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Abstract

Background: speech rate in phonological disorders. Aim: to compare the performance of children with
and without phonological disordersin different speech rate tests. Method: participants of this study were
20 children diagnosed with phonological disorders (PDG) and 20 with typical speech development (CG),
aged 4 years to 10 years and 11 months, of both genders. Speech rate measurements (total durantion
time, syllables per second and phonemes per second) were analyzed in two imitation tests, being one
standard and the other based on phrases taken from the child's own speech, each composed of ashort and
a long sentence. Results: the CG presented a significantly better performance than the PDG, when
considereing al of the mesurements applied to the standard imitation test and also when considering the
total duration time of the long sentence in the self-imitation test. This indicates that the length and type
of sentences influenced the performance of both groups. Conclusion: lower values of speech rate are
observed for children with PD, participants of this study, due to possible language or motor deficits,
athough thereis evidence of speech rate control dueto the length of the sentence. All of the measurements
indicated this difference, specialy for the standard imitation test.

Key Words: Speech; Speech Disorders; Speech Articulation Tests; Speech Production Measurement.

Resumo

Tema: velocidade de falano transtorno fonolégico (TF). Objetivo: comparar o desempenho de criangas,
com e sem transtorno fonolégico, em diferentes tarefas de velocidade de fala. Método: participaram do
estudo vinte criangas com diagndstico de transtorno fonoldgico (GTF) e vinte criangas com
desenvolvimento tipico de fala(GC), com idade entre quatro anos a dez anos e onze meses, de ambos 0s
sexos. As medidas de velocidade de fala (tempo total de durag&o, silabas/segundo e fonemas/segundo)
foram analisadas em duas provas de imitacdo, sendo uma padr&o e outra baseada em frases retiradas do
préprio discurso da crianga, cada qual composta de uma sentenga curta e outralonga. Resultados: o GC
apresentou um desempenho significantemente melhor que o GTF em todas as medidas da prova de
imitag8o padrdo e também no tempo total de duragdo da sentenca longa na prova de imitacéo de frases
préprias, de forma que o tamanho e atipologia das sentencas influenciaram o desempenho de ambos os
grupos. Concluso: verifica-se menores valores de velocidade de fala nas criangas com TF participantes
deste estudo, em funcao de possiveis déficitslingUisticos ou motores, emborahagjaindicios de controle da
velocidade de produgdo dafalaem fungéo do tamanho dafrase. Todas as medidas mostraram tal diferenca,
especiamente na prova de imitac&o padréo.

Palavras-Chave: Fala; TranstornosdaFaa; Testes de Articulag@o daFala; Medidada Producdo daFala

{1 Wertzner HF, Silva LM. Speech rate in children with and without phonological disorder (origina title: Velocidade de faa em criangas com e sem transtorno
2.2 fonolégico). Pré-Fono Revista de Atudizaggo Cientifica 2009 jan-mar;21(1):19-24.

19



I ntroduction

Information about speech rate is of relevance
to the understanding of typical and disordered
communication processes. It hasbeen animportant
aspect to the differential diagnosis of possible
subtypes of phonological disorder (PD) mainly to
detect cases in which the motor difficulty to
articulate soundsispresented (1). Some studies (2-
6) have been showing differences in the speech
productions values of children with PD compared
to typically speech developing children.

Speech rate in young children is lower thanin
older children and adults, however, developmental
pattern is non-linear (7-9). Thisincrease in speech
rate together with the decrease of production
variability indicate maturation of the speech motor
system and the interference of linguistic and
cognitive variables that interacts within speech
development (2-3,5- 8).

Speech rate can be measured manually using a
chronometer or by tempora acoustical measures
of computer programsin different speech tasks (7,
10-11). Structured situations with control of the
occurrence of pauses, as in sentences repetition,
minimize theinfluence of language formulationin
the speech rate and better reflect the performance
of the motor mechanism in the speech production
3.

