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Introduction Method Results

Our Goals Early Vocalization and Phonetic Transcription Participants
Y 0 . . Table: The most frequently used paths and
_ B 5 prelingually deaf children (age range: 17- 46 months at study
1. Recognize the types of sounds produced by young B Phonetic transcription is time-consuming and difficult, entry) who received cochlear implant(s) at Alfred I. duPont perceptual correlates
children with cochlear implants (Cls) during their especially for prelingual vocalizations or imprecise Hospital for Children
speech development. articulations. ® Normal cognitive and motor development path Frequency (total=5909) | Perceptual
characteristics
2. Create interactive software to supplement their B Recently, analysis of early vocalization has been Data collection $1-55-510 535 /i/ or Ju/
habilitation in addition to regular speech therapy. conducted with unlabeled data. B Audio and Video recordings during a 60-min regular speech 53-56-511 428 /a/ or schwa
: : therapy (once or twice per week)
B van der Stelt (2005) Dutch- and Hungarian speaking s3-s7-s12 304 /ae/

Vocal development in Children with CI kids with hearing impairment M The audio recorder and microphone were attached to a

customized vest that the child wears.

B Children with Cls produce smaller phonetic - - - T-Z5 '
. . P p , B Serkhane et al. (2007) kids with normal hearing at 4 B Audio data was collected at 48kHz sampling rate with 16-bit Flg' Spec"al Shapes of the states used in the
inventories than the age-match children with and 7 months quantization, and then down-sampled to 16kHz and high-pass most frequent paths
normal hearing (NH) (e.g. Stoel-Gammon, 1988; Moeller et filtered at 80Hz to remove room noises
al, 2007). Our Previous Study (Nagao et al, 2010) Current data o - 10
B Children with Cls show a delayed but similar B Speech-like vocalizations from one child with CI collected B Data from the Child 02 collected from 20 sessions over 12 month zz iz :z
i i [ TT~—~ T~
development of phonetic inventories compared to over 10 months (21 to 30 month) were automatically period (21 to 31 month) are presented here. w0l T~ RIBES 2
: segmented with a 7-state Hidden Markov Model. 10 10 10-
the NH children. sublect [Sex [Ageat  [Age — [Ageof CI — [Hearing age [Cluseat T e | e |
, , , B The first 3 cepstral coefficients (cO, c1, and c2) were study Aided  |(mon;day) |atstudy | study
B Some studies report differences in speech computed from the center of each segment to describe enery {mon; entry (mon; | entry
CoL : : (mon; day) day) (mon; s3 6 s11
characteristics between children with Cl and the phonetic space for both consonants and vowels. day) day) o o o
children with normal hearing (e.g. Ertmer, 2001; Moeller - . . . . . 0~ | |* T || ™
et al, 2007) B Vocal development was observed by well-separated 04! i K 10;8 1>l 119 oi7 20 - 20 - s =
' ' clusters emerged by around age 25 months. Acoustic analysis 0 | e | B o
. 1 96 525 1144 2175 3991 7246 96 525 1144 2175 3991 7246 96 525 1144 2175 3991 7246
Eir;:]\?cr)\fvze?g%/)i;eaic;r;eu(j)tCvaatsf(r)eb(:lejf\?;dpirr?clj—ll;cr;c:;r;fcs)f e B Data started to diffuse after age 25 months. B Labeled each child’s utterance as speech-like or non-speech
S B Excluded speech-like utterances that are overlaid by extraneous s3 s7 s12
vocalizations. noises or adult speech © ® ®
. . o Age(mon;day): 21;29 Age: 24;28 0~ | |® _/\/\’\ 2 -
Acoustic Studies on Early Vocalization Cl use (mon; day): 6;28 Cl use: 9;27 o M Built 7-state Hidden Markov Model (HMM)s based on the speech- 21 207 n | T
. X like utterances o o o
B Studies on early vocal development are usually 0+ || O || 0
sth . . . 96 525 1144 2175 3991 7246 96 525 1144 2175 3991 7246 96 525 1144 2175 3991 7246
based on some phonetic inventories classified by 7 - B The speech-like utterances were automatically labeled with one

of the 7 sound categories using the speech recognition based on

transcribers (e.g. Kent & Bauer, 1985; Ertmer et al, 2007; . the trained HMM

Moeller et al, 2007).
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B Acoustic characteristics of prelinguistic early ;
vocalization of children with or without hearing
impairment are not fully understood.
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. Age: 25:20 : W5 of 7 sound categories were relabeled as Vowels
B Ranges of F1 and F2 expand with age (Kent & Clguse° 10:15 Type of Sounds associated eforencec
’) . with each state B Rebuild a 5-state HMM model, and retrained the model by . ] ..
Murray, 198 ) st 1 -Iigh Front Vowels o _ o Ertmer, D.J. (2001). Emergence of a vowel system in a young cochlear implant recipient. JSLHR, 44, 803-813.
st 2 -Iigh Front VOWE|S Spllttmg eaCh State three times based on the new trammg data Ertmer, D.J., Young, N.M., & Nathani, S. (2007). Profiles of vocal development in young cochlear implant recipients. JSLHR,
. . . . ’ _ 50(2), 393-407.
- Chlldren Wlth hearlng IOSS ShOW reStrICted VOWEl i _iQUidS, or Glides W Relabeled the speech-llke utterances by the new model. Kent, R. D., & Bauer, H. R. (1985). Vocalizations of one-year-olds. Journal of Child Language, 12(03), 491-526.
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2+ Kent, R.D., Osberger, M.J., Netsell, R.,& Hustedde, C. (1987), Phonetic development in identical twins differing in auditory
o |
£ |
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Nem()_urs —~ // \\ van der Stelt, J. M., Zajdd, K., & Wempe, T. G. (2005). Exploring the acoustic vowel space in two-year-old children: Results for
Nemours is one of the largest pediatric group practices in the United States, serving children in Delaware, Maryland, New Jersey, s8

@ Dutch and Hungarian. Speech Communication, 47(1-2), 143-159.
Pennsylvania, Florida, and Georgia. Visit us online at www.Nemours.org and www.PedsEducation.org. 159th Meeting of Acoustical Society of America, Baltimore, MD, April 23, 2010




