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TABLE 1. SUBJECTS

Corresponding
Grade Age (mo) Male Female Total
-1 62-77 56 57 113
1 76-88 27 33 60
2 85-100 26 25 51
3 98-112 22 35 57
4 112-126 19 21 40
5 125-140 23 37 60
6 136-147 13 20 33
Total 186 228 414

Grade -1 — preschool toddlers (ie, 1 year younger than school en-
trance age).

language development can be difficult to assess, be-
cause the concept of language includes a wide range
of aspects. Hence, to address these difficulties, test
batteries have been created that comprise many lan-
guage tests, covering major language domains and
providing a structured review for evaluating both
conversation and academic achievement.

In Japan, however, very few language tests are
available, especially for school-age children, al-
though some tests have been directly translated from
English into Japanese, and others have been devel-
oped under the influence of English-language tests.
However, because the structure of Japanese syntax
is very different from that of English, use of English
tests with Japanese speakers presents problems. In
addition, each language test was created separate-
ly. Therefore, the relationships among the tests and
their correlations with other developmental factors,
including communication and learning ability, have
not been established. To address these shortcomings,
we organized previously established language tests
representing different language domains to form a
set of tests called the Assessment Package for Lan-
guage Development in Japanese Hearing-Impaired
Children (ALADIJIN). In this report, Japanese chil-
dren in a standard sample were evaluated with the
tests in this package, and the correlations between
the test results, interpersonal communication skills,

and academic achievement were examined.

SUBJECTS AND METHODS

Subjects. The study subjects included 113 pre-
school children and 316 school-age students with-
out hearing impairment. Fifteen children were ex-
cluded from the sample because of low scores on
Raven’s Coloured Progressive Matrices (RCPM) or
the Screening Test of Reading and Writing for Japa-
nese Primary School Children (STRAW; less than
-2 SD). In total, 414 children were included in this
study (Table 1). The study was approved by the In-
stitutional Review Board of Okayama University.

Methods. Verbal communication function was
measured with the Test of Question-Answer In-
teraction Development (TQAID),* and academic
achievement was measured with the Japanese Lan-
guage by Criterion Referenced Test-II (CRT-II).
The results of these two tests were used as objec-
tive variables. For vocabulary, the Picture Vocabu-
lary Test-Revised (PVT-R),% the Standardized Com-
prehension Test of Abstract Words (SCTAW),’ and
the Word Fluency Test (WFT)?® were performed. For
syntax, the Syntactic Processing Test of Aphasia
(STA)?® was also performed. The results of the vo-
cabulary and syntax tests were used as explanatory
variables.

Because mental retardation and reading and writ-
ing difficulties (dyslexia or dysgraphia) can be con-
founding factors in language development, children
were screened with the RCPM!0 and the STRAW 1!
All test results are summarized in Table 2. All tests
except for the CRT-II were administered in a face-
to-face setting by trained doctors or speech thera-
pists. The CRT-II was administered in a group set-
ting.

Statistical Analysis. All test results are presented
as means and standard deviations. Elemental factors
that can affect the results of the TQAID and CRT-II

were evaluated by multiple linear regression analy-

TABLE 2. ALADJIN LANGUAGE TESTS ADMINISTERED AT DIFFERENT GRADE LEVELS

Grade TOAID CRT-I PVT-R SCTAW WFT STA STRAW RCPM
-1 + - + - + + +* -
1 + - + + + + +7 +
2 + + + + + + + +
3 + + + + + + + +
4 + + + + + + + +
5 + + + + + + + +
6 + + + + + + + +

See text for abbreviations.

*STRAW was partially applied in grade —1: reading and writing for one letter of hiragana.
tSTRAW was partially applied in grade 1: reading and writing for one letter of hiragana and katakana.
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TABLE 3. MEANS AND STANDARD DEVIATIONS ON ALADIJIN

Grade -1 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
CRT-II 854119 843+143 82.8+10.1 813+11.9 81.7+94
TQAID 2280+30.7 252.1+283 261.3+225 270.1+194 2784x144 2824+134 2864+126
PVT-R 270+87 356+88 435+84 52195 603 +8.1 66.6+75 706+65
SCTAW 115+43 16.1+35 199+33 23.1+43 24933 28023
WFT 194+76 33.8+10.9 38.1+£92 392+13.1 510+144  534x142 582+134
STA(C) 28164 31750 33138 36.1+£36 378+23 37427 379x26
STA(P) 352+104 45175 485x69 51755 536+3.6 545+38 545x44
STRAW(R) 174+48 393+25 97529 989 +2.8 982+0.6 98.5+1.2 99.7+0.6
STRAW(W) 108 +6.5 377+32 88.7+119 952+64 958+6.6 942 +48 96.6 +3.6
RCPM 27044 294+42 30935 33120 309+30 330+2.1

STA(C) — STA comprehension; STA(P) — STA production; STRAW(R) — STRAW reading; STRAW(W) — STRAW writing.

sis. All statistical values were calculated with JMP 9
software (SAS Institute Inc, Cary, North Carolina).

