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Abstract To examine the inter-rater reliability of Autism
Diagnostic Interview-Revised, Japanese Version (ADI-R-
JV), the authors recruited 51 individuals aged 3—19 years,
interviewed by two independent raters. Subsequently, to
assess the discriminant and diagnostic validity of ADI-
R-JV, the authors investigated 317 individuals aged
2-19 years, who were divided into three diagnostic groups
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as follows: autistic disorder (AD), pervasive developmental
disorder not otherwise specified, and other psychiatric
diagnosis or no diagnosis, according to the consensus
clinical diagnosis. As regards inter-rater reliability, intra-
class correlation coefficients of greater than 0.80 were
obtained for all three domains of ADI-R-JV. As regards
discriminant validity, the mean scores of the three domains
was significantly higher in individuals with AD than in
those of other diagnostic groups. As regards diagnostic
validity, sensitivity and specificity for correctly diagnosing
AD were 0.92 and 0.89, respectively, but sensitivity was
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0.55 for individuals younger than 5 years. Specificity was
consistently high regardless of age and intelligence. ADI-
R-JV was shown to be a reliable tool, and has sufficient
discriminant validity and satisfactory diagnostic validity
for correctly diagnosing AD, although the diagnostic
validity appeared to be compromised with respect to the
diagnosis of younger individuals.

Keywords Autism - ADI-R - Reliability - Validity - Japan

Introduction

Autistic disorder (AD) is defined by irregularities in three
behavioral domains, namely, deficits in reciprocal social
interaction, deficits in communication, and restricted and
repetitive behaviors and interests (American Psychiatric
Association 2000). AD is classified as an autism spectrum
disorder (ASD), an umbrella term that encompasses AD and
pervasive developmental disorder not otherwise specified
(PDDNOS). The reported prevalence estimates of AD or ASD
have been increasing (Fombonne 2009; Williams et al. 2006),
with the prevalence of ASD now thought to be between 1 and 2
per 100 school children in the United Kingdom (Baron-Cohen
et al. 2009) and in Japan (Kawamura et al. 2008), and even
higher in South Korea (Kim et al. 2011). The observed change
in prevalence estimates has been suggested to be an artifact
due to increased awareness of ASDs, changes in diagnostic
precision, and recent trends toward earlier diagnosis
(KocCovska et al. 2012; Parner et al. 2008; Waterhouse 2008).
Such observations have hastened the worldwide demand for
reliable and valid methods of identifying ASD.

A number of questionnaires, interviews, and observation
schedules have been developed to assist clinicians and
researchers in the diagnostic assessment of specific
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behaviors found in individuals with AD or ASD. Among
these instruments, Autism Diagnostic Interview-Revised
(ADI-R (Lord et al. 1994)) is a structured, investigator-
based interview directed to caregivers for the detection of
AD in a research context. ADI-R has been widely used, and
its reliability and validity have been examined in the ori-
ginal as well as in non-English versions (Cicchetti et al.
2008; Hill et al. 2001; Lampi et al. 2010; Lord et al. 1994;
Mildenberger et al. 2001).

Discussions of ADI-R have accumulated, particularly as
regards its diagnostic validity. Despite the fact that ADI-R
provides a good to excellent level of sensitivity for diag-
nosing and predicting AD among varying samples (de Bildt
et al. 2004; Gray et al. 2008; Lampi et al. 2010; Lord et al.
1994, 2006; Tomanik et al. 2007), studies have pointed out
compromised diagnostic validity in certain types of exami-
nees, such as younger children, because some symptoms are
not evident at an early age (Cox et al. 1999; Rutter et al.
2003). This observation is of particular relevance among
individuals with ASD other than AD (Gilchrist et al. 2001).
On the other hand, as the algorithm-based diagnosis with
ADI-R is made with reference to current as well as past
behaviors, caregivers of examinees tend to report fewer
symptoms when examinees are in adolescence or early
adulthood (McGovern and Sigman 2005). Furthermore,
depending on the level of function, ADI-R diagnoses of AD
among children exhibiting a cognitive delay are less likely to
conform to clinical or other types of research-related diag-
nosis (de Bildt et al. 2004), such as those based on Autism
Diagnostic Observation Schedule (ADOS (Lord et al.
2000)). It should be noted that the use of ADOS alone has
limited predictability (Lord et al. 2006). Considering these
pitfalls, some groups have recommended that not a single
source but rather multiple sources of information, including
both ADI-R and ADOS, should be consulted when estab-
lishing a diagnosis of ASD or AD (Le Couteur et al. 2008;
Lord et al. 2006), particularly in a research context. It follows
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that the foundation of reliability and validity of ADI-R is
important in countries such as Japan, where such diagnostic
tools have not been readily available.