This study aimed to describe and compare the
performance of Brazilian Portuguese speaking
children, with and without phonologica disorder,
in different tasks of speech rate to answer the
following questions: Arechildrenwith phonological
disorder slower than their peers without this
disorder? What is the rate that better identify the
downess of speech? Does the type of test used to
measure speech rate interfere in the result?

M ethod

This research was approved by the Ethics
Committee for Research Projects Analysis of the
Clinical Hospital and of the Medical School of the
University of S&o Paulo, protocol number 225/05.

Participated in this study 40 boys and girls
between 4 years and 10 years and 11 months. The
phonologically disordered group (PDG) was
constituted by 20 children that was referred to the
Phonology Laboratory of the Department of
Physiotherapy, Speech Pathology and
Occupational Therapy of the Medical School -
University of S&o Paulo - and received the
diagnostic of phonological disorder through the
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analysis of specific tests undergone in the same
[aboratory.

The control group (CG) was composed by 20
children of two public schools of the city of S&o
Paulo, Brazil, matching the same age and gender of
the children of the PDG. To be included in the
research children could not have language or
speech complaint, they al had to perform typically
in the Phonology and Vocabulary tests of the
Infantile Language Test ABFW (12), adll of them had
to be within the age range previoudly established
and had to be Brazilian Portuguese native speaker,
aswell astheir parents. All caregivers had to sign
the informed consent permitting the participation
of the children in the research.

Speech rate was based on the performance of
two imitation testswith two sentences each: ashort
one (with less than six syllables) and a long one
(with morethan 6 syllables).

The first imitation test was the same for all
subjects (standard imitation test - SIT) and
consisted of the sentences" O cachorro fugiu” (The
dog escaped) (a short sentence) and "Maria tem
uma bola vermelha' (Maria has a red ball) (long
sentence). Children had to imitate them after they
areread by the examiner.

The second imitation test consisted of
sentences imitation produced by each child
(imitation tests - child sentences - IT - CS).
Sentences were taken from the first three minutes
of the spontaneous production of the child telling
the fairy tale "Little Red Riding Hood". All data
were videotaped and recorded. After selecting one
short and one long sentence the examiner had to
read then and the child had to imitate them. It is
worth to mention that sentences were produced by
the examiner with a colloquial language if used by
the child. So, "a vové estava dormindo” was
produced this way instead of "a vové estava
dormindo" (Grandma was sleeping). Moreover,
intelligible sentences of the PDG were sel ected but
the examiner did not read them using the
phonological processes the child presented.

Children were videotaped with a Sony
Handycam DCR - DV D 403 withamini Sony DVD-
RW (30 minutes 1.4 GB/Go) and their voice was
recorded with a Semp Thoshiba Satelitte 605
notebook with a Sennheiser evolution 817
microphone to allow a better analysis of the
children’'s production. Data collection for the PDG
was conducted in asound treated room and for the
CGinaquietroom.
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For each sentence, it was counted its duration
in seconds, the number of syllables and phonemes
and the number of syllables and phonemes per
minute. They were all analyzed through the
WavePad 2.00 ©NCH Swift Sound Software. Vaues
for the speech rate tests - SIT and IT-CS - were
calculated for 20% of the sample by a Speech and
Language Pathologist and pos-graduation student
with a95% concordance with the first author.

The Mann-Whitney and the Wilcoxon tests
were used considering a 5% significant level (p?
0.05) and 95% of confidenceinterval.

Results

The Mann-Whitney test was used to compare
speech rate between the CG and the PDG for the
two imitation tests.

Table 1 shows the values of mean, standard
deviation and p-vaue for the SIT and IT-CS, of
both groups in relation to the duration of the

TABLE 1. Performance of the PDG and CG in the SIT and IT-CS.

sentence in seconds, syllables/second and
phonemes/second.

For the STI, the CG presented a significant
better performance compared to the PDG in all
measures. For the IT-CS this difference was
detected only for the total duration of the long
sentence, showing that the PDG needed a longer
time. Apparently, therewasno differenceaccording
to the type of measure that would better show
difference between the two groups. All of them are
of relevance to the analysis of data.

