Quantitative Aspects of Communicative
Impairment Ascertained in a Large National
Survey of Japanese Children
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QUANTITATIVE COMMUNICATIVE IMPAIRMENTS

Quantitative communicative impairments ascertained in a large national survey of
Japanese children

Abstract

The Japanese version of the Children’s Communication Checklist-2 (CCC-2) was rated by caregivers in a
large national population sample of 22,871 children aged 3 to 15 years. The General Communication
Composite (GCC) of the CCC-2 exhibited a distribution with a single-factor structure. The GCC distribution
between autism spectrum disorder (ASD) and language impairment (LI) groups in the general population fit
inside a bell curve with significant overlap with the general population, and a continuum was evident
between groups. No evidence of a natural cutoff that would differentiate categorically affected from
unaffected children was seen. The Social Interaction Deviance Composite (SIDC) supported the notion that

ASD and LI are on the opposite endpoints of a SIDC continuum of communication impairment.
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Whether aspects of communicative impairment are continuously distributed between typically
developing (TD) children and those with developmental disorders remains unclear. However, except for
Bishop and Norbury (2002), few studies have directly addressed the question of whether communicative
impairments in otherwise healthy children are better conceptualized as a dimensional or a categorical
phenomenon. Weismer (2007) showed a language endowment spectrum between children with specific
language impairment (SL1I), late talkers, and typical talkers. Henrichs et al. (2011) investigated the continuity
and discontinuity of vocabulary skills in a population-based cohort focusing on the relationships between late
talkers who developed normal vocabulary skills and those with persistent delay. Dollaghan (2011) showed
that children with SLI are at the lower end of a continuous distribution of language skills rather than being
part of a qualitatively distinct group. In addition, Kalnak, Peyrard-Janvid, Sahlén, and Forssberg (2012)
reported the existence of a broad phenotype of SLI in families who have children with SLI. These findings
suggest that in studies examining structural aspects of language such as lexicon, syntax, and speech (Bishop,
2014), whether aspects of communicative impairment are continuously distributed also needs to be
investigated. According to Crystal (1987), linguistic communication has two aspects, language structure and
language use, which are linked by pragmatics. Regarding pragmatic aspects of language such as speech acts,
conversational maxims, and implicature, in recent research on autism spectrum disorder (ASD), continuity
between normal and clinical samples has been suggested. Pragmatic communication impairment is a core
symptom of ASD, and has been seen as a dimensional rather than a categorical entity since epidemiological
research by Wing and Gould (1979). Kim et al. (2011) reported a high prevalence of categorically defined
ASD in a total population sample, finding a continuous distribution of symptoms throughout the population.
In addition, quantitative autistic traits have been ascertained in a national survey of Japanese schoolchildren
(Kamio et al., 2013), where the Japanese version of the Social Responsive Scale was used (SRS; Constantino
& Gruber, 2005). The SRS contains subscales to test for nonverbal communication problems and social

impairments. Pragmatic impairment may represent a quantitative autistic trait that is continuously distributed
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between TD children and children with ASD. This possibility is consistent with the results from pragmatic
impairment research by Perkins (2007), in which he insists that pragmatic impairment in general would be
continuous rather than discontinuous, as it is considered an emergent property resulting from interactions
between linguistic, cognitive, and social factors.

On the other hand, Perkins (2007) also insists that pragmatic impairment is caused by the
communicator’s compensatory adaptation to their brain disorder in cases other than those involving ASD,
such as SLI and aphasia. In such cases, structural aspects of language are considered primarily impaired,
while pragmatic language impairment (PLI) is regarded as secondary or collateral impairment. Bishop (2003)
revised the original Children’s Communication Checklist (CCC) into the CCC-2 and found that the parent
ratings tended to be substantially lower for SLI groups than for TD groups on the pragmatic composite. It is
probable that both structural and pragmatic aspects of language are closely intertwined in children with
communicative impairment.

