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Introduction

Profound deafness in childhood affects the development of 
auditory speech perception, speech production, and language 
skills. Failure to develop adequate oral communication skills 
can have a significant negative effect on academic perfor-
mance and psychosocial development in these children. A 
cochlear implant (CI) is an electronic prosthetic device that 
is surgically placed in the inner ear to provide useful sound 

perception by electrically stimulating the auditory nerve. It 
has been proved to be an effective management device for 
children with bilaterally severe-to-profound sensorineural 
hearing loss receiving limited benefit from hearing aids (HAs). 
Many studies have demonstrated the benefits of CIs concern-
ing speech perception, production, and language development 
due to the enhanced audition provided by CIs [1-5]. Thus, the 
academic performance and psychosocial development of 
children with CIs is expected to be better than their non-im-
planted peers. 

Over the past two to three decades, there has been a signif-
icant trend towards placing students with special educational 
needs in mainstream schools rather than in segregated spe-
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cial schools and special classes [6]. Besides, the proportion 
of children with CIs in mainstream schools has been steadily 
increasing [7-9]. Thus, classroom performance and social in-
tegration are some of the major challenges faced by children 
with CIs in mainstream schools. However, only a few studies 
have addressed the academic performance and psychosocial 
development of these children in mainstream schools, and 
have reported mixed results. Some studies reported that chil-
dren with CIs in mainstream schools had satisfactory academ-
ic achievement [10,11], while others reported that their aca-
demic performance lagged behind their normal-hearing peers 
[12,13]. Information on the subject-specific academic perfor-
mance of these children is also lacking [13,14]. As with aca-
demic performance, wide variability in psychosocial develop-
ment has been reported. Some studies reported positive findings 
regarding the social well-being and social functioning of chil-
dren with CIs in mainstream schools [12,15,16] while others 
revealed ongoing difficulties in social participation with nor-
mal-hearing peers [17-19].

For successful social integration of children with CIs in in-
clusive educational settings, the overall classroom performance 
of children with CIs in mainstream schools, and the factors af-
fecting this performance need to be determined. Thus, our 
study aimed to assess the academic performance, communi-
cation skills, and psychosocial development of prelingual 
deaf children with CIs attending mainstream schools, and to 
evaluate the impact of auditory speech perception on their 
classroom performance. Given the lack of evaluation tools, 
we used structured questionnaires to examine academic per-
formance in several subjects, communication skills, self-es-
teem, and the social relations of implanted children. We also 
reviewed medical speech evaluation records retrospectively. 

Subjects and Methods

Participants
A prospective cohort study of prelingual deaf children with 

CIs was performed from August to September 2015. All chil-
dren underwent CI before the age of 5 years at Samsung Medi-
cal Center and had at least 5 years of experience with the CI. 
Of the 149 children, 72 agreed to participate in the in-person or 
telephone interview along with their parents. Of the 72 chil-
dren, 67 children attending mainstream schools were enrolled. 
Participants included 30 boys and 37 girls with an age range of 
6 to 17 years [mean±standard deviation (SD)=10±3 years] 
at the time of the study. Before implantation, CI candidates 
underwent auditory brainstem response and auditory steady-
state response to predict their hearing thresholds. All the chil-
dren had bilateral profound sensorineural hearing loss (>90 

dB) across the speech frequency range and showed limited 
benefit from HAs in best-aided conditions. Fifty-one children 
were implanted with the Nucleus device (Cochlear Corpora-
tion, Lane Cove, New South Wales, Australia), and 16 children 
were implanted with the Clarion device (Advance Bionics 
Corporation, Sylmar, CA, USA). First devices were implanted 
at an age ranging from 13 months to 4 years 10 months (mean± 

SD=31±13 months). The duration of implant usage ranged 
from 5 to 13 years (mean±SD=8±2 years). 

Ethics statement
All the participants were recruited and assessed in the Hear-

ing Laboratory at the Samsung Medical Center. Written in-
formed consent for participation was taken from each partici-
pant. The Institutional Review Board of Samsung Medical 
Center (IRB No. 2015-08-126-007) approved this study. All 
the study protocols were performed following the relevant 
guidelines and regulations.

