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Abstract
Introduction:
Speech intelligibility, the ability to be understood verbally by listeners, is the gold standard for
assessing the effectiveness of cochlear implantation. Thus, the goal of this study was to
compare the speech intelligibility between normal-hearing and cochlear-implanted children
using the Persian intelligibility test.
Materials and Methods:
Twenty-six cochlear-implanted children aged 48–95 months, who had been exposed to
95–100 speech therapy sessions, were compared with 40 normal-hearing children aged 48–84
months. The average post-implanted time was 14.53 months. Speech intelligibility was
assessed using the Persian sentence speech intelligibility test.
Results:
The mean score of the speech intelligibility test among cochlear-implanted children was
63.71% (standard deviation [SD], 1.06) compared with 100% intelligible among all normalhearing children (P<0.000). No effects of age or gender on speech intelligibility were
observed in these two groups at this range of ages (P>0.05).
Conclusion:
Speech intelligibility in the Persian language was poorer in cochlear-implanted children in
comparison with normal-hearing children. The differences in speech intelligibility between
cochlear-implanted and normal-hearing children can be shown through the Persian sentence
speech intelligibility test.
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Introduction
Cochlear implantation is an effective
treatment for hearing-impaired children
whose hearing aids have not proven
effective (1). However, a significant
handicap for cochlear-implanted children is
that they may fail to develop fully
intelligible speech (2). Speech intelligibility
refers to the extent of the speaker’s intended
message that is understandable by listeners
(3). The ultimate goal of utilizing cochlear
implantation is to enable intelligible speech,
because this demonstrates the communication function of language (4). Thus,
evaluation and treatment of speech
intelligibility is an important and challenging
process.
Several studies have shown that cochlear
implantation is associated with improvement
in speech intelligibility (5). Habib et al.
(2010) found that children who were
implanted in the first 24 months of life
achieved higher levels of speech
intelligibility. This study also showed that
the age of the children affected speech
intelligibility and that older children had
better intelligibility scores (6). Huang et al.
(2005) compared
Mandarin
speech
intelligibility between normal-hearing and
cochlear-implanted children. They showed
that the differences in speech intelligibility
between these two groups were statistically
significant (P<0.001). They also proved that
there was a positive correlation between the
duration of implant usage and speech
intelligibility. In addition, the age of
implantation affected speech intelligibility
adversely (7).
Studies on Iranian cochlear-implanted
children are infrequent, especially in the
field of speech intelligibility, because
cochlear implant surgery has been available
in Iran only for around two decades (8).
Furthermore, each study needs a
standardized measurement, and there was
no valid or reliable intelligibility test in
Persian until 2011. Thus, researchers could
not study speech intelligibility in a large

number of cochlear-implanted children
using a standardized test.
There are a large number of English tests
such as Speech Intelligibility Evaluation,
The Beginner’s Intelligibility Test, and
Weiss Intelligibility Test; testing at the
level of the word, sentence, and
conversation, respectively (9,10).
In contrast, in the Persian language, there
are only two valid and reliable tests; one at
the sentence level and one at the word
level (11,12).
The
advantages
of
evaluating
intelligibility at the sentence level is that it
is closer to the natural features of
language, and better shows phonological
representations and speech intelligibility in
detail (13). It should be noted that certain
features of sentences affect speech
intelligibility in hearing-impaired children
(14), including the length of a sentence;
however, we found no study in which the
length of sentences lead to better
intelligibility scores.
The goals of our study were to evaluate
the differences in speech intelligibility
between normal-hearing children and
cochlear-implanted,
Persian-speaking
children using a valid and reliable Persian
test, and to evaluate the effect of sentence
length on speech intelligibility.
Materials and Methods
Participants/ Children
Sixty-six children aged 48–95 months
(mean age, 68.22 months; standard
deviation [SD], 1.37) participated in this
study. All children could speak at the
sentence level and none had speech motor
or behavioral problems. The children were
divided into two groups. The first group
included 26 cochlear-implanted children
with the ages ranging from 48 to 95
months (mean, 61.30 months; SD, 1.58).
The age of implantation ranged from 22 to
84 months (mean, 54.50 months; SD,
1.70). The post implantation period ranged
from 9 to 26 months (mean, 14.53 months;
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SD, 5.27) and the subjects had been exposed
to 95–100 speech therapy sessions following
surgery in four hospitals in Tehran, with the
same particular method at the time of testing
for all of subjects. They were capable of
expressing sentences. The second group
included 40 normal-hearing children with
the ages ranging from 48 to 94 months
(mean, 67.52; SD, 1.23) as the control
group. All subjects were able to express
sentences. Demo graphic information is
available in (Table.1).

