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The Feasibility and Validity of Autism Spectrum Disorder Screening
Instrument: Behavior Development Screening for Toddlers
(BeDevel)—A Pilot Study
Guiyoung Bong , Jeong-Heun Kim, Yoohwa Hong, Nan-He Yoon, Hyunjung Sunwoo, Jeong Yun Jang,
Miae Oh, Kyung-Sook Lee, Seokjin Jung, and Hee Jeong Yoo

Although early screening is critical for individuals with autism spectrum disorder (ASD) in order to receive early interven-
tion and improve function later in life, screening is often delayed. Limitations of existing screening instruments, and the
need for a culturally appropriate early screening tool in Korean children, led us to develop Behavior Development Screening
for Toddlers (BeDevel). The BeDevel assessment consists of two parts: BeDevel-Interview, a structured interview measure for
parents/primary caregivers; and BeDevel-Play, a play-based semi-structured observational measure in children. To examine
the feasibility and validity of BeDevel, 155 children (N = 75 ASD, N = 55 typical development, N = 25 developmentally del-
ayed) aged 18–42 months (M = 31.54 months, SD = 7.60) were examined through parent-reported screening questionnaires,
BeDevel, and standard diagnostic assessments. When BeDevel items were analyzed using Cohen’s kappa statistics, most
items in BeDevel-Interview and all items in BeDevel-Play were reasonably consistent with diagnoses. We identified primary
items, which were significantly interacted with actual diagnosis in the chi-squared test (P < 0.05, range = 0.000–0.032).
Using cutoff numbers of items determined using the receiver operating characteristics curve, BeDevel showed satisfactory
levels of sensitivity (83.33%–100%), specificity (81.25%–100%), positive predictive values (80.65%–100%), and negative
predictive values (83.87%–100%), as well as high internal consistency (Cronbach’s α = 0.866–959). The agreement between
BeDevel and most other screening/diagnostic instruments was moderate (k = 0.419–1.000). These results suggest that BeD-
evel can be a useful instrument for early screening of ASD. Autism Res 2019, 12: 1112–1128. © 2019 International Society
for Autism Research, Wiley Periodicals, Inc.

Lay Summary: Although early screening is critical for individuals with autism spectrum disorder (ASD) in order to receive
early intervention and improve function later in life, screening is often delayed. Limitations of existing screening instru-
ments and the need for a culturally appropriate early screening tool in Korean children led us to develop Behavior Develop-
ment Screening for Toddlers (BeDevel). The BeDevel assessment consists of two parts: BeDevel-Interview, a structured
interview measure for parents/primary caregivers; and BeDevel-Play, a play-based, semi-structured observational measure in
children. In order to test the feasibility and validity of BeDevel, we analyzed preliminary data of total 155 children aged
18–42 months, examined through parent-reported screening questionnaires, BeDevel, and standard diagnostic assessments.
When individual items were analyzed, responses of all BeDevel-Interview items and of most BeDevel-Play items well mat-
ched actual diagnoses, and we identified primary items, which were particularly useful in differentiating between the ASD
group and the non-ASD group. With the optimal screening criteria determined, the BeDevel was able to identify individuals
with a diagnosis of ASD and those without it, all at satisfactory levels. Lastly, BeDevel items were closely related as a set, and
the BeDevel screening results were reasonably consistent with the results of most other screening/diagnostic instruments.
These results suggest that BeDevel can be a useful instrument for early screening of ASD.
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Introduction

Early intervention in autism spectrum disorder (ASD) is
critical to improve early deficits and function in later life
[Bradshaw, Steiner, Gengoux, & Koegel, 2015; Estes et al.,

2015; Mundy & Crowson, 1997]. Identification of ASD at
a young age allows early intervention, but early diagnosis
is not always possible. According to the literature, early
signs of ASD are generally detected and diagnosed as early
as 12–24 months of age [Boyd, Odom, Humphreys, & Sam,
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2010; Kleinman et al., 2008; Zwaigenbaum et al., 2009].
However, the average age of diagnosis is much higher in
the United States and Korea [Baio et al., 2018; National
Institute of Special Education, 2015]. This discrepancy
stems from time-consuming evaluations, expensive care
systems, long waiting times, shortage of professionals, and
low awareness of paraprofessionals [Althouse & Stockman,
2006; Austin et al., 2016; Bisgaier, 2011; Fenikile, Ellerbeck,
Filippi, & Daley, 2014; Kalb et al., 2012; Sunwoo, Noh,
Kim, Kim, & Yoo, 2017; Wiggins, Baio, & Rice, 2006]. Addi-
tionally, in Korea, two major reasons cited for the lag
between when parents first suspect symptoms and the time
of diagnosis are (a) the belief that symptoms will resolve as
the child grows (52.2%) and (b) doctor recommendations
to delay diagnosis in young children (39.7%). This high-
lights the relatively limited awareness of ASD in Korean
society [National Institute of Special Education, 2015].

Screening is a pre-diagnostic method to identify early
manifestation of disorders, and can be the first step of the
diagnostic process [Corbisiero, Hartmann-Schorro, Riecher-
Rössler, & Stieglitz, 2017]. Typically, screening for ASD has
been performed with screening instruments in the form of
caregiver-rated questionnaires or simple observation by
trained professionals [Towle & Patrick, 2016]. Examples of
existing screening instruments are the Modified Checklist
for Autism in Toddlers (M-CHAT) [Robins, Fein, & Barton,
1999; Robins, Fein, Barton, & Green, 2001], the Screening
Tool for Autism in Toddlers and Young Children [Stone,
Coonrod, & Ousley, 2000; Stone, Coonrod, Turner, &
Pozdol, 2004; Stone, McMahon, & Henderson, 2008], the
Social Communication Questionnaires (SCQs) [Rutter, Bai-
ley, Lord, & Berument, 2003], and the Social Attention and
Communication Study (SACS) [Barbaro & Dissanayake,
2010]. Of these, the M-CHAT and SCQ have been trans-
lated into Korean [Kim et al., 2015; Yoo, 2008].

Previous screening instruments for ASD have adopted
either cutoff scores or at-risk behavior approaches. Both
have advantages, but some studies have suggested that
the identification of toddlers with ASD using cutoff scores
may be ineffective [Corsello, Cook, & Levanthal, 2003;
Newschaffer, Lee, David, & Lee, 2004] because scores can
vary across cultures [Chiang et al., 2012; Kim et al.,
2015]. Instead, at-risk responses from follow-up protocols
in M-CHAT, CHAT, and SACS can identify specific charac-
teristics of ASD and are used to collect additional informa-
tion and to reduce the occurrence of false-positives [Robins
et al., 1999]. Further, parental interviews or questionnaires
may also result in reporter bias or subjective responses
[Glascoe, 2000; Stone, Hoffman, Lewis, & Ousley, 1994].

Some screening tools are administered at a specific age,
and many at-risk children may be missed due to their age
[Barbaro & Dissanayake, 2010]. For example, joint atten-
tion (JA) is one of the critical factors used to distinguish
children at risk of ASD from typically developing children
and children with other developmental disabilities (DDs).