Auditory and speech performance evaluation
Auditory and speech performances on the last follow-up at 

the Samsung Medical Center, at least 3 years after the implan-
tation, were reviewed retrospectively. Aided pure-tone thresh-
olds were measured in the sound field using warble tones 
presented from a loudspeaker located one meter away from 
the children at 0 degrees azimuth by an experienced audiolo-
gist [20]. The auditory perception was evaluated by the cate-
gories of auditory performance (CAP) scores. CAP compris-
es 8 hierarchical divisions of auditory perceptive ability: 0, 
the lowest level, describes no awareness of environmental 
sounds; and 7, the highest level, describes the use of a tele-
phone with a familiar speaker. Speech perception in both au-
ditory-only (AO) and audiovisual conditions was evaluated us-
ing consonant-vowel-consonant monosyllabic and bi-syllabic 
words. Stimuli were presented using a monitored live voice of 
an experienced speech therapist. The presentation level was 
approximately 70 dB SPL, as determined with a handheld 
sound level meter. Children were instructed to repeat each 
presented stimulus. Speech acquisition and production were 
assessed using the speech production scale (SPC) and the 
modification of Ling’s 7 distinct stages [21,22] of the normal 
data of Korean phoneme development. The SPC assesses pho-
netic (articulation) and phonologic (meaningful speech) acqui-
sition levels at each stage in young children with CI. The ‘stair-
case’ diagram of SPC is illustrated in in Supplementary Material 
1 (in the online-only Data Supplement).

Questionnaires
A survey of academic performance, communication skills, 
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and psychosocial development were conducted through in-
person or telephone interviews. A structured questionnaire 
was designed for children and their parents. Background in-
formation about device strategies (unilateral, bilateral, and 
bimodal CI users) and usage, communication modes (oral or/
and sign language), and school type were evaluated. Five cat-
egories of school enrollment were recognized: ordinary classes 
in mainstream schools, special classes in mainstream schools, 
special schools, schools for the deaf, and vocational schools. 
Grade retention, defined as the need to repeat a year due to 
failing grades, was also assessed. Academic achievement was 
assessed using quartiles and included the survey of overall ac-
ademic performance, language (Korean and English), mathe-
matics, social studies, science, and artistic performance (art 
and music). Communication development was assessed using 
closed questions on various situations at school and at home. 
Lastly, self-esteem and social relations were assessed by in-
quiring about friends and future hopes. An English transla-
tion of the questionnaire is provided in Supplementary Mate-
rial 2 (in the online-only Data Supplement).

Statistical analysis
Results were analyzed using SPSS 18.0 (SPSS Inc., Chi-

cago, IL, USA). Clinical information (age, sex, side of first 
CI, age at first CI, and duration of first CI use) and the re-
sults of auditory and speech performance evaluations were 
compared between the three listening modes using the Krus-
kal-Wallis and the chi-square tests. In case of a significant dif-
ference between the three listening modes, a post-hoc analysis 
using the Mann-Whitney test or chi-square test was performed 
to evaluate the differences between two different listening 
modes (i.e., unilateral CI users vs. bimodal listeners, unilater-
al CI users vs. bilateral CI users, and bimodal listeners vs. bi-
lateral CI users). Chi-square test or Fisher’s exact test was used 
to compare the distribution of responses to items on academic 
achievement, communication skills, and psychosocial devel-
opment according to the three listening modes. To evaluate 
the impact of auditory speech perception ability on classroom 
performance, a multivariate logistic model was used to com-
pare the bi-syllabic word recognition scores (WRSs) in AO 
condition and classroom performance after adjusting for the 
current age, sex, and listening modes. The Bonferroni correc-
tion was applied to the p-value because of multiple testing. 
Adjusted p-values were calculated by multiplying the original 
p-values by the number of comparisons (3 for listening modes). 
A p-value or adjusted p-value of less than 0.05 was considered 
statistically significant.

Results

Demographics
Among 67 children with CIs, 17 children (25%) wore only 

one CI (unilateral CI users), 29 children (43%) were experi-
enced bimodal listeners with a CI in one ear and an HA in the 
other (HA+CI), and 21 children (31%) received two implants 
in sequential procedures (bilateral CI users, CI+CI) with the 
interval between the first and second implantations ranging 
from 1-8 years (mean±SD interval=3±2 years). All the 
children reportedly wore their device(s) more than 70% of the 
day and used oral communication. Supplementary Table 1 (in 
the online-only Data Supplement) includes the clinical and 
device information of each implanted children. Table 1 pres-
ents the comparison of the clinical information between the 
three listening modes (unilateral CI user, bimodal listener, 
and bilateral CI user). No significant difference was found in 
age and first CI information (side of first CI, age at first CI, 
and duration of first CI use) between the three listening 
modes. However, the sex ratio was significantly different be-
tween the three listening modes (p=0.035).