In addition to the suggested continuity between TD children and clinical cases in terms of
communicative impairment, continuity is also suggested in clinical cases such as SLI, PLI, and ASD.
Regarding structural aspects of language such as lexicon, syntax, and speech, overlapping impairment
between ASD and SLI has been suggested (Bishop, 2010; Boucher, 2012; Leyfer, Tager-Flusberg, Dowd,
Tomblin, & Folstein, 2008; Loucas et al., 2008; McGregor et al., 2012; Tomblin, 2011). In establishing the
CCC-2, Bishop (2003) indicated that research at that time supported a more dimensional view toward PLI in
SLI, PLI, and ASD cases. She claimed that, through this view, one might observe an entire spectrum of
impairments with typical SLI at one end and core autism at the other, with many children having patterns of
impairment somewhere between these two extremes. According to Bishop, the clinical data obtained from the
CCC-2 are consistent with those obtained using other diagnostic methods (Bishop & Norbury, 2002), in that
the most appropriate framework for categorization of children’s communicative problems appears to be

dimensional rather than categorical. The continuity of CCC-2 scores among seemingly discrete clinical
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categories suggests, in terms of the spectrum between ASD and SLI, the possibility of continuation of the
scores between TD children and clinical cases. This possible spectrum could explain in part the continuous
distribution in the general population. Pragmatic impairment may be continuously distributed across ASD,
language disorders, and TD children.

Therefore, to propose an epidemiologic framework for interpreting the diversity of communicative
impairments seen in children, the present study aimed to determine whether aspects of communicative
impairment are continuously distributed in a population-based sample.

Methods
Participants

The participants comprised a normative sample (N = 22,871) of children ranging in age from 3 to
15 years, children with autism spectrum disorder (n = 48), children with language impairment (LI; n = 30),
and TD children (n = 64) (Tables 1 and 2). The TD sample was needed for principal component analysis
(PCA) and analysis in terms of the relationship between CCC-2 score and cognitive development. Although
some preliminary studies have been conducted on Japanese SLI (Fukuda & Fukuda, 2001; Ito, Fukuda, &
Fukuda, 2009), it is not yet established as a diagnostic category in Japan, as no standardized test for
grammatical development in Japanese is available. Thus, in the present study, we use the term LI instead of
SLI. All assessments were made using the Japanese version of the CCC-2 (Bishop, 2003; Tsukidate, Oi,
Gondo, Matsui, & Kamio, 2015). Regarding the normative sample, questionnaires were distributed by mail to
the caregivers of all children attending nursery schools, kindergartens, primary schools, and secondary
schools that sought to be included in the survey in the 13 geographical areas of Japan in 2010 (n = 91,196).
Nursery schools and kindergartens were all local institutions attended by more than 92% of the children
living in the community, according to the Japan Cabinet Secretary (2010), and all schools were community
schools attended by more than 93% of the children living in the community, according to the annual report of

the Ministry of Education, Culture, Sports, Science and Technology (2010). Questionnaires were returned for
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26,586 children from 26 nursery schools, 17 kindergartens, 187 primary schools, and 71 secondary schools
(response rate, 29.15%). Questionnaires with missing answers were excluded, leaving a total of 24,263
participants (12,330 boys, 11,933 girls), with CCC-2 data provided by mothers (n = 22,072), fathers (n =
1780), both parents (n = 173), other caregivers (n = 144), or unspecified (n = 94). In addition, to ensure that
all analyses were based on a complete data set, questionnaires involving children with hearing impairment or
unknown age were excluded, as were those that failed to clear a consistency check (Bishop, 2003), leaving a
final normative sample of 22,871 participants (11,530 boys, 11,341 girls). Each of the 13 age levels
comprised a minimum of 60 participants of each sex; each sex was proportionally represented (Table 1). The
number of participants under 6 years of age was much smaller than the number of those over 7 years of age;
this was due to the fact that kindergartens and nursery schools are much smaller in size than primary and
secondary schools. The clinical sample consisted of 48 children diagnosed with ASD (ASD group) and 30
children diagnosed with LI (LI group), as shown in Table 2. Children in the ASD group (37 boys, 11 girls)
ranged in age from 3.33 to 9.25 years. The diagnosis of ASD was made by a psychiatrist and a clinical speech
therapist using American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders
IV-TR (DSM-IV-TR) criteria. The speech therapist, who has more than 5 years of experience in ASD
treatment and is well trained and certified in assessment using the Autism Diagnostic Observation Schedule
(ADQS), employed the Autism Diagnostic Observation Schedule-Generic (ADOS-G; Lord, Rutter,
DilLavore, & Risi, 1999). The psychiatrist and the speech therapist were both blinded to the study purpose.
The definitive diagnosis of ASD was made by the psychiatrist, who has more than 10 years of experience in
ASD, using the Diagnostic Interview for Social and Communication Disorders (DISCO; Wing, Leekam,
Libby, Gould, & Larcombe, 2002) at the time of data acquisition using the Kaufman Assessment Battery for
Children (K-ABC). Twenty-four children satisfied the diagnoses of autism and another 24 satisfied the
diagnosis of autism spectrum in accordance with the ADOS-G. K-ABC mental processing scale scores in the