ADI-R in particular was unavailable in Japan until 2005,
when the present authors translated the WPS Edition of
ADI-R (Rutter et al. 2003) into Japanese, at which time the
back-translation was confirmed to be congruent with the
original version by the developers of ADI-R. However, the
reliability and validity of the Japanese version had
remained unexamined to date.

Therefore, in the present study, the authors aimed to test
the inter-rater reliability and discriminant and diagnostic
validity of ADI-R, Japanese Version (ADI-R-JV). The
inter-rater reliability was assessed using two types of
agreement measures: the weighted Kappa (Kw) and intra-
class correlation coefficient (ICC) of diagnostic algorithm
item scores of two independent interviewers. Discriminant
validity was assessed by comparing mean scores of diag-
nostic algorithm items/subdomains/domains between indi-
viduals with and without a consensus clinical diagnosis.
Diagnostic validity in this study refers to agreement
between the algorithm diagnosis based on ADI-R-JV and a
consensus clinical diagnosis. The sensitivity, specificity,
positive predictive value, and negative predictive value
were calculated to assess this agreement.

For our assessment, we hypothesized the following.

1. Good to excellent inter-rater reliability in terms of the
Kw and ICC of ADI-R-JV would be observed, which
would be consistent with the published literature
(Cicchetti et al. 2008; Hill et al. 2001; Lord et al.
1994).

2. The discriminant validity of ADI-R-JV would be
sufficient, with higher mean scores of diagnostic
algorithm items among individuals with AD than
among those without AD (Lampi et al. 2010; Lord
et al. 1994). That is, it was expected that AD
scores > non-ASD scores, and AD scores > PDDNOS
scores.

3. The diagnostic validity of ADI-R-JV would be satis-
factory yet compromised among younger individuals
and individuals with intellectual disabilities (Cox et al.
1999; de Bildt et al. 2004; Rutter et al. 2003).

Methods
Participants and Diagnostic Procedure
Reliability Study

To enroll
from 3

we recruited participants
namely, 2 developmental,

study
research

subjects,
sites,

university-affiliated clinics and 1 research center. Basi-
cally, these clinics are open for referrals from local health
practitioners. Participants were selected on the basis of the
cumulative number of participants thus far enrolled (tar-
geted N = 30), age (kindergarteners or school-age chil-
dren/adolescents under 20 years of age), clinical diagnosis
(confirmed or suspected diagnosis of ASD), and the pro-
vision of consent to participate in the study voluntarily,
including videotaping. Thus, purposive sampling was
incorporated into the study design.

For the reliability study, we recruited 35 individuals
who were referred to one of our research sites between
December 1, 2006 and November 30, 2010 (Table 1).
Among them, 31 individuals had been already suspected of
having ASD by their local health practitioners and had
been referred to our institutions for a more definitive
diagnosis. Soon after participating in this study, these
participants underwent a clinical assessment based on
DSM-IV-TR (American Psychiatric Association 2000)
assessment, conducted by one of the authors. After the
detailed clinical assessments were complete and compre-
hensive caregiver interviews were conducted in order to
collect the developmental history of the participants, our
research team provided consensus clinical diagnoses based
on DSM-IV-TR. Our research team included clinical
experts with more than 3 years of experience in pediatrics
or in child neurodevelopmental practices and in assessing
individuals with ASD (5 certified clinical psychologists, 3
child psychiatrists, and 4 pediatricians were involved). A
total of 31 individuals were confirmed to have a consensus
clinical diagnosis of ASD, namely, AD (N = 12) or
PDDNOS (N = 19). The remaining 4 individuals were
referred to our research sites on the basis of suspected
intellectual impairment, and they were confirmed not to
have a diagnosis of ASD according to the same diagnostic
procedures as those used for the confirmed ASD cases.

