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Abstract

This paper investigated the ability of production of aspirated phonemes in

Cantonese-speaking children with profound hearing loss who are users of cochlear

implants or hearing aids. Participants were children aged between 3;00 to 6;03, and

with profound hearing loss prelingually. The speech production of the participants in a

picture naming task was analyzed perceptually and acoustically for voice onset time

measurement. Results indicated that children with cochlear implants produced more

errors in production of aspirated phoneme than the unaspirated cognates; while

hearing aids users produced both aspirated phonemes and unaspirated cognates with

similar accuracies. Mean VOTSs produced by the participants were close to normal

limits. Both cochlear implants and hearing aids were found to be beneficial for

acquisition of aspiration. Early implantation before age 2;06 years old in children who

had limited benefits from amplification was supported.



Introduction

The aim of this study is to investigate the production of aspirated phonemes in

Cantonese-speaking children with profound hearing loss. In Hong Kong, children

with profound hearing loss are managed by either cochlear implantation or fitting of

hearing aids. The choice of the technology being used by each child depends on the

availability of technologies, candidacy for cochlear implants and parents’ decision.

Parents of children with hearing impairment usually share a concern of whether their

children can enter the mainstream education system at an early age (Geers, 2006).

When making the decision of which technology to be used, parents rely a lot on

information provided by professionals, other users and objective research results

(Kluwin & Stewart, 2000). This study contributes to assist decision making of which

technology to be used by 1) comparing the ability of production of aspirated

phonemes of young cochlear implants users and hearing aids users; and 2)

investigating the effect of age of cochlear implantation on the production of aspirated

phonemes and VOT contrast in young children with profound hearing loss.

This study focused on production of aspirated phonemes. This is due to three

major reasons. Firstly, missing of aspirated phonemes in phonological inventories of

Cantonese-speaking children with profound hearing loss is common (Law & So, 2006;

Dodd & So, 1994). Aspiration is important as ten consonants, including the five



aspirated phonemes and their five unaspirated cognates, out of nineteen initial

consonants in the Cantonese language system are being affected by aspiration. Hence,

the error patterns of this population of children in production of aspirated phonemes

were of interest of this study.

Secondly, children with hearing loss were known to depend on visual cue to learn

production of speech (Blamey et al., 1995). Without visual contrast for production of

aspirated and unaspirated pairs of phoneme, it is assumed that production of aspirated

phonemes would be a sensitive indicator for the effectiveness of the technologies

(cochlear implants and hearing aids) being used for detection of auditory information..

Thirdly, Osberger (1995) and Law & So (2006) suggested that cochlear

implantation generally improves phonological development of children with hearing

loss to a greater extent than hearing aid usage. On the other hand, residual hearing

which would be lost in consequence of cochlear implantation was known to be

extremely important for acquisition of aspiration (Dodd & So, 1994). It is worthwhile

to compare the effect of cochlear implants and hearing aids in terms of acquisition of

aspiration.

Aspiration

Aspiration is defined as a “noise produced at the glottis” (Johnson, 2004, p140)

which passes through and is filtered by the vocal tract. Aspiration contrast was



measured by voice onset time (VOT) according to Lisker & Abramson (1964). VOT is

the time interval between a release of a closure of vocal tract and the onset of

phonation (Clumeck, Barton, Macken & Huntington, 1981). According to Lisker &

Abramson (1964), a value of VOT can be described as one of the three categories: 1)

long lead which is ranged from about -75 to 125 milliseconds (ms), results in a voiced

unaspirated consonant; 2) short lag which is ranged from 0 to 25 ms, results in a

voiceless unaspirated consonant; and 3) long lag which is ranged from about 60 to

100 ms, results in a voiceless aspirated consonant.

In the phonological system of Cantonese, there is no voiceless and voiced

contrast. Therefore, the only contrast of VOT involved in the Cantonese language is

between unaspirated and aspirated consonants.

Perception and production of VOT contrast by children with hearing loss

\oice onset time is measured from waveforms of sound (Fourakis, Geers & Tobey,

1994). Perception of VOT contrast is highly dependent on auditory information

(Kishon-Rabin et al., 2002). Previous studies including those of Lane, Wozniak, and

Perkell (1994), Fourakis, Geers, & Tobey (1994) and many others suggested that

speakers with prelingual hearing loss have difficulties in producing VOT contrast.

Lane and Perkell (2005) suggested that this population have difficulties regulating

their motor programming using the acoustic consequence of those programs.



Kishon-Rabin et al. (2002) studied the speech perception and production in

Hebrew-speaking children with cochlear implants. They suggested that perception and

production of voicing contrast is the last contrast to be developed by children with

profound hearing loss after cochlear implantation. Without the restoration of some

hearing ability by cochlear implantation, it is impossible for the prelingually deaf

children to develop this contrast (Kishon-Rabin et al., 2002).