RESULTS

Test Results. The test results according to grade
level are outlined in Table 3. The mean (+SD) score
on the TQAID in preschool children (5 to 6 years of
age) was 228 + 30.7. More than 70% of the children
in the entire sample had nearly perfect scores on this
test. In the children in grade 3 (8 to 9 years of age),
the mean score was 270.1 + 19.4. A ceiling effect
was observed at this age. All three vocabulary tests
(PVT-R, SCTAW, and WFT) demonstrated incre-
mental increases in vocabulary by grade, whereas
the scores for the comprehension test for syntactic
structure (STA) almost reached ceiling values (33.1
+ 3.8 and 36.1 + 3.6 in grades 2 and 3, respectively).
The STA production test showed marked improve-
ment from preschool age to grade 1 (35.2+ 104 and
45.1 + 7.5, respectively). Again, a ceiling effect was
observed at grade 3 (51.7 £5.5).

Wide interpersonal variation was observed in the
results on the STRAW for the 5- to 6-year-old group
(174 + 4.8 in reading and 10.8 = 6.5 in writing).
Because the test for kanji characters (Japanese ideo-
grams) was included in STRAW testing of the chil-
dren in grade 2 (7 to 8 years of age) and older, the
difference between reading and writing scores did
not become apparent until that grade level.

Multiple Regression Analysis. The TQAID scores

TABLE 4. RESULTS OF MULTIPLE REGRESSION
ANALYSIS OF TQAID FOR GRADES -1 TO 3 (N = 281)

SPRC 95% CI p
PVT-R 4.37 0.31t00.82 <0.0001
WEFT 547 0.57t01.23 <0.0001
STA(C) 0.75 ~0.32t00.715 045
STA(P) 6.97 0.84t01.51 <0.0001
CD 0.59 <0.0001

SPRC — standardized partial regression coefficient; 95% CI — 95%
confidence interval; CD — coefficient of determination.

were analyzed for children who were in grades low-
er than grade 4 (9 to 10 years of age), because an
apparent ceiling effect was observed among chil-
dren of this age and older. The results of the PVT-
R, WFT, STA (comprehension), and STA (produc-
tion) were used as explanatory variables. The results
(Table 4) indicated that the WFT, PVT-R, and STA
(production) had predictive value for the TQAID (R
=0.59; R2=0.58; p < 0.0001). The standard regres-
sion variables (standardized partial regression coef-
ficients) were significant: 6.97 for STA (production;
p < 0.0001), 547 for the WFT (p < 0.0001), and
4.37 for the PVT-R (p < 0.0001). A CRT-II analy-
sis was performed separately for each grade because
of differences in content according to grade level.
The results of the SCTAW, WFT, STA (comprehen-
sion), and STA (production) were used as explana-
tory variables. Among these variables, those of the
SCTAW and STA (comprehension) had high predic-
tive value for the scores on the CRT-II (Table 5).

DISCUSSION

In this study, the ALADIJIN was used to evaluate
the effect of language development on interpersonal
communication skills and academic achievement in
a normative sample of Japanese-speaking children.
The impact of vocabulary, syntax, and reading and

- writing abilities in these two areas was examined.

The results of the TQAID demonstrated that chil-
dren 5 to 6 years of age have fairly well-developed
interpersonal communication skills. A ceiling effect
was observed on this test at grade 3 (8 to 9 years of
age). Thus, in standard samples, the TQAID may not
be appropriate for children more than 9 years of age.
Alternatively, this test could be used for screening
of children more than 9 years of age to detect crucial
delays in interpersonal communication skills.