The Wilcoxon test was used to compare the
performance of each group in different kinds of
sentences, that is, according to the type of sentence
(if standard or produced by the child) and to the
length of sentence (long / short). Table 2 shows
the p-values abtained through the mean values of
syllables/second and phonemes/second. These
variables affect the performance not only of the
PDG but aso of the CG, as only between the short
sentences of the SIT and IT-CS there was no
significant difference.

SIT IT-CS
mean D p-vaue mean SD p-value
CG 127 0.25 113 0.26
Tota duration PDG 138 02 0.036* 122 0.37 0.655
CG 4.88 0.81 462 0.83
syl/sec PDG 4.37 0.67 0.028* 445 1.03 0.57
CG 9.82 151 93 1.36
Short Sentence Phon/sec PDG 873 144 0.030* 872 197 0.787
CG 199 0.28 161 0.39
Tota duration PDG 2.2 0.25 0.020* 198 0.71 0.028*
CG 6.17 07 529 0.78
syl/sec PDG 553 0.64 0.010* 48 1.03 0.137
CG n. 1.36 10.41 156
Long Sentence phon/sec PDG 10.46 1.36 0.008* 953 1.93 0.13

Legend: CG = control group; PDG = phonologically disordered group; SIT = standard imitation test; IT - CS = imitation tests - child
sentences, SD= standard deviation; * = statistically significant value.
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TABLE 2. Comparisons between sentences of the imitation tests according to type and length (p-values).

syl/sec phon/sec
CG PDG CG PDG
SSST X SSIT-CS 0.093 0.940 0151 0.575
LSSIT X LSIT-CS <0.001* 0.001* 0.001* 0.01*
SSSITXLSSIT <0.001* <0.001* <0.001* <0.001*
SSP-FP X LSPI-FP 0.004* 0.052* 0.001* 0.044*

Legend: CG: = control group; PDG = phonological disorder group; SS = short sentence; LS = long sentence; SIT = standard imitation
test; IT - CS = imitation test - child sentence; * = statistically significant value.

Discussion

One of the questions to be considered in the
description of the phonological disorder is the
relationship between cognitive, perceptive and
motor aspects(3,5-7,13-15).

Asinitially proposed, the present study verified
that the speech rate of the PDG was slower in al
tests and measures, athough this difference was
not always significant.

This findings is consistent with previous
international researchesinwhich different measures
of speech rate (duration, number of syllables and
of phonemes per second, quantity of phonetic units
and syllables per word and sentences) are used to
such analyzes but often raise difficulties when
comparing data. But, in general, they show lower
speech ratevaluesin children with deficitsin speech
acquisition.

Speech rate results are shown in a follow-up
study (3) of American children with phonological
disorder background regarding the repetition of
wordswithin sentences. Thegroup of childrenwith
residua speech errors(distortions) presented lower
values of speech rate compared to children that
suppressed speech disorder not only for syllables
per second but also for phonemes per second.
Author suggests that this decrease in speech rate
may occur due to some way of compensation
presented by these subjects, for example, due to
some specific adjustment for acertain difficult sound
or even duetotheattempt toimproveinte ligibility.

Study for English speaking children considering
theamount of syllablesper wordsin phonologically
disordered and in typically developing children -
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including those children that suppressed speech
disorder - indicated that in the PDG there was no
correlation between the increase of age and the
increase of amount of syllables as detected in the
control group. Thisfact can berelated to co-existent
deficits of the expressive language (for example, in
lexicon or syntactic), to the severity of the disorder
or even to the speech intelligibility (4).

Changes in speech rate affect their phonetic
characteristics since producing faster speech, some
small segments or even unstressed syllables can
bedeleted affectingintelligibility (13).

Moreand more acoustical and kinematic studies
have been developed in the attempt of relating the
subsystems of speech (phonation, intonation,
articulation, rhythm, among others) with neural
controlsinvolved in the speech motor control (15-
16). Production of spoken language includes pre-
linguistic aspects (intension, pre-verbal message),
language formulation (lexical selection and
syntactic construction), phonological operations,
phonetic specifications and motor control of the
speech production system in order to generate
acoustic patterns. On the other hand,
comprehension of message involves inverse
operations than those used in its formulation and
production (14).