VOT contrast in Cantonese

VOT scale is a continuum of time (Catford, 1977) as seen in Figure 1. According

to Catford (1977), the VOT contrast in voiced and voiceless stops is larger than that in

aspirated and unaspirated stops.

volced voiceless voiceless
unaspirated unaspirated aspirated
EARLY e ~ LATE
e s
Cantonese ] (]
English [b] [p]

Figure 1 Voicing and aspiration on continuum of VOT scale (Li, 2003; Catford, 1977)

Previous studies about the production of VOT contrast in children with hearing

loss mainly focused on voiced and voiceless stops (Lane & Perkell, 2005; Lane,

Wozniak, & Perkell, 1994; Fourakis, Geers & Tobey, 1994) in English. There are no

studies of the production of VOT contrast in Cantonese-speaking children with



hearing loss. This study contributes to the investigation of the effectiveness of

cochlear implants and hearing aids in the production of the smaller VOT contrast

between voiceless unaspirated and voiceless aspirated cognates in Cantonese.

In the phonological system of Cantonese, there are five phonemes which are
aspirated. All of these aspirated consonants occurred only in the initial position of the
syllable. They include: aspirated bilabial stop /p"/, alveolar stop /t"/, velar stop /K",
labialized velar stop /k""/ and aspirated affricate /ts"/. Each of these aspirated
phonemes has one unaspirated cognate with the same place and manner of articulation.
These unaspirated cognates are: /p/,/t/, /k/, /ts/ and /k"/ respectively.

In this study, the following hypotheses were predicted:

a) children with cochlear implants would produce aspirated phonemes with higher
accuracy than children with hearing aids since previous studies found that cochlear
implant users produce initial consonants better than hearing aid users (Law & So,
2006);

b) VOT contrast in production of aspirated and unaspirated phonemes produced by
children with cochlear implant will be more significant than that produced by
children with hearing aids since cochlear implants were beneficial for perception
and control of production of VOT contrast (Lane, Wozniak & Perkell, 1994);

¢) children who received cochlear implantation at younger age rather than children



who received cochlear implantation at older age produce aspirated phonemes with

accuracy closer to their age-matched peers with normal hearing. This is expected as

a lot of studies (Govaerts at al., 2002; Tye-Murray, Spencer & Woodworth, 1995)

had suggested that implantation at younger age was more beneficial for acquisition

of speech in children with profound hearing loss.

Method

Participants

The participants were twenty-three Cantonese-speaking children with prelingual

profound hearing loss and no other concomitant problems (e.g. autism, ADHD,

cerebral palsy, Down’s syndrome). The subjects are users of oral language and aged

between 3;00 and 6;03. This age range is chosen because according to So & Dodd

(1995), aspiration should be acquired by 90% of children with normal hearing at the

age of 3;06 to 4;00. Seventeen of the participants used cochlear implants and six of

the participants used hearing aids. Table 1 provides information of the participants’

unaided pure-tone average of both ears, age of fitting of technological devices

(cochlear implants / hearing aids), year of experience with the devices, and year of

speech and auditory training received.

Participants were recruited from education centres for children with hearing

impairment. Parents reported that all children used Cantonese as their first language.



Table 1 Descriptive information for participants

P CA Sex unaided unaided Technology Year of Year of
PTA (R) PTA (L) (age of technology training
(dBHL) (dBHL) fitting) use
A 407 F  >120 >120 CI(1;,09) 275 15
B 307 M 108 >120 Cl(1;000 25 0
C 30 M >100 >100 Cl (1;10) 2 1.5
D 311 F 110 110 ClI (1;05) 2.5 2.5
E 4,07 F 110 110 CI (1;07) 3 1.5
F 507 M 126 102 CI(1;06) 4 3.5
G 510 F 120 98 Cl (3;00) 2.75 2.5
H 405 M >125 >125 ClI (1;05) 3 3
I 5,03 F 100 100 Cl (1;11) 3.25 3.5
J 500 M 117 117 ClI (2;05) 3.25 2.5
K 5100 M >125 >125 Cl (2;07) 3.25 3.25
L 602 F >125 >125 ClI (1;09) 3.5 3.5
M 506 F 128 >125 Cl (2;07) 3 3
N 500 F 115 117 ClI (1;06) 3.5 4.5
O 504 M 121 >125 Cl (4;10) 0.5 3
P 504 F 104 101 Cl (4;07) 0.75 2.75
Q 311 F >110 100 ClI (1;05) 2.5 2.5
R 311 F 92 95 HA (1;08) 2.25 2.25
S 409 M 95 90 HA (2;11) 1.5 1.75
T 410 F 95 >100 HA(2;02) 25 2.5
U 411 F 120 95 HA (1;11) 3 2.25
V 510 M 94 109 HA (1,08) 4 3.5
W 4,01 F 120 95 HA (2;05) 1.5 1.5

Note: P = participant; CA = chronological age; PTA = pure-tone average of thresholds
at 500, 1000, and 2000 Hz; R =right, L = left; M = male; F = female; CI = cochlear

implants; HA = hearing aids.