Table 1 also presents the comparisons of the auditory and 
speech performances between the three listening modes. No 
significant difference was found in aided pure-tone thresholds 
of the first device between the three listening modes. Supple-
mentary Table 2 (in the online-only Data Supplement) in-
cludes the individual aided pure-tone thresholds at 250, 500 
Hz, 1, 2, and 4 kHz. Most children showed good performance 
in speech evaluation 3 years after the implantation. However, 
there were significant differences in CAP scores (p=0.006), 
WRSs (p<0.05 for monosyllabic and bi-syllabic), and SPSs 
(p=0.001 for phonetic level and p=0.002 for phonologic level) 
between the three different modes. Overall, the bimodal listen-
ers and bilateral CI users showed significantly superior audi-
tory perception (CAP scores and WRSs) and superior speech 
production in post-hoc analysis than unilateral CI users (Ta-
ble 1). There were no significant differences in auditory per-
ception and speech production between bimodal listeners and 
bilateral CI users in the post-hoc analysis. 

Academic performance
Of the total 67 implanted children, 61 and 6 children were 

enrolled in ordinary classes with normal-hearing peers and a 
special class in a mainstream school, respectively. Grade reten-
tions were reportedly experienced by 12 children (18%) one or 
more times. Table 2 shows participants’ clinical information 
and speech performance. Eight of these children were unilat-
eral CI users, 1 child was a bimodal listener, and 3 were bilat-
eral CI users. Two children had Noonan syndrome, 1 child 
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had congenital heart disease, and 1 child had enlarged vestib-
ular aqueduct syndrome.

Fig. 1A shows the academic performance of the 67 im-
planted children attending mainstream schools in each subject. 

When the academic achievement was assessed using quartiles, 
28, 10, 17, and 12 implanted children had general academic 
achievement in the 1-25% (top 25%), 26-50%, 51-75%, 
and 76-100% (bottom 25%) of their class, respectively. Ac-

Table 1. Demographics of unilateral CI users, bimodal listeners, and bilateral CI users

Variable

Group 1 
(n=17) 

Group 2 
(n=29)

 Group 3 
(n=21)

p-values
p* for 
group 
1 vs. 2

p* for 
group 
1 vs. 3

p* for 
group 
2 vs. 3

Unilateral 
CI users 

Bimodal 
listeners

Bilateral 
CI users

Age (years) 11±3 10±3 10±3 0.118§

Sex (male:female) 11:6 8:21 11:10 0.035†∥ 0.042†∥ 1.332† 0.225†

Side of first device (right:left) 9:8 14:15 16:5 0.125†

First device (Nucleus:Clarion) 10:7 23:6 18:3 0.134†

Age at first CI (months) 30±13 31±11 30±15 0.669§

Duration of first CI use (years) 9±3 8±2 8±2 0.057§

Aided PTA of the first CI (W4FA, dB HL) 27±6 28±11 25±4 0.538§

CAP scores 5.8±1.2 6.6±0.7 6.7±0.7 0.006§∥ 0.018‡∥ 0.021‡∥ 2.424‡

Mono-syllabic WRSs (%)

AV condition 80±32 96±19 99±5 ＜0.001§∥ 0.003‡∥ ＜0.001‡∥ 0.951‡

AO condition 61±31 86±19 93±8 ＜0.001§∥ ＜0.001‡∥ ＜0.001‡∥ 0.231‡

Bi-syllabic WRSs (%)

AV condition 85±32 96±19 99±5 0.009§∥ 0.066‡ 0.027‡∥ 0.951‡

AO condition 68±33 89±19 95±8 ＜0.001§∥ 0.018‡∥ ＜0.001‡∥ 0.165‡

Speech production scale
Phonetic level 6.3±1.3 7.3±0.9 7.6±0.7 0.001§∥ 0.012‡∥ 0.003‡∥ 0.882‡

