Speech production in Italian vs. English children with Childhood Apraxia of Speech:

an acoustic longitudinal study
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study aims at investigating speech production characteristics in vz ot 2y 067 (taen st St vy mechanisms in CAS affect the structuring of a general
cmldmn S enton by Childnoos Apgrm"a o szech (CAS). 2) Boston naming st (63 0 11y5) Speech samples used to evaluate speech production for the English children speech motor control plan or does i affect transmission of

e e included mono- and multisyllabic words, obtained by elicitation in a Goldman-Fristoe test, and e— . the general speech motor plan to the articulators?
erion (ershelogica- muttisyllabic words and non-words, elicited during the same recording session (Lewis et al., o P el

| QUESTION: Does the disruption of speech production mechanisms in smncsmmw, 2004). For alian chidren, the speech samples included both words and non-words, elicited For word production, CAS pronunciations by English children
CAS affect the structuring of a general speech motor control plan or does normalzed, fom 36 0 within different carrier phrases, from a corpus created ad hoc for the experiment. Samples were " 5 were matching the normal productions of age-matching children

itaffect transmission of the general speech motor plan to the articulators? Penwuysymwm‘ﬂmﬂ‘ o not recorded from the assessment tests, as for the English children. Also, for Italian children,
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at T1, whereas at T2, the cenirall front timbers [E, I, AE] would
assessment tests were administered to all children in a separate session, while the recordings of

overlap.