ASD group ranged from 58 to 144. Children in the LI group were diagnosed by their school system as having
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difficulties in speaking and listening, but no intellectual disabilities. Individual full-scale Intelligence
Quotient (1Q) was obtained for children with LI using Wechsler’s Intelligence Scale for Children il
(WISC-I11). Full-scale 1Q ranged from 74 to 108. LI group children all attended a language unit in their
school system. They were evaluated as having less than 15 points on the Japanese version of the Social
Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003). Their SCQ scores ranged from 0 to 11.
They were rated as problematic or disabled according to the Learning Disabilities Inventory—Revised
(LDI-R; Ueno, Takamura, & Kaizu, 2008) based on responses to items related to speaking and listening. The
children (24 boys, 6 girls) ranged in age from 6.58 to 12.00 years. In addition, 64 TD children participated.
These children (44 boys, 20 girls) ranged in age from 3.17 to 10.17 years. Their K-ABC mental processing
scale scores ranged from 86 to 130. Their SCQ scores ranged from 0 to 10.

Measures

The Children’s Communication Checklist-2 (CCC-2)

The CCC-2 (Bishop, 2003) is a 70-item questionnaire regarding communicative impairment. It is
intended for use with 4- to 16-year-olds, and can be completed in 15 min by an adult who has observed the
child over time in natural social settings. The CCC-2 has 10 subscales, with each subscale comprising seven
items. Based on CCC-2 scaled scores, two parameters were devised by Bishop to identify communicative
impairments and to indicate the need for more precise assessment in regard to ASD. One of these parameters
is the General Communication Composite (GCC), which is the sum of scaled scores for “speech,” “syntax,”
“semantics,” “coherence,” “inappropriate initiation,” “stereotyped speech,” “use of context,” and “nonverbal
communication”. The other is the Social Interaction Deviance Composite (SIDC), which is the difference of
the sum of “speech,” ”syntax,” “semantics,” and “coherence” scaled scores from the sum of “inappropriate
initiation,” “nonverbal communication,” social relations,” and “interests” scaled scores. The CCC-2 was
developed to provide a general measure for communicative impairments and to identify pragmatic/social

interaction deficits, and has been validated for use in clinical child populations in UK samples (Norbury,
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Nash, Baird, & Bishop, 2004). Norbury et al. demonstrated that the CCC-2 provides a useful screening
measure for communication impairment and can be helpful in identifying children who should be referred for
more detailed assessment of possible ASD. However, their data highlighted substantial overlap between
groups with “distinct” diagnoses such as SLI, PLI, and ASD. The CCC-2 can be used as a tool to detect
broader autism phenotypes (Bishop, Maybery, Wong, Maley, & Hallmayer, 2006).