All participants were receiving or had received auditory and speech training from the

child care centres or the early education and training centre.

Stimuli

The test materials consisted of eighty-five colored pictures with size 12cm X

7cm. The pictures were put into five separated 3R-photo albums. Each picture

illustrated an object, animal, or a motion representing the target word. The distribution

of target words is illustrated in table 2.

Table 2 Distribution of target words elicited using picture naming task

Monosyllabic Disyllabic  Disyllabic Disyllabic total

words words words words

(SIWI)? (SIWW)° (both)®
Ip/ 2 2 2 6
It/ 2 2 2 6
Ikl 2 2 2 6
Tkw/ 1 1 1 3
Its/ 2 2 2 6
Ip"f 3 2 3 1 9
1" 5 5 5 15
IK"/ 5 4 3 1 13
Tkw"/ 1 1 2 4
Its"/ 5 5 4 1 15
total 28 26 26 3 83

Note a = targeted phoneme is located at syllable initial word initial position
b = targeted phoneme is located at syllable initial within word position

c = targeted phoneme is located at syllable initial position of both syllables

The first two pictures of the first photo aloum were samples which function were



to make sure the participants understand the procedure of the task. Twenty-seven of
the target words were consisted of unaspirated cognates (/p/, /t/, /k/, /"I and /ts/) of
the five Cantonese aspirated phonemes (/p"/, /t"/, /k"/, /"™, and /ts"/). These
unaspirated cognates were included in order to evaluate the children’s ability to
produce the unaspirated cognates of the aspirated phonemes and the VOT contrast.
Procedures

The participants were assessed in a quiet room by the researcher. The first 10
minutes were spent on collecting language sample and establishing rapport with the
children through conversation and free play. Then, the children were required to name
all the 85 pictures from five separated photo albums. There were times that the
children could not name the particular pictures. Modeling was provided and the
children were asked to say the target word after the researcher. A short game time was
assigned after naming all pictures in each album to maintain the children’s attention
and motivation. The speech samples were audio-recorded by the built-in voice
recorder and microphone of a Samsung MP3 player of model YP-U3Q which was
clipped to the children’s clothing at chest level.
Data analysis
The speech samples collected were phonologically and acoustically analyzed.
1. Phonological analysis
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Perception of production was online transcribed by the author. The phonological

analysis of speech samples were done by the researcher using the phonological

process analysis method. The phonological processes used by each participant were

later recorded based on the online transcription using a phonological process analysis

form. A phonological process was judged to be used by a participant if the participant

has demonstrated use of it at least twice in different target words.

Ten percent of the data were retranscribed by the same researcher by listening to

the sound tracks about one week after the first transcription. Intra-rater reliability was

93%. Ten percent of the participants’ production was transcribed by the author and

another data collector separately at the same time in the same room. Inter-rater

reliability across online transcription was 91 %.

2. Acoustic analysis

Twenty percent of the target words produced by each participant were extracted using

free software PRAAT for analysis of VOT. The extracted samples tracks were

low-pass filtered at 5 kHz and sampled at 22.05 kHz. VOT of each production of

targeted phonemes was measured by marking the starting point at the onset of the

release burst and the ending point at the onset of phonation. The release burst was

illustrated by an abrupt onset of energy in the wide band spectrogram, while the onset

of phonation which was represented by the onset of vertical striations in the

11



spectrogram. Figures 2a and 2b illustrated how the VOT was obtained from
spectrogram of production of Cantonese words 25 /p ¢ ts/ and } /p"auss/ by
participant L respectively. The two vertical white dotted lines indicate the starting

point and the ending point of VOT measurement.

e e

1 ATl
1l

i

(R
L HIHIM

VOT
Figure 2b Spectrogram of production of /p"auss/ by L.