The 35 clinically referred individuals were also exam-
ined with respect to cognitive measures. For those subjects
who were age 5 or older, the Japanese version of the
Wechsler Intelligence Scale for Children, third edition
(WISC-III: (Wechsler et al. 1992)) or the Tanaka-Binet
intelligence scale (Tanaka Institute of Education 1987) was
used to estimate the intelligence quotient (IQ). For indi-
viduals younger than 5 years old, a standardized develop-
mental test, the Kyoto Scale of Psychological Development
(Koyama et al. 2009), was adopted to estimate develop-
ment quotient (DQ). Among the 31 individuals with ASD,
6 had a full-scale IQ/DQ of lower than 70. Among the 4
non-ASD clinical individuals, all had a full-scale IQ/DQ of
lower than 70.

In addition to the clinically referred individuals, 16
kindergarteners and school-age children exhibiting typical
development were also invited to participate in the study as
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Table 1 Reliability study: characteristics of the sample studied

Clinically referred Control individuals  Statistics
individuals [N = 35] [N = 16]

Age in years

Range 3-18 3-14

Median 5.0 5.0

Mean (SD) 8.7 (5.2) 7.0 (3.8) t(49) = 1.16, p = 0.25
Gender (F:M) 5:30 4:12 Chi-square(1) = 0.84,

p =036
Full scale IQ/DQ*
Number of individuals with cognitive delay (IQ/DQ < 70) 10 (29 %) 00 %) Chi-square(1) = 5.67,
exact p = 0.02

Range 42-118 86-124

Median 81 102.5

Mean (SD) 81.9 (22.6) 102.0 (11.6) t(44) = 2.85, p < 0.001
DSM-IV-TR diagnosis

Autistic disorder 11 31 %) 0

Autistic disorder + mental retardation 103 %) 0

Pervasive developmental disorder, not otherwise 14 (20 %) 0

specified

Pervasive developmental disorder, not otherwise 5 (14 %) 0

specified + Mental retardation

Mental retardation 4 (11 %) 0

Major depressive disorder 0 1 (6 %)

Adjustment disorder 0 1 (6 %)

No psychiatric diagnosis 0 14 (88 %)

ADI-R score (based on data derived from a first examiner)

Domain A
Range
Median
Mean (SD)

Domain BV?
Range
Median
Mean (SD)

Domain BNV®
Range
Median
Mean (SD)

Domain C
Range

Median

Mean (SD)

5-28
18

15.9 (6.6)
N = 23]
3-14

7

73 (3.6)
[N = 12]
1-12

8

6.9 (4.5)

0-11
3
3.5 (2.5)

0-7
35

33 (2.8)
[N = 14]
0-8

2

33 (2.9)
[N = 2]

0-1

0.5

0.5 (0.7)

0-4
0.5
1.3 (1.5)

t(49) = 7.16, p < 0.001

t(35) = 6.94, p < 0.001

t(12) = 1.96, p = 0.07

£(49) = 3.35, p = 0.002

% 5 Individuals, all aged 6 years or older, in the control individuals have no data on IQ/DQ. The school records of these participants were
carefully checked and we regarded their histories as equivalent to a lack of cognitive delay

b Verbal subjects (defined as a score of 0 on item 30 “overall level of language”)

¢ Non-verbal subjects (defined as a score of 1 or 2 on item 30)

control individuals. The control groups was recruited via a
notice published in newspapers local to three of our
research sites, where the clinically referred individuals for
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the reliability study had also been enrolled. The charac-
teristics of these control individuals are given in Table 1.
Considering the male predominance among clinically
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referred children, boys were intentionally oversampled.
The control subjects underwent clinical assessment based
on DSM-IV-TR in an interview conducted by one of the
authors, and the results were later confirmed by our
research team according to the same procedures as those
described above. Among the control subjects, 1 individual
had a diagnosis of major depressive disorder, and 1 had a
diagnosis of adjustment disorder. All 16 control individuals
were also examined either using WISC-III, the Kyoto Scale
of Psychological Development, or the Tanaka-Binet intel-
ligence scale, depending on the subject’s mental age, and
none of the control subjects were confirmed to have any
cognitive delays.

In sum, the enrolled participants comprised two groups
(Table 1): 35 clinically referred individuals and 16 control
individuals. The mean age of these two groups did not
differ significantly (8.7 [SD 5.2] vs. 7.0 [SD 3.8];
t(49) = 1.15, p = 0.25), and the F:M ratio did not differ
(F:M = 5:30 vs. 4:12; Chi-square (1) = 0.84, p = 0.35),
although the mean 1Q/DQ differed significantly (81.9 [SD
22.6] vs. 102.0 [SD 11.6]; t(44) = 4.9, p < 0.001).

