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� Speech production studies of deaf children with cochlear 

implants, have  used different phonetic and acoustic 

analyses to investigate various aspects of oral verbal 

activities (Perkell et al., 2003; Geers, 2004; Lane, 2005; 

Bakhshaee et al., 2007; Guenther et al., 2007; Nicolaidis et 

al., 2007; Nittrouer, 2007).

� Previous studies (Carter et al. 2002) have shown that 

cochlear implanted children have significant improvements 

in linguistic development after implant activation.
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� It is important to determine the speakers ability to convey 

specific phonetic contrasts and to identify the acoustic 

properties inherent to those contrasts.

� AIM: Analyse the first two formant frequencies and duration 

of European Portuguese vowels in 25 dissyllabic words, 

considering the factors hearing status (deaf, normal), 

context (medial, final), and vowel ([E], [a], [6], [u]).

� A total of 25 CVCV dissyllabic words, with fricatives in middle 

word position, were used in this study . 

� Most target sounds (fricatives and vowels) were in an unstressed 

position.

� Due to the nature of the corpus (simple disyllabic words with 

accessible visual representation) it was not possible to obtain 

equal representation of the different groups that delimit the 

European Portuguese (EP) vowel space.
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Inf Gen Etiology PTA SD AD AI CA CI Exp MC

TG F Congenital 85 dB
Pre-

lingual
0;9 1;10 5;1 3;3 Oral

JB F 4;10

ML F Congenital 90 dB
Pre-

lingual
0;9 2;1 6;3 4;2 Oral

MS F 6;9

MP M

Bacterial 

Meningitis  

16 M

95 dB
Pre-

lingual
1;4 2;2 9;3 7;1 Oral

RV M 9;9

JC M Congenital 95 dB
Pre-

lingual
0;8 2;3 11;2 8;9 Oral

JT M 10;5

Table 1: Demographic data of  the children used in the study

Recording:

� The speakers sat in front of a Behringer ECM8000, 

omnidirectional microphone, placed at a distance of 40 cm 

from the lips.

� An electroglotography (EGG) signal was also collected using 

an EGG processor (model EG2-PCX, Glottal Enterprises, 

USA), with 28 mm electrodes (paediatric size). 

� The acoustic signal was recorded simultaneously with the 

EGG signal via an external sound card connected to a laptop 

computer (16 bits, 44.1 kHz sampling frequency). 

� The recordings took place in an ABS-AUD.45.1 (Absorsor, 

Portugal) sound booth, with 45 dB sound reduction.
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� Segmentation and Annotation 

The annotations consisted of (as shown Figure 1): preceding

vowel start (1), fricative start (2), fricative middle (3), fricative

end (4) and succeeding vowel end (5). 

1
2

3

4

5

Figure 1: Annotation of the VCV sequence in the word ["Zesu]. Acoustic signal waveform (top), acoustic signal spectrogram (middle) and EGG signal waveform.Figure 1: Annotation of the VCV sequence in the word ["Zesu]. Acoustic signal waveform (top), acoustic signal spectrogram (middle) and EGG signal waveform.Figure 1: Annotation of the VCV sequence in the word ["Zesu]. Acoustic signal waveform (top), acoustic signal spectrogram (middle) and EGG signal waveform.Figure 1: Annotation of the VCV sequence in the word ["Zesu]. Acoustic signal waveform (top), acoustic signal spectrogram (middle) and EGG signal waveform.

Figure 1. Annotation of the VCV sequence in the word ["Zesu]. 

� STATISTICAL ANALYSIS:

Four deaf children with cochlear implant and four

normal children (age and gender matched) were investigated

for three factors (hearing status, vowel type and position),

using a three-way mixed analysis of variance (significance

level=0.05). 
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Duration 

(ms)
Vowel

Hearing 

Status

[E] [a] [6] [u]

M SD M SD M SD M SD

C
o

n
te

x
t M

e
d
ia

l

Deaf 196 30 151 19 65 18 147 10

Normal 129 13 114 8 56 20 115 25

Total 163 42 132 24 60 18 131 24

F
in

a
l

Deaf 230 114 256 117 87 21 74 17

Normal 120 48 174 63 68 21 73 14

Total 175 100 215 97 78 22 73 14

Total
Deaf 213 79 203 96 76 22 110 41

Normal 124 33 144 53 62 20 94 29

Factors P-value

Context p=0.417

Hearing 

Status

p=0.019

Vowel P<0.001

Context vs 

Vowel

P<0.001

Hearing 

status vs 

Vowel

p=0.038

Table 2. Results for duration considering the factors: hearing 
status, context, and vowel. M: mean; SD: standard deviation.

Table 1 Results for duration considering the factors: hearing status, context, and vowel. M: mean; SD: standard deviation.

� Duration results showed that the interaction between 
context and vowel, and between hearing status and vowel 
were statistically significant

� Formant frequency results showed that the interaction 
between hearing status and vowel factors was statistically 
significant: F1 values were higher in normal hearing children 
(p= 0.045). 
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� Vowels increased duration in deaf children suggested that 
could be a strategy used to increase speech intelligibility. 

� Deaf children with cochlear implants showed lower first 
formant frequency, resulting from a more significant oral 
constriction.

� This work was developed during the first author’s M.Sc. in 
Speech and Hearing Sciences at the Universidade de Aveiro, 
Portugal.