Results

Phonological processes

The participants of both technology groups have used both developmental and

non-developmental phonological processes which were identified from speech of

normal hearing children (So & Dodd, 1995) in production of aspirated phonemes. The

12



developmental rules observed included: fronting (used by 76.5% of participants of the
Cl group; and 66.7% of the HA group), stopping (used by 64.7% of the CI group; and
66.7% of the HA group), and deaspiration (used by 52.9% of the CI group; and 66.7%
of the HA group). The non-developmental processes used by both groups were:
backing (used by 52.9% of the CI group; and 50% of the HA group), gliding (used by
47.1% of the CI group; and 66.7% of the HA group), and frication (used by 58.8% of
the CI group and 50% of the HA group).
1. Comparison of effect of different technologies
Six ClI participants including B, C, D, E, F and Q were matched with six HA

participants including R, S, T, U, V and W respectively according to their years of
technology use and years of training received. The percentages of correct production
of the four aspirated stops: /p"/, t"/, /k"/, IK""/ and the aspirated affricate /ts"/ by each
technology group were summarized in table 3. Effect of group on the percentage of
correct production of the five aspirated phonemes was measured using the t-tests.
There was no statistically significant difference between the groups’ performances in
production of the five aspirated phonemes. One-way ANOVA indicated significant
effects of different phonemes produced by the HA group, F (4, 25) = 2.826, p<.05,
and the CI group, F (4, 25) = 2.886, p<.05.

A t-test was used to measure the effect of aspiration by comparing the difference

13



between percentage of correct production of aspirated phonemes and their unaspirated

cognates. For the CI group, the production of the unaspirated cognates was

significantly better than the production of the aspirated phonemes, t = 2.79, p< .05.

There was no significant effect of aspiration in the HA group, t =1.23, p = .273.

Table 3. Percentage of correct production of aspirated stops and aspirated affricate by

the matched technology groups

Measurement Percentage of Correct production
Ip" It K" K™ 1ts"/
Cl group
Mean 94.5 87.8 76.2 41.7 65.6
Range 88.9-100 53.3-100 57.1-92.8 0-100 6-100
SD 6.08 17.60 16.06 49.16 38.23
HA group
Mean 90.8 67.8 59.5 375 34.3
Range 55.6-100 6.7-93.3 14.3-92.9 0-100 0-100
SD 17.78 31.93 34.61 37.91 41.68
Significance of difference between groups
t-test 0.42 1.30 1.07 0.17 1.45
pvalue  0.692 0.250 0.334 0.872 0.207

2. Comparison of effect of age of cochlear implantation

According to So & Dodd (1995), developmental phonological rules were used by

less than 10 % of children with normal hearing at age five. Within the seventeen

children who were users of cochlear implants, ten of them were over age five. In order

to compare the performance of children with profound hearing loss who were

14



implanted at different ages, the ten children were divided into two groups according to
their age of implantation: implanted before age 2;06 group (early implantation group),
implanted after age 2;06 group (late implantation group). The percentages of correct
production of the four aspirated stops: /p"/, /t"/, /k"/, Ik""/ and the aspirated affricate
Its"/ by each group were summarized in table 4.

Table 4. Percentage of correct production of aspirated stops and aspirated affricate of
the early of implantation group (implanted before 2;06 years old) and the late

implantation group (implanted after 2;06 years old)

Measurement Participants Percentage of Correct production
Ip" " /K" K™ 1ts"/
Early FI1,J LN
implantation
group
Mean 86.7 93.3 74.3 70.0 92.6
Range 66.7- 73.3- 35.7- 25-100  75-100
100 100 100
SD 14.47 11.56 25.05 41.08 10.29
Late GK MO,P
implantation
group
Mean 91.1 69.3 34.3 30.0 75.8
Range 77.8- 26.6- 7.1- 0-100 60-94
100 100 714
SD 9.29 31.49 23.36 44.72 12.07
Significance of difference between groups
t-test 0.58 1.6 2.61 1.47 2.37
p value 0.578 0.148 0.031 0.80 0.045
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T-tests revealed the early implantation group performed significant better than
the late implantation in production of aspirated velar stop /k"/ and aspirated alveolar
affricate /ts"/. No statistically significant effects of group were found in production of
bilabial stop /p"/, alveolar stop /t"/ and labialized velar stop /k""/. The overall
percentage of correct production of aspirated phonemes of the early implantation
group was significantly higher than that of the late implantation group, t = 2.76,
p<.05.

The effects of aspiration on the percentage of correct production of aspirated
phonemes and their unaspirated cognates were insignificant for both the early
implantation group and the late implantation group.

Acoustic analysis of VOT

1. Comparison of effect of different technologies

Figures 3a to 3e illustrated the mean VOT in millisecond produced by the
matched CI group and HA group when producing unaspirated stops and affricate and
aspirated stops and affricate respectively.