Validity Study

To collect a sufficient number of clinically referred indi-
viduals in this sub-study, 6 additional research sites were
involved (4 developmental, university-affiliated clinics, 1
pediatric clinic at a general hospital, and 1 privately run
clinic for child psychiatry), together with the three research
sites also involved in the reliability study. The mode of
purposive selection of study participants was the same as
that adopted in the reliability study except that in the
validity study, the targeted number of participants was
larger (N = 200), and the recruitment period was longer
(September 1, 2006 and March 31, 2011). To capture any
differences between the two recruitment methods used for
the two sub-studies, we compared 35 clinically referred
individuals enrolled in the reliability study and an addi-
tional 200 clinically referred individuals (not shown in the
Table). This comparison did not reveal any significant
difference in the F:M ratio (F:-M = 5:30 vs. 42:158; Chi-
Square(1) = 0.84, p = 0.36), no significant difference in
mean age (mean = 8.7 (SD 5.2) vs. 10.5 (SD 4.9) years;
t(233) = 0.61, p = 0.54), and no significant difference in
mean DQ/IQ (81.9 (SD 22.6) versus 89.2 (SD 24.8);
t(233) = 1.62, p = 0.11) between the two groups of indi-
viduals. Therefore, we regarded these two groups as basi-
cally the same in terms of background characteristics. We
then combined the two groups and considered them as
feasible for the analysis. A total of 235 clinically referred
individuals were enrolled in the validity study.

To establish the group of control individuals, 66 kin-
dergarteners and school-age children exhibiting typical

development were also invited to participate in this study.
Participants were recruited through a notice placed in local
newspapers that serve the regions of the nine research sites
at which the 235 clinically referred individuals were also
enrolled. As a group, these individuals were identical in
terms of mean age, F:M ratio, and mean 1Q/DQ to the 16
control individuals enrolled in the reliability study, and as
such, they were combined as a single control group of
individuals. As a result, for the validity study, we investi-
gated 235 clinically referred individuals and 82 control
individuals (Appendix Table 2 in supplementary materi-
als). The mean age of the 235 clinically referred individ-
uals was older than that of the 82 control individuals (10.3
(SD 4.9) vs. 6.5 (SD 3.8) years; t(315) = 6.42, p < 0.001),
and the mean full-scale IQ/DQ of the clinically referred
individuals (86.6 (SD 23.0) vs. 1002 (SD 13.3);
t(310) = 4.65, p < 0.001) was lower than that of the
control individuals. There were significantly more male
individuals among the clinically referred individuals than
among the control individuals (F:M = 47:188 vs. 34:48;
Chi-Square(1) = 14.7, p < 0.001; see Appendix Table 2 in
supplementary materials).

As was done in the reliability study, 235 clinically
referred individuals and 82 control individuals underwent a
clinical assessment based on DSM-IV-TR (American
Psychiatric Association 2000) conducted by one of the
authors, and diagnoses, if any, were confirmed by our
research team and were established as a DSM-IV-TR-based
consensus clinical diagnosis. Among the 235 clinically
referred individuals, 227 were confirmed to have ASD,
namely, AD (N = 138) or PDDNOS (N = 89) as the
consensus clinical diagnoses. The remaining 8§ individuals
were assessed as not having ASD. Among the 82 control
individuals, none had a diagnosis of ASD; however, 1 had
a diagnosis of major depressive disorder, 1 had social
phobia, 1 had attention deficit/hyperactive disorder not
otherwise specified, and 1 had adjustment disorder. To
measure 1Q/DQ, WISC-1II, Tanaka-Binet intelligence
scale, or Kyoto Scale of Psychological Development was
employed. Among the 82 control individuals, 12 had no
IQ/DQ records; the school records of these participants
were carefully checked and we regarded their histories as
equivalent to a lack of cognitive delay.