The scores on the vocabulary tests in this study
(PVT-R, SCTAW, and WFT) increased incremen-
tally by grade level. The results also indicated that
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TABLE 5. RESULTS OF MULTIPLE REGRESSION ANALYSIS OF CRT-II
Grade 2 (n = 51) Grade 3 (n = 57) Grade 4 (n = 40) Grade 5 (n = 60) Grade 6 (n = 33)
SPRC 95% CI SPRC 95% CI SPRC 95% CI SPRC 95% CI SPRC 95% CI
SCTAW  2.67* 030t02.10 3.67t 0.75t02.58 158 -0.17t0138 2.55% 025t02.09 2937 057t03.22
WFT -0.66 -040t00.20 1.74 0.75t02.58 111 -0.10t0035 063 -0.13t0026 1.12 -0.09t00.31
STA(C) 3,161 0.54t02.46 2.57% 025t0201 024 -125t01.60 2.18t 0.10t0236 133 -044t02.05
STA(P) -061 -064t0035 080 -037t0085 097 -047t0135 153 -0.18t0o131 148 -0.18t01.10

CD 10.43% 0.47% 0.16 0.40% 0.56%

*p <0.05.

Tp <001.

£p <0.0001.
vocabulary building may play an important role in mainstream school with no specialist support. How-
development of more complicated language skills in ever, some children in each grade demonstrated very
older children.1? A ceiling effect was also observed poor language development (more than -2 SD).
on the test for syntax (STA) in grade 3. School-age Further inquiries demonstrated that the teachers and
children acquire the basic structures of syntax rela- caregivers were already aware of these children’s
tively early. difficulties, but were unaware of the causes of these

difficulties or how to offer appropriate support. The
present data demonstrate the possibility that domain-
based language development assessment can predict
skills, as indicated by the results on the TQAID, the results of academic achievement. The ALADJIN
and in academic achievement, as indicated by the may therefore play an important role in identifying
results on the CRT-II. The results on the WFT and children who need language support and in indicat-
STA (production) tests were strongly correlated with ing in what areas the support is most needed.

those on the TQAID, and the results on the CRT-II

The results of the multiple regression analy-
sis suggested that different language domains may
play different roles in interpersonal communication

were highly correlated with those on the SCTAW CONCLUSIONS
and STA (comprehension). Interpersonal communi- Using the ALADJIN, we evaluated language abil-
cation skills as measured by the TQAID may include ity in different language domains in Japanese-speak-
the abll‘lty fo select or use appropriate words or sen- ing children. Development in the productive language
tences in response to given situations or questions. domains (productive vocabulary and syntax) had an
In other words, the results on th_e TQAID may re- effect on interpersonal communication skills, and de-
~ flect the development of productive language (both velopment in the receptive language domains (recep-
vocabulary and syntax). By contr ast, the results on tive vocabulary and syntax) had an effect on academ-
the CRT-II were well correlatef:l with those. of the ic achievement, together with reading and writing
.SCTAW and STA (comprehension), suggesting the ability. The aim of the ALADIJIN is to provide assis-
importance of both vocabulary and syntax in com- tance or guidance for diagnosis and intervention. The
prehension. ALADIIN allows important insights into language
This study was conducted with a standard sam- delay in children and provides a guide to intervention
ple of preschool and school-age children attending a by indicating weak points that must be overcome.

Acknowledgments: We thank all participants in this study, including the children, parents, teachers, and other collaborative staff of the
Research on Sensory and Communicative Disorders project conducted by the Association for Technical Aids (Tokyo, Japan). We also
thank Dr Yasoichi Nakajima and Dr Hiroko Inoue for valuable advice.

REFERENCES

1. Sasamori H, Gokami T, Kuboyama S, et al. Current situa- ry-Answering Relationship [in Japanese]. Tokyo, Japan: Escor
tion and problems for early detection and early support for chil- Co, 1996.
dren with developmental disability. National Institute of Special 5. Tatsuno C, Kitao M. The manual for Criterion Refer-
Needs Education, 2010;38:3-15. enced Test (CRT-I) [in Japanese]. Tokyo, Japan: Toshobunka,

2. Hargrove ML. Learning disabilities. Early identification 2007.
signals for parents and teachers. Education 1982;102:366-8. 6. Ueno K, Nagoshi S, Konuki S. Picture Vocabulary Test—

3. Koed T, Tomita Y, Takeshita K. Prognosis of three-year- Revised. Hiroshima, Japan: Saccess/Bell Co Ltd, 2008.
old children with developmental speech delay: reading and writ- 7. Haruhara N, Kaneko M, Uno A. The Standardized Com-
ing abilities at eight years of age [in Japanese]. No To Hattatsu prehension Test of Abstract Words. Tokyo, Japan: Interuna Pub-
1990;22:235-40. lishers, 2002.

4. Satake T, Higachie H, Chinen H. Manual for Test of Que- 8. Koren R, Kofman O, Berger A. Analysis of word cluster-

- 104 -



39 Sugishita et al, Domain-Based Analysis of Japanese Language Development 39

ing in verbal fluency of school-aged children. Arch Clin Neu-
ropsychol 2005;20:1087-104.