The VOT contrasts produced by the CI group and the HA group in production of
the five pairs of phonemes were compared by t-tests. The results shown that there
were no significant difference in the two groups’ VOT contrast production of /p/ and
Ip", t=0.06, p = 0.953; /t/ and /t"/, t = 2.18, p = 0.052; /k/ and /k"/, t = 0.61, p = 0.554;

16



/K" and /k""/, t = 0.40, p = 0.697; and /ts/ and /ts"/, t = 0.56, p = 0.587.

mean VOT [ms)

0

60

50

40

30

20

10

o

Cl HA

B unaspirated bilabial stop

Daspirated bilahial stop

Figure 3a. Mean VOT of /p/ and /p"/ produced by the CI group and the HA group.
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Cl HA

m unaspirated alveolar stop

O aspirated alveclar stop

Figure 3b. Mean VVOT of /t/ and /t"/ produced by the CI group and the HA group.

mean VOT {ms)

Cl Ha

m unaspirated velar stop

Claspirated velar stop

Figure 3c. Mean VOT of /k/ and /k"/ produced by the CI group and the HA group.
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O aspirated labialized velar
stop

Figure 3d. Mean VOT of /k"/ and /k™"/ produced by the CI group and the HA group.
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120
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80 ® unaspirated alveolar
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mean VOT {ms)

Claspirated alveolar

a0 affricate

20

Cl Ha

Figure 3e. Mean VOT in milliseconds of /ts/ and /ts"/ produced by the CI group and
the HA group.
2. Comparison of effect of age of cochlear implantation

Figures 4a and 4b show the average VOT in millisecond produced by the early
implantation group (implanted before age 2;06) and the late implantation group
(implanted after age 2;06) when producing unaspirated stops and affricate and

aspirated stops and affricate respectively.

120
100

80 -

60
40 -

M unaspirated phonemes
20

O aspirated phonemes
o T T T T

Figure 4a. Average VOTSs produced by the early implantation group in production

mean VOT {ms)

the five Cantonese aspirated phonemes and their unaspirated cognates.
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Figure 4b. Average VOTs produced by the late implantation group in production the

five Cantonese aspirated phonemes and their unaspirated cognates.

The VOT contrasts produced by the early implantation group and the late

implantation group in production of the five pairs of phonemes were compaired using

t-tests. There were no statistically significant differences in the production of VOT

contrast of all five pairs of phonemes between the two groups.

Discussion

Phonological processes

Both developmental and non-developmental phonological processes were

observed in participants of this study. This confirmed with the findings of many

previous studies about children with hearing loss (Law & So, 2006; Dodd & So, 1994;

Flipsen & Parker (in press). For the developmental phonological processes, 13

participants of this study used deaspiration, 15 participants used stopping in

production of affricates, and 17 participants used fronting in production of velar stops.

Non-developmental phonological processes were also observed. Thirteen participants

19



demonstrated use of the backing process, 12 participants used the gliding process, and

13 participants also used the frication process.

More usages of phonological processes involving error in place of articulation

such as fronting and backing were seen in the production of aspirated phonemes than

of the unaspirated cognates in this study. This result agrees with previous studies of

speech production of children with hearing loss (Law & So, 2006). This may be due

to the difficulties in coordination of tongue and laryngeal glottis simultaneously

(Stokes and Ciocca, 1999).

So & Dodd (1995) found that less than 10% of the normal hearing children would

use deaspiration after age three. In the current study, 56.5% of the participants with

profound hearing loss still demonstrated use of deaspiration. Law & So (2006) also

found children with profound hearing loss use the deaspiration process more than

normal hearing children. This discrepancy revealed that hearing ability is important

for acquisition of aspiration.

Aspiration and voicing are both measured by voice onset time (Lisker &

Abramson, 1967; Clumeck et al., 1981). In languages other than Cantonese,

production of voicing contrast by children with hearing impairment was studied

(Kishon-Rabin et al., 2002; Tobey, Pancamo, Staller, Brimacombe, & Beiter, 1991).

Kishon-Rabin et al. (2002) identified voicing as the most difficult feature to be

20



acquired by hearing impaired children who use Hebrew as first language because
voicing contrast is “highly dependent on auditory information”. Tobey et al. (1991)
also found that voicing errors are common in English-speakers with profound hearing
loss. Though more than half of the participants in the current study used
deaspiration, none of the participants deaspirated all five aspirated phonemes. The
most commonly deaspirated phoneme was the labialized velar stop /k""/. This is
comparable with the performances of normal hearing children as studies in So &
Dodd (1995), which revealed that /k™"/ is generally the last consonant to be acquired
and mismatch of /k"/ with /k""/ is common.

Frication was used by 56.5% of participants in the current study though it is an
unusual rule in normal hearing children. In this study, the most commonly produced
fricative in substitution of aspirated phonemes was the glottal fricative /h/. Johnson
(2004) defined aspiration noise as noise produced at the glottis, implying that
aspiration noise is actually a glottal fricative noise. The participants’ production of
aspirated phonemes as glottal fricative may indicate their awareness of the fricative
noise in aspiration.