It was hypothesized that an impairment at the level of the general speech the words for the present experiments were obtained during normal therapy sessions. n talian children a somehow similar trend was found, where in
motor control plan  would generate similar errors across. languages Orstmotortest oromotortest Esame prasse o e observed vords had diferent sylble siucures in Englsh (mosty CVC, wit realizations at T1, all ualities seemed 10 correspond to normal
(Sehmidt, 1995). on the other hand. different errors between languages PO cscmnrmsoor | russ (o cou ma o complex ansetsand codas) and i aan (mostly CVG(C)V,reflecing rquency of occurtence - targets, except for [O]; however, at T2, F2 in [E] would be off, as
were hypothesized to indicate disruption of language-dependent (wpto21ys) 1o chicren) (ncludes ddk. Test) of sylables wpes in the different languages. well as F1 of [a] and the whole [O]. [a] and [E] showed overlap,
parameters, possibly implemented during transmission of the general Also words and non words in the ltaian corpus were selected ad hoc, to contain the - s as found for the English chidren at same age.
Speech motor plan to the articulators (Klapp, 2002). Didochakintc et e Esame prassic2 followig vl £, 5.l st and second ylable. The consonant n e alen corpus - In particular, it seems that the problem affects F1 of low —mid
' USS! (see aboe;ncluces were the following: [n, d. 1, v, t, k, g, 1S, | b, pl. English samples were selected from the e Vowels, seeming to indicate an incorrect control of placement of
adocholinete Test Goldman-Fristoe articuiatory test and from the mulnsyﬂablc words and nonwords repeitions test . - = the tongue i he height dmersion. Thi vend isconimed by
In order to test the hypothesis that impairment in CAS occurs at used for assessment (Calts, 1986). - - e - on-words, where an incorrect F1 occurs.
me level of the general speech motor plan, vowels production by CAS Table 1. Comparison of assessmenttests adminisiered 0 allan and o English - However, the veallzaﬂuns of non-words are generally much
children speaking English vs. ltalian was compared, 1o assess whether ehldren forinial diagnosis - more accurate than the words pronuinciations, but intermediate
similar error patterns would be found across the two languages. METHOD timbers [£] and [O] seem to overlap on more extreme voviels (o]
Fig. 2 Formant charts for ltalian children with CAS, SSD and in typical development, at and [o] respectively.
In particular, the similarities between the two languages have = Childhood and School Age, obtained from Words pronunciations.
been tested on three dimensions of description of speech production in English children 1488}
CAS: a) CAS errors in speech vs. non-speech productions b) errors typical ’— Il QUESTION: Are the errors by CAS children typical of
of CAS with respect to other speech sound disorders ¢) CAS errors at English chidren had been recruited within a previous study (Lewis et al. 360 speech productions, or do CAS children show similar
different age stages. Each of these three dimensions is described by open 2004), and they were diagnosed with CAS based on muliple citeria (Shriverg, e errors in words vs. nonwords?
uestions and hypotheses, that were tested in the present study, in the Arama and Kwiatkowski, 1997a, 1997b). The normal group consisted in siblings of = .
Htalian and English children samples. The questions are described in the the children with disorders, also previously recruted (Lewis et al., 2004). Normal 620 i i [ § talian children showed both from the formant ratio analysis
following: children were administered same assessment battery as the CAS and the SSD i RSl | 1 - and from the vowel spaces, a more stable behavior in
children. 880 § pronunciation of non-words with respect to words. Formant
I QUESTION: Are the errors by CAS child Lot N 12 English children: 4 diagnosed with CAS, 4 diagnosed with SSD, and 4 - Fatio data in CAS chidren showed stabilty across speakers and
y children typical of speect e-matching nomals. The CAS and SSD children were recorded at o age stages, - . = " across ages simer to S5 and pormal chidren in poducton
productions, ‘or do CAS children show. similar errors in words vs. childhood (4-6) and school age period (7-12 years); the normal children (4) samples 1140) of non-words. On the other hand, children with CAS showed
nonwords? were selected o maich each of the CAS and SSD children's ages (see Table 2) - - Varbity 1683 Spokers an a0 1 word 44 a Sl v
The audio material was kindly provided by Prof. Lewis. The children 1400 L evident variability was found in SSD chidren, whereas
E3 In order to test whether speech-specific errors occur in recruited from the previous study (Lewis et al. 2004) were diagnosed with CAS based 3600 2800 2000 1200 400 more stable patterns were found for normal children, especially
pronunciations by CAS children, vowels produced in words vs. nonwords on multiple crieria (Shriberg, Arama and Kwiatkowski, 1997a, 1997b, Stackhouse, P20, - at School Age.
by English and Italian children with CAS were compared, 10 assess 1972, Hall et al. 1993; Ozanne, 1995) (see Table 1 for test battery). Similar resuls were found for CAS English children, who
whether similar error patterns. in speech vs. non-speech would be found . J matched the nomal F2/F1 ratio for production of vowels in non-
across the two languages. If similar error patterns were found in words. Italian children . words; in production of words, on the other hand, the CAS,
and non-words, the results would indicate that the impairment in vowel Fig. 1 F1-F2 spaces for lalian vowels produced by children 8-12ys (from Zmarich and Bonifacio, 2003) and diflered consistently from Normals across subjects and ages.
production in CAS was possibly not typical of speech motor control 4 subjects diagnosed with CAS, 4 diagnosed with SSD, and 4 age- American vowels produced by 76 speakers, including children (33 men, 28 women and 15 chidren) (from - -_ Vowel spaces for non-words in Italian children, also show
matching normals, were selected. Different children were recorded at the two age Peterson and Barney. 1952) — clstering of vawels by Normal, SSD and CAS speslers, but
stages, childhood (4-6ys) and school age period (7-12 years), and normal chidren > Scattering in CAS pronunciations, for words production.