Finally, the 235 clinically referred individuals and 82
control individuals were combined and re-grouped into the
three following diagnostic groups based on a consensus
clinical diagnosis (Table 2): 138 individuals with AD, 89
with PDDNOS, and 90 with non-ASD. Group comparisons
of mean age across the three groups revealed a significantly
higher value in the AD group than in the other two groups
(AD 11.7 [SD 4.3], PDDNOS 8.5 [SD 5.1}, non-ASD 6.4
[SD 3.7]; F(2, 314) = 42.1, p < 0.001). Likewise, the F:-M
ratio of the three groups showed a significant difference
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Table 2 Validity study: characteristics of the sample studied

(3] 2) 3) Statistics
AD PDDNOS Non-ASD
[N = 138] [N = 89] [N = 90]
Age in years
Runge 2-19 2-19 2-17
Median 11.8 8.0 5.0
Mean (SD) 11.7 (4.3) 8.5 (5.1) 6.4 (3.7) F(2, 314) = 42.9, p < 0.001
1>3:p<0.001
2>3:p <0.001
1>2:p<0.001
Gender (F:M) 18:120 25:64 38:52 Chi-square(2) = 24.8, p < 0.001
Number of individuals with cognitive 18 (13 %) 9 (10 %) 8 (9 %) Chi-Square(2) = 1.1, p = 0.59
delay (IQ/DQ < 70)
DSM-IV-TR diagnosis
Autistic disorder 120 (87 %) 0 0
Autistic disorder + mental retardation 18 (13 %) 0 0
Pervasive developmental disorder, 0 80 (90 %) 0
not otherwise specified
Pervasive developmental disorder not 0 9 (10 %) 0
otherwise specified + mental retardation
Mental retardation 0 0 89 %)
Major depressive disorder 0 0 1(1 %)
Social phobia 0 0 11 %)
Attention deficit/hyperactive disorder, 0 0 1 (1 %)
not otherwise specified
Adjustment disorder 0 0 11 %)
No psychiatric diagnosis 0 0 78 (87 %)
Full scale IQ/DQ*
Range 41-140 42~131 45-132
Median 87.5 90 93
Mean (SD) 88.4 (22.8) 87.9 (20.7) 90.8 (23.1) F(2,302) =0.2,p = 0.82
ADI-R score
Domain A
Range 8-30 3-28 0-11
Median 20 13 1
Mean (SD) 19.9 (5.3) 14.8 (6.4) 23 @7 F(2, 314) = 330.6, p < 0.001
1>3:p <0.001
2>3:p<0.001
1>2:p<0.001
Domain BV® [N = 116] N = 68] [N = 79]
Range 3-25 2-21 0-12
Median 14 8.5 1
Mean (SD) 143 (4.1) 9.7 (4.4) 25(3.2) F(2, 260) = 210.9, p < 0.001
1>3:p<0.001
2> 3: p<0.001
1>2:p <0001
Domain BNV* [N = 22] [N = 21] [N = 11]
Range 0-14 1-12 0-9
Median 10 6 1
@ Springer
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Table 2 continued

(1) 2) 3) Statistics
AD PDDNOS Non-ASD
[N = 138] [N = 89] [N = 90}
Mean (SD) 12.6 (4.9) 9.0 (4.4) 2.3 (2.5) F(2, 51) = 21.0, p < 0.001
1>3:p<0.001
2> 3: p <0.005
1>2:p=002
Domain C
Range 0-12 0-12 0-9
Median 5 2 0
Mean (SD) 5524 2.9 (2.5) 1.1 (1.8) F(2, 314) = 106.6, p < 0.001
1>3:p<0.001
2>3: p <0.001
1>2:p<0.001

NS not significant

# 12 individuals, all aged 6 years or older, in the Non-ASD group have no data on IQ/DQ. The school records of these participants were carefully
checked and we regarded their histories as equivalent to a lack of cognitive delay

® Verbal subjects (defined as a score of 0 on item 30 “overall level of language”)

¢ Non-verbal subjects (defined as a score of 1 or 2 on item 30)

(AD 18:120, PDDNOS 25:64, Non-ASD 38:52; Chi-
Square(2) = 24.8, p < 0.001). The mean IQ/DQ did not
differ across the three groups (AD 90.8 [SD 23.0], PDD-
NOS 87.9 [SD 20.1], Non-ASD 88.3 [SD 88.3]; F(2,
302) = 0.2, p = 0.82), and the proportion of individuals
with an IQ/DQ of less than 70 did not show any statistically
significant departures from the expected values (AD 13 %,
PDDNOS 10 %, Non-ASD 9 %, Chi-Square(2) = 1.07,
p = 0.59).

With ADI-R-JV, an algorithm diagnosis of AD was
provided if the sum scores of all of four domains (A, B, C,
and D) met the criteria (equal to or exceeding the cutoff for
each domain) as described in the original guidelines (Rutter
et al. 2003).