Gliding was observed in production of both unaspirated and aspirated labialized
velar stops, with most common error being substitution of /k"/ or /k""/ by labial glide
Iwi. Forty-three percents of participants produced an aspirated labial glide /w"/ in
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substitution of /k""/ at least once. This phenomenon was unexpected as /w"/ does not
exist in the Cantonese language system. The retention of the aspiration feature in
these cases may imply that the speakers were conscious about the aspiration in the
/K" phoneme. They failed to produce the targeted phoneme may be due to the
difficulties in coordination of three articulators including the glottis, the tongue and
the lips simultaneously (Stokes & Ciocca, 1999).

Percentages of correct production are higher for bilabial stops and alveolar stops,
both unaspirated and aspirated, than velar stops. This result confirmed with the studies
of Tobey et al. (1991), and Blamey et al. (1995). Phonemes articulated at the more
anterior part of the mouth are generally more accurate since they are more visible
(Blamey et al., 1995).

Production of VOT contrast

Comparing the mean VOTSs of stops produced by participants in this study with

the data of normal hearing children presented by Clumeck et al. (1981) and Lee

(1997), the mean VOTs produced by children with profound hearing loss of both the

ClI group and the HA group is generally similar to that of normal hearing children.

The mean VOTs of affricate produced by participants in this study are also similar to

those produced by the normal group of children studied by Yu (1996).

The results of this study agree with the founding of Uchanski & Geers (2003),

22



who studied the acoustic characteristics of speech of English-speaking young cochlear

implant users. In their study, over 73% of the cochlear implant users produced VOT

contrast of /t/ and /d/ within normal limits. Uchanski & Geers (2003) suggest the close

to normal limits performance reflect that use of technology is generally beneficial for

the perception of VOT contrast which is not visible.

Effect of different technologies

The difference between the percentages of correct production of the CI group and

the HA group was insignificant in this study. Blamey et al. (2001) also found

insignificant differences in the performances between CI users and HA users. Chin &

Kirk (2002) found similar performances in Cl users and HA users whose unaided

hearing threshold were between 90dB and 100dB. This may be due to the fact that in

all the three studies, participants who were users of hearing aids generally had

unaided hearing threshold lower than the participants who were users of cochlear

implants. The effectiveness of cochlear implants and hearing aids cannot be compared

in this study as the degrees of hearing loss between the two groups were not balanced.

The unbalance of the sampling group may be unavoidable because the world wide

accepted criteria for cochlear implantation is strict for minimal benefit from

amplification (Waltzman & Shapiro, 1999). As a result, the residual hearing levels to a

certain degree determine the type of technology use for assistance of hearing.
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Effect of age of implantation

Tye-Murray, Spencer, & Woodworth (1995) suggest children implanted before age

5 may perform better in speech production than children implanted after age 5. The

current study investigates the effect of age of implantation within a younger group of

children. The results of this study indicated that children who received implantation

before age 2;06 had higher percentage of correct production of aspirated phonemes

than children who received implantation after age 2;06. This suggested early

implantation is beneficial for children with profound hearing loss in learning the

production of both aspirated consonants and their unaspirated cognates. The result

confirmed with Govaerts et al. (2002) who studied effect of age of implantation on

language development of pediatric users of cochlear implants. Govaerts et al.

concluded that implantation before 2 years of age is most favorable for implant

candidates in terms of reaching normal auditory performance and entering mainstream

educational system. Geers (2004) also found implantation before age 2 achieved

speech and language skills comparable with their normal hearing age-matched peers.

Geers and Tobey (1992), Fourakis, Geers, & Tobey (1994), Chin & Kirk (2002) and

Kishon-Rabin et al. (2002) found improved production of voicing contrast for

children after two years of implantation, implying that acquisition of VOT contrast

requires about two years of exposure to the contrast. Early implantation is more
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beneficial for children’s phonological development in terms of being comparable with

their age-matched peers with normal hearing at the age for entering schools.

Clinical implications

This study brought light to two aspects which worth awareness.

Firstly, Cantonese-speaking children with profound hearing loss respond

differently to amplification of speech sounds in terms of acquisition of aspiration,

depending highly on the amount of residual hearing ability. As a result, it is important

to determine the candidacy for cochlear implants carefully because the implantation

procedure sacrifices residual hearing ability.

Secondly, when a child is defined as an appropriate implant candidate, early

implantation before 2;06 years old is more favorable for the child’s phonological

development in relation to reaching close to normal phonological ability by

approaching school age.

Limitation and suggestion for further studies

The population of children with profound hearing loss in Hong Kong is small.

Individual variation was quite large in the profound hearing loss population. There

was a lot of confounding factors which were too difficult to be controlled.

The design of this study was not appropriate for comparing effectiveness of

cochlear implants and hearing aids as hearing abilities of participants between the
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technology groups have unavoidable difference due to the criteria for cochlear

implantation candidacy.