However, although the children with ASD who were
younger than 20 months showed significant delays in
response to JA, the children with ASD who were older
than 19 months did not show a significant difference in
response to JA compared to typically developing children
[Mundy, Sigman, & Kasari, 1994]. Further, children with
ASD show significantly less JA use than do children with
developmental delay (DD) at 24 months, but these two
groups show very similar levels of JA at 48 months [Naber
et al., 2007]. This indicates that the screening result may
differ depending on the age at administration. In addi-
tion, as the majority of children with ASD have develop-
mental delays, multiple evaluations at different ages are
recommended [Szatmari et al., 2016; Tager-Flusberg,
2010]. As such, we have developed different versions of
screening instruments for use at different age ranges.
According to previous focus group interviews (FGIs) done
by our group, many child healthcare service providers
have a low level of understanding of the pathognomonic
behaviors of ASD (e.g., abnormalities in JA and eye gaze),
and often fail to diagnose ASD based on only a few fea-
tures [Jang et al., 2016; Sunwoo et al., 2017]. Even if nurs-
ery or kindergarten teachers quickly suspect abnormalities
in children, they can be hesitant to articulate this to par-
ents due to the potential negative impact of the highly
stigmatized term “autism.” Therefore, it is essential that
screening instruments include easy, clear instructions, and
fundamental background information about typical and
atypical behaviors in social communication and social
interaction in toddlerhood, to help improve understand-
ing of the disorder and assist with communication from
caregivers. To this end, we developed a detailed manual,
educational handbook, and visual aids alongside the inter-
view questionnaire and play observation tool.

The primary purpose of this study was to develop and
validate a culturally appropriate and applicable screening
instrument to identify toddlers and children at risk of ASD
in the Korean population. To do so, we designed a compre-
hensive set of screening instruments consisting of a simple
caregiver interview, play-based observation, an instruc-
tion manual and educational material, which was collec-
tively termed Behavior Development Screening for Toddlers
(BeDevel). We examined the validity of BeDevel through
diagnostic confirmation and selected key items to deter-
mine the criteria for screening children at risk of ASD.

Methods
Developmental Procedures of the Instrument

Development of items. Two board-certified child and
adolescent psychiatrists, a developmental psychologist,
two clinical psychologists, and a special education profes-
sional participated in the design of BeDevel. First, we
decided to develop distinct sets of caregiver interviews and
play observation for various age groups. We used both
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interviews and observations based on prior studies that
have suggested that bias may occur when using only one
method [Glascoe, 2000; Miller et al., 2011]. The age groups
were allocated as (a) 9–11 months, (b) 12–17 months,
(c) 18–23 months, (d) 24–35 months, and (e) 36–42 months
of age. As some signs of ASD can be observed as early as
12 months, we decided to include the lowest age group
to increase the chance of early identification of ASD
[Zwaigenbaum et al., 2009]. Given that the identification
of ASD is often delayed until 36 months of age or later in
Korea, we decided to expand the definition of toddlerhood
up to 42 months [National Institute of Special Education,
2015]. In addition, these age groups align with those of
the Official National Health Screening Program for Infants
and Children in Korea, thus, BeDevel could prove benefi-
cial as an instrument for screening and monitoring those
who are found to be at-risk in their regular check-ups [The
Korea Centers for Disease Control and Prevention, 2017].
Second, an extensive literature review was conducted

on early signs of ASD to determine specific behaviors
observed in toddlers with a high risk of ASD in each age
range. We selected early signs of ASD that have been
proven to be significant in children aged 42 months or
younger, and sorted them into three subdomains of defi-
cits in social communication and reciprocal social inter-
action, and four subdomains of restricted, repetitive
patterns of behaviors, interests, or activities according to
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) criteria of ASD [American Psychiatric Associa-
tion, 2013].
Lastly, we developed a series of semi-structured care-

giver interview questions (BeDevel-Interview Protocol;
BeDevel-I) to examine early behaviors, and a series of
simple play activities (BeDevel-Play Protocol; BeDevel-P)
through which those behaviors can be examined observa-
tionally. The preliminary pool of questions and activities
were reviewed by a panel of experts, as well as those who
work closely with young children in related fields, and
modifications were made when needed as discussed in
the following sections.

Content validity. Examination for content validity through
expert panel review. BeDevel-I and the BeDevel-P were
reviewed by a panel of experts consisting of 11 child psy-
chiatrists, two special education professionals, two clinical
psychologists, and two developmental psychologists who
considered content appropriateness, timing, and impor-
tance of each item for the purpose of early screening.
Overall, items in BeDevel-I and BeDevel-P were evaluated
as appropriate for early screening for ASD in infants and
toddlers at the targeted ages. However, several suggestions
were carefully discussed and revisions were made accord-
ingly. For example, comments for examiners to provide
children during BeDevel-P were revised or added, and
guidelines for play activities were modified to more clearly

explain the tasks. In addition, scoring criteria were clarified
by adding more possible examples of responses, and an
“intermediate” score (i.e.; score of 2) was added for some
items that were previously to be scored dichotomously,
such as the use of requesting gestures and facial expres-
sions. For BeDevel-I, a frequency range to obtain each
score was specified for social response items (Response to
Name, Social Smile, Social Referencing, and Following Other’s
Pointing).

Examination for content validity through childcare worker
FGIs. In Korea, 65.6% of infants and toddlers aged
0–3 years attend daycare centers [Ministry of Health and
Welfare, 2017; Ministry of the Interior and Safety,
2017]. Thus, in order to examine whether BeDevel is feasi-
ble, practical, and field-friendly, we conducted FGIs with
30 daycare teachers in Seongnam City, Korea, who work
with children of the target ages of this study on a daily
basis. Interviewees consisted of seven regular teachers,
nine special education teachers, and 14 head teachers. Fif-
teen interviewees had 10 or more years of professional
experience, 11 had 6–9 years, and 4 had less than 5 years.
All were female, reflecting that daycare teachers in Korea
are predominantly female. We divided the interviewees in
three groups and repeated the interview questions in each
group.

The BeDevel-I and BeDevel-P protocols were reviewed
item-by-item, and interviewees were asked to evaluate
whether the expression of the questions and the
behavior/play examples in the protocols were appropriate
for use in the field. Collected opinions were carefully dis-
cussed by the researchers, and revisions were made if nec-
essary. Notably, descriptions were supplemented with
various examples of age-appropriate typical social behav-
iors suggested by the teachers, so that semi-professionals
can easily differentiate typical and atypical (ASD-related)
behaviors. In addition, the wording of the questions in
the BeDevel-I was revised to make them more clearly
understandable to parents/caregivers. For BeDevel-P, the
reactive remarks given to children were modified to
increase comprehension in infants and toddlers. Sugges-
tions regarding toys that interest infants and toddlers
were implemented into the play material set.

BeDevel as a comprehensive package. BeDevel aims
to be an early screening instrument that is ready for use
not only by professionals specialized in ASD, but also by
trained allied professionals who work with young chil-
dren on a regular basis. For this purpose, we developed a
Comprehensive Package (comprised of BeDevel-I, BeDevel-
P, and a BeDevel Manual) that can be easily utilized by
users with different educational backgrounds and experi-
ences. This package includes detailed instructions for
both administering and scoring BeDevel, and a BeDevel
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Handbook that helps users better understand behaviors
related to ASD.

BeDevel-I. BeDevel-I is a structured interview for primary
caregivers assessing social communication, reciprocal social
interaction and repetitive behavior, and limited interest in
toddlers across five age ranges. BeDevel-I consists of ques-
tions regarding whether a child shows social behaviors in
three domains known to be impaired in children with ASD
compared with typically developing children: social inter-
action, nonverbal communication, and social relation-
ships. In addition, BeDevel-I assesses atypical behaviors
including repetitive behaviors, limited interest, and hyper-
sensitivity or hyposensitivity to sensory stimuli. The num-
ber of questions varies depending on the age group: for
social communication, there are six items for individuals
aged 9–11 months, nine items for 12–17 months, 11 items
for 18–23 months, 13 items for 24–35 months, and
14 items for 36–42 months. There are five items to assess
atypical behaviors and limited interest in all age groups.
Each item is rated from 1 to 3 with 1 indicating typical
behavior, 2 indicating insufficient or inconsistent behav-
ior, 3 indicating highly limited behavior; and some items
are given an additional score, “S,” which specifies atypical
behavior. BeDevel-I takes 10–15 min to administer.