Interviews Using ADI-R-JV

All caregivers of participants in this study were inter-
viewed using ADI-R-JV within a 2-month period after the
participants had taken part in the study. These interviews
were conducted either by one of the present authors (KIT,
KM, AY, SS) who established the research reliability of the
original ADI-R together with the developers based on
intensive training sessions at the training sites, namely, the
interviewers reached more than 90 % exact agreement with
the ADI-R trainers (Risi et al. 2006), or by the authors who
were supervised by the authors KIT, KM, AY, or SS when
the interview using ADI-R-JV was conducted. In this

study, the same standard of agreement was achieved across
all members of the research team who conducted ADI-R-
JV. In total, 8 of the present authors were entitled to con-

* duct interviews using ADI-R-JV, and thus were regarded as

ADI-R-JV interviewers for the current study.

For the reliability study, all ADI-R-JV interviews were
first conducted by one of four interviewers (KJT, KM, AY,
SS), and all interviews were videotaped. Each tape was
assessed independently by another rater from the same
group of four interviewers, and all combinations of the four
raters were equally likely. For the validity study, only one
out of 8 interviewers conducted an ADI-R-IV interview,
and that interviewer was blind to the consensus clinical
diagnosis of the examinee. All 8 interviewers assessed
participants at each research site on a random basis.

Analyses
Construction of ADI-R-JV Diagnostic Algorithm

ADI-R diagnostic algorithm consists of the following 4
domains: (A) Qualitative abnormalities in reciprocal social
interaction; (B) Qualitative abnormalities in communica-
tion; (C) Restricted, repetitive, stereotyped patterns of
behavior; and (D) Abnormality of development evident at
or before 36 months. Domains A, B, and C correspond to
the three groups of symptoms described in the DSM-IV-TR
(American Psychiatric Association 2000). Domain A
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consists of 4 subdomains covering 16 algorithm items;
domain B consists of 4 subdomains covering 13 algorithm
items; domain C consists of 4 subdomains covering 8
algorithm items; and domain D has no subdomain and
covers 5 algorithm items. Our analyses focused on each of
42 algorithm items, 12 subdomains and 3 domains (A, B,
and C); we did not total up domain D scores and thus did
not analyze this, since this is the summary code for evi-
dence of abnormality within the first 3 years. The assess-
ment of domain B was further divided into two types of
assessments according to verbal skills of the examined
individuals; subdomains B1, B4, B2 (V), and B3 (V),
covering 13 algorithm items, were used for verbal indi-
viduals, whereas only B1 and B4 were used for non-verbal
individuals (including pre-speech infants).

An algorithm-based diagnosis of AD was provided if all
of scores of four domains (A, B, C, and D) were equal to or
exceeded the following cut-off points: 10 points for domain
A; 8 points for domain BV (domain B for verbal subjects)
or 7 points for domain BNV (domain B for non-verbal
subjects); 3 points for domain C; and 1 point for domain D.

Reliability Study

We first calculated the weighted kappa (Kw) value for each of
the 42 algorithm items; scores on the algorithm items took
only one of three values (0, 1, or 2). We adopted the quadratic
weighting system, thatis, w; = 1 — (i — j)*/(k — 1) (Fleiss
and Cohen 1973). This allowed Kw and the intraclass corre-
lation coefficient (ICC) to be considered as equivalent to each
other. We also calculated the ICC for each of 12 subdomains
and 4 domains; the summed scores of subdomains and
domains could take a number of values, and thus the ICC was
preferred over the Kw. As regards judgments of the clinical
level of significance, we followed the criteria provided in
previous studies (Cicchetti 1994; Cicchetti and Sparrow
1981), ie., items showing Kw > 0.75 and subdomains/
domains showing ICC > 0.75 were regarded as excellent,
0.60 < Kw < 0.75 and 0.60 < ICC < 0.75 were considered
good, and 0.40 < Kw < 0.60 and 0.40 < ICC < 0.60 were
considered fair, while Kw < 0.40 and ICC < 0.40 exhibited
poor inter-rater reliability. Considering the difference in age
distribution of the three diagnostic groups of participants,
analyses were first conducted on all the enrolled participants,
and then a subsequent analysis was conducted separately
for three age bands: below 5 years (<5:0 years); 5 years
0 months to 9 years 11 months (5:0-9:11 years); and
10 years and older.