We have composed a Japanese version of the CCC-2 with some modifications on items in which
linguistic or cultural differences between the UK and Japan should be taken into account (Oi et al., 2016).
Back-translation and verification procedures were conducted for the Japanese version. This modified version
has demonstrated internal consistency for Japanese children (Cronbach’s a = .533 to .761) (Tsukidate et al.,
2015). Cronbach’s a is lower than the original UK version (o = .661 to .804) when the CCC-2 is translated
into languages other than Norwegian (Helland, Biringer, Helland, & Heimann, 2009), including Dutch
(Geurts & Embrechts, 2008), Serbian (Glumbi¢ & Brojéin, 2012), and Québec French (Vézina, Sylvestre, &
Fossard, 2013). The Japanese version was used in this study for children aged 3 to 15 years. Higher scaled
scores on the CCC-2 indicate a lower degree of communicative impairment. The 70 CCC-2 items were
categorized into the following 10 subscales: speech, syntax, semantics, coherence, inappropriate initiation,
stereotyped language, use of context, nonverbal communication, social interaction, and interests. Regarding
the standardization of the CCC-2, the raw score was converted to the standard score with a mean of 10 and a
standard deviation (SD) of 3 for each subscale. This procedure is based on that outlined in the original CCC-2
manual (Bishop, 2003).

Data Analysis

Based on CCC-2 data, and referring to the algorithm proposed by Bishop (2003), we examined
continuity in the GCC and SIDC through a comparison between the ASD, LI, and TD groups.

The first step of the analysis was factor analysis, which was performed on children in the ASD, LI,

and TD groups using PCA with data from the GCC subscales. In the second step, the most parsimonious
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model was examined by confirmatory factor analysis (CFA) in the normative sample using data from the
GCC subscales. Spearman’s correlation coefficients were computed to examine associations between K-ABC
mental processing scale scores and GCC in the ASD and TD groups, respectively. Spearman’s correlation
coefficient was also computed to examine the association between WISC-111 FIQ and GCC in the LI group.
In addition, a receiver operating characteristic (ROC) analysis was conducted for GCC to determine the
cutoff point, where the sum of sensitivity and specificity was the largest. ROC analysis was also conducted
for the SIDC to determine the cutoff point that discriminates ASD from LI between clinical groups, excluding
the TD group. Analysis was performed using SPSS Statistics 22.
Ethical Approval

The current study was approved by the medical research ethics committee at Kanazawa University
and performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments. The study protocol was also approved by the Ethics Committee of the National Center of
Neurology and Psychiatry, Japan. Informed consent was obtained from the parents of the participant children
before the study began.

Results

Population Distribution

Sex differences in terms of raw scores on the 10 subscales of the CCC-2 were found (Tsukidate et
al., 2015). Accordingly, the Japanese version of the CCC-2 was standardized for the boy and girl subsamples
across the entire age range (Oi et al., 2016). The GCC distribution among 3- to 15-year-old children in the
Japanese general population is shown in Figure 1.
Factor Structure

We confirmed that the GCC subscales were compiled into a single factor from the viewpoint of a
dimensionality reduction. PCA suggested a single-factor solution for 142 children comprising the clinical and

TD groups (Table 2). The first factor explained 64.736% of the variance (Table 3). These results suggested
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the single-factor model, which was then subjected to CFA using data from the normative sample. In fact, the
single-factor model suggested by dimensionality reduction with PCA was replicated by a model with CFA: a
single construct in GCC affected the observed subscale scores. As a result, factor loadings ranged from .67
to .83, and all estimated values were significant at the 5% level (Figure 2). The goodness-of-fit index (GFI),
the adjusted goodness-of-fit index (AGFI), the root mean square error of approximation (RMSEA), the
comparative fit index (CFl), and the standardized root mean square residual (SRMR) were 0.971, 0.948,
0.077, 0.973, and 0.026, respectively, for the 56 items constituting the GCC. Furthermore, the x? associated
with the model was significant: x* (22871, df = 20) = 2707.187, p<0.001. This suggests that y* values are
inflated with a very large sample size, not that the model is inconsistent with the observed data. Although the
RMSEA indicated a mediocre fit (p<0.08; MacCallum, Browne, & Sugawara, 1996), the GCC single
construct indicated an acceptable fit. The finding lends support to the notion of a unitary factor influencing
multiple aspects of communicative impairment in children in the general population.
Other Psychometric Properties