Single case longitudinal studies will be worthwhile to bring insight into

developmental pattern of phonological ability, especially production of VOT contrast

in individual children with hearing loss.
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Appendix A (p.1 of 3)
Word list for the two sample words and 83 target words in the order of presentation

Picture No.  Traditional Phonetic transcription Word meaning
Chinese words
(Targeted syllable)
Sample 1 PH1EE /8025 Sio/ key
Sample 2 i, /hamss/ cry
1 §% /biuss/ watch
2 ol Igeuss/ dog
3 A K"ets/ cough
4 Hralk /pous3 tsizs/ newspaper
5 T [tei21 tsios/ grape
6 biovan [fass punyy/ flower pot
7 =PI Iseiss K"ass/ water melon
8 i 1125/ candy
9 1 Ip"eizs/ blanket
10 I e Iwuay tipy/ butterfly
11 E 2 /t"any; k"em,y/ play piano
12 X Its"ass/ fork
13 HE Ip"ai,y toeyss/ queue up
14 Bt IMiuga/ jump
15 gt /k"eugs tsemss/ buckle pin
16 35N Itsyss juka/ pork
17 F /mouy; kenss/ towel
18 = /p"enas/ spray
19 R Ip"eiyy taizs/ belt
20 B /ts"ings ts"euss/ swing
21 R Neen,s tinas/ pavilion
22 Fail IK"imys/ pincers
23 pEEZ It"euy; faty/ hair
24 et /pass Sios/ bus
25 B [tensa/ chair
26 FHY /kauss tsings/ SCISSOrs
27 fied [tsunss/ clock
28 = /K"emys/ piano
29 o [leuy; teiss/ ladder
30 el /koeks/ leg
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cont. Appendix A (p.2 of 3)
Word list for the two sample words and 83 target words in the order of presentation

Picture No.  Traditional Phonetic transcription Word meaning
Chinese words
(Targeted syllable)
31 BT Ikwetss t"euz/ bone
32 BN Ikans; ts"eka/ ruler
33 HE], /miny, pauss/ bread
34 yal [touss/ knife
35 g = IKins ts"ata/ police
36 §754 /kau33 tsin25/ SCiSSOrs
37 =% ) /wuss kweiss/ turtle
38 ok /p"auss pouss/ run
39 1iE IK"eizs 0025/ penguin
40 X /t"inss/ sky
41 B Jts"ess/ car
42 EkE [tany, kouss/ cake
43 bl IK"en;y/ skirt
44 jiid [tsess/ umbrella
45 PgE ljyna1 pets/ pencil
46 SR Ipak; t"ouss/ rabbit
47 1% IK"iuz/ bridge
48 Bt /ts"ans tseps/ orange juice
49 etk [feiss keiss/ plane
50 BER Ip"ina1 K"o0s/ apple
51 A& [tsizs kenss/ tissue
52 e Itiks Sigs/ taxi
53 ¥ /ts"5isa/ vegetable
54 i) "5/ table
55 JiE IK"€izy/ flag
56 e Ikemss paiz/ gold medal
57 = It"5ns5/ soup
58 = /ts"ou,s/ grass
59 fmifa IK"ino1 jya1! whale
60 AHEE Iseizs kK"Men,s/ germs
61 WREE [sets teust/ knee
62 FE [fanss K"es/ tomato
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cont. Appendix A (p.3 of 3)
Word list for the two sample words and 83 target words in the order of presentation

Picture No.  Traditional Phonetic transcription Word meaning
Chinese words
(Targeted syllable)

63 Rl /ts"ats nas/ brushing teeth

64 i IK"uks K"eizy/ cookies

65 HHE Iteizy t"oss/ Mop

66 FaT Its"eys1 tseiss/ hammer

67 K5 It"aiss joen/ sun

68 15 Ikeiss ts"cenz/ airport

69 241 /s0Uss p"aus/ shaver

70 B 1133 teuzs/ iron

71 e /ts"ans/ orange

72 N /lazs pass/ horn

73 ZEUH IK"yn; t"eusy/ fist

74 X /ts"ass siuss/ Chinese pork

75 GAT /t"ous; tseizs/ rabbit

76 RS /t"an,; K'emsy/ play piano

7 FHER Ikaps ts"unz/ ladybird

78 DERE It"euzy k" eiss/ helmet

79 == 1t"i21 ke 1) 55/ spoon

80 BB /tsuks keuyy/ football

81 K5 [f25 ts"aipy/ match

82 EE IK""ass lany/ hurdle

83 P Ip"021 pags/ old lady
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Appendix B
Phonological process analysis form

p t k ts kw p t" K" ts kw

Deletion

Fronting

Backing (unusual)

Labiolization

Stopping

delabilization

Affrication

Deaspiration

Aspiration

Gliding

Frication

Others:

The Bold items are the phonological processes demonstrated by over 40% of subjects with hearing loss in the study of Dodd & So (1994).