9. FujitaI, Miyake T. The manual for the syntactic process-
ing test of aphasia [in Japanese]. Tochigi, Japan: The Japanese
Workshop of Verbal Communication, 2009.

10. Raven’s Coloured Progressive Matrices in Japanese Chil-
dren as a screening intelligence test for children with learning
disorder and acquired childhood aphasia. Jpn J Logop Phoniatr

- 105 -

2005;46:185-9.

11. Uno A, Haruhara N, Kaneko M. Reading/writing screen-
ing for school aged children: an approach to detect developmen-
tal dyslexia [in Japanese]. Tokyo, Japan: Interuna Publishers,
2006.

12. Noboru T. Vocabulary development in elementary school
children. Communication Association of Japan, 2006;23:118-
25.



International Journal of Pediatric Otorhinolaryngology 76 (2012) 433-438

Language development in Japanese children who receive cochlear implant and/or
hearing aid

Satoshi Iwasaki®*, Shinya Nishio ®, Hideaki Moteki *®, Yutaka Takumi P, Kunihiro Fukushima¢,
Norio Kasai %4, Shin-ichi Usami®

2 Department of Hearing Implant Sciences, Shinshu University School of Medicine, japan
b Department of Otolaryngology, Shinshu University School of Medicine, Japan
< Department of Otolaryngology, Head and Neck Surgery, Okayama University Postgraduate School of Medicine, Dentistry, and Pharmaceutical Science, Japan

dThe Association for Technical Aids, Japan

ARTICLE INFO ABSTRACT

Objectives: This study aimed to investigate a wide variety of factors that influence auditory, speech, and
language development following pediatric cochlear implantation (CI).

Study design: Prospective collection of language tested data in profound hearing-impaired children.
Hypothesis: Pediatric CI can potentially be effective to development of practical communication skllls
and early implantation is more effective.

Methods: We proposed a set of language tests (assessment package of the language development for
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Keywor@s:l hearing | Japanese hearing-impaired children; ALADJIN) consisting of communication skills testing (test for
f::gg::;: d;:;;:i ::: question—-answer interaction development; TQAID), comprehensive {Peabody Picture Vocabulary Test-
Cochlear implant Revised; PVT-R and Standardized Comprehension Test for Abstract Words; SCTAW) and productive
Communication vocabulary (Word Fluency Test; WFT), and comprehensive and productive syntax (Syntactic processing

Test for Aphasia; STA). Of 638 hearing-impaired children recruited for this study, 282 (44.2%) with
>70 dB hearing impairment had undergone CI. After excluding children with low birth weight (<1800 g),
those with >11 points on the Pervasive Deveiopmental Disorder AS] Rating Scale for the test of autistic
tendency, and those <2 SD on Raven’s Colored Progressive Matrices for the test of non-verbal intelligence,
190 children were subjected to this set of language tests.
Results: Sixty children (31.6%) were unilateral Cl-only users, 128 (67.4%) were Cl-hearing ald (HA) users,
and 2 (1.1%) were bilateral CI users. Hearing loss level of CI users was significantly (p < 0.01) worse than
that of HA-only users. However, the threshold level, maximum speech discrimination score, and speech
intelligibility rating in Cl users were significantly (p < 0.01) better than those in HA-only users. The scores
for PVT-R (p < 0.01), SCTAW, and WFT in Cl users were better than those in HA-only users. STA and TQAID
scores in CI-HA users were significantly (p < 0.05) better than those in unilateral Cl-only users. The high
correlation (r = 0.52) has been found between the age of Cl and maximum speech discrimination score.
The'scores of speech and language tests in the implanted children before 24 months of age have been
better than those in the implanted children after 24 months of age.
Conclusions: We could indicate that CI was effective for language development in. Japanese hearing-
impaired children and early CI was more effective for productive vocabulary and syntax.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Management of ClI in infants and children is one of the most
striking advances for congenital severe to profound hearing loss.
Several studies have shown that early implantation can be

* Corresponding author at: Department of Hearing Implant Sciences, Shinshu
University School of Medicine, 3-1-1 Asahi, Matsumoto 390-8621, Japan.
Tel.: +81 263 37 2666; fax: +81 263 36 9164.
E-mail address: iwasakis@shinshu-u.ac.jp (S. Iwasaki).

0165-5876/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ijporl.2011.12.027

beneficial not only for speech perception, but also for the
development of speech and language [1-3]. Moreover, early
intervention for children with hearing loss facilitates successful
educational integration at the earliest possible age [4].