The GCC scores of the ASD (mean = 49.65; SD = 11.683) and LI (mean = 53.23; SD = 15.106)
groups were lower than that of the TD group (mean = 76.53; SD = 17.183). One-way analysis of variance
(ANOVA) indicated differences between the groups (F = 50.766, df = 2, p <.001). Multiple comparison by
Scheffe’s test showed that GCC scores were lower in the ASD (p< .001) and LI groups (p < .001) than in the
TD group. As shown in Figure 1, the GCC scores of both the ASD and LI groups were distributed widely and
significantly overlapped the general population distribution. Table 4 shows the GCC cutoffs by sex for the 1%,
5" and 10" percentile values for the normative sample and the proportion of children diagnosed with ASD or
LI who fell within the respective cutoffs. About 50% of the children in the LI group and about 70% of the
children in the ASD group did not reach the 10™ percentile.

One-way ANOVA revealed a significant difference (F = 15.137, df = 2, p <.001) between the mean

SIDC scores for the ASD, (mean = -4.40; SD = 7.709), LI (mean = -7.36; SD = 10.18), and TD groups
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(mean = 1.75; SD = 6.688). Multiple comparison with Scheffe’s test revealed that SIDC scores were lower in
the ASD than in the LI (p = 0.000) and TD groups (p = 0.000). Figure 3 shows the distribution of SIDC
scores in the ASD and LI groups in the normative sample. The SIDC scores of both groups were distributed
widely and significantly overlapped with the general population, while that of the ASD group tended to be at
the lower extreme of the SIDC, and that of LI group tended to be in the middle of the SIDC distribution.
Post-hoc ANOVA revealed that the LI group also performed significantly worse than the TD group on the
“inappropriate initiation,” “nonverbal communication,” “social relations,” and “interests” subscales (F =
62.146, df = 2, p<.001), as well as in the language structure subscales (“speech,” “syntax,” “semantics,” and
“coherence”) (F = 29.151, df = 2, p<.001). The same post-hoc ANOVA revealed that the LI group performed
significantly better than the ASD group on the “inappropriate initiation,” “nonverbal communication,” “social
relations,” and “interests” subscales (p<.001). No differences were observed on the language structure
subscales (“speech,” “syntax,” “semantics,” and “coherence”) between the LI and ASD groups.

GCC scores did not correlate with K-ABC mental processing scale scores in either the ASD group
(rs = .028) or the TD group (rs = .234, p = .062). In addition, GCC scores in the LI group did not correlate
with their WISC-I11 full-scale 1Qs (rs = —.031).

From ROC analysis, we obtained a cutoff point of 61.50 for GCC scores on the CCC-2 (sensitivity
= 0.797; specificity = 0.808). The area under the curve (AUC) was 0.882, indicating moderate accuracy of
the GCC for predicting the existence of ASD or LI. We also obtained a cutoff point of —0.50 for SIDC scores
on the CCC-2 (sensitivity = 0.688; specificity = 0.700) in ROC analysis. The AUC was 0.765, indicating
moderate accuracy of the SIDC for discriminating between ASD and LlI.

Discussion

To the best of our knowledge, this is the first study to investigate the distribution of aspects of

communicative impairment in a nationwide representative sample of children in the general population. The

findings suggest that aspects of communicative impairment measured by the Japanese version of the CCC-2
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are continuously distributed, and that ASD and LI fit inside the bell curve of the GCC. These results
involving quantitative aspects of communicative impairment add substantial evidence in support of the
continuous nature of the impairments in the general population. However, this does not mean that individual
ASD or LI cases cannot be discretely or categorically determined. It is well known that categorical, relatively
rare causes of ASD or SLI exist. For example, ASD has been diagnosed secondary to fragile X syndrome,
Rett syndrome, and tuberous sclerosis; in these cases, ASD is caused by single-gene abnormalities. Gopnick
and Ullman (1999) and Kabani, Macdonald, Evans, and Gopnik (1997) reported the existence of familial SLI
that shows abnormalities in inflectional morphology. However, based on the findings from the present study;,
the notion of a GCC continuum remains consistent with the existence of such discrete entities.

