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Assessment Package for Language Development in Japanese
Hearing-Impaired Children (ALADIJIN) as a Test Battery
for the Development of Practical Communication

Kunihiro Fukushima, MD, PhD; Norio Kasai, MD, PhD; Kana Omori;
Akiko Sugaya, MD; Akie Fujiyoshi; Tomoko Taguchi; Takayuki Konishi;
Syuuhei Sugishita; Wataru Takei, PhD; Hiroshi Fujino, PhD;
Toshiyuki Ojima, MD, PhD; Kazunori Nishizaki, MD, PhD

Objectives: The measurement of language development in hearing-impaired children is an important step in assessing
the appropriateness of an intervention. We proposed a set of language tests (the Assessment Package for Language De-
velopment in Japanese Hearing-Impaired Children [ALADIJIN]) to evaluate the development of practical communication
skills. This package consisted of communication skills (TQAID), comprehensive (PVT-R and SCTAW) and productive
vocabulary (WFT), comprehensive and productive syntax (STA), and the STRAW.

Methods: A total of 638 children with greater than 70-dB hearing impairment were subjected to this set of language
tests. Additional tests, including the PARS, the RCPM, and parental questionnaires, were administered to assess the back-
grounds of the children.

Results: A trimodal distribution was observed among hearing-impaired children by the histogram-based analysis of each
test.

Conclusions: The ALADJIN is a useful Japanese-language evaluation kit for hearing-impaired children.

Key Words: communication, hearing impairment, language development, syntax, vocabulary.

INTRODUCTION childhood are interpersonal communication skills 3
which constitute pragmatic skills. We aimed to eval-
uate the Test for Question-Answer Interaction De-
velopment (TQAID)? as a tool that measures inter-
personal communication skills. Toyama et all® were
the first to report on the TQAID as a test for lan-
guage development in children during early child-
hood. This test comprises 57 questions in 10 catego-
ries, including formulaic questions (eg, “How old
are you?” and “What is your name?”) and compli-
cated narrative questions (eg, “Please explain how
to make a tunnel in the sand pit” and “Please explain
the story of Momotarou” [an old Japanese tale]). It
investigates pragmatic aspects of language develop-

The evaluation of language development in hear-
ing-impaired children is important in assessing the
appropriateness of devices (ie, hearing aids or co-
chlear implants), assessing the efficacy of educa-
tional support, and identifying additional disabilities
such as learning disabilities and  disproportionate
language impairment.1-3 Several different packages,
including the Nottingham Early Assessment Pack-
age* and others,>7 have been established to evaluate
the development of communication and language
for children with hearing impairment. Each of these
tests has its own distinctive approach that evaluates

different aspects or domains of language.

Among the most important language skills that
are critical for hearing-impaired children in early

ment, ie, the ability to add linguistic information in -
response to different situations.®

Second, the development of interpersonal commu-
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nication skills is related to the development of sev-
eral different language domains and cognitive func-
tions, including vocabulary, syntax, and reading and
writing skills. By exploring these language domains,
we may be able to refine the intervention strategies
and encourage better interpersonal communication
skills development. In this study, we also examined
tests of several language domains, including vocab-
ulary perception and production, Japanese-language
syntax perception and production, and reading and
writing Japanese characters, in the same partici-
pants. By evaluating these tests simultaneously, we
propose the Assessment Package for Language De-
velopment in Japanese Hearing-Impaired Children
(ALADIJIN) as a language performance evaluation
procedure for hearing-impaired children.

Third, the accumulation of these language do-
main profiles among hearing-impaired children
can build a robust epidemiological data set that is
indispensable for health-care planners in establish-
ing supporting systems for hearing-impaired chil-
dren.2 In 2009, we planned to assess the current
status of hearing-impaired children in Japan with
the Research on Sensory and Communicative Dis-
orders (RSCD) project, and the ALADJIN was
used as a part of this nationwide research project.
The RSCD project was originally developed to as-
sess the effectiveness of interventional methods for
hearing-impaired children, including newborn hear-
ing screening. Therefore, several hearing-impaired
children from different areas of Japan participated
in the RSCD project. Eventually, we will be able to
know the domain-specific language status of Japa-
nese hearing-impaired children, not only in selected
institutions and schools, which potentially yield bi-
ases, but also in various institutions in Japan. To im-
prove long-term outcomes of hearing impairment at
the population level and establish proper health care
or welfare system aid for hearing-impaired children,
knowing the population-based distribution in each
language domain is important.