More than 20 years have passed since the first pediatric CI
surgery was performed in Japan. Many hearing-impaired children
are now benefiting from this device. However, the long-term
benefits for Japanese ClI users have rarely been reported. In
particular, language development after Cl among Japanese children
has not often been investigated. Language development outcomes
among children with prelingual hearing impairment have been
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studied in Indo-European languages, but language differences may
have an effect on language development in children with CL In
addition, differences in national and local education systems may
make a difference to language development. To determine the
effect of Cl, we examined language development in different
language and/or social systems.

Language differences may add other difficulties; for example,
interpretation of Japanese language test results may not be
comparable with that of English or other European language tests.
To reduce these difficulties, we have established the assessment
package of the language development for Japanese hearing-
impaired children (ALADJIN) as a language performance evaluation
tool for hearing-impaired children. ALADJIN includes several
Japanese language tests that are directly comparable with
previously reported English tests, including the Peabody Picture
Vocabulary Test-Revised (PVT-R) and Test for Reception of
Grammar (TROG)-like syntax tests (e.g., the Syntactic processing
Test for Aphasia; STA). These tests all have their own distinctive
emphasis and evaluate different aspects or domains of language.

In 2010, we assessed the current status of hearing-impaired
children in Japan through a project called Research on Sensory and
Communicative Disorders (RSCD). ALADJIN was used in this
nationwide research project. The RSCD was originally intended
to assess the effectiveness of interventional methods for hearing-
impaired children. As part of the RSCD survey, we evaluated the
domain-specific language status of Japanese hearing-impaired
children with CI, not only in selected institutes and schools that
potentially yield biases, but in a wide variety of institutes in Japan.

Thus, the objective of this study was to evaluate the
development of interpersonal communication skills (IPCS) in
hearing-impaired children with Cl using the ALADJIN data set from
the RSCD nationwide research project.

2. Materials and methods

All ALADJIN tests were conducted by trained audiologists,
speech pathologists, or deaf schoel teachers in a noise-minimized
compartment. Audiometry for evaluation of hearing level, pure-
tone threshold, speech discrimination test, and speech intelligibil-
ity rating [5] were measured in a sound-attenuated room of the
relevant hospital. The study design was approved by the ethics
review board of the Association of Technical Aids.

2.1. Subjects

In 2009, 124 institutes were participated in the RSCD project and
638 hearing-impaired children were registered; written informed
consent was obtained from their parents. Open recruitment was
conducted not only in institutes for hearing-impaired children, i.e.,
deaf schools and hard of hearing schools, but also in mainstream
schools, day-care nurseries, and hospital/clinic training programs.

Most children included in this project were within the age range
from 4 years (2 years before elementary school entrance; —2 grade)
to 12 years (6th grade of elementary school; +6 grade) and
confirmed to have congenital hearing impairment (average
hearing level >70dB at 4 years of age). Children who were
discernibly unable to complete the ALADJIN tests due to additional
handicaps were excluded. 282 (44.2%) participating children were
Cl users, and about 45% of the hearing-impaired children of each
age group were Cl users (Fig. 1). Subjects were classified into four
groups as follows: (1) “unil Cl-only” group with unilateral Cl users,
(2) “CI-HA" group with Cl plus conventional HA users (also called
the bimodal stimulation group), (3) “bil-CI" group with bilateral CI
users, and (4) “HA-only” group with HA users. The number of CI
children in each age group is given in Fig. 2. 84 children (35 males
and 49 females, 29.8%) in the unil Cl-onlv group were diagnosed as

®Cl Onon.Ci

100%
80%
60%
40%

20%

0% B : :
45y 56y &7Y 7-8y 89y 910y 10-11yii-12y

Fig. 1. The rate of Cl-only users among the participating hearing-impaired children
of each age group. About 45% of hearing-impaired children (>70 dB hearing level)in
this study were Ci-only users. CI: cochlear implant.

hearing-impaired at 12.5 months on average. In the CI-HA group,
196 children (99 males and 97 females, 69.5%) were diagnosed as
hearing-impaired at 10.9 months on average. Two children (1 male
and 1 female, 0.7%) were bilateral CI users (bil-Cl group). In the HA-
only group, 356 children were diagnosed as hearing-impaired at
13.3 months and fitted at first hearing aids at 17.2 months (0-74
months) on average. Age at first fitting hearing aids in the children
with CI was 15 months (2-47 months).

In order to reduce the influence of developmental disabilities in
our evaluation of the language tests (ALADJIN), participating children
with birth weights <1800 g, PARS scores >11 points, and RCPM
scores <2 SD of the average were excluded. The numbers of subjects
ineach group were evaluated in the language tests as follows: 60 unil
Cl-only users, 128 CI-HA users, and 203 HA-only users. No significant
differences in the scores of PARS and RCPM among the unil Ci-only,
CI-HA, and HA-only users were found (Fig. 3).