Four adults were taught to judge the
intelligibility of the children’s speech. The
average ages of these listeners was 30 years
(SD,8.88). All listeners were native Persian
speakers with normal hearing and were
selected as unfamiliar listeners as they had
no exposure to deaf or cochlear-implanted
speech or any knowledge of the
characteristics of speech in these children.
The listeners were not allowed to listen to
the sentences more than one time.

Table 1: Demographic characteristics of cochlear-implanted and normal-hearing children
Range of
Number
Number of
Number of
Average age at
Post implantation
ages(months)
of subjects
Boys
Girls
implantation(months)
period(months)
CI: 9
CI: 3
CI: 6
CI: 36 (6.76)
CI: 15.66 (5.14)
48–59
N: 13
N: 7
N: 6
N:_
N:_
CI: 4
CI: 2
CI: 2
CI: 48.75 (9.70)
CI: 15.50 (6.13)
60–71
N: 12
N: 6
N: 6
N:_
N:_
CI: 7
CI: 5
CI: 2
CI: 64.85 (1.77)
CI: 10.71 (1.70)
72–83
N: 9
N: 3
N: 6
N:N:_
CI: 6
CI: 3
CI: 3
CI: 74 (8.78)
CI: 16.66 (6.43)
84–95
N: 6
N: 3
N: 3
N:_
N:_
CI: Cochlear-implanted children, N: Normal-hearing children

Speech stimuli
The Persian sentence speech intelligi- bility

test (see Appendix A)was utilized to assess
the intelligibility of the children’s speech (11).

Appendix A: Persian sentence intelligibility test lists presented phonetically
Number of
Number
Sentence [In English]
Number
Sentence [In English]
morphemes
pesær šunemikone
tupe qermez male mæne
1
5
13
[The boy is combing]
[The red bal is mine]
doxtær midoe
2
4
14
in tupe [This is a ball]
[The girl is running]
baba sib xord
maman jaru kærd
3
4
15
[The father ate an apple]
[Mother swept]
doxtæro maman ræftan [The
pesær zire mize [The
4
5
16
mother and daughter went]
boy is under the table]
pesær ʔ ænar xord [The boy
xers ræft
5
4
17
ate a pomegranate]
[The bear went]
pærænde pærvaz mikone
doxtær nešæst
6
5
18
[The bird is flying]
[The girl sat]
bæče mesvak mizæne [The
bæče ʔ oftad
7
5
19
child is brushing]
[The child fell]
mahi tuye ʔ abe
in šire
8
5
20
[The fish is in the water]
[This is a lion]
mahi šena mikone
9
tup nist [The ball is not here]
3
21
[The fish isswimming]
Maman xabid
10
tup ʔ oftad [The ball felt]
3
22
[Mother slept]
In mašin kučike[This car is
11
4
23
ʔ ab rixt [Water spilt]
small]
maman jaru mikone
12
5
[The mother is sweeping]

Number of
morphemes
7
3
4
5
3
3
3
3
5
3
3
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This test was designed for use in Persianspeaking children aged 4 to 7 years with
hearing loss. The test involved 23 sentences
and 67 words. Each sentence was simple,
and could be represented through pictures
and videos. Sentences in the test contained
words familiar to children. Each sentence
included between two and seven words and
between three and seven morphemes. Testretest reliability was 0.99 and Cronbach’s
alpha coefficient was 0.98. The content
validity index of all 23 sentences was 1. The
differential validity of the test was −0.70.
The concurrent validity was 0.83. This testis
divided into four groups according to the
number of morphemes (Table. 2).
Table2: Characteristics of Persian sentence
intelligibility test according to number of morphemes
Groups
1
2
3
4

Number of
morphemes
3
4
5
7

Number of
sentences
9
5
8
1

Test administration
All 23 sentences in this test were
administered to the children. During the
test administration, a speech therapist
conveyed the target sentence to the child in
any way, for example using objects or
videos or saying the sentence, and the
participant repeated the sentences. The
entire assessment session for each child
was audio recorded by a digital recorder in
a quiet room, and all children were tested
separately. The recordings were then
digitized to preserve all 23 sentences
spoken by the child. All sentences were
saved in a computer in preparation for the
listening session (Table. 2).
Listening session
The listening session was conducted by the
four listeners described above. The listeners
could choose the intensity of the voice
recording. They listened to the sentences in a
quiet room and wrote down what they
had heard.

