regarding
the syllabic pattern (F (1.8) = 0.19, p> 0.658), nor for the
interaction between clinical condition and syllabic pattern
(F (1.6) = 2, 95, p> 0.090). However, it showed a significant
effect on children’s clinical condition (typical and atypical)
(F (1.8) =172.48, p> 0.000).

DISCUSSION

The present study aimed to compare, through ultrasonography
of tongue, the production of syllabic patterns of CVC and CV
types performed by Brazilian children with typical and atypical
phonological development.

The first hypothesis assumed was that children with atypical
phonological development (simplification of cluster) present
area values between the between the tongue tip and blade,
higher than the values presented by typical children.

This hypothesis was fully corroborated, as far as the area
values obtained for children with atypical development were

always higher than for children with typical development,
both for CV production and for CCV production (see Table 1).

The results showed that typical children produce the
CCV and CV syllables differently from the productions of
the AC group, which can be elucidated by the presence of
undifferentiated gestures in the CCV production. These results
also agree with the researched literature!'*'?, since it showed
articulatory differences in the production of TCs and ACs,
and may be associated with the presence of undifferentiated
gestures (UGs) in the speech production in the latter group
of children.

The UGs, in turn, may be associated with motor restrictions
in speech, present as a result of delays or deviations in the
control of these regions of the tongue in the group of children
with difficulties in the production of CCV. Thus, the ACs may
present UGs, because the ultrasonographic measurements
indicate that this group has restrictions on differentiating the
tip and anterior body gestures of the tongue.

The children with typical development when performing
productions make use of almost independent articulators, are
able to produce well defined patterns of tongue against the
palate. Differently, the children with atypical phonological
development seem to be incapable of differentiating the tip
and anterior body of the tongue'®, thus performing the UGs.
According to the author’s interpretation'®, UGs occur due to
motor restrictions in the speech present as a result of delays
or deviations in the control of these regions of the tongue®.

It is hypothesized that children with atypical productions
of this study possibly present UGs in the production of CCVs,
keeping the tongue closer to the palate, which explains the
larger area measurements between the tongue tip and blade
regardless of the type of syllabic pattern. In other words, these
children do not seem to coordinate the gesture of tongue tip
and body during the production of CCV and CV, which can
be interpreted as a use of a larger portion of the tongue as a
result of UGs.

The second hypothesis assumed was that the syllabic pattern
of the CCV type would present a larger area when compared
to the CV. The hypothesis was not confirmed for any of the
groups of children studied.

Differently from the studies that used acoustic analysis to
detect subtle differences in the comparison of CCV and CV by
duration measurement®?, the ultrasonographic measurement
related to the area was not sensitive to detect the tongue
movements that differentiate CCV from CV in both the groups.

It is suspected, however, that the arca measurement
apprehends more global articulatory patterns, not allowing a
detailing of specific regions of the tongue, which would justify
the non-difference between the CV and CCV syllabic pattern.

The area measurement, therefore, allowed to differentiate
articulatory patterns between clinical groups of children, since
it apprehends non-specific articulatory information of a region
of the tongue.

As well as the acoustic analysis showed a strategy of speech
production, not captured by the human ear that differentiates
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the typical children from atypical ones'?, it is observed that the
articulatory analysis also detected differences with respect to the
phonic production between the groups, that is, it is believed that
children, although they do not produce the sound or the target
syllabic pattern, perform an articulatory movement to determine
the phonological knowledge does not captured by the ear.

The results of this study indicated that quantitative ultrasonographic
analysis, specifically, from the area measurement between two
anterior regions of the tongue (tip and blade), was effective
in differentiating the clinical condition analyzed (in this case,
typical and atypical phonological development). In the future,
it is suggested to apply this ultrasonographic parameter in other
clinical groups and to include other articulatory measures that
analyze distinct regions of the tongue, including, for example,
the posterior regions of the tongue.

The ultrasonography of the tongue contour showed to be
an effective technique for the characterization of the gestural
patterns of the more global speech productions, since it allowed
to identify the phonic production of the children diagnosed
with atypical phonological development contributing to the
diagnostic process of this group of children.

CONCLUSION

Through the ultrasonography of tongue, it was sought to
compare articulatory differences in the performance of CCV
and CV syllabic patterns performed by children with typical
and atypical phonological development.

The results showed that atypical children produce the syllables
studied with a greater area between the tongue tip and blade
if they are compared to the group of typical children, which
may be interpreted as the presence of undifferentiated gestures.
However, CCV syllables did not have a larger area between the
tongue tip and blade if they are compared to the CV syllable in
any of the investigated children (TCs or ACs).
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