Phonologic level 6.6±1.2 7.4±0.9 7.7±0.6 0.002§∥ 0.045‡∥ 0.003‡∥ 0.345‡

Continuous values were presented as mean±standard deviation. *Adjusted p-values were calculated by multiplying the original 
p-values by 3 pairs, †chi-squared test,‡Mann–Whitney test, §Kruskal-Wallis test, ∥p＜0.05. CI: cochlear implant, PTA: pure-tone aver-
age, W4FA: weighted four-frequency average [W4FA=(0.5 kHz+2×1 kHz+2×2 kHz+4 kHz)⁄6], CAP: categories of auditory perfor-
mance, AV: audiovisual, AO: auditory-only, WRS: word recognition score

Table 2. Clinical information and speech performance of children who experienced grade retention

Subject Sex
Current 

age (year)

First Cochlear Implantation
Aided PTA 

W4F 
(dB HL)

Bi-syllabic 
WRS in AO 

condition (%)

CommentsType of 
device

Age at 
implantation 

(month)

Duration 
of CI use 
(year)

UCI5 M 15 N 50 12 28.3   60 Congenital heart disease
UCI6 M 14 C 36 11 35.0     0  
UCI11 M 10 N 24   9 18.3   92  
UCI12 F 12 C 39   9 30.8     0  
UCI14 F 14 N 47 10 36.7   36  
UCI15 F 12 C 35 10 23.3   80  
UCI16 M 11 C 23 10 25.0   76 Revision CI (3 years after CI)

UCI17 M 7 N 32   5 29.2   84  
CI+HA12 F 9 N 27   7 22.5   84 Noonan syndrome
BCI2 F 17 N 58 12 27.5   88  
BCI4 F 9 N 21   8 22.5 100 EVAS
BCI18 M 8 C 18   7 26.7 100 Noonan syndrome
M: male, F: female, N: Nucleus, C: Clarion, CI: cochlear implant, PTA: pure-tone average, W4F: weighted four-frequency aver-
age [W4F=(0.5 kHz+2×1 kHz+2×2 kHz+4 kHz)⁄6], EVAS: enlarged vestibular aqueduct syndrome, WRS: word recognition score, 
AO: auditory-only, UCI: unilateral CI, HA: hearing aid, BCI: bilateral CI
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ademic achievements in English (p=0.005 in chi-square test) 
and social studies (p=0.039 in chi-square test) were signifi-
cantly lower than general academic achievement. Fig. 1B 
shows the academic performance in each subject according to 
the listening modes. Academic achievement in social studies 
(p=0.036 in Fischer’s exact test) and science (p=0.028 in Fisch-
er’s exact test) differed significantly according to the listening 
modes. In post-hoc analysis with Fischer’s exact test, unilat-
eral CI users showed poorer academic achievement in social 
studies (adjusted p=0.026) and science (adjusted p=0.014) than 
bilateral CI users. These differences were insignificant be-
tween bimodal listeners and bilateral CI users. 

Communication skills and psychosocial development 
Table 3 shows communication skills at school and at home, 

and psychosocial development of the 67 implanted children 
attending mainstream schools. About half (55%) of the chil-
dren understood all or almost all of the teaching content (Q1 
at school). In a quiet classroom, most implanted children (79%) 
reported little or no difficulty during one-on-one conversations 
(Q2 at school). Also, most implanted children (88%) experi-
enced little or no stress conversing with an unfamiliar person 

at school (Q4 at school). However, half of the implanted chil-
dren (48%) reported some difficulty during individual conver-
sations in a noisy classroom (Q3 at school). Difficulty in com-
municating during class (Q1 at school) or in a quiet classroom 
(Q2 at school) differed significantly depending on the listen-
ing mode. In post-hoc analysis with Fischer’s exact test, bi-
lateral CI users understood the class content better than bi-
modal listeners (adjusted p=0.037) and were more comfortable 
with individual conversations in a quiet classroom than uni-
lateral CI users (adjusted p=0.02). 

Implanted children generally experienced more difficulty 
communicating at school than at home. At home, 91% and 
76% of implanted children reported little or no difficulty 
communicating in a quiet and noisy background, respective-
ly (Q1 and Q2 at home). However, only 34% of the implanted 
children were able to understand all or almost all the words of 
their family while concentrating on other things (Q3 at home). 
No significant difference was found in communication skills 
at home between the three listening modes. 

