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Abstract
Background: Thai is one of several tonal languages. Accordingly, words spoken with different tones will change
their meaning. Sensorineural hearing loss children have difficulty in perceiving tones which is directly related to a low
level of speech understanding and intelligibility.
Objectives: This study compared the tonal perception ability of severe-to-profound hearing loss children and
profound hearing loss children who used hearing aids and cochlear implants respectively.
Material and methods: Sixteen pre-lingual sensorineural hearing loss children from a preschoolaural
rehabilitation program at Ramathibodi Hospital, Mahidol University, were selected. Subjects consisted of 8 bilateral
hearing aid children and 8 unilateral cochlear implant children who were trained in the program for more than 3
years and able to produce speech recognition scores. All subjects demonstrated reasonable aided responses with
their hearing devices. A Thai tone identification and discrimination test was used in this study. These tests were
conducted by an experienced audiologist in a quiet room. The scores of the hearing aid group and the cochlear
implant group were compared.
Results: There were significant differences in tonal identification scores and tonal discrimination scores for the
cochlear implant group when compared to the hearing aid group (p<0.05)
Conclusion: Cochlear implantation provided better tonal perception of Thai lexical tone identification and
discrimination of profound hearing loss children than severe-to-profound hearing loss children who used bilateral
hearing aids.

Keywords: Cochlear implant; Hearing aids; Hearing impaired
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Introduction
Thai is a national language spoken by approximately 65 million
people. It is classified as a contour –tone language. When the tone
changes within the same phonemic segment in tonal languages, the
lexical meaning changes. There are five contrastive tones which are
defined by the change in pitch level, contour and direction [1]. Each
tone yields a different meaning. The characteristics of five tones
include three static tones (low, middle, and high) and two contour
tones (rising and falling), with average fundamental frequencies [2] as
shown in Figure 1. Patients with sensorineural hearing loss have
difficulty in the identification of phonemic tones [3] which is one of
the most important factors in Thai speech recognition. The ability to
identify phonemic tones also depends on the severity of hearing
impairment [4]. In cases of severe sensorineural hearing loss, the use of
hearing aids and lip reading become less efficient because patients can
hear better but they are unable to discriminate between distinctive
sounds [1]. Some studies reported that cochlear implantation improves
hearing ability and even the detection of speech sounds [5,6]. However,
some researchers reported less beneficial tonal perception in cochlear
implant patients [7,8].
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Figure 1: Average fundamental frequency contours of Thai tones on
double vowels in word-final Position.
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Cochlear implantation has been available to profound hearing loss
patients at Ramathibodi Hospital since 1999, but prior research on the
tonal perceptions of cochlear implant patients had not been conducted.
The present authors developed Thai tonal perception tests which
consisted of natural speech tokens of the same root /kh aa/ with five
different tones. Five pictures and words were presented in color and
random order on an A4 card. These tests were standardized by
measurements of 480 normal Thai children, aged 2 years to 5 years 11
months, from four different areas in Thailand. The purpose of this
study was to compare the tonal perception ability of severe-toprofound hearing loss children and profound hearing loss children
who used hearing aids and cochlear implants respectively.

Material and Methods
The subjects in this study were 8 severe-to-profound sensorineural
hearing loss children with binaural behind-the-ear hearing aids and 8
profound sensorineural hearing loss children with unilateral
multichannel cochlear implants. These subjects met the following
selection criteria:
•
•
•
•
•
•

Pre-lingually hearing impaired children, native Thai speakers, and
older than 5 years of age.
At least 3 years of experience using hearing devices and trained in
the preschool aural rehabilitation program at Ramathibodi
Hospital.
Demonstrated reasonable aided responses with their hearing
devices and were able to produce speech recognition scores.
No additional handicaps.
Used oral communication and studied in normal classes
Parents allowed their children to participate in the study.

Tonal perception tests included a tonal identification test and a tonal
discrimination test. There were 10 items for tone identification. The
words were sequenced in the test by random draws, twice for each
tone. To be significant, a score had to have at least five correct words.
Test stimuli for tonal discrimination consisted of four identical tone
pairs and six contrastive tone pairs which were randomly selected in
each draw. To be significant, a score had to have at least nine correct
responses. Instructions and examples were given to subjects prior to
testing by a qualified senior audiologist. Subjects were tested with live
voices in a quiet room. For tone identification, subjects were asked to
point to a corresponding picture when they heard a test tone. For tone
discrimination, subjects answered “same” or “different” when they
heard the test tone pairs. The scores were collected and analyzed.

Statistical analysis
A Mann-Whitney U test was used to compare the ages between the
two groups and a t-test was used to compare the unaided and aided
thresholds, the time duration of using hearing devices, and tonal
perception scores.