BeDevel-P. BeDevel-P is a play-based, semi-structured
observational measure assessing ASD-related behavior in
toddlers. BeDevel-P consists of activities and tasks to
observe the three domains of social behavior described
above (social interaction, nonverbal communication, and
social relationships), atypical repetitive behaviors, limited
interest, and response to sensory stimuli. The play was
designed to contain appropriate activities for individuals of
each age range; the number of items varied for each range:
three items for individuals aged 9–11 months, nine items
for 12–17 months, 10 items for 18–23 months, 12 items for
24–35 months, and 14 items for 36–42 months. The scor-
ing system is generally identical to those of BeDevel-I, with
a score of 1 indicating typical behavior, and 3 representing
limited behavior. The score “S” indicates atypical behav-
iors. The detailed constructs of BeDevel-I and BeDevel-P are
summarized in Tables 1 and 2. BeDevel-P also takes
10–15 min to administer.

BeDevel manual. The purpose of the BeDevel Manual is to
provide clear instructions for both administering and
scoring the assessments to ensure consistency. Provided
with each task are the purpose, tools required, detailed
instructions for administering and scoring, and a link to
more information in the handbook. The “Purpose”
section explains the social behaviors and ASD characteris-
tics to look for in each task. The “Tools” section lists the
names and the numbers of the tools that should be used
in each task in order to avoid arbitrary use of tools by

individual examiners. The “Administration Instruction”
section gives detailed explanations of how to conduct
tasks, including the number of attempts, alternative tasks
when necessary, and the extent to which a parent should
be allowed to get involved. In addition, it also explains
why the specific behavior is important in children’s social
development. Because the BeDevel Manual is designed to
be used by those who do not have previous experience
with ASD children or knowledge of ASD in general, intro-
duction to the concept of specific social behavior itself
could assist in comprehension of the task and observa-
tion. A “Scoring Instruction” section explains what each
score means and includes examples. In addition, the
“Link” section gives the page number in the BeDevel
Handbook where each social behavior of interest is
explained in more detail.

BeDevel handbook. The BeDevel Handbook is designed to
provide background knowledge of ASD for the examiner,
to enhance the understanding and ensure accurate and
efficient administration of the screen. For each behavior
assessed in the BeDevel-I and BeDevel-P, the handbook
describes the definition, developmental implications and
importance, developmental trajectories, and differences in
manifestation in typically and non-typically developing
children. The handbook was collaboratively written by five
child psychiatrists, three developmental psychologists,
three special education professionals, and two linguistics
experts who have expertise in either the diagnosis of
and/or intervention in children with ASD. It is written
in plain language so that professionals who do not have
sufficient knowledge about ASD can easily understand.
In addition, we also developed “BeDevel-Visual Aids,” 3-D
animation video materials showing several key behaviors
including JA, social referencing, social smiling, and recip-
rocal play in a typical child and a child with ASD, as well
as atypical (ASD-related) behaviors including a repetitive
pattern of behavior (e.g., lining up toys), the use of
another’s body to communicate, echolalia, and sensory
seeking.

Reliability and Diagnostic Validity

Participants. Participants were recruited and referred
from multiple sources: the child and adolescent psychiatric
clinic, the Pediatrics and Child Rehabilitation clinic at
Seoul National University Bundang Hospital, local primary
clinics participating in the National Health Screening Pro-
gram for Infants and Children, ASD treatment institutes,
community child mental health care centers, online self-
help communities for parents who raise children with DDs,
daycare centers, and through advertisements on bulletin
boards in multifamily housing complexes in Seongnam
City. There were also participants who were introduced
through other parents participating in the study. The
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inclusion criteria of the study were toddlers between the
ages of 9 and 42 months. The exclusion criteria were severe
medical conditions, neurological difficulties, severe sensory
and motor disorders, and serious rejection that made par-
ticipation in the assessment difficult. Some children were
entered into the study because they had been diagnosed
with ASD or communication disorder in advance, whereas
others had developmental concerns or were entered into
the study simply to identify their developmental character-
istics. Therefore, the assessment results led to further
treatment if necessary. The study was approved by the
Institutional Review Board at Seoul National University
Bundang Hospital and all parents of children provided
written informed consent.

Procedures. Rater training. The examiners who per-
formed the assessments received 6 × 4-hr training ses-
sions in which they studied the BeDevel protocols and
manuals in detail, watched simulations, and discussed
ways to overcome practical difficulties and avoid verbal
and behavioral mistakes. The entire training process was
supervised by the researcher in charge.
Prior to the actual administration, BeDevel-P and

BeDevel-I were performed on three groups of children aged
18–23 months, 24–35 months, and 36–42 months, and
their parents/caregivers. Four examiners rated each group
independently, and inter-rater reliability was calculated.
The inter-rater reliability of BeDevel-P scores ranged
from 84.2% to 100%, and the inter-rater reliability of the
BeDevel-I ranged from 84.6 to 100%. Any disagreements in
scoring among examiners were reviewed and discussed to
improve the accuracy of scoring. Once the adequate level
of reliability was established, each examiner performed
their first three to four cases under close supervision; from

then onward, score results and video-recorded assessments
were reviewed weekly to maintain consistent assessment
quality and inter-rater reliability.

Assessment procedure. For this study, all participants were
assessed using parent-reported questionnaires, BeDevel-
I/P, and diagnostic instruments. All parent-reported ques-
tionnaires were sent by ground mail so that they could be
completed prior to the assessment visit. Both BeDevel-I/P
and the diagnostic assessments were conducted for every
participant, regardless of whether they were suspected to
have ASD. BeDevel-P and the Autism Diagnostic Observa-
tion Schedule (ADOS) were conducted on children, and
BeDevel-I, the Korean version of Childhood Autism Rat-
ing Scale (K-CARS), and the Autism Diagnostic Interview-
Revised (ADI-R) were conducted on parents/caregivers by
qualified, trained examiners. To avoid a potential effect
of the assessment order, especially the confounding effect
of situation familiarity for children and of the stimula-
tion of retrieval in parental interviews, the sequence of
BeDevel-P and ADOS on children and BeDevel-I and ADI-
R/K-CARS were randomized. All interviews and observa-
tional assessments were videotaped and used for scoring
and verifying inter-rater reliability. Family history and
developmental history were also collected for diagnostic
confirmation. The examiners were blinded to the diag-
nostic characteristics of the participants.