Validity Study—Discriminant Validity

We compared the mean scores for 42 algorithm items, 12
subdomains, and 3 domains (A, B, and C) among the three

@ Springer

diagnostic groups of participants (AD, PDDNOS, and non-
ASD) using one-way ANOVA analysis with a post hoc
comparison after Bonferroni’s correction. We also exam-
ined whether differences in the mean scores of items,
subdomains, and domains would be smaller if the analyses
were limited to younger individuals (<5 years of age) or
individuals exhibiting cognitive delay (1Q/DQ < 70).

Validity Study—Diagnostic Validity

To assess whether the provided diagnosis based on ADI-R-
JV was diagnostically valid, we estimated the sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of ADI-R-JV. In this study, sensi-
tivity referred to the proportion of individuals judged to
have an ADI-R-JV algorithm-based diagnosis of AD
among those with a consensus clinical diagnosis of AD.
Specificity was the proportion of those judged not to have
AD based on ADI-R-JV among those with a non-AD
consensus clinical diagnosis or with no psychiatric diag-
nosis (i.e., subjects without a consensus clinical diagnosis
of AD). PPV was the proportion of subjects with a con-
sensus clinical diagnosis of AD among those with an
algorithm-based diagnosis of AD, and NPV was the pro-
portion of subjects with a consensus clinical diagnosis of
non-AD among those with an algorithm-based diagnosis of
non-AD. According to previously reported criteria (Cic-
chetti et al. 1995), we judged the clinical significance of
sensitivity, specificity, and PPV and NPV values to be
“fair” if results for these measures were equal to or
exceeded 70 %, good if they were >80 %, and excellent if
they were >90 %. We also examined whether results for
these would be lower if the analysis were limited to that of
younger individuals (<5 years of age) or individuals with
an intellectual disability (IQ/DQ < 70).

Ethical Issues

The study protocol followed the ethical guidelines of the
most recent Declaration of Helsinki (Edinburgh 2000) and
was approved by the Institutional Ethical Review Boards at
each research site. All participants, together with their
caregivers, were given a complete description of the study,
and the caregivers were asked to provide written informed
consent to participate. As regards clinically referred indi-
viduals, they were initially contacted at one of the partic-
ipating research sites, where we provided caregivers with
routine feedback, which included our clinical observations
and assessments. Then, by the time ADI-R-JV interview
was conducted, we had formed a clinical consensus diag-
nosis, arrived at by experts in our research team. After
ADI-R-JV interview with the caregivers had been con-
ducted, we formulated a best-estimate diagnosis based on
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both the consensus clinical diagnosis and the algorithm
diagnosis. The caregivers were then provided with feed-
back, including a best-estimate diagnosis.

Results
Reliability Study

No single diagnostic algorithm item showed a weighted
kappa (Kw) of lower than 0.6 (see Appendix Table 1 in
supplementary materials). Two items showed Kw values at
the level of “good” in terms of clinical significance (0.74
for item 39, “Verbal rituals”, and 0.69 for item 58,
“Inappropriate facial expression”), but the remaining 40
out of 42 diagnostic algorithm items showed Kw values of
0.75 or higher, indicating a level of excellent clinical
significance.

All domains and subdomains showed ICC values of 0.75
or higher, indicating an excellent level (Table 3). ICC
values were again calculated separately for three age bands
(<5:0 years, 5:0-9:11 years, and 10-19 years). Among
individuals below 5 years of age, all domains and

subdomains had ICC values of >0.75 (excellent). For
individuals between 5:0 and 9:11 years, all domains and all
but one subdomain had ICC values of >0.75 (excellent);
one exception was subdomain C3, “Stereotyped and
repetitive motor mannerisms”, which showed an ICC value
of 0.73 (good). For those individuals 10 years of age and
older, all domains and all but two subdomains showed ICC
values of >0.75 (excellent); the exceptions were 0.69 for
subdomain B2 (V), “Relative failure to initiate or sustain
conversational interchange”, and 0.62 for subdomain C4,
“Preoccupations with part of objects or non-functional
elements of material”, which had ICC values over 0.6, but
below 0.75 (good).