2.2. Test battery

We used the test for question-answer interaction development
(TQAID) as a tool to measure IPCS function objectively. To let
children understand a content of task, their favorite mode of
communication (aural, sign language, total communication) were
used to perform the language tests. 80% of subjects used aural
communication as major mode in the domestic life. The following
tests were also used to evaluate IPCS the day after administration
of the TQAID. '

60 - " BC+HA Ounil-Clonly BBilQl

50 -

40 7

30 -

20

10

Fig. 2. Number of children in the CI-HA, unil Ci-only, and bil-CI groups in each age
range. Cl plus HA users {bimodal stimulation) make up the majority of Cl users. CI:
cochlear implant; unil Cl: unil Cl-only users; bil-Cl: bilateral C1 users; CI-HA: HA
and (1 users.
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% RCPM % PARS
65 65
60 60
55 55

Cl-HA

HA-only

unil-Cl only

HA-only C1-HA unil-Cl only

Fig. 3. The scores of PARS and RCPM tests in the HA-only, CI-HA, and unil Cl-only groups. There were no significant differences in average scores among the groups. PARS:
Pervasive Developmental Disorder AS] Rating Scales for evaluating autistic tendency; RCPM: Raven’s Colored Progressive Matrices test for evaluating non-verbal intelligence;

CI: cochlear implant; HA: hearing aid.

The Word Fluency Test (WFT) was conducted as a measure of
productive vocabulary [6,7]. Children were asked to produce as
many words as possible from a certain category in 60 s. The words,
represented either orally or manually, were carefully counted,
excluding onomastic words. The Japanese version of the PVT-R [8]
and the Standardized Comprehension Test for Abstract Words
(SCTAW) [9] were also conducted to evaluate comprehensive
vocabulary. An adjusted score was used in this study. The SCTAW
consists of 32 or 45 abstract words selected from Japanese school
textbooks. The details of how this methed has been adapted for
hearing-impaired children have been reported in previous studies
[9,10]. Only school-aged children were subjected to this test.

The STA evaluates comprehension and production of syntactic
structures. The children were asked to choose one of the four
pictures appropriate to the tester’s presentation (comprehension
test) or to express a sentence according to a picture that the tester
indicated (production test) [11]. The tests evaluated understanding
and expression of irreversible sentences, reversible sentences,
Japanese suffixes (Jyo-Shi), and other syntactic structures, includ-
ing relative pronouns.

To evaluate additional handicaps other than hearing im-
pairment, the Pervasive Developmental Disorder AS] Rating Scale
(PARS) test for autistic tendency [12] and Raven’s Colored
Progressive Matrices (RCPM) test of non-verbal intelligence [13]
were used only in school-aged children.

2.3. Statistical analyses

All statistical values were calculated using IBM SPSS Statistics
18 software (IBM Corp., Armonk, NY, USA). Correlations and
standard deviations within each group were examined. The scores
of the language tests (PARS, RCPM, PVT-R, SCTAW, WFT, STA, and
TQAID) were translated as Z-scores from the results of each test in
each age group.

3. Results

There were significant (p < 0.01) differences in the scores of
average hearing loss level, average threshold level with hearing
devices, maximum speech discrimination score, and speech
intelligibility rating between Cl users (unil CI-only or CI-HA users)
and HA-only users (Fig. 4). Hearing loss level of Cl users was
significantly lower than that of HA-only users. However, the

threshold level, maximum speech discrimination scores, and
speech intelligibility rating of CI users were significantly better
than those of HA-only users. The scores of the PVT-R, SCTAW, and
WEFT tests, which evaluate vocabulary, were higher in CI users than
in HA-only users (Fig. 5). There was a significant difference
(p < 0.01) in the results of the PVT-R test. The scores of the STA
(Fig. 6) and TQAID (Fig. 7) in CI-HA users were significantly higher
(p < 0.05) than those in the unil Cl-only group.