Clinical best estimate diagnoses were determined by
qualified diagnostic assessment staff based on all available
information collected, and confirmed by experienced cli-
nicians, including two licensed child psychiatrists and
special education professionals who have expertise in
diagnosing/assessing ASD children. In the 18–23 month
group, we refer to those with a high possibility of ASD as

Table 1. Construct of BeDevel-Interview

DSM-5 criteria Items 9 months 12 months 18 months 24 months 36 months

A-1. Deficits in social–emotional
reciprocity

Response to name V V V V V
Social smile V V V V V
Social reference V V V V V
Sharing interest V V V
Back-and-forth conversation V

A-2. Deficits in nonverbal communicative
behaviors used for social interaction

Eye contact V V V V V
Facial expression V V V V V
Gesture V V V V
Pointing V V V V
Following other’s pointing V V V
Imitation of actions V V V V

A-3. Deficits in developing, maintaining,
and understanding relationships

Social interest and social relationship V V V V V
Interest in peers V V
Shared imaginative play V V

B. Restricted, repetitive patterns of
behavior, interests, or activities

Stereotyped/repetitive behaviors V V V V V
Insistence on sameness/adherence to
routines/restricted pattern of behavior

V V V V V

Restricted fixated interest V V V V V
Unusual sensory interest and
hyper/hyposensitivity

V V V V V
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Table 2. Construct of BeDevel-Play

DSM-5 criteria Behavior 9 months 12 months 18 months 24 months 36 months Task/activity

A-1. Social
reciprocity

Response to name V V V V V Call the child by name
Sharing interest V V V V Point at a sticker

V V V V Observe the child’s pointing at a sticker
V Instruct the child to imitate an action—flipping over

a cup
V Instruct the child to imitate an action—blowing a

pinwheel
V V Instruct the child to imitate an action—sliding a

doll
V V V V V Observe the child’s sharing interests

Initiating social
interaction

V V V V Present a toy and observe the child’s requesting
behavior

Social reference V V Present an unexpected situation—showing a moving
toy

V V V Present an unexpected situation—hitting blocks to
fall

V V Present an unexpected situation—being painful/
frustrated

Joint-attention V V V V Point at a sticker
V V V V Observe the child’s pointing at a sticker

Imitation of actions V Instruct the child to imitate an action—flipping over
a cup

V Instruct the child to imitate an action—blowing a
pinwheel

V V Instruct the child to imitate an action—sliding a
doll

Social play V Initiate a catch-ball and observe the child’s
reciprocal engagement

V Initiate a tug-of-war and observe the child’s
reciprocal engagement

V Initiate a *Co–co–co game (Korean traditional game)
and observe the child’s reciprocal engagement

V Initiate an imaginative play and observe the child’s
reciprocal engagement

Verbal communication V V Give verbal instructions
V Initiate a conversation and observe the child’s

reciprocal engagement
A-2. Nonverbal
communication

Eye contact V V V V V Observe the child’s eye-contact
Social smile V Talk to and smile at a child

V V V Tickle the child
V V V Play peekaboo with the child

V V Compliment the child
V V Say goodbye to the child

Facial expression V V V V V Observe the child’s facial expressions
Gesture V V V V Present a toy and observe the child’s requesting

behavior
V V Say goodbye to the child

V V V V V Observe the child’s gestures
Pointing (joint-
attention)

V V V V Observe the child’s pointing at a sticker
V V V V Present a toy and observe the child’s requesting

behavior
Response to pointing V V V V Point at a sticker
Understanding facial
expressions

V V Present an unexpected situation—showing a moving
toy

V V V Present an unexpected situation—hitting blocks to
fall

V V Present an unexpected situation—getting painful/
frustrated

V V Initiate a hiding game
Understanding gestures V V Initiate a hiding game

V V Say goodbye to the child

(Continues)
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“ASD” for the sake of convenience, though that age is
sometimes considered too young for diagnostic confirma-
tion. In addition, any uncertain results were discussed at
weekly meetings in which the videotaped assessments
and results were reviewed and discussed by the research
team staff to confirm the diagnosis.

Measures. ADOS and Autism Diagnostic Observation
Schedule-2. ADOS and Autism Diagnostic Observation
Schedule-2 (ADOS-2) [Lord, Luyster, Gotham, & Guthrie,
2012] are a standardized semi-structured assessment using
play-based methods to determine the presence of ASD
symptoms. It assesses verbal and nonverbal communica-
tion, social interactions and relatedness, play, and imagi-
nation. ADOS consists of modules 1 to 4, and ADOS-2
has module T for children younger than 30 months old.
Each module has a different combination of activities, but
all modules consist of planned social interactions to encour-
age the examinee’s social initiations, social responses, and
opportunities to participate in communication. After the
assessment, the child receives scores in various domains:
communication, social interaction, combined communica-
tion and interaction, play and imaginary, and restricted
and repetitive behaviors (RRBs) in ADOS; and social interac-
tion and communication, RRBs, total score, and compari-
son score in ADOS-2. Results fall into three categories:
autism, ASD, and non-spectrum combined. The Korean
translation of the ADOS-2 [Yoo et al., 2017] was approved
by its publisher, Western Psychological Services. This study
used ADOS for the children who participated in this study
before ADOS-2 was published in South Korea, and ADOS-2
for others; therefore, the ADOS scores were rescored
based on the ADOS-2 algorithm for results analysis. For
this study, any children aged 18–23 months evaluated
as having “mild-to-moderate concerns” and “moderate-

to-severe concerns” in module T that had equivalent con-
cerns reported by parents in the ADI-R were classified as
having ASD.

Autism Diagnostic Interview-Revised. ADI-R [Rutter,
LeCouteur, & Lord, 2003] is a semi-structured interview
for caregivers, which assesses the child’s communication,
social development, play, and restricted, repetitive, and
stereotyped behaviors. The administrator gathers infor-
mation from the interviewees based on the answers to
123 questions that are scored between 0 (socially appropri-
ate level) and 3 (very severe). The interview questions
regard three diagnostic domains: social interaction, com-
munication, and repetitive and stereotyped behavior. Each
domain has a diagnostic criterion for autism, and all three
domains must have scores exceeding this criterion in order
for a positive autism diagnosis. ADI-R is applicable to chil-
dren with a mental age of at least 2 years, but was adminis-
tered to participants under the age of 2 years to obtain a
diagnostic impression and detailed developmental history.
The Korean translation of the ADI-R [Yoo et al., 2007] was
approved by its publisher, Western Psychological Services.

Korean version of Childhood Autism Rating Scale. The
Korean version of the Childhood Autism Rating Scale
(CARS) [Schopler, Reichler, & Rochen, 1988] consists of
15 items to measure the presence and severity of symp-
toms of pervasive developmental disorders. Both the par-
ent’s report and the clinician’s observation of the child’s
behavior are used to rate each item. It includes questions
in different areas such as socialization, verbal and non-
verbal communication, emotional responses, restricted or
unusual interests or behaviors, and sensory sensitivities.
Each of 15 items is scored from 1 (no impairment
observed or reported) to 4 (severe impairment). The child

Table 2. Continued

DSM-5 criteria Behavior 9 months 12 months 18 months 24 months 36 months Task/activity

A-3. Social
relationship

Social interest V V V V V Observe the child’s sharing interests
Social response V V V V V Call the child by name

V Talk to and smile at a child
V V Tickle the child
V V Play peekaboo with the child

V V Compliment the child
V V Say goodbye to the child

B. Interest and
behavioral
characteristics

Stereotyped/repetitive
behaviors

V V V V V

Insistence on
sameness/adherence
to routines/
restricted pattern of
behavior

V V V V V

Restricted fixated
interest

V V V V V

Unusual sensory
interest and hyper/
hyposensitivity

V V V V V
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can be classified as having mild, moderate, or severe
autism. Based on the re-adjustment of the cutoff K-CARS
score in the Korean population, we used 24 as the cutoff
for ASD diagnosis [Kim & Park, 1995; Kwon et al., 2017].