Appendix Ca Parent Consent Form (English \Version)

Parent/Guardian Consent Form
Date

Dear Parents,

I am Year 4 student of Division of Speech and Hearing Sciences at the University
of Hong Kong. I am conducting a research project on comparing hearing aid and
cochlear implant on phonological development. Your child is invited to participate in
the research project.

The title of the research project is “Production of Aspirated Phonemes in
Cantonese-Speaking Children with Cochlear Implants or Hearing Aids.” The
study is to investigate and compare the production ability of aspirated phonemes in
hearing-impaired children with cochlear implant or hearing aids. Children who
participate in this research would be invited to name 90 pictures to the researcher in a
single testing session (20 minutes).

The testing session would be audio-taped. The recording could be reviewed by
you at any time and erased entirely upon request. Your child may withdraw from the
study at any time without any consequences and the respective audio-record(s) would
be erased. Your child will receive a small gift for participation. Please complete the
reply slip below to indicate whether you would allow your child to participate in the
above research projects soon. Participation is entirely voluntary, and all information
obtained will be used for research purposes only. If you have any questions about the
research, please feel free to contact Iris Pang (96355512; cattle@hkusua.hku.hk). If
you want to know more about the rights as a research participant, please contact the
Human Research Ethics Committee for Non-Clinical Faculties, the University of
Hong Kong (2241-5267).

Your help is very much appreciated.
Yours sincerely,

Pang (heuk Wing, Fis
Division of Speech and Hearing Sciences
The University of Hong Kong

Reply Slip

Student Name: Class: Class No.:

I ** will / will not  give permission for my child to participate in the above
research project.
(** Please delete if inappropriate.)
Parent Name:

Parent Signature:

Date:
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Appendix Cb  Parent Consent Form (Chinese Version)
F/EENFEEE
H B

eSS

AANEEERETE NIRRT R - ANIEETARA
THRBBITE S BN sE Z S e 2 PRI labtoe - 3RBEE  H T h2HA
WFEstEl -

BT EIERE Ry © DU SREE Ry BESEIL (s A\ L H S eI EEas 8/ N AT 26
CRt ey Al =R e et 3 Al S R T N SR LU R
INIRHR SRR ERES) - 2B RIS N B E R 7 &350 A [
FHYATE (REYFREF 20 578#) -

AW Y A g = A -3 B Nl D R R ] S P & et s A [ G =R i
o BT A MEAFHER H RIS A G &R AR SRS IR
MR - BTN EREREENEY—( - EXRURETEE
HEaMESE > MBS GREWITRHE - % B TReBIRss 752 F
iR BBl o BEZLITERUFE R BETES BFiaibim
HIRHZEETE] o WA EHE IR AT & - BOUB4S S E 6 (96355512;
cattle@hkusua.hku.hk) - 41 B NEAEE AR S BIEINEL 5B
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Appendix D  Case History Form

Name #:4: Centre attending
Date of birth 4= H HA: / / o0 AL T
H oA & o
Gender M7 glg | 4 Date of a/dm|55|;)n AN HHA:
v A7 S
Phone No.Jfi4% 8 sh: =y e
Address {Fif:

PTA(unmasked) air conduction first response level %5 E 28 {7 EFLE

500Hz 1000Hz 2000Hz 4000Hz

Unaided Right ear 5E
Left ar /£
H

Aided Right ear 5H.

Leftear /°H.

Bhfeae il CEDATHES [ Bhses GHAL ) A
(Z£H) ATHES | Bifsss AL ) A

RZF IR ALES » HFEZF TS 1-5 8 - MRZTETEERES © HkE
%69 -

1 #Z AN T HRE? / /
H A F

2 ANTHERT > A2 ARwYIEES? A 1R
WA - fReBEAlC T BhTeEs?

3. ¥ AE— H T EERHeE B A T ERr R Es?
2Ho AK¥H o /P¥Ho fel o HiE By o &/Do

4. FHANTLHEE®E - ZTHLARZIRE®? B 1%
RS - FISRLERF T2 A2 FOHA BEALEIIS? F1%

5 THAANLEMR - ZTAHRARZETINR? H 1R
WERA - ISR T 2R 3 RERRAIR? B 1 RA

6. % Iy FALERCT BIEEaR? / /
H H GE

7. $ZFAE— B o R _EGRRR B EE
#Ho KRF¥H o 2DFHo o HAEERREF O ‘o

8. ECiBhiEastt - T ARARZIEEIIR? B 12
WRA - FIRGERF T2 A F A BERLAEIR? /1R

9. BLrBhiEastt - T ARARZETIIR? B 12
WA - SRR 7202 g R BERRAIS? B &