In the present study, no evidence was seen of a natural cutoff that differentiated children
categorically affected from those unaffected by ASD or LI. The parent-report Japanese CCC-2 cutoff score
from our ROC analysis was 61.5 in terms of the GCC; this analysis comprised 19% of our normative sample,
suggesting the existence of subthreshold conditions in children that might warrant clinical attention. This
percentage was larger than that found by Kamio et al. (2013), who only investigated ASD distribution. Based
on the highest sensitivity for their study, 10.9% of their normative sample would be cut off. Regarding SLI,
our number was smaller than the language screening failure rate (26.2%) reported by Tomblin et al. (1997).
Concerning the prevalence of SLI, their study showed 7.4% for whole sample, with 8% for boys and 6% for
girls. When adding 7.4% for SLI and 10.9% for ASD, the percentage of affected sample reached 18.3% of
normative sample. This value was very close to the value of 19% in the present study. Taken together, these
findings suggest that the Japanese version of the CCC-2 estimates a similar number of children with
suspicion of ASD or SLI compared with findings from previous studies. Our ROC analysis showed no
clear-cut border between those with and without ASD or LI, as the specificity, sensitivity, and accuracy were
relatively low.

The results of exploratory factor analysis for the clinical sample are consistent with those from
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previous studies (Constantino & Todd, 2003; Kamio et al., 2013), even though those studies only investigated
ASD. In addition, the results of CFA for a very large general population suggest the presence of a primary
underlying factor that influences the CCC-2 subscales. Factor structure has important implications for
understanding the core neuropsychological mechanisms underlying communicative impairment. Unitary
factor structure was not expected because the GCC is composed of eight subscales that greatly differentiate
from one another. These subscales are based on phonology, morphology, syntax, semantics, and pragmatics
of language. Despite these differences, GCC scores were shown to be a single primary factor that
significantly influences the eight subscales of the CCC-2. Despite the linguistic and cultural differences
between the UK and Japan, the validity of the GCC in clinical usage was assured in the present study.
Cross-cultural consistency in terms of the validity of the GCC should be tested with languages other than
English and Japanese, because factor analysis showed that the Serbian CCC-2 had three factors (“General
Communication Ability”, “Pragmatics”, and “Structural Language Aspects”), which accounted for only
29.39% of the total variance (Glumbi¢ & Broj¢in, 2012).

Regarding the relationship between cognitive development in children and GCC scores, no
significant correlation was found between K-ABC mental processing scale and GCC scores in the ASD group
or TD group. In addition, full-scale 1Q did not correlate with GCC scores in the LI group. The lack of
correlation in the ASD group suggests that their GCC scores were independent of their cognitive
development. This deficit was also identified in a study by Fujino and Oi (unpublished data). In that study, no
correlation was found between GCC scores and full-scale 1Q (WISC-1V) in schoolchildren with ASD.

SIDC and GCC scores were continuously distributed, while SIDC scores were higher in LI than in
ASD cases. This supports the notion by Bishop (2003) that an entire spectrum of impairments, with typical
SLI at one end and core autism at the other, can be observed in CCC-2 scores, with most children having
patterns of impairment between these two extremes. SIDC scores can therefore be useful in further studies on

the relationship between ASD and SLI. Data from a large population sample tell us that ASD and SLI are not
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entirely separate categories, but rather points on a continuum, as the SIDC scores showed a normal
distribution (the so-called “bell curve”).

The present study had five major limitations. First, although the response rate was consistent with
what can be expected from a population-based survey, it was still relatively low (29.15%). Second, other than
relationship to the child, no additional information on caregiver characteristics, such as educational level or
socioeconomic status, was collected. Third, the size of clinical sample was relatively small, particularly in the
LI group. A larger clinical sample would be expected to make the contrast between the TD, ASD, and LI
groups more clear-cut in terms of differences in SIDC scores. Fourth, the low scores among the 22,871
Japanese children were not confirmed using any type of diagnostic instrument. Studies designed to assess
Japanese language impairment are limited because SLI has not been established as a diagnostic category in
Japan. The establishment of SLI in Japan is expected to be attained soon because both GCC and SIDC scores
on the CCC-2 appear to be extremely useful for understanding the continuum of communicative impairments
across cultures. Fifth, using a measurement scale such as CCC-2 would result in a continuous distribution,
which indicates that, as suggested by Pickles and Angold (2003), “the same pathology can have some
properties that are most easily understood using a dimensional conceptualization while at the same time
having other properties that are best understood categorically”.