SUBJECTS AND METHODS

Subjects. The study included 638 hearing-im-
paired children who had participated in the RSCD
project in Japan. (Written informed consent was
provided in 2009.) First, during the period of open
recruitment of institutions for hearing-impaired chil-
dren, we invited schools for the deaf, schools for the
hard-of-hearing, mainstream schools, daycare cen-
ters, and hospital training rooms to participate in the
RSCD project (Table 1 and Fig 1), and the majority
of the children at the institutions were recruited to
this project according to the following inclusion cri-
teria: 1) age from 48 months (2 years before elemen-

_7'0...

TABLE 1. INSTITUTIONS AND CHILDREN WHO

PARTICIPATED IN PROJECT
No. Yo
Total number of institutions 124
Hospitals or clinics 66
Deaf schools 24
Mainstream schools 5
Preschool training centers 9
Universities 7
Others 2
Total number of children 638
Grade -2 (48-59 mo of age) 107 168
Grade -1 (60-71 mo of age) 90 141
Grade 1 (72-83 mo of age) 102 160
Grade 2 (84-95 mo of age) 76 119
Grade 3 (96-107 mo of age) 76 119
Grade 4 (108-119 mo of age) 63 99
Grade 5 (120-131 mo of age) 67 10.5
Grade 6 (132-143 mo of age) 57 8.9

tary school entrance, ie, grade —2) to 155 months
(6th grade of primary school, ie, grade 6); and 2)
congenital hearing impairment, with a hearing level
of greater than 70 dB (on average) appearing no lat-
er than 4 years of age. Children who were unable to
complete the ALADJIN because of additional dis-
abilities were excluded. All ALADIJIN testing was
conducted by trained speech-language hearing ther-
apists or deaf-school teachers in a noise-minimized
area. The study design was approved by the ethical
review board of the Association for Technical Aids.
Background information, including hearing level,
age at identification, diagnosis of hearing impair-
ment, modes of communication, hearing devices,
and age at commencement of hearing intervention,
was collected by parental questionnaire. The hearing
status of each child, including the pure tone thresh-
old for the better-hearing ear and the aided hearing
threshold, was also obtained from either the hospital
or the school.

TQAID. Abrief explanation of the TQAID is given
above. All children were administered the TQAID,
and the results were summarized according to the
manual. The children received these tests through
their favored mode of communication — oral, aural,
or manual — and the mode of communication used
for the test was documented. The following tests
were conducted for each participant on the day after
administration of the TQAID.

Vocabulary Tests. The Word Fluency Test (WFT)
was conducted as a productive vocabulary task.!1-13
The children were asked to generate as many words
from a category as possible in 60 seconds. The cat-
egory used in this study was 3 phonetic tasks (words
starting with 3 different morae /a/, /ka/, and /shi/) or
a semantic task (names of animals). The numbers of
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Fig 1. Collaborative institutions of Research

on Sensory and Communicative Disorders
project in Japan.

words that were represented either orally or manual-
ly were counted separately, except for the onomastic
words. This procedure has already been established
for examining language ability that relates to dam-
aged frontal lobe function.!13 The Japanese version
of the Peabody Picture Vocabulary Test-Revised
(PVT-R)!* and the Standardized Comprehension
Test of Abstract Words (SCTAW)!> were conducted
as comprehensive vocabulary tasks, and an adjusted
score was used in this study. The SCTAW consists
of 32 or 45 abstract words selected from Japanese
textbooks. The details of this method for hearing-
impaired children are reported elsewhere.!3:16 The
SCTAW is performed solely for school-age children.
For these tests, the children were first encouraged to
use a phonetic presentation of stimulus words, and
if the child could not hear the stimulation words, the
words were spelled out for the child either with let-
ters or with the manual alphabet.

Reading and Writing. The Screening Test of
Reading and Writing for Japanese Primary School
Children (STRAW) was also conducted to examine
the children’s reading and writing achievement.17.18
Because preschool children were not expected to
have learned katakana or kanji characters, only the
hiragana test was conducted for children in grade 1.
The test procedures and analysis were conducted ac-
cording to the manual included with the test.!8 The
number of correct answers was determined. Each
test word was repeated by the children to avoid mis-
understandings owing to hearing impairment.