Social Communication Questionnaire. The SCQ [Rutter
et al., 2003] consists of two forms: the “Current Form”

and the “Lifetime Form,” each of which includes 40 items
rated as either “yes” or “no” by caregivers of individuals
aged 24 months or above. Items are to assess behaviors
of an individual in three domains: social interaction,
language and communication, and restricted repetitive
behavior. According to a standardization study conducted
in Korea by Kim et al. [2015], a cutoff score of 10 is most
effective at detecting children under 47 months of age
who are at a high risk of ASD. Therefore, this study used
that criterion for diagnosis using the SCQ.

Social Response Scale Second Edition. The Social Response
Scale Second Edition (SRS-2) [Constantino & Gruber,
2012] is a questionnaire completed by parents/caregivers
to screen children at risk of ASD. It consists of measures
of the child’s social interactions, communication, and
stereotyped behaviors. SRS-2 offers four forms: school-age
(4–18 years), preschool (2.5–4.5 years), adult (19 years
and older), and adult self-report. It has a total of 65 ques-
tions, which can be rated from 1 (not at all) to 4 (almost
always). If the child scores greater than 75, they are classi-
fied as being at high-risk of ASD. We translated and back
translated the SRS-2 preschool form and received permis-
sion to use it through a contract with the SRS-2 copyright
holder, WPS Publish. As SRS has not been standardized in
Korea, reliability analysis was performed; Cronbach’s α

value was 0.96.

Vineland Adaptive Behavior Scales, Second Edition. Vineland
Adaptive Behavior Scales, Second Edition [Volkmar,
2013] were designed to address adaptive behavior, per-
sonal and social skills necessary for everyday independent
living across the life span (birth to 90 years). VABS can be
administered to parents, teachers, and other caretakers
using survey interview and rating forms. For individuals
with ASD, it can be used to determine eligibility for ser-
vices, planning intervention programs, and tracking and
reporting progress following interventions. Domains
include communication, daily living skills, socialization,
motor skills, and maladaptive behaviors (internalizing
and externalizing behaviors). Behaviors are rated on a
0–2 rating scale, with 0 representing a skill that is not
used by the individual, 1 representing a skill used some-
times, and 2 representing a skill used most of the time.

Sequenced Language Scale for Infants. Sequenced Language
Scale for Infants (SELSI) [Kim, Kim, Yoon, & Kim, 2003]
examines development in the areas of receptive language

and expressive language in children aged 5–36 months. It
gives developmental age, percentile, and standard devia-
tion of each area. It consists of 56 questions and takes
10–20 min to complete, depending on the age of the
child. It can also be used to evaluate language develop-
ment, and provides an approximate development level
for children with language delays.

Statistical Analyses

We used Cohen’s kappa (k) to check the consistency
between the diagnosis of ASD and corresponding response
from BeDevel [Watson & Petrie, 2010]. A kappa statistic of
0.21 or higher was considered to have at least fair strength
of agreement, and items with the kappa statistic of 0.20 or
less were considered to have “slight” or “poor” agreement
[Landis & Koch, 1977]. The chi-squared test (χ2) was also
used to check for significant differences between score dis-
tributions in the ASD and non-ASD groups (developmental
delay without ASD group and typical development group)
for each item in BeDevel-I and BeDevel-P. Next, Cronbach’s
α values were calculated to assess the internal consistency
of BeDevel-I/P when nonsignificant items (based on the
results of χ2 test) were removed. We also used receiver oper-
ating characteristic curves (ROC) to explore the best criteria
to screen for “high risk” individuals. Sensitivity, specificity,
positive predictive values, and negative predictive values
were calculated to compare several different screening
criteria. Lastly, we used kappa values to assess the levels of
agreement between BeDevel-I/P and the other measures
(ADOS-2, ADI-R, K-CARS, SCQ, and SRS). Statistical ana-
lyses were performed using SPSS Statistics 23 (IBM Corp.,
Armonk, NY, USA). The confidence interval was set at 95%.

Results
Participant Characteristics

A total of 155 children ranging from 18 to 42 months of
age participated in the study. The samples of 9–11 months
and 12–17 months were too small to be statistically tested
and thus were not included in the analysis of the present
study. The average age was 31.61 months (SD = 7.52), and
the majority were male (n = 109, 70.3%). The number of
children in each age range was 18–23 months n = 30;
24–35 months n = 62, and 36–42 months n = 63. Partici-
pants were classified by the clinical best estimate diagnosis
and divided into three groups: ASD (n = 75), developmen-
tal delay without ASD (DD; n = 25), and children with typ-
ical development (TD; n = 55). Participants whose
language level was below a standard deviation of −1 in
SELSI and those for whom the standard score was below
70 in any area of the VABS were considered DD. Of the
155 toddlers who participated in the study, three were pre-
viously diagnosed with ASD, and two were diagnosed with
communication disorder. Among the 150 participants
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who had not been diagnosed in advance, 89 were entered
into the study because of concerns about language, social
skills, and/or overall developmental delay. The other 51 par-
ticipants had received a clinical impression of ASD from a
child psychiatry clinic, department of rehabilitation, or
development center without a confirmed diagnosis. A total
of 61 children were entered into the study without any
developmental concerns. The demographic characteristics
of the participants are summarized in Table 3.

Concurrent Validity

When the agreement between individual item responses
and ASD diagnosis was computed using Cohen’s kappa, all
items in BeDevel-P showed kappa values of 0.21 or higher
for all age groups (kappa value range = 0.27–0.80 for indi-
viduals aged 18–23 months, 0.27–0.65 for 24–35 months,
and 0.38–0.71 for 36–42 months). In BeDevel-I, Social
Smile (k = 0.13) and Insistence on Sameness/Adherence to
Routines/Restricted Patterns of Behavior (k = 0.07) in the
18–23 months old group showed kappa values less than
0.20. The rest of the 13 items showed fairly high kappa
values, ranging 0.27–0.93. For the 24–35 month group,
Social Smile (k = 0.03), Social Interest and Social Relationship
(k = 0.18), Insistence on Sameness/Adherence to Routines/
Restricted Patterns of Behavior (k = 0.18), and Restricted, Fix-
ated Interest (k = 0.14) showed kappa values less than 0.20.
The rest of the 13 items showed fairly high kappa values,
ranging 0.24–0.67. For the 36–42 month group, Social
Smile (k = 0.07) and Restricted, Fixated Interest (k = 0.12)
showed kappa values less than 0.20. The rest of 16 items
showed fairly high kappa values, ranging 0.25–0.62. In the
present study, we named the items that showed kappa
values of 0.21 or higher Primary Items and those with
kappa values of 0.20 or less Secondary Items. That is, Pri-
mary Items are those with a higher degree of discrimination
in the screening. Although a kappa value of 0.41 or higher
is generally accepted as having “moderate” strength of
agreement, the questions related to the core risk signs for
ASD, replicated multiple times in previous studies, were
eliminated when we applied that criteria; therefore, we
decided to include items with kappa values of 0.21 or
higher in primary items as well. Kappa values of individual
items are presented in Table 4.
Whether the selected Primary Items could sufficiently

discriminate the ASD group from the non-ASD groups
was confirmed using the chi-square test. Differences in
secondary item responses were not significant in discrimi-
nating the ASD group from the non-ASD group (P > 0.05,
range = 0.056–0.309). In contrast, primary items showed
high overall discrimination. For BeDevel-I, the primary
items were significant at 0.000–0.032 levels in the
18–23 months, 0.000–0.021 in the 24–35 month group,
and 0.000–0.018 in the 36–42 month group. The primary
items of the BeDevel-P were also significant, at 0.00–0.032

in 18–23 month group, 0.000–0.021 in the 24–35 month
group, and 0.000–0.002 in the 36–42 month group.