In conclusion, despite these limitations, the present study is the first to provide strong evidence of
the continuous nature of aspects of communication impairment in the general population. The findings
underscore the notion that paradigms for categorical case assignment are superimposed on the continuous
distribution seen in the general population in regard to the GCC. The findings also support the notion that
ASD and LI are not fully discrete entities that exclude each other; rather, they are located at opposite ends of
an assumed SIDC continuum of communication impairment, with a considerable amount of cases falling in
between. Both GCC and SIDC scores obtained from the CCC-2 are therefore considered to offer promising

prospects in understanding the diversity seen in developmental disorders, including ASD and LI, from wider
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perspectives such as neurology or genetics.
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Table 1. Frequency distribution of respondents by age and sex on
the Children’s Communication Checklist-2 (CCC-2)

Sex
Male Female
Age (years) n % n %
3 60 0.5 62 0.5
4 123 11 137 1.2
5 149 1.3 150 1.3
6 270 2.3 261 2.3
7 1590 13.8 1456 12.8
8 1470 12.7 1407 12.4
9 1366 11.8 1432 12.6
10 1358 11.8 1338 11.8
11 1360 11.8 1254 111
12 1168 10.1 1211 10.7
13 1023 8.9 1009 8.9
14 916 7.9 999 8.8
15 677 5.9 625 5.5

Total 11530 100.0 11341 100.0
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Table 2. Demographics of the clinical sample and the TD group

ASD group LI group TD group
N 48 30 64
Boys 37 24 44
Girls 1 6 20
Mean age in years (SD) 6.10 (1.60) 9.06 (1.53) 6.37 (1.60)
Mean K-ABC mental
) 95.27 (20.92) -(=) 104.23 (10.27)
processing scale score (SD)
Mean WISC-III FIQ (SD) - 89.73(9.22) -
SCQ (SD) -() 5.10 (3.17) 2.00 (2.00)

Note. ASD=autism spectrum disorder; Ll=language impairment; TD=typical development;

K-ABC=Kaufman Assessment Battery for Children; SCQ=Social Communication Quotient
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Table 3. Principal component analysis of CCC-2 data

Component Eigenvalue % of variance Cumulative %
1 5.179 64.736 64.736
2 0.742 9.275 74.012
3 0.461 5.764 79.775
4 0.443 5.538 85.314
5 0.389 4.864 90.177

Note. ASD=autism spectrum disorder; TD=typical development. The clinical sample consisted of participants with ASD (n = 48) and LI (n = 30).
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Table 4. Proportion of children with autism spectrum disorder or language impairment (ASD/LI)

corresponding to the 1%, 5, and 10" percentile values for the GCC

Normative sample (n = 22871)

ASDILI (n = 78)

GCC cutoff N (%)
Percentile value ASD (n =48) LI (n=30)
<1 34 4 (8.3%) 4 (13.3%)
<5 48 24 (50.0%) 12 (40.0%)
<10 54 33 (68.8%) 16 (53.3%)

>10

48 (100%) 30 (100%)

GCC=General Communication Composite; ASD=autism spectrum disorder; LI=language

impairment
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Fig. 1. Distribution of Children’s Communication Checklist-2 (CCC-2) General
Communication Composite (GCC) standard scores in a normative sample
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Fig. 2. General Communication Composite (GCC) subscales for the
single-factor model. Latent construct is shown in ellipses and observed
variables are shown in rectangles. A=speech; B=syntax; C=semantics
D=coherence; E=inappropriate initiation; F=stereotyped speech; G=use of
context; H=nonverbal communication.
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Fig. 3. Distribution of Children’s Communication Checklist-2 (CCC-2) Social
Interaction Deviance Composite (SIDC) scores in a normative sample
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