Syntax. The Syntactic Processing Test of Aphasia
(STA), a Test for Reception of Grammar-like syntax
test for Japanese language users, is a test to evaluate

- 71 -

@ Medical institute

£, Preschool training center
£ Deaf school

B Mainstream school

4 Others

the ability of the perception and production of syn-
tactic structures. The children were asked to choose
1 of 4 or 6 pictures that were appropriate for the test-
er’s presentation (perception test) or to express a
sentence according to the picture that a tester indi-
cated (production test).!® The tests evaluated per-
ception and production of irreversible sentences, re-
versible sentences, Japanese grammatical particles
(jyo-shi), and other syntactic structures, including
relative pronouns.

Additional Information. To evaluate additional
disabilities, we used the Pervasive Developmen-
tal Disorders ASJ [Autism Society of Japan] Rating
Scales (PARS) for determining autistic tendencies20

TABLE 2. PARTICIPANTS’ BACKGROUND

No. %

Sex .

Male 315 494

Female 312 48.9

Not documented 11 1.7
Use of sign language

Yes . 316 495

No 318 49.8

Not documented 4 0.6
Use of cochlear implant

Yes 285 447

No (hearing aid only) 349 547

Not documented 4 0.6
Participation in newborn hearing screening

Yes 199 312

No 414 649

Not documented 25 39

Average pure tone hearing level (mean + SD) was 100.12 £ 12.97dB

unaided, and 42.00 + 14.00 aided.
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= tion Development; STA — Syntactic Processing Test
- of Aphasia; PVT-R — Picture Vocabulary Test-Re-
P vised (adjusted score); WFT — Word Fluency Test;
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5 Abstract Words (conducted only for school-age chil-
dren); RCPM — Raven’s Coloured Progressive Ma-
trices. (Grade —2 only. Continued on next page.)
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Words

and Raven’s Coloured Progressive Matrices (RCPM)
test for testing nonverbal intelligence.?! In addition, -
inquiry-based information was collected from the
caregivers and/or teachers. This information includ-
ed daily communication modes, parental attitude to-
ward education, family structure and income, educa-
tional background, and school achievement.

Statistical Analysis. All statistical values were
calculated by IBM SPSS Statistics 19 (IBM Corp,
Armonk, New York). The correlations of each test
and the standard deviation (SD) were examined, and
the contribution of the TQAID score to each lan-
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guage domain (vocabulary, syntax, and reading and
writing) was evaluated by multiple linear regression
analysis.

RESULTS

Table 2 shows the demographic and audiologi-
cal characteristics of all samples. Of the 638 chil-
dren, 349 children (54.7%) used only a hearing aid,
whereas 285 children (44.7%) used a cochlear im-
plant with or without a hearing aid in their contra-
lateral ear; 199 children (31.2%) had received new-
born hearing screening as newborns, whereas 414
children (64.9%) had not. The remaining 25 par-
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ents did not remember or did not answer whether
their children had received newborn hearing screen-
ing. According to the response from caregivers, 316
children (49.5%) used sign language to some extent,
and 318 children (49.8%) did not use sign language.
The mean pure tone hearing level was 100.12 dB
(SD, 12.97 dB), and the mean aided hearing level
was 42.00 dB (SD, 14.00 dB).

All language test results are summarized in Fig
2, and the demographic distribution is described.
According to the TQAID manual, normal-hearing
children in grade 1 are expected to score more than
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240 points (maximum points, 303). However, only
9 (12.7%) of the hearing-impaired children of the
same age achieved language development compara-
ble to that indicated in the original TQAID report.

Table 3 shows the comparison between test scores
of the TQAID and other language tests in each grade.
All results of the language tests (WFT, PVTR, STA,
and SCTAW) except one showed positive corre-
lation (correlation coefficient, 0.356 to 0.781; p <
0.05) with those of TQAID. The only exception was
the result of the WFT for children in grade 6 (corre-
lation coefficient, 0.237; p = 0.152).
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Fig 2, continued. Grade 1. (Continued on next page.)
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TABLE 3. CORRELATION OF TQAID WITH OTHER LANGUAGE TESTS
WFT PVT-R STA(C) STA(P) SCTAW