In order to prevent a learning effect,
the sentences were presented randomly and
the listeners received no feedback on their
judgment. Listeners wrote down what they
had heard immediately after playing back
each sentence.
Ethics
The study was approved by the Medical
Ethics Committee of Tehran University of
Medical Sciences. The aims and procedures
of the study were explained to all parents,
and signed informed consent was provided.
Data analysis
Data were analyzed using
the
Statistical Package for Social Sciences
(SPSS), version 16.0. The written
responses were scored based on the
percentage of correctly transcribed words.
All 67 words were scored,and the words
were weighted equally.
The first analysis examined differences in
speech intelligibility between the cochlearimplanted children and normal-hearing
children. A t-test was applied to compare the
speech intelligibility scores of these groups.
In the second analysis, the effect of
sentence length on speech intelligibility
was examined.
The sentences were sorted based on the
number of morphemes. A one-way
analysis of variance (ANOVA) was
applied to compare speech intelligibility of
the four sentence groups. All statistical
analyses were performed using a
significancelevel of P<0.05.
Results
The results of the sentence intelligibility
test showed that for the 26 cochlearimplanted children, speech intelligibility
scores ranged from 47.69-100% (mean,
63.71; SD, 1.06). The corresponding score
for all 40 normal-hearing children was 100%
(Table. 3).
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Table 3: Descriptive statistics of cochlear-implanted children and normal-hearing children
Rangeof ages (months)

48–59
60–71
72–83
84–95

Average age (SD)
CI: 51.66 (3.87)
N: 54.15 (3.69)
CI: 64.25 (4.19)
N: 65.75 (3.27)
CI: 76.57 (2.87)
N: 75.55 (3.67)
CI: 90.66 (3.77)
N: 88.00 (3.79)

Rang of intelligibility
CI: 56–100
CI: 58.46–63.07
CI: 55.38–66.15
CI: 47.69–76.92

Average intelligibility scores (SD)
68.52 (1.47)
100 (0.00)
60.76 (1.97)
100 (0.00)
60.87 (3.85)
100 (0.00)
61.79 (1.14)
100 (0.00)

CI: Cochlear -implanted children, N: Normal -hearing children

The difference in speech intelligibility
between normal-hearing and cochlearimplanted children was statistically
significant (P<0.000), as shown in (Table
4). There was no significant difference in
speech intelligibility in terms of age in the
cochlear-implanted group (F(3,22)=0.94;
P=0.43) or the normal group. Only one of

the cochlear-implanted children reached
100% speech intelligibility.
There was a significant difference between
groups in speech intelligibility in terms of
different morpheme sentences (F(3,99)=4.26;
P=0.007). The sentences with three and
seven morphemes only showed a significant
difference (P<0.004) in the post hoc test.

Table 4: Differences in Intelligibility
Group

Mean

Standard
deviation

t

df

Sig(2-tailed)

Cochlear-implanted

63.71

1.06

-21.43

63

0.000

100

0

-17.43

25

Normal-hearing

Discussion
In this study, speech intelligibility was
measured in 26 cochlear-implanted
children who had been exposed to 95–100
speech therapy sessions in the previous 9
to 26 months and then compared with that
of 40 normal-hearing children. The study
showed a significant difference in speech
intelligibility between cochlear-implanted
and normal-hearing children; as expected,
speech intelligibility scores were higher
for the normal-hearing group. There are
several possible explanations for this
finding, for example cochlear-implanted
children do not correctly articulate 60–
70% of consonants in the first year of
using the cochlear implant (15), and do not
have the same auditory experience as
normal children (16). We would expect
greater
improvement
in
speech

intelligibility when the child has used the
cochlear implant for a longer period of
time (17).
This study supports previous studies
conducted in this area. For example,
Huang compared the speech intelligibility
of cochlear-implanted children with
normal-hearing children at the level of
words, consonants, vowels, and tones and
found the differences to be statistically
significant (7).
Flipsen compared the intelligibility of
conversational speech in six children under
the age of 3 years. He reported that
conversational speech in cochlearimplanted children is better than that in
children using hearing aids, but not
necessarily as good as in children with
normal hearing (2).