A survey of psychosocial development revealed that most 
implanted children (96%) had a friend with normal hearing 
(Q1), and 96% of implanted children were unafraid of making 
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Table 3. Communication skills and psychosocial development

Questionnaire Total
Unilateral 
CI users

Bimodal 
listeners

Bilateral 
CI users

p for 
groups

Communication at school
Q1. In the class, 0.004*†

A1  I can understand all the teaching content.  13 2   2   9
A2  I can understand almost all the teaching content.  24 5 12   7
A3  I can understand about half of the teaching content.  25 6 14   5
A4  I can understand only 20-30% of the teaching content.    4 4   0   0
A5  I barely understand the teaching content.    1 0   0   0

Q2. During a one-on-one conversation with a friend in a quiet classroom, 0.033*†

A1  I have no difficulty having a conversation. 37 9 14   14
A2  I have a little difficulty having a conversation. 16 1   9   6
A3  I can understand about half of my friend’s words.  11 6   5   0
A4  I can understand 20-30% of my friend’s words.    3 1   1 1
A5  I struggle to have a conversation.    0 0   0 0

Q3. During a one-on-one conversation with a friend in a noisy classroom, 0.382†

A1  I have no difficulty having a conversation. 4 0 1 3
A2  I have a little difficulty having a conversation. 31 7 13 11
A3  I can understand about half of my friend’s words.  25 6 13 6
A4  I can understand 20-30% of my friend’s words.  5 3 1 1
A5  I struggle to have a conversation.  2 1 1 0

Q4. During conversation with an unfamiliar person, 0.968†

A1  I can converse without stress. 29 8 11 10
A2  I am slightly stressed during the conversation, but I can still talk. 30 7 14 9
A3  I try to avoid the conversation as much as possible. 8 2 4 2
A4  I absolutely avoid the conversation. 0 0 0 0

Communication at home
Q1. During conversation with family in a quiet background, 0.664†

A1  I have no difficulty having a conversation. 52 11 24 17
A2  I have a little difficulty having a conversation. 9 4 3 2
A3  I can understand about half of my family’s words.  6 2 2 2
A4  I can understand 20-30% of my family’s words.  0 0 0 0
A5  I struggle to have a conversation.  0 0 0 0

Q2. During conversation with family in a noisy background, 0.786†

A1  I have no difficulty having a conversation. 23 4 11 8
A2  I have a little difficulty having a conversation. 28 7 11 10
A3  I can understand about half of my family’s words.  12 5 5 2
A4  I can understand 20-30% of my family’s words.  4 1 2 1
A5  I struggle to have a conversation.  0 0 0 0

Q3. If my family suddenly speaks to me while I am concentrating on other things (e.g., watching TV, reading a book), 0.814†

A1  I can understand all the words.  4 0 1 3
A2  I can understand almost all the words.  19 5 8 6
A3  Sometimes I ask what was said because I have missed words. 32 8 16 8
A4  I usually ask what was said because I have missed words. 9 3 3 3
A5  I miss words spoken by my family.   3 1 1 1

Self-esteem and social relations
Q1. My friends 0.784†

A1 Mostly have normal hearing. 64 17 27 20
A2 Mostly have hearing loss and use hearing aids or 

  cochlear implants.
0 0 0 0
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a new friend (Q5). When asked about their future careers, 78% 
of the children wanted a job (Q2) in various fields regardless 
of their communication skills. Furthermore, 91% and 90% of 
the implanted children responded positively when asked 
about getting a job (Q3) and performing workplace tasks 
(Q4) in the future. No significant difference was seen in the 
responses to the psychosocial development survey between 
the three listening modes.

The impact of auditory speech performance on 
classroom performance

Bivariate logistic regression models were constructed to ex-
amine the relationship between bi-syllabic WRS in AO condi-
tion and classroom performance (Table 4). Classroom perfor-
mance (academic achievement and communication at school) 
was divided into good and poor performance based on the 
questionnaire responses. Good performers were defined as 

children who scored above average (within the top 50%) on the 
academic achievement questionnaires, or to the top 1 and 2 
on the communication skills questionnaires. The remaining 
were defined as children with poor performance. A multivariate 
logistic regression model was constructed while adjusting for 
potential confounders (current age, sex, and listening modes). 
In the crude model, high scores on the bi-syllabic WRSs were 
significantly associated with a decrease in the odds of having 
poor  academic performance in all subjects except art and mu-
sic (all p<0.05). However, academic achievement in art and 
music was not significantly associated with the bi-syllabic 
WRSs. In the adjusted model, the bi-syllabic identification 
scores were significantly associated with academic achieve-
ment in Korean, social studies, and science (all p<0.05). High 
scores on the bi-syllabic WRSs were also significantly associ-
ated with a decrease in the odds of having communication dif-
ficulties at school (all p<0.05 in the adjusted model).