Grade -2

Correlation coefficient 0.733 0.705 0.676 0.610 NA

Two-tailed p value <0.001 <0.001 <0.001 <0.001 NA
Grade -1

Correlation coefficient 0.643 0.544 0.651 0.745 NA

Two-tailed p value <0.001 <0.001 <0.001 <0.001 NA
Grade 1

Correlation coefficient 0.616 0.690 0.673 0.704 0.621

Two-tailed p value <0.001 <0.001 <0.001 <0.001 <0.001
Grade 2

Correlation coefficient 0472 0.781 0.662 0.643 0.611

Two-tailed p value 0.001 <0.001 <0.001 <0.001 <0.001
Grade 3

Correlation coefficient 0.356 0.654 0.557 0.510 0.622

Two-tailed p value 0.010 <0.001 <0.001 <0.001 <0.001
Grade 4

Correlation coefficient 0.578 0.439 0.763 0.777 0.608

Two-tailed p value <0.001 0.005 <0.001 <0.001 <0.001
Grade 5

Correlation coefficient 0.499 0.700 0.634 0.636

Two-tailed p value 0.001 <0.001 <0.001 <0.001 <0.001
Grade 6

Correlation coefficient 0.237 0.467 0.439 0.520

Two-tailed p value 0.152 0.003 0.005 0.001

WFT — Word Fluency Test; PVT-R — Picture Vocabulary Test-Revised; STA(C) — Syntactic Processing Test of Aphasia, subdivision for com-
prehension; STA(P) — Syntactic Processing Test of Aphasia, subdivision for production; SCTAW — Standardized Comprehension Test of Ab-

stract Words; NA — not available.

DISCUSSION

Overall, 600 to 700 hearing-impaired children
are currently studying in mainstream elementary
schools, schools for the hard-of-hearing, or schools
for the deaf in each grade in Japan.22 According to
governmental statistics,23 10,600 children from 5 to
14 years old were welfare clients with handicaps in
hearing and language. Watkin and Baldwin?* report-
ed that 1.51 per 1,000 children had moderate or worse
bilateral deafness in their education periods in the
United Kingdom. Among these cases, 0.9 per 1,000
were diagnosed and 0.11 per 1,000 were missed at
birth. Thus, approximately 70% of children who
wear hearing aids or cochlear implants met the inclu-
sion criteria of this study. On the basis of these facts,
approximately one eighth of all hearing-impaired
children in Japan were assumed to be enrolled in this
RSCD project. Compared with normal-hearing chil-
dren, the language development in hearing-impaired
children varied considerably in all aspects of the lan-
guage domain, as noted by Gilbertson and Kamhi23
and Geers and Moog .26 More precisely, there seem to
be 3 different groups among hearing-impaired chil-
dren: an “upper group” who demonstrate language
development comparable to that of normal-hearing
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peers; a “lower group” who remain in the lowest lev-
el of language development; and an “intermediate
group” of average hearing-impaired children who
score considerably lower than their hearing peers in
language development. This trimodal distribution of
language development in hearing-impaired children
can be observed in the results of the TQAID, as well
as those of the PVT-R, STA, and SCTAW.

One of the most important features in testing
hearing-impaired children is the robustness of dif-
ferent modes of communication. The variables that
are most important in evaluating the language de-
velopment of hearing-impaired children are those
that include both sign-communication performance
and oral-communication performance. Our study
and other studies in Japanese suggest that the prag-
matic approach of the TQAID can be applied to var-
ious hearing-impaired children in different condi-
tions. In addition, comparing data from other lan-
guage users would give us noteworthy insight into
language development. To make these comparisons
possible, the ALADIJIN set of tests was developed
to share, when possible, common backgrounds and
rules with the tests used for language evaluation of
English speakers. Thus, this test set can potentially
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be used for comparison not only among different
institutions in Japan, but also among different lan-
guage systems.

In this study, however, the language data of the
TQAID apparently demonstrated a ceiling effect be-
fore grade 4 of elementary school. In other words,
most hearing-impaired children in grade 4 or higher
can achieve the basic interpersonal communication
skills required to complete the TQAID. Originally,
the TQAID was designed to evaluate Japanese lan-

guage development during the preschool period. In
any event, this test may be useful for evaluating the
language development of hearing-impaired children
up to 9 years of age. It may also be useful for screen-
ing older children to determine whether the mini-
mally required interpersonal communication skills
have been acquired. This analysis is potentially im-
portant for hearing-impaired children, because it can
suggest details of their problems and eventually re-
sult in problem-oriented intervention programs for
these children.
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