Sensitivity, Specificity, Positive Predictive Value, and Negative
Predictive Value

We generated criteria items using ROC analysis, to confirm
the cutoff numbers of the Primary Items. Based on the
results of ROC analysis, the Cutoff Number of Items was
2/13 in the 18–23 month, 3/13 in 24–35 month, and 6/16
in the 36–42 month group in BeDevel-I. For BeDevel-P,
cutoff numbers were 9/15 in the 18–23 month, 11/18 in
24–35 month, and 9/19 in 36–42 month groups. With this
new criterion, both BeDevel-P and BeDevel-I showed satis-
factory levels of sensitivity with a range of 83.33%–100%,
specificity, 81.25%–100%, positive predictive value (PPV),
80.65%–100%, and negative predictive value (NPV),
83.87%–100%.

When the ASD group was compared with the DD group,
sensitivity in both 24–35 month and 36–42 month groups
was 90%, which was similar to when the ASD group was
compared with TD group. For individuals aged 24–35
months, specificity was 91.67%, which indicates a high
ability to discriminate between two groups. Specificity
in the 36–42 month group was 76.92%. Sensitivity of
BeDevel-P was 80.9% in 24–35 month group and 81.40%
in 36–42 month group. Specificity was 66.67% in the
24–35 month group and 53.85% in the 36–42 month
group. If children were screened in both BeDevel-I and
BeDevel-P, sensitivity range was 76.67–93.33, which was
slightly lower, while specificity was higher, ranging from
91.67 to 100. PPV and NPV were moderate at 95.83%–

100% and 81.58%–93.33%, respectively. Results are pres-
ented in Table 5.

Internal Consistency and Item Discrimination

When the internal consistency of the selected primary items
was assessed through Cronbach’s α, primary items from
BeDevel-P showed high internal consistency, with the aver-
age α value of 0.88 (range 0.866–0.889) for 18–23 month,
24–35 month, and 36–42 month groups. The change in α

values after removing each primary item was rather small,
indicating that no item seriously affects the internal consis-
tency (range: 0.843–0.875 for 18–23 months, 0.843–0.877
for 24–35 months, and 0.876–0.889 for 36–42 months). In
addition, correlations between individual primary items and
BeDevel-I as a whole were calculated to test item discrimina-
tion; all items showed positive correlations, ranging from
0.273 to 0.843 for the 18–23 month group, 0.287–0.724
for the 24–35 month group, and 0.372–0.689 for the
36–42 month group.

Primary items from BeDevel-P showed high internal
consistency as well, with the average α value of 0.953
(range: 0.947–0.959) for the 18–23 month, 24–35 month,
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and 36–42 month groups. The change in α values after
removing each primary item was rather small, again indi-
cating that no item seriously affects the internal consis-
tency (range: 0.939–0.949 in 18–23 month, 0.947–0.954
in 24–35 month, and 0.955–0.960 in 36–42 month
groups). In addition, correlations between individual pri-
mary items and BeDevel-P were calculated to test item
discrimination; all items showed generally strong positive
correlations, ranging from 0.451 to 0.896 for the
18–23 month group, 0.352–0.866 for the 24–35 month
group, and 0.475–0.852 for the 36–42 month group.

Comparison with the existing measurements for ASD

We analyzed the agreement of the results of the BeDevel-
P and BeDevel-I with those of preexisting screening

instruments for ASD, including SCQ, SRS, ADOS, ADI-R,
and K-CARS. For SCQ and K-CARS, we applied the follow-
ing cutoff scores for the Korean population, which were
previously validated by our team: 10 for SCQ (instead of
15 in original version) for toddlers and children younger
than 48 months old, and 24 for K-CARS (instead of 30 in
original version) [Kim et al., 2015; Kwon et al., 2017]

In BeDevel-I and BeDevel-P of all age levels, agreements
with ADOS were substantial (k = 0.677–1.000) and the
level of agreement was almost perfect for individuals
aged 18 months. Both showed substantial levels of agree-
ments with ADI-R for 36–42 month and 18–23 month
(k = 0.685–0.777) groups, and had a moderate level of
agreements in 24–35 month groups (k = 0.419–0.533). A
higher level of agreement was apparent when the diagnos-
tic results from the social interaction and communication

Table 4. Concurrent Validity by Individual Item

Item description

18 month 24 month 36 month

Kappa value χ2 Kappa value χ2 Kappa value χ2

BeDevel-I
Response to name 0.53 10.91** 0.41 12.40*** 0.38 11.26**
social smile 0.13 2.14 0.03 1.08 0.07 2.27
Social reference 0.60 12.86*** 0.41 11.81** 0.42 12.89***
Imitation of actions 0.33 6.00* 0.27 8.27** 0.45 13.68***
Pointing 0.80 20.00*** 0.58 23.57*** 0.38 12.03**
Response to pointing 0.53 10.91** 0.44 16.01*** 0.42 13.68***
Sharing interest 0.73 16.43*** 0.48 16.66*** 0.55 20.35***
Conversation – – – – 0.56 20.20***
Eye contact 0.47 9.13** 0.35 8.37** 0.45 14.03***
Facial expression 0.40 6.14* 0.24 5.98* 0.35 10.47**
Gesture 0.60 11.63* 0.28 5.35* 0.61 25.40***
Social interest and social relationship 0.27 4.62* 0.18 3.64 0.25 5.64*
Level of Play – – 0.51 17.15*** 0.62 24.72***
Interest in peers – – 0.54 19.69*** 0.62 25.25***
Stereotyped/repetitive behaviors 0.93 26.25*** 0.67 30.25*** 0.62 24.08***
Insistence on sticking to routines and rituals 0.07 1.03 0.18 2.86 0.42 12.32***
Limited interest 0.47 9.13** 0.14 2.23 0.12 1.27
Sensory characteristics 0.53 9.60** 0.28 5.35* 0.55 17.18***

BeDevel-P
Social reference—hitting blocks 0.53 8.89** 0.42 10.87** 0.49 15.15***
Response to name 0.67 13.39*** 0.58 21.16*** 0.40 9.91**
Understanding simple words – – 0.58 20.86*** 0.59 22.45***
Social reference—a moving toy/frustrated 0.80 19.29*** 0.52 16.74*** 0.71 32.26***
Requesting—a distant toy 0.60 11.63** 0.52 17.60*** 0.50 16.04***
Joint-attention-response 0.27 4.66* 0.51 21.11*** 0.38 12.03**
Joint-attention-initiation 0.73 17.37*** 0.52 17.09*** 0.58 21.99***
Imitation of action 0.80 19.29*** 0.27 5.34* 0.47 14.30***
Social reference-hiding game – – 0.55 20.19*** 0.62 24.26***
Social play 0.60 11.00** 0.55 22.25*** 0.56 21.34***
Back-and-forth Conversation – – – – 0.56 24.73***
Smile response—peek-a-boo/compliment 0.60 11.00** 0.49 18.63*** 0.53 19.17***
Smile response—goodbye – – 0.43 12.46*** 0.47 15.65***
Eye contact 0.80 19.29*** 0.62 24.35*** 0.56 19.55***
Use of facial expression 0.53 8.57** 0.65 26.11*** 0.68 29.32***
Use of gesture 0.60 10.96** 0.59 22.21*** 0.69 36.63***
Sharing interest 0.67 13.39*** 0.52 16.47*** 0.62 24.08***
Social relationship 0.73 16.13*** 0.61 23.78*** 0.53 17.90***
Restricted, repetitive patterns of behavior, interests, or activities 0.33 4.69* 0.55 19.15*** 0.49 15.47***

*P < 0.05, **P < 0.01, ***P < 0.001.
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areas only of the ADI-R were compared to BeDevel
(k = 0.613–1.000). Agreements for all ages were substantial
for both instruments when compared to K-CARS (k =
0.742–0.933). For SCQ, the 24–35 month-old group and
the 36–42 month-old group showed a substantial level of
agreement (k = 0.623–0.710) with both BeDevel-I and
BeDevel-P. The agreement with SRS was relatively low
compared to that of other instruments, but was still fair to
substantial (k = 0.395–0.649). The agreement between
BeDevel-P and BeDevel-I showed 96.7% of agreement in
18–23 month (k = 0.933), 75.8% in 24–35 month
(k = 0.516), and 79.5% in 36–42 month (k = 0.588) groups.
Results are presented in Table 6.