Table 3. Communication skills and psychosocial development (continued)

Questionnaire Total
Unilateral 
CI users

Bimodal 
listeners

Bilateral 
CI users

p for 
groups

A3 Range from those with normal hearing to those with 
  hearing loss. 

3 0 2 1

A4 Mostly have hearing loss and use sign language.  0 0 0 0
Q2. What do you want to be (do) in the future? 0.332‡

A1 I want to be a (                                 ). 52 11 24 17
A2 I don’t know. 15 6 5 4

Q3. Do you think that you’ll be able to have the same career as people with normal hearing? 0.299‡

A1 Yes, I think so.  37 7 15 15
A2 It may be difficult, but I think it will be possible if I try. 24 7 12 5
A3 I think it’s very unlikely.  6 3 2 1
A4 I think it’s impossible. 0 0 0 0

Q4. Do you think it will be difficult to perform tasks after getting a job because of difficulty communicating? 0.220†

A1 No, I don’t anticipate that this will be an issue as I have no 
  communication difficulties. 

26 4 15 7

A2 There may be some communication difficulties, but it will not 
  have a significant impact on performing tasks. 

34 9 13 12

A3 I think communication difficulties will affect my work. I think it 
  will be difficult to perform most of the tasks required of me.  

5 3 1 1

A4 I don’t think I will be able to carry out my work because 
  of communication difficulties. 

2 1 0 1

Q5. When I make a new friend, 0.404‡

A1 I am not afraid to make a new friend because I don’t have 
  any difficulty communicating with new people.  

40 8 19 13

A2 Even though I have a little difficulty communicating with new 
  people, I am not afraid to make a new friend.

24 7 9 8

A3 I am afraid to make a new friend because it is difficult for me 
  to communicate with new people. 

3 2 1 0

A4 I don’t want to make a new friend because I can’t 
  communicate with new people.

0 0 0 0

*p＜0.05, †Fischer’s exact test, ‡chi-squared test. CI: cochlear implant
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Discussion

In this study, most implanted children (61 of 67) attended 
ordinary classes with normal-hearing peers in a mainstream 
school. In Korea, students requiring special education are 
usually placed in mainstream schools rather than in separate 
special schools and special classes. Previous studies have 
emphasized the following principal benefits of inclusive edu-
cation of implanted children: naturalistic access to typical 
linguistic and behavioral models of hearing peers, and social 
acceptance by hearing peers [6,23,24]. Children with CIs in 
mainstream schools reported having friends with mostly nor-
mal hearing (Q1 in Table 3). This result reflects their social 
interactions with peers during school life. Thus, the inclusive 
education of implanted children in mainstream schools ap-
pears to provide opportunities for contact and social interac-
tions with normal peers. Based on the responses to the psy-
chosocial development questions (self-esteem and social 

relations section in Table 3), most implanted children in main-
stream schools seemed to have a positive attitude towards 
self-esteem and confidence.

In a mainstream education setting, half the implanted chil-
dren scored above average in general academic achievement 
(Fig. 1A). Consistent with a previous study [13], academic 
achievement was best in mathematics. However, academic 
achievement in a second language (English) and social stud-
ies were usually poorer than general academic achievement 
(Fig. 1A). Particularly, our cohort reported difficulty in lis-
tening comprehension and pronunciation in English. When 
interviewed, the children also had difficulty understanding 
abstract concepts in social studies and science. Children with 
lower scores on the bi-syllabic identification test were signif-
icantly likely to have poor academic performance in social 
studies and science (Table 4). This may be because these 
subjects are often taught with complex verbal explanations. 
Children with CI have been reported to experience delays in 

Table 4. Relationship among bi-syllabic word recognition and classroom performance