The high correlation (r = 0.52) has been found between the age
of ClI and maximum speech discrimination score (Fig. 8). The
average scores of speech and language tests in the implanted
children before 24 months of age have been better than those in the
implanted children after 24 months of age (Table 1). The average
scores of WFT (evaluation of productive vocabulary) and compre-
hension and production tests of STA (evaluation of syntactic
structure) were significantly better in the implanted children
before age of 24 months compared with the implanted children
after age of 24 months. '

4. Discussion

To evaluate the language development in the typical hearing-
impaired children, we have made exclusionary criteria to standard-
ize the subjects in this study. We excluded the hearing-impaired
children with birth weights <1800 g who scored >11 points on the
PARS test and <2 SD on the RCPM. Very low birth weight children are
at a high risk of neurosensory disability, including developmental
delay, behavioral problems, and learning disabilities [ 14]. Long-term
follow-up studies have also emphasized the prevalence of signifi-
cant neuropsychological and behavioral deficits at school age in
children of very low birth weight [15]. Therefore, we excluded
children with birth weights <1800 g to reduce the influence of
developmental disabilities in our evaluation of communication
skills. The PARS and RCPM tests determine the presence of pervasive
developmental disorders and non-verbal intelligence, respectively.
The scores in these tests were not significantly different among unil
Cl-only, CI-HA, and HA-only users. Consequently, children with
developmental disabilities were excluded from the present study.
However, children with ANSD (auditory neuropathy spectrum
disorder) could not been excluded, because we did not get the data of
ABR and OAE in this study.

Speech development for prelingual deaf children depends on
optimal amplification with a CI or HA. Language acquisition is a
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Fig. 4. Hearing loss levels, threshold levels, maximum speech discrimination scores, and speech intelligibility scores in the HA-only, CI-HA, and unil Cl-only groups. There are
significant differences (p < 0.01) in hearing levels, threshold levels, speech discrimination scores, and intelligibility scores between the CI group (C1-HA or unil Cl-only
groups) and HA-only group. Children with CI achieve better threshold levels, speech discrimination, and intelligibility compared with HA-only users. **p < 0.01, CI: cochlear

implant; HA: hearing aid.

high priority among deaf children who receive CI. During the
1990s, the following factors were considered to be associated with
good speech ‘development: age at implantation, duration of
deafness, amount of daily use, mode of communication, and
absence of other handicaps. Dettman et al. [16] reported that
infants with implantation during the first year of life had

significantly faster rates of receptive and expressive language
development than those with implantation in the second year of
life. On the other hand, another study found no significant
differences in the performance in terms of spoken word recogni-
tion and expressive language development between children with
implantation in the first and second years of life [17]. In our study,

% PVT-R % SCTAW % WET
65 ok 3 65
1
60 60 60
55 55 I 55

unil-Ci only HA-only Cl-HA HA-only Cl-HA

HA-only Cl-HA unil-Cl only unil-Cl only

Fig. 5. Scores of the PVT-R, SCTAW, and WFT tests in the HA-only, CI-HA, and unil Cl-only groups. Scores of the PVT-R, SCTAW, and WFT tests in the CI-HA and unil Cl-only
groups were better than those in the HA-only group. A significant difference (p < 0.01) was found in the scores of the PVT-R test. **p < 0.01, PVT-R: Peabody Picture
Vocabulary Test-Revised; SCTAW: Screening Test for Abstract Words; WFT: Word Fluency Test. Values in the longitudinal line indicate Z-score.
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Fig. 6. Scores of the STA test (comprehension and production) in the HA-only, CI-HA, and unil Cl-only groups. STA test scores (comprehension) in the CI-HA group were
significantly higher (p < 0.05) than in the HA-only group. STA test scores (production) in the CI-HA group were significantly higher (p < 0.05) than those in the unil Cl-only
and HA-only groups. *p < 0.05. STA: Syntactic processing Test for Aphasia test. Values in the longitudinal line indicate Z-score.

early CI was more effective for better speech discrimination and
children with CI before the second year of life had significantly
better scores of productive vocabulary and comprehensive and
productive syntax.

Early intervention has a strong influence on language outcomes
in most, but not all, hearing-impaired children. The degree of
hearing loss is an important factor in the modeling of speech
production and spoken language outcomes. Several studies have
demonstrated a clear relationship between the degree of hearing
loss and language outcome [18]. In our study, the average age at
diagnosis of hearing loss in children with CI was 11.4 months. Age
at diagnosis in CI-HA users (10.9 months) was earlier than in unil
Cl-only users (12.5 months) and HA-only users (13.3 months).
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Fig. 7. The scores of TQAID test in the HA-only, CI-HA, and unil Cl-only groups. The
score of TQAID test in the CI-HA group is significantly (p < 0.05) better than that in
the unil Cl-only group. *p < 0.05, TQAID: test for question-answer interaction
development is for evaluating the IPCS (interpersonal communication skills)
function. Values in the longitudinal line indicate Z-score.

Cl-HA unil-Cl only

Better speech and language development was found in CI-HA users
compared with unil Cl-only users.