Discussion

In our pilot analyses of BeDevel-I and BeDevel-P, both
showed a satisfactory level of concurrent validity, sensi-
tivity, specificity, positive and negative predictive values,
and agreement with existing instruments for diagnosing
ASD. These results suggest that both can be useful instru-
ments for screening ASD-related behavior in children up
to 42 months of age. It was relatively easy for semi-
professional raters to reach sufficient inter-rater reliability
with a modest level of training. We hypothesize that this
might be due to the fact that BeDevel translates the diag-
nostic criteria of ASD as defined by DSM-5 criteria into
observable, specific, real-life behaviors in young children,

whereas DSM-5 criteria define the core components of
ASD-related behaviors in an operational manner [Rogers,
Goddard, Hill, Henry, & Crane, 2016; Skellern, Schluter, &
Mcdowell, 2005].

In the item analyses, our primary items (those that
showed good correlations with the diagnosis) were gener-
ally comparable with previous studies looking for early
signs of ASD, based on Cohen’s kappa values. Response to
Name, Use of Facial Expression, Imitation, and Joint Attention-
Response showed relatively low kappa value of 0.21–0.40.
When we calculated sensitivity, specificity, PPV, NPV, and
agreement of diagnosis and BeDevel using the items with
kappa values of 0.41 or higher, the results were similar to
what we got with our primary items (range: 83.87%–100%
in sensitivity, 81.82%–100% in specificity, 82.35%–100%
in PPV, and 84.38%–100% in NPV, 83.87%–100% in agree-
ment of diagnosis and BeDevel). However, we decided not
to get rid of the items because those behaviors have been
repeatedly and consistently replicated as early significant
signs of ASD in multiple researches [Baird et al., 2000; Bar-
baro & Dissanayake, 2010; Boyd et al., 2010; Macaril et al.,
2012; Stenberg et al., 2014]. Those items showed high cor-
relation with ASD diagnosis in χ2 test (P < 0.05). Also, as the
tendency of relatively lower kappa was more pronounced
in BeDevel-I, we assumed that it might be influenced by
individual parents’ ability to accurately understand what
the interview questions are asking, as well as their under-
standing of child development and should be re-examined
through the expanded samples in further study. In the

Table 5. Sensitivity, Specificity, PPV, and NPV Based on BeDevel-I and BeDevel-P

18–23 months
24–35 months 36–42 months

ASD vs. non-ASD ASD vs. DD ASD vs. TD ASD vs. DD ASD vs. TD
(n = 15 vs. n = 15) (n = 30 vs. n = 12) (n = 30 vs. n = 32) (n = 30 vs. n = 13) (n = 30 vs. n = 33)

BeDevel-I
Number of primary items 13 13 16
Cut off numbers of item 2 3 5
Agreement of diagnosis and BeDevel 100 90.48 87.10 86.05 88.69
Sensitivity (%) 100 90.00 90.00 90.00 90.00
Specificity (%) 100 91.67 84.38 87.88 76.92
PPV (%) 100 96.43 84.38 90.00 87.10
NPV (%) 100 78.57 90.00 76.92 90.63

BeDevel-P
Number of primary items 15 18 19
Cut off numbers of item 9 11 9
Agreement of diagnosis and BeDevel 93.33 80.95 85.48 81.40 87.30
Sensitivity (%) 93.33 86.67 86.67 93.33 93.33
Specificity (%) 93.33 66.67 84.38 53.85 81.82
PPV (%) 93.33 86.67 83.87 82.35 82.35
NPV (%) 93.33 66.67 87.10 11.18 93.10

BeDevel-Totala

Agreement of diagnosis and BeDevel 96.67 80.95 87.10 86.05 90.48
Sensitivity (%) 93.33 76.67 76.67 83.33 83.33
Specificity (%) 100.00 91.67 96.88 92.31 96.97
PPV (%) 100.00 95.83 95.83 96.15 96.15
NPV (%) 93.33 61.11 81.58 70.59 86.49

aBeDevel-Total: Screened on both BeDevel-I and BeDevel-P.
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BeDevel-I, the reliability of Social Smile (all age groups) and
Social Interest and Social Relationship (in 24–35-month old
individuals) were limited, and Repetitive and Restricted
Behaviors and Interests items showed inconsistent results,
although the kappa values of BeDevel-P were acceptable for
all items. This might be attributed to the fact that awareness
of Social Smile is affected by cultural differences. Although
social smiling is a universal social behavior, cultural differ-
ences have been found regarding the duration and fre-
quency of social smiles [Wörmann, Holodynski, Kärtner, &
Keller, 2012]. Thus, it is possible that cultural differences
have made Korean parents less sensitive at detecting differ-
ences in social smiles in their children, and that direct
observation is more informative than parents’ reports for
this item. Also, because 24 month of age is a time of transi-
tion into daycare in Korea, behaviors pertaining to Social
Interest and Social Relationship begin to change as children
transition from relationships primarily with caregivers/
parents to those outside of the family. Thus, it might be dif-
ficult for caregivers/parents to judge the age-appropriateness
of their children’s social interest and behavior.
Despite the usefulness of direct observation through

BeDevel-P for some items such as Social Smile and Use of
Facial Expression, BeDevel-P revealed very low specificity
for diagnosis, while sensitivity was generally satisfactory.
We introduced the Cutoff Number of Item method, in
which a subject is regarded to have a high risk of ASD
when he/she meets high-risk criteria in multiple risk
items. Both BeDevel-P and BeDevel-I showed high sensi-
tivity as well as specificity, along with high PPV and
NPV. This implies that the combination of risk items and
cutoff number methods might be useful when applied in

screening in a community and clinical setting. However,
the specificity that distinguishes between ASD and DD
was not excellent. This may be partially due to the fact
that that toddlers and young children with ASD and DD
usually have language delays and limitations or difficul-
ties in using nonverbal communication skills [Osterling,
Dawson, & Munson, 2002; Ventola et al., 2007]. As the
sample size of the DD group was relatively small, further
analyses with larger sample sizes would be needed to clar-
ify the specificity issue. When combining BeDevel-I and
BeDevel-P in screening, specificity both in individuals
aged 24–35 months and 36–42 months was higher. We
recommend that those who are screened using both
BeDevel-I and BeDevel-P are classified as at-risk of ASD in
order to differentiate ASD and DD. Although direct obser-
vation is more useful for assessing some domains, it may
be necessary to place more emphasis on parent interviews
to increase specificity.