Iranian Journal of Otorhinolaryngology, Vol.27(5), Serial No.82, Sep 2015 365

Poursoroush S, et al

This study showed no correlation
between age and speech intelligibility.
Because access to auditory information via
cochlear implants is an important factor
for sound repertoires
and speech
intelligibility and all of these children had
the same period of hearing and auditory
feedback (18,19). Speech intelligibility
reached 100% in the normal-hearing
children at 48 months (20,21) and all of
normal-hearing children in this study were
48–95 months years old. The effects of age
shown in this study are consistent with
other studies; Huang et al. reported that
speech intelligibility was not correlated
with
age
in
cochlear-implanted
children (7).
Our study showed no difference in speech
intelligibility between girls and boys in the
two groups. This finding is consistent with
previous studies. Branan and Ghasisn 2010
found no difference between speech
intelligibility in normal-hearing girls and
boys (21,22). Since the sequence of
phonetic acquisition and phonetic classes
is the same in the two groups, this may
reflect the similarity in the intelligibility of
boys and girls (21).
Only one of the cochlear-implanted
children scored 100% in the intelligibility
test. This child was 49 months years old
and received the implant at 29 months
(a younger age than all other participants
except one who was implanted at 22
months). In addition, this child had
undergone 100 speech therapy sessions in
20 months. There are numerous factors
which affect speech intelligibility, such as
higher
nonverbal
intelligence,
socialization,
training
in
learning
environment, and extensive parents
support (23-25). This child had probably
been exposed to these extra factors.
This study showed a significant
difference between seven- and threemorpheme sentences; the intelligibility of
sentences that have seven morphemes was

higher than those of three morphemes. One
reason for this observation is that longer
sentences have more linguistic-contextual
features and it is easier for the listeners to
utilize linguistic-contextual knowledge of
sentences in order to understand the
utterances (26). However, we cannot be
sure that this observation is due
specifically to the length of sentence
because intelligibility is also related to
word position, length and fluency of
utterance,
phonological
complexity,
syllabic structures and the grammatical
form of sentence (9). It may be these that
factors contributed to this finding.
Conclusion
The results of this study lead us to the
conclusion that it is difficult for cochlearimplanted children to reach full speech
intelligibility after 1 or 2 years using a
cochlear implant. However, it is not
impossible. This study mandates similar
studies with a longer period time after
implantation, in order to show the effect of
the cochlear implant in the development of
speech intelligibility. In the future studies,
evaluation of other factors such as word
position, length and fluency of utterance,
phonological
complexity,
syllabic
structures and the grammatical form of
sentences should be considered.
Acknowledgment
We are grateful to all our subjects and
their parents and to the staff of Amir
Alam, Rasoul Akram, Baghiyatollah and
Loghman-e-Hakim hospitals for their
administration support. We would also like
to acknowledge all listeners for their
cooperation in this study. The present
research was supported by Tehran
University
of
Medical
Sciences.
References
1. Nikolopoulos TP, Archbold SM, O’Donoghue GM.
The development of auditory perception in children