In relation to the performance of the groupsin
different types of testsit isobserved that inthe SIT
the PDG presented higher duration for the total of
sentences and lower means of speech rate in
syllables per second and phonemes per second for
both long and short sentences. For the IT-CS, the

Wertzner e Silva.
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PDG presented lower values of speech rate;
however, thisdifference was statistically significant
only for the total duration of the long sentence.

This difference between performances of the
groups concerning different types of sentences may
indicate some relationship between linguistic
aspects and speech rate asin the child's sentences,
familiarity with the words may haveinfluenced the
production avoiding some difficulty that they could
find in the standard sentences.

Study (5) comparing consecutive repetition of
unfamiliar words, but of familiar phonetic context,
in children with and without PD shows that both
groups present adecrease in the speech rate during
repetition. However, this phenomenon is more
abrupt in children without PD. Curioudly, the PD
group presented in range higher speech rate in the
first production. Authorsrelatethisfacttoapossible
increasein muscular tension asan effort to produce
theword. So, considering the progressive decrease
of speech rate this is sometimes more often
observed in children without PD. This fact can
indicate that PD children use different strategies
compared to their peer without PD suggesting a
higher difficulty inthemotor learning of new words.

Comparison of speechratein Canadian children
with typical speech development in different tests
showed that linguistic context is as important
variable asfar asthe spontaneous speech wasfaster
than sentence imitation tests. This can be justified
by the fact that children give more attention to
imitation trying to repeat exactly what was said in
contrast to the spontaneity of the speech in story
telling (17). Well known sentences such as the
repetition of "my nameis...." and the narrative of
popular rhymes are produced with even higher
speech rate compared to the spontaneous and
sentence imitation (7), confirming the fact that
familiarity with the context influences speech rate.

Study about orofacial kinematic behavior of 15
normal subjects in different speech tasks show
temporal changes regarding the task. According to
authors, different speech tasks activate different
neural circuits and changes in the speech rate
generally involve complex motor transformations
(16).

Considering thelength of sentencesfor thePDG
and CG, long sentences in SIT and IT-CS were

Velocidade de fala em criangas com e sem transtorno fonol6gico.

produced with higher quantity of syllables and
phonemes per second in comparison to short
sentences. This phenomenon can be related to
strategies of speech rate control for the increase of
speech production; especially for older children
that would present abetter motor control inasmuch
as this study counted with children from 4 to 10
years that were grouped to be anayzed. Anayses
distinguishing each age range would explain this
fact with more detail. Studies with adults speakers
(18) show higher speech rate in longer sentences
as a possible result of a strategy of reduction of
movementstoincrease co-articul ation that was not
detected in some studies with young children (7,
17) justifying that this ability seemsto berelated to
the maturity of the speech motor control.

In an electromyographical anaysis (EMG) of
thelabial muscular activity of childrenfrom7to 12
years and young adults during sentence repetition,
verified a decrease in the variability of muscular
production with the increase of age. According to
authors this fact is related not only by maturation
of the speech motor system but also to the neural
processes that involve the planning and execution
of the speech movements (8).

Table 2 also shows significant difference
between long sentences of the SIT and IT-CS for
the two groups, what was not detected for short
sentences. Thisdifference might have occurred due
to thelack of control of the structural complexity of
gyllables in the IT-CS that was variable for each
child, what can have lead to effect long sentences
because they have more units.

Conclusion

Evidencesindicate that speech rateisslower in
PD children of thisstudy dueto possiblelinguistic
or motor deficits, although there are indications of
control of speech production rate according to the
length of the sentence. In all this measures of
speech rate analysis difference was reported
specially for the standard imitation test. Because
they are structured tasks with the possibility of
control of complexity, imitation of sentences seems
to beauseful instrument for the research of speech
rate, thus important in the process of evaluation
and treatment of children with PD.
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