Il QUESTION: Are errors by CAS children similar to errors by children were not related by family connections to the children with disorders: this selection e
affected by other speech disorders, or are they typical of CAS? critrion was adopted because the aim of the presen study was to identify properties 1l QUESTION: Are errors by CAS children similar to errors
in speech production typical of CAS vs. SSD and not to study genetic factors related WORDS | Ve T e Ten o NOMWORD | Vowels R T Pa T B0 e o and i pical development, ot by children affected by other speech disorders, or are they
@ In order to determine whether the errors by the CAS children were 10 the emergence of CAS (main focus of the English study). s iidhood and School Age, obtained from Non-Words pronunciations typical of CAS?
typical of this disorder, productions by children with CAS were compared italian children were diagnosed with CAS and SSD, based on a batiery of Fiokens B 1] 2 [ 3 [ 1 Fiokens T 1 3 [ 2 [ @
with productions by children with Speech Sound Disorders (SSD) and by tests comparable with those administered to diagnose the English children (see Table Disorde | ChidiAge siage Disarder | ChidiAge siage Data analysis Both in English and in Italian, the SSD children did not
normal children (N). 1): for language assessment, the Peabody receptive language test for syntactic and r show marked differences from CAS, although CAS
fexical components, as well as the Rustioni screening test, the Boston naming test, chs [Tolmaned |38 | 39 | 15 | 18 | 201 s TG oo DI L Lo Lo ;“,’.;’;iﬁ;f;‘;"{:;“;‘g i ;:;hzi :.:\:?::;i’:e::‘?.“n‘:‘;‘i DISCUSSION pronunciatons seemed to devite moxe from the nomel
’ i ; ; roductions, both in terms of ratio, and in terms of
IV QUESTION: I it possibl o deniy errrs ypial o iferent stages of hidron were vl by an et ot (Puces Cantagaly and an 0 mlon AT 28 1209 | 19 | 26 o1 42 1 25 [ 21 | 19 | 24 the vowels e, ¢, 0, , al in taian CAS, SSD and normal  The general rend observed inthe comparison  Gispersion on the voel spacee.
development of C: test (Esame prassie), both including a diadochokinetic test. " 139| 35 | 19 |21 | 21 - 43 | 39 | 18 | 19 | 22 children speech. The measurement of the center of the of vowels production between English and
wrsaoaam | o1 . | aa | 26 | 26 OS5 |, | aos | 16 | 20 | 25 formants  was performed  based on wideband Htalian children with CAS, seems to show that 1y QUESTION: s it possible 1o identify errors typical of
In order to determine whether it is possible to identify time stamps - - by Praat software. The filter bandwidth for similar _patterns of _distortion of target gifferent stages of development of CAS?
in development of CAS, errors in vowel production by CAS children were the wideband was expressed in Praatbythe  pronunciations exist, both in the structuring of
Compared at o age stages. childhood (4.6ys) and school-age (7-12y5). S50 Jsaichihood | 4 | 24 | 21 ] 2 [ 24 550 SATChidhoad 39 | 20 | 22 | 17 | 21 duration or time constant of the fiter instead of Hz: the time the vowel space through the age periods, and  The overall pattern of distribution of the vowels in the
T PEIChidood | 45 | 24 | 21 | 19 | 24 PF [Childhood 38 | 24 | 18 | 15 | 23 constant selected was 3ms, a value which seemed to be in the placement of the tongue for the single  formant space did not seem to change across ages for the
it s i Schoolage | 33 [ 202 | 18 | 16 | 203 TE7School age 33 | 23 | 2 | 22 | 21 revealing of all characteristics of the children's formants. owel,repesented by the FIIF ralo, SICh  CAS alan chicren: scatierd. realzatons. charactarized
o ST s T e WG T School ol ae 25 | es || 26 WG Schoal ag o | a9 | 18 S 2 First and second formant measurements were obtained trends seem to provide some evidence to especlaHy the centrallfront vowels [a] and [E], which did not
Acquisition of vowel production was considered as indicative of progress & L £ 2 from three sources: a) from cursor frequency readouts (via Support the Pypothesi hat dtupton mioived 1 be realized consistently across ages, in word
in internal structuring of motor patterns within syllables, and in acquisition 0 SR 69 PR 5 e Mo mouse positioning), on the wideband spectrogram display; in CAS might affect the structuring of a general proﬂuc tions. The same trend appeared for non-words, where
of correct syllable sequencing. Difficulties with timing and sequencing of Wormal _[ANRST_|ANASE [T G Nomal [AMTChichood [ 39 | 3.4 | 208 | 16 [ 19 Nomal | A iChidhood 39 | 28 [ 22 | 19 | 21 b) linear prediciive coding (LPC) spectra; ¢) automatic ‘speech motor conirol plan similar distributions were found across ages (for discussion
phonetic units, as well as difficulties in combination of smaller units (e.g. [ AGhaood | 42 | 23 | 18 | 13 | 26 A TGhidhood N s formant tracking. about different patterns in words vs. non-words, see Question
syllables) within large ulterances and decreased ability to adapt to context [idheed Schooog [ PFSceooe |32 | 20 | 16 | 21 | 25 PFISchoolage | 30 | 46 | 34 | 18 | 23 Reference values for Italian vowels pronounced by ltalian Also, more adequate pronunciations patterns ).
and to master coarticulation (Velleman, 2003) are common symptoms of o8 [xomnaz Gk Mss s (M7 (M 78 BS School age BS/ School age children of age 8 -12ys (Zmarich and Bonifacio, 2003), are found in production of non-words with respect
Childhood Apraxia of Speech: the present study aimed at shedding some 50 wrmse  Joxonar  Jos mes cames 30|39 | 21 | 21 | 25 s9 | 57 | 17 | 16 | 24 reported in Table 2, as well as reference formants for 10 vowels spaces for words, across subjects
light on the process of internal structuring of “units of movements’, or o rn s v o ones  wo oo o011 American English vowels (Peterson and Barney, 1952). and ages, might lead to hypothesize that
syllables, considered as a typical stage in acquisition of the motor Table 3 F2/F1 ratio values for talian children with CAS, SSD and in disruption in CAS is connected in some way e e o OIS NENTS
programming skills (Klapp, 2002), across languages. typical development, in Words and Nonwords pronunciations with _speech-specific  motor  control eenil collaoraton i th colicion of th ko speech sampies an for
Table 2 Halan and English chidren mechanisms.
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