366 Iranian Journal of Otorhinolaryngology, Vol.27(5), Serial No.82, Sep 2015

Intelligibility of Cochlear Implanted Children
following cochlear implantation. International journal
of pediatric otorhinolaryngology 1999; 49:189-91.
2. Flipsen Jr P, Colvard LG. Intelligibility of
conversational speech produced by children with
cochlear implants. Journal of Communication
Disorders 2006; 39(2):93-108.
3. Kent RD, Weismer G, Kent JF, Rosenbek JC.
Toward phonetic intelligibility testing in dysarthria.
Journal of Speech and Hearing Disorders
1989;54(4):482-99.
4. Chin SB, Bergeson TR, Phan J. Speech
intelligibility and prosody production in children with
cochlear implants. Journal of communication
disorders 2012;45(5):355-66.
5. Svirsky MA, Robbins AM, Kirk KI, Pisoni DB,
Miyamoto RT. Language development in profoundly
deaf children with cochlear implants. Psychological
science 2000;11(2):153-8.
6. Habib MG, Waltzman SB, Tajudeen B, Svirsky
MA. Speech production intelligibility of early
implanted pediatric cochlear implant users.
International journal of pediatric otorhinolaryngology
2010;74(8):855-9.
7. Huang C-Y, Yang H-M, Sher Y-J, Lin Y-H, Wu JL. Speech intelligibility of Mandarin-speaking deaf
children with cochlear implants. International journal
of pediatric otorhinolaryngology 2005;69(4):505-11.
8. Soleymani Z, Amidfar M, Dadgar H, Jalaie S.
Working memory in Farsi-speaking children with
normal development and cochlear implant.
International journal of pediatric otorhinolaryngology
2014;78(4):674-8.
9. Kent RD, Miolo G, Bloedel S. The Intelligibility of
Children's Speech. A Review of Evaluation
Procedures. American Journal of Speech-Language
Pathology 1994;3(2):81-95.
10. Osberger MJ. Speech intelligibility of children
with cochlear implants. Volta Review 1994;
96(5):169-80.
11. Darouie A. [Comparison of Speech Intelligibility
Evaluation Procedures in Persian Hearing Impaired
Children.]. PhD. Dissertation. Tehran: University of
Social Welfare and Rehabilitation, Faculty of Speech
Therapy, 2013. (Persian)
12. Heydari S, Torabi Nezhad F, Agha Rasouli Z,
Hoseyni F. [Development of speech intelligibility
measurement test for 3 to 5 years old normal
children]. Audiology 2011; 20(1):47-53. (Persian)
13. Ozimek E, Warzybok A, Kutzner D. Polish
sentence matrix test for speech intelligibility
measurement in noise. International journal of
audiology 2010;49(6):444-54.

14. Monsen RB. The oral speech intelligibility of
hearing-impaired talkers. Journal of Speech and
Hearing Disorders 1983;48(3):286-96.
15. Shamsian F, Simashirazi T, Nilipoor R, Karimili
M. [Evaluation and Comparison of Consonant
Production in Cochlear-Implanted]. Journal of
Research In Rehabilitation Sciences 2010;6(2):0.
(Persian)
16. Northern JL, Downs MP. Hearing in children.
1st ed. Lippincott Williams & Wilkins; 2002: 1-11.
17. Allen MC, Nikolopoulos TP, O'Donoghue GM.
Speech Intelligibility in Children After Cochlear
Implanation. Otology & Neurotology 1998; 19(6):
742-6.
18. Blamey PJ, Barry JG, Jacq P. Phonetic inventory
development in young cochlear implant users 6 years
postoperation. Journal of Speech, Language, and
Hearing Research 2001;44(1):73-9.
19. Tobey EA, Geers AE, Douek BM, Perrin J,
Skellet R, Brenner C, et al. Factors associated with
speech intelligibility in children with cochlear
implants. The Annals of otology, rhinology &
laryngology Supplement 2000;185:28.
20. Flipsen Jr P. Measuring the intelligibility of
conversational speech in children. Clinical linguistics
& phonetics 2006;20(4):303-12.
21. Ghasisin L, Ghasemi A, Moobed F, Hassanzade
A. [Speech intelligibility in 4-5 year old children].
Journal of Research in Rehabilitation Sciences
2010;5(1). (Persian)
22.Gordon-Brannan M, Hodson BW. Intelligibility/
severity measurements of prekindergarten children's
speech. American Journal of Speech-Language
Pathology 2000; 9(2): 141-50.
23. Tobey EA, Geers AE, Brenner C, Altuna D,
Gabbert G. Factors associated with development of
speech production skills in children implanted by age
five. Ear and hearing 2003; 24(1):36S-45S.
24. Chin SB, Tsai PL, Gao S. Connected speech
intelligibility of children with cochlear implants and
children with normal hearing. American Journal of
Speech-Language Pathology 2003; 12(4): 440-51.
25. Löhle E, Frischmuth S, Holm M, Becker L,
Flamm K, Laszig R, et al. Speech recognition, speech
production and speech intelligibility in children with
hearing aids versus implanted children. International
journal of pediatric otorhinolaryngology 1999; 47(2):
165-9.
26. Hustad KC, Beukelman DR. Effects of linguistic
cues and stimulus cohesion on intelligibility of
severely dysarthric speech. Journal of Speech,
Language, and Hearing Research 2001; 44(3):
497-510.

Iranian Journal of Otorhinolaryngology, Vol.28(5), Serial No.82, Sep 2015 367