Results
There were 2 girls and 6 boys in the hearing aid group, and 7 girls
and 1 boy in the cochlear implant group. The mean age of the hearing
aid group was 100.25 ± 40.34 months, while the cochlear implant
group was 130.25 ± 46.19 months. The differences in ages between the
groups was non-significant (p>0.05) (Table 1).
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Mean age ±
SD (months)

subjects
group
male

female

Hearing aid

6

2

100.25 ± 40.34

Cochlear implant

1

7

130.25 ± 46.19

U

p

-1.472

0.141

Table 1: Descriptive statistics and age differences of the two groups of
subjects.
The differences in mean hearing thresholds of the better ears
(unaided) between the two groups was significant (p<0.05) while there
was a nonsignificant difference in aided threshold levels between the
two groups (Table 2). Nevertheless, this statistically nonsignificant
result may be meaningful.
Threshold

Mean PTA ± SD

group

(500-2000Hz)(dB)

Hearing aid

85 ± 12

Cochlear implant

101.25 ± 11.23

Aided

Hearing aid

30 ± 5.98

ear

Cochlear implant

25 ± 3.78

Unaided
ear

t

p

-2.796

0.0143*

-2.000

0.0653

Table 2: Differences in the unaided and aided thresholds of the two
groups of subjects.
The differences in the mean time duration of using hearing devices
between the two groups was non-significant (p>0.05) (Table 3). The
differences in mean scores on both the identification and
discrimination tests of the cochlear implant group were higher than
those of the hearing aid group and were significant at p<0.05 (Table 4).
Group

Mean
duration
(yrs.)

Hearing aid

4.875 ± 1.356

Cochlear implant

5.625 ± 1.598

±

time
SD t

p

-1.0121

0.329

Table 3: Differences in the time durations of use of hearing devices of
the two groups of subjects.
Tonal
perception

Group

Mean score ± SD

Hearing aid

5.25 ± 1.83

Cochlear implant

8.625 ± 0.92

Hearing aid

5.5 ± 1.77

Cochlear implant

9 ± 0.00

Identification

Discrimination

t

p

-4.66

0.0004*

-5.5841

0.0001*

Table 4: Differences in the tonal perception scores of children with
hearing aids and cochlear implants.
On discrimination ability, both hearing aid group and the cochlear
implant group had markedly lowest scores on the contrastive tone pair
for the low-rising tone (Table 5). On identification ability, the cochlear
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implant group had higher numbers of correct responses on all items
while the hearing aid group had lower numbers of correct responses on
identifying dynamic tones, and the lowest score was on high static tone
perception (Table 6).
Hearing
group
Tone discrimination test

aid Cochlear implant
group

No.
Correc
t

No.
Incorrec
t

No.
Correc
t

No.
Incorrec
t

low-low

5

3

8

-

high-high

5

3

8

-

fallingfalling

4

4

7

1

risingrising

4

4

8

-

mid-low

5

3

8

-

high-mid

3

5

5

3

dynamicdynamic

risingfalling

7

1

8

-

staticdynamic

lowrising

2

6

4

4

fallinglow

4

4

8

-

risingmid

5

3

8

-

static-static
Identical
tone pair
dynamicdynamic

static-static

Contrastiv
e tone pair

dynamicstatic

Conclusion

Table 5: Statistics pertaining to the tone discrimination test responses
of the hearing aid and cochlear implant groups.

Tone
test

Dynamic
tone

Cochlear implantation provided better tonal perception for Thai
lexical tone identification and discrimination in profound hearing loss
children than in severe-to-profound hearing loss children who used
bilateral hearing aids.
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Hearing aid group

Cochlear implant group

No.
Correct

No.
Incorrect

No.
Correct

No.
Incorrect

References

low

7

9

14

2

1.

mid

8

8

13

3

high

4

12

15

1

falling

10

6

11

5

rising

13

3

16

0

identification

Static tone

discrimination tests. Although there were still other factors related to
outcomes such as environmental effects and family and economic
status, improvement in tonal perception after cochlear implantation
was reported in many studies [10] whereas hearing aids were not
practical for better tone perception of profound hearing loss children
[11-13]. Although children with hearing aids were able to identify
tones, their scores were significantly lower than those of the cochlear
implant group. Both groups had the lowest discrimination scores on
the contrastive tone pair for the low-rising tone. This is probably
because the initial fundamental frequencies of tones are similar, which
causes difficulty in the discrimination between low and rising tones.
Moreover, the hearing aid group appeared to have the most difficulty
in identifying high tones, which corresponds to the limitation of
hearing aids [9], and the later development of high-tone perception in
children. Another factor was the time duration of using implants
which has also been reported to have a high very beneficial effect on
the auditory performance of cochlear implant children [14-16], which
may be associated with neural plasticity consisting of development,
compensation, and learning [17,18]. In the present study, children with
cochlear implants had experience in using this hearing device for more
than 3 years on the average. This experience might help them perform
better on both identification and discrimination tests.
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3.

Table 6: Statistics pertaining to the tone identification test response of
the hearing aid and cochlear implant groups.

4.

Discussion

5.

The identification of phonemic tones was adversely affected by
sensorineural hearing impairment, especially in case of severe loss [4].
Hearing devices help hearing-impaired children to hear better, but the
benefits of hearing aid amplification are limited, especially at high
frequencies [9]. The subjects in this study were matched by age, aided
response and time duration of using hearing devices. The results
showed that children with cochlear implants performed markedly
better than children with hearing aids on both identification and
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