The degree of hearing loss in CI users was higher than in HA-
only users. Speech discrimination score and intelligibility rating
were higher in CI users than in HA-only users. The degree of
hearing loss was significantly negatively correlated with speech
discrimination and intelligibility. However, no clear relationship
between the degree of threshold with the amplification devices
and speech discrimination and intelligibility was found. The degree
of threshold with amplification is thus a predictive factor of speech
discrimination and intelligibility. It is beneficial for the CI to
establish the better threshold level because fitting method is
completely different. This study confirmed that CI has a positive
influence on speech discrimination and intelligibility in severely
hearing-impaired children. However, 124 institutions were
participated in this study as nationwide research project, so there
might be a confounding variable for selection of amplification
devices (CI/HA vs CI/CI vs unil CI).
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Fig. 8. The correlation between the age of cochlear implantation and maximum

speech discrimination score. The high correlation (r = 0.52) has been found between
the age of Cl and maximum speech discrimination score.
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Table 1
Average scores of language tests (ALADJIN) in children with CI before and after age of 24 months.
PVT-R WFT SCTAW STA (Com) STA (Pro) TQAID RCPM PARS
CI after 24 mo (N=29) 29.5 12.9 13.7 23.1 34.1 2094 27.5 53
CI before 24 mo (N=161) 322 15.6 13.8 26.2 39.0 229.7 28.1 45
t-Value 0.19 0.02 0.99 0.04 0.04 0.06 0.77 0.30

PVT-R: Peabody Picture Vocabulary Test-Revised; WFT: Word Fluency Test; SCTAW: Standardized Comprehension Test for Abstract Words; STA (Com): Syntactic processing
Test for Aphasia (Comprehension); STA (Pro): Syntactic processing Test for Aphasia (Production). TQAID: test for question-answer interaction development; RCPM: Raven's
Colored Progressive Matrices; PARS: Pervasive Developmental Disorder AS] Rating Scale; CI: cochlear implantation; mo: months; N: number.

In evaluating auditory performance, formal speech perception
tests, such as open-set and closed-set tests, are often used in
children with CI. Communication skills, including auditory, speech,
and language development for congenital and prelingual deaf
children with CI, are influenced by a wide variety of factors. Several
studies have reported that factors such as gender, nonverbal
intelligence, estimated family income, communication mode,
performance IQ, working memory capacity, articulation rate,
and verbal rehearsal speed may predispose a child to better or
poorer outcomes with a CI [3,17].

We developed ALADJIN as a set of language tests to evaluate
IPCS ability. Results of this assessment showed that CI was more
effective for the development of comprehensive and productive
vocabulary compared with HA, and bimodal hearing with CI and
HA positively influence the development of vocabulary (compre-
hensive and productive), syntax (comprehensive and productive),
and IPCS compared with unilateral hearing with CL. Consequently,
we can conclude that early CI, especially in combination with HA, is
useful in the development of communication skills.
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of interventional methods for hearing—impaired chil-
dren. Of the 638 hearing—impaired children who
participated in the RSCD project in 2009, 282 (44.2
%) were cochlear implant users. Of these, 196
(69.5%) were both cochlear implant plus hearing
aid (bimodal stimulation) users, 84 (29.8%) were
unilateral-cochlear implant only users, and 2 chil-
dren (0.7%) were bilateral cochlear implant users.
The average hearing loss level was 109.7dB.
However, good outcomes of the hearing threshold
(35.9dB) and maximum speech discrimination

score (80.3%) were observed. A high correlation -

(r=0.52) was found between the age at cochlear
implantation and the maximum speech discrimina-
tion score. The scores on the speech and language
tests in the children who were under 24 months of
age at the time of the cochlear implant surgery
were better than those in the children who were
over 24 months of age at the time of the surgery.
The results of our study indicate that early implanta-
tion is beneficial for speech and language develop-

ment.
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Language development of prelingually deaf-
ened children with cochlear implant.
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With over 20 years of experience in the use of
cochlear implants in Japan, many of the prelingual
users have reached school age and are able to be
subjected to tests for language development.

Language development was compared between
26 prelingually—deafened children who had received
cochlear implants at Okayama University and 184
cochlear implant users enrolled in the Research on
Sensory and Communicative Disorders (RSCD)
project. The demographic background demon-
strated a significantly wider prevalence of subjects
who had undergone newborn hearing screening and
earlier commencement of interventions in our
group. Significantly better achievement of Japanese
Language skills was observed in our group, al-
though no significant differences were observed in
the results of domain—based language tests.

Systematic approaches from early identification
to cochlear implantation may allow better academic

achievement among school—-aged cochlear implant
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