Variables
Good (ref) vs. poor 

performers
Bi-syllabic WRS (%)  Crude model  Adjusted model*

N Mean±SD OR 95% CI OR 95% CI

Academic achievement 
General  1-50% 38 94±7 reference

51-100% 29 75±32 0.939† (0.892-0.987) 0.948 (0.898-1.001)

Korean  1-50% 43 92±10 reference
51-100% 24 74±35 0.961† (0.930-0.993) 0.958† (0.922-0.996)

English  1-50% 24 94±8 reference
51-100% 43 81±28 0.940† (0.883-1.000) 0.941 (0.879-1.008)

Mathematics  1-50% 40 94±7 reference
51-100% 27 74±33 0.940† (0.896-0.987) 0.950 (0.902-1.001)

Social studies  1-50% 32 94±9 reference
51-100% 35 79±30 0.952† (0.909-0.996) 0.924† (0.867-0.985)

Science  1-50% 30 94±7 reference
51-100% 37 79±30 0.947† (0.900-0.996) 0.926† (0.868-0.988)

Art and music  1-50% 41 91±17 reference
51-100% 26 78±30 0.976 (0.952-1.001) 0.981 (0.955-1.009)

Communications at school 
Q1  A1-2 37 94±6 reference

A3-5 30 75±32 0.924† (0.872-0.980) 0.925† (0.868-0.986)

Q2  A1-2 53 93±8 reference
A3-5 14 59±40 0.929† (0.885-0.977) 0.937† (0.888-0.989)

Q3  A1-2 35 94±6 reference
A3-5 32 77±31 0.939† (0.892-0.990) 0.930† (0.877-0.987)

Q4  A1-2 59 87±21 reference
A3-4   8 75±37 0.984 (0.960-1.008) 0.881† (0.786-0.987)

Good performers were defined as children who scored above average (within the top 50%) on the academic achievement 
questionnaires, or among the top 1 and 2 on the questionnaires on communication skills. The rest of the children were defined as 
children with poor performance. *A multivariate logistic regression model was constructed adjusting for current age, sex, and lis-
tening modes. The bi-syllabic WRSs were measured in auditory only conditions, †p＜0.05. WRS: word recognition score, N: Nucle-
us, SD: standard deviation, OR: odds ratio, CI: confidence interval
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concept formation [25]. Therefore, it is necessary to provide 
these children with various supplementary materials or pre-
teach them the subject-relevant vocabulary so that the new in-
formation can be integrated meaningfully into the prior knowl-
edge framework. 

Most implanted children had little difficulty in conversing 
in a quiet background at school or home (Table 3). However, 
communication at school was considerably more challenging 
than at home in a noisy background. In a noisy background, 
24% of the implanted children responded having some diffi-
culty communicating at home, while half of the implanted 
children (48%) had some difficulty conversing at school. 
Also, half of the implanted children (45%) had difficulty in 
understanding the class. Although children with CIs can per-
ceive speech, they may have difficulty in understanding dur-
ing group or outdoor activities. Therefore, providing a good 
listening environment by considering the seating arrange-
ments or using hearing assistive technologies such as per-
sonal FM systems for some children with poor speech per-
ception is necessary for improving classroom performance. 

This study had several limitations. First, the academic per-
formance outcomes are mostly derived from parents’ opin-
ions rather than from scores on validated measures directly 
testing the children’s outcomes. Careful observation of im-
planted children’s classroom performance is required in both 
national and school-based achievement testing for tracking 
studies. Second, this study included a heterogeneous group 
of children in terms of age, implantation age, CI device char-
acteristics, presence or absence of additional disabilities, and 
the range of received educational supports. This study did not 
consider the CI device characteristics or educational supports. 
However, when adjusted for current age, sex, and listening 
modes, this study demonstrated that speech performance was 
significantly associated with academic performance. Educat-
ing children with CIs in mainstream schools appears to posi-
tively impact self-esteem and confidence in social integration 
in the future. However, 12 of the 67 implanted children attend-
ing mainstream schools experienced one or more grade reten-
tion episodes. The academic performance of CI children in 
mainstream schools was mostly satisfactory; however, they 
scored below average in some subjects. Furthermore, they 
reported some difficulty in understanding the class content 
and holding a conversation in a noisy background. Most of 
these difficulties were reflected by poor speech perception. 
Therefore, improving the listening environment for implant-
ed children in mainstream schools is necessary.
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