Interestingly, we found different results for each item
depending on age. For example, response to name and
social-referencing-related items in BeDevel-P showed
higher discrimination power in the 18–23 month group
than in the 24–35 month and 36–42 month groups.
Such differences in social–sensitivity-related items across
age groups can be understood by considering that aware-
ness and fear of unfamiliar environments develop
around 12 months and last until 24 months, the time
when toddlers grow more independent [Jones, Gre-
enberg, & Crowley, 2015]. On the other hand, social
behaviors such as JA behaviors and imitation were less
sensitive in differentiating ASD from other groups for
the 24–35 month and 36–42 month groups compared to

Table 6. Agreement with Existing Instruments

Age Tool ADOS ADI-R ADI-R (s + c) K-CARS SCQ SRSa

18–23 month (n = 30) BeDevel-I Agreement (%) 100 86.70 96.70 96.70 – –

Kappa value 1.00 0.73 0.93 0.93 – –

BeDevel-P Agreement (%) 93.40 86.70 96.70 90 – –

Kappa value 0.87 0.73 0.93 0.80 – –

BeDevel-total Agreement (%) 96.70 90 100 93.30 – –

Kappa value 0.93 0.80 1.00 0.87 – –

24–35 month (n = 62) BeDevel-I Agreement (%) 88.70 72.60 85.50 87.10 85.40 68.40
Kappa value 0.77 0.46 0.71 0.74 0.71 0.40

BeDevel-P Agreement (%) 83.80 71 80.70 88.70 80.60 73.70
Kappa value 0.68 0.42 0.61 0.77 0.61 0.48

BeDevel-total Agreement (%) 85.50 79.10 88.70 87.10 85.50 79
Kappa value 0.71 0.53 0.76 0.74 0.71 0.54

36–42 month (n = 63) BeDevel-I Agreement (%) 87.30 88.90 87.30 88.90 82.50 82.50
Kappa value 0.75 0.78 0.76 0.78 0.65 0.65

BeDevel-P Agreement (%) 88.90 84.20 82.60 87.30 80.90 71.40
Kappa value 0.78 0.69 0.65 0.75 0.62 0.44

BeDevel-total Agreement (%) 88.90 90.50 88.90 90.60 77.80 77.80
Kappa value 0.78 0.81 0.78 0.82 0.57 0.54

Abbreviations: ADOS-2, Autism Diagnostic Observation Schedule and Autism Diagnostic Observation Schedule-2; ADI-R, Autism Diagnostic
Interview-Revised; ADI-R(s + c); Autism Diagnostic Interview-Revised (Social domain and Communication domain); K-CARS, Korean Child Autism Rating
Scale; SCQ, Social Communication Questionnaire; SRS, Social Response Scale.

aIn 24–35 months, children over 30 months were included in the results analysis (n = 38).
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the 18–23 month group in BeDevel-I. Training effect
may be one explanation, given that such social behaviors
often become the primary targets of early intervention
when children show difficulties [Zwaigenbaum et al.,
2015]. Considering that the display of social behaviors var-
ies across age, selecting primary items and deciding screen-
ing criteria by age group is appropriate. Diagnostic
stability of ASD in 18 months has been debated. For exam-
ple, some reports suggested that the diagnoses of ASD at
the average age of 19 months were maintained in the
follow-up at an average age of 37 months, while subjects
showed improved in Social Affect domain of the ADOS
[Guthrie, Swineford, Nottke, & Wetherby, 2013]. Another
study found that diagnosis at 18–23 months of age should
be confirmed through follow-up assessments because
some symptoms may not be apparent at a certain age, and
some behaviors might be affected by age [Baird et al.,
2000; Macaril et al., 2012; Stenberg et al., 2014]. Further
analyses with larger sample sizes would be needed to clar-
ify the characteristics of behavior in 18 months of age.

As for the RRB domain, diagnostic validity was higher
among older children in BeDevel-P. Insistence on Same-
ness/Adherence to Routines/Restricted Patterns of Behavior
were only significant in the 36–42 month group and not
for the younger groups, and Restricted, Fixated Interest was
not significant, despite the fact that those are recognized
as important diagnostic features of ASD. One possible
explanation is that such behaviors can be observed in the
developmental trajectories of both TD and DD children
at a young age, and some children with mild ASD do not
display RRBs [Arnott et al., 2010; Evans et al., 1997]. -
Nevertheless, because children diagnosed with ASD often
display more severe RRBs during infancy and toddler-
hood compared to children with TD and DD, and because
it remains stable over time, careful evaluation of RRB
through parental interviews and child observation remains
necessary [Joseph, Thurm, Farmer, & Shumway, 2013;
Kim & Lord, 2010; Richler, Huerta, Bishop, & Lord, 2010;
Watson et al., 2007]. As both typical and atypical behav-
iors can change over time through children’s developmen-
tal trajectories, the age-specific design that considers
developmental changes when assessing a child is particu-
larly advantageous in BeDevel [Kasari, Gulsrud, Freeman,
Paparella, & Hellemann, 2012; Zwaigenbaum et al., 2015].

When compared with other measures, BeDevel-I and
BeDevel-P showed mostly high levels of agreements with
ADOS and CARS with ADI-R, but levels of agreement
were relatively low in the 24–35 month group. This
might be associated with the fact that toddlers younger
than 24 months, who have developmental difficulties,
including intellectual disabilities, often show underdevel-
oped social reciprocity and communication skills, which
might increase their chance of meeting the diagnostic
criteria using ADI-R. In addition, RRB might appear after
24 months of age, suggesting that the ADI-R algorithm

might not be suitable for young infants and toddlers
[Rutter et al., 2003]. This explanation is supported by
higher levels of agreements when only the social and
communication domains of ADI-R were applied. Thus, if
infants and toddlers under 24 months are identified as at-
risk of ASD, immediate intervention and follow-up evalu-
ation would be critical. BeDevel showed relatively low
levels of agreement with SCQ, SRS, and other diagnostic
tools. This may be attributed to the fact that SRS and
SCQ are rated by caregivers/parents, without assessment
by clinicians. It can be difficult to make objective judg-
ments about social development characteristics and to
correctly identify RRB related to ASD in their own chil-
dren [Miller et al., 2011; Taylor, Vehorn, Noble,
Weitlauf, & Warren, 2014]. Therefore, for more accurate
screening, an interview measure administered by an
interviewer who has received training and observational
measures is important in the assessment.

In conclusion, BeDevel has many important advan-
tages. It takes a top-down approach based on bottom-up
process integration, and reflects opinions from FGI with
various groups. It was developed as a comprehensive
package that includes educational materials about ASD as
well as a detailed guide for assessment. It is intended to
be used with minimal training by populations who do
not already have sufficient knowledge in or experience
with ASD. In addition, BeDevel appears to be a feasible
screening tool. Although it has relatively low specificity,
it can be complemented by applying screening criteria in
both BeDevel-I and BeDevel-P. From a screening perspec-
tive, the high sensitivity of BeDevel could be strength
because it can identify more children at high risk. The
application of both BeDevel-I and BeDevel-P is expected
to enable accurate screening. Even a small amount of
time, only 10–15 min for each tool, can produce rela-
tively accurate results. It is necessary to select the age
appropriate version, as each version has different con-
tents and criterion. In addition, even though BeDevel is a
screening tool, it allows for more detailed screening
through interviews and observation. Therefore, we are
considering using BeDevel as secondary step for screening
after using questionnaires as a first step. Further data col-
lection and analysis will be needed in the future to apply
this step-by-step screening. The major limitation of this
study is the small sample size of children in each different
age group, especially toddlers under 18 months old. To
overcome this limitation, more data collection is actively
ongoing. Further, follow-up diagnosis of toddlers under
18 months old has yet to be confirmed.
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