Validity Study

Discriminant Validity: Difference in Mean Scores of Items/
Subdomains/Domains Across Three Diagnostic Groups

As regards the mean scores for diagnostic algorithm items
(Table 4), all items but one showed a clear, significant
difference across the three diagnostic groups using one-
way ANOVA (AD vs. PDDNOS vs. non-ASD, p < 0.001

Table 3 Inter-rater reliability: intraclass correlation coefficients (ICC) of ADI-R domain and subdomain scores across three age bands (N = 51)

Domain/sub- Item ICC ICC ICC ICC 10-19 years
domain code all subjects <5:0 years 5:0-9:11 years [N = 16]
[N =51] [N = 20] [N = 15]

A Qualitative abnormalities in reciprocal social 96 93 97 .95
interaction

Al Failure to use nonverbal behaviors to regulate social .92 91 .94 91
interaction

A2 Failure to develop peer relationships .95 .92 92 .90

A3 Lack of shared enjoyment .96 94 .98 97

A4 Lack of socioemotional reciprocity 91 93 .89 .88

B Qualitative abnormalities in communication 97 95 .96 .98

B1 Lack of, or delay in, spoken language and failure to .93 .94 91 92
compensate through gesture

B4 Lack of varied spontaneous make-believe or social .96 .93 97 98
imitative play

B2(V) Relative failure to initiate or sustain conversational .92 90 92 .69
interchange

B3(V) Stereotyped, repetitive, or idiosyncratic speech .92 .96 95 77

C Restricted, repetitive, stereotyped patterns of .95 .96 .96 .87
behaviour

C1 Encompassing preoccupation or circumscribed 94 97 92 81
pattern of interest

C2 Apparently compulsive adherence to non-functional .86 85 .90 .81
routines or rituals

C3 Stereotyped and repetitive motor mannerisms .86 .85 73 .96

C4 Preoccupations with part of objects or non- .82 .89 94 .62
functional elements of material
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Table 4 Discriminant validity: mean scores of diagnostic algorithm items, subdomains, and domains

Items

(1) AD
[N = 138]

(2) PDDNOS
[N = 89]

(3) Non-ASD
[N = 90]

Statistics

Al. Failure to use nonverbal
behaviors to regulate social
interaction

50. Direct gaze

51. Social smiling

57. Range of facial expressions
used to communicate

A2. Failure to develop peer

relationships

49. Imaginative play with peers

62. Interest in children

63. Response to approaches of

other children

64. Group play with peers

65. Friendships

A3. Lack of shared enjoyment

52. Showing and directing
attention

3.8 (1.7

1.5 (0.9)

1.9 (1.1)

1.2 (1.0)

5.7 (1.9)

2.1 (0.9)

1.9 (1.1)

1.3 (0.9)

22 (0.8)

1.6 (1.1)

43 (1.7

1.5 (1.2)

2.6 (2.0)

1.1 (1.0)

1.4 (1.2)

0.8 (1.0)

44 (2.1)

1.9 (1.0)

1.4 (1.1)

1.1 (0.8)

1.8 (0.9)

1.7 (0.9)

3.7 (1.8)

1.0 (1.1)

0.2 (0.6)

0.0 (0.3)

0.1 (04)

0.0 (0.1)

0.7 (1.1)

0.2 (0.6)

0.1 (0.4)

0.1 (0.3)

0.4 (0.7)

0.2 (0.5)

0.7 (1.2)

0.0 (0.3)

F(2, 314) = 138.4, p < 0.001
1>3:p<0.001

2>3:p <0001
1>2:p<0.001

F(2, 227) = 61.5, p < 0.001
1>3:p<0.001
2>3:p<0.001
1>2:p=0.002

F(2, 230) = 60.5, p < 0.001
1>3:p<0.001

2>3:p <0.001
1>2:p=2001

F(2, 231) = 34.1, p < 0.001
1>3:p <0.001
2>3:p<0.001
1>2:p=003

F(2, 314) = 226.5, p < 0.001
1> 3: p <0.001

2> 3:p<0.001
1>2:p<0.001

F(2, 224) = 954, p < 0.001
1>3: p <0.001

2>3:p <0001

1>2:NS

F(2, 229) = 63.1, p < 0.001
1>3:p <0001
2>3:p<0.001
1>2:p=0.01

F(2, 226) = 50.25, p < 0.001
1>3: p<0.001
2>3:p<0.001

1>2:NS

F(2, 221) = 94.7, p < 0.001
1>3:p<0.001
2>3:p<0.001

1>2:p <0.001

F(2, 139) = 19.4, p < 0.001
1>3:p<0.001

2>3: p < 0.001

1>2:NS

F(2, 314) = 146.3, p < 0.001
1>3:p<0.001
2>3:p<0.001

1>2: p = 0.006

F(2, 229) = 39.3, p < 0.001
1>3:p<0.001
2>3:p<0.001
1>2:p=001
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