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Abstract
This study provided preliminary validation of the Autism Detection in Early Childhood-Virtual (ADEC-V) for telehealth 
assessment of possible autism. Participants were 121 children (24.79% female) aged 18–47 months who completed telehealth 
evaluations at a large pediatric hospital in the Midwestern United States between October 2020 and February 2021. The 
ADEC-V showed good sensitivity (0.82) and specificity (0.78) and was significantly correlated with other ASD symptom 
measures (i.e., CARS-2, ADI-R). Internal consistency was acceptable (α = 0.77). These results need replication in a larger 
and broader sample including more children without ASD. This preliminary validation study identifies the ADEC-V as a 
promising measure for telehealth ASD assessments in young children.
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Introduction

Preliminary validation and feasibility of the Autism Detec-
tion in Early Childhood-Virtual (ADEC-V) for Autism Tel-
ehealth Evaluations in a Hospital Setting.

The COVID-19 pandemic has highlighted the need 
to develop effective, evidence-based models for deliver-
ing Autism Spectrum Disorder (ASD) diagnostic services 
remotely, such as through telehealth. Best practice guidelines 

for autism assessment and diagnosis include the use of gold-
standard measures such as the Autism Diagnostic Observa-
tion Schedule, Second Edition (ADOS-2; Lord et al., 2012). 
Assessments completed via telehealth present increased 
challenges to use of traditional or gold standard assessment 
procedures, including reducing the clinician’s control of the 
assessment environment, an increased reliance on parents 
to apply prompts, limited visibility of the child or environ-
ment during the meeting, and fewer opportunities for the 
clinician to directly engage with or respond to the patient. 
Berger et al. (2021) also emphasized the impact of difficul-
ties with internet connectivity and potential lack of access 
to necessary materials, thereby highlighting the risk of 
additional barriers to families who are economically disad-
vantaged. Many existing semi-structured behavioral obser-
vation measures require in-person administration and are 
consequently not currently suited for telehealth. Therefore, 
there is an urgent need to develop new assessment instru-
ments, or modify existing instruments, that can be applied 
in a telehealth setting. These types of measures may serve 
to address barriers beyond the current pandemic restric-
tions that tend to affect families’ ability to access in-clinic 
services. Some of these barriers include living in remote 
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or rural areas, access to specialist clinicians (Zwaigenbaum 
& Warren, 2021), expense of the evaluation, length of the 
assessment, transportation issues, or childcare difficulties 
(Gordon-Lipkin et  al., 2016). The Autism Detection in 
Early Childhood (ADEC; Young, 2007) is a brief behavio-
ral observation measure with strong research support for the 
detection and diagnosis of young children suspected of ASD 
(Hedley et al., 2015; Nah et al., 2014, 2019; Young & Nah, 
2016). The present study describes the preliminary valida-
tion and feasibility of using the ADEC in a telehealth setting.

If telehealth is to be used as a suitable alternate or adjunct 
to face-to-face ASD assessments, then to comply with best-
practice guidelines, semi-structured behavioral observation 
tools must be valid and reliable for use over this medium. In 
a recently published review, Berger et al. (2021) identified 
five tools for conducting virtual ASD assessments in tod-
dlers (i.e., 12–36 months of age) via observation of semi-
structured activities with the parent under the direction of 
a clinician. These measures included the Autism Spectrum 
Disorder—Diagnostic Interview and Activities, Lifespan, 
Version 2 (ASD-DIAL; Miller, 2020), the Autism Detection 
in Early Childhood—Virtual (Kryszak & Albright, 2020; 
Young, 2007), Brief Observation of Symptoms of Autism 
(BOSA; Lord et al., 2020), Observation of Play Screener: 
Home Edition (OOPS:HE; Nickel, 2020), and the TELE-
ASD-PEDS (Corona et al., 2020a, b). A recent multi-site 
study encouraged the use of a hybrid approach to assess-
ment, describing the telehealth behavioral assessment por-
tion of the evaluation as including one of the following 
measures: the TELE-ASD-PEDS, Childhood Autism Rating 
Scale, Second Edition (CARS-2; Schopler et al., 2010), or 
the Systematic Observation of Red Flags of Autism Spec-
trum Disorder (SORF; Wetherby et al., 2004), as well as 
questions and activities from the BOSA and/or ADOS-2, 
based on the clinical presentation of the patient (Jang et al., 
2021).

One of these virtual assessments for ASD in young chil-
dren that is currently widely used is the TELE-ASD-PEDS, 
which is based on the Screening Tool for Autism in Tod-
dlers and Young Children (STAT; Stone et al., 2000). The 
TELE-ASD-PEDS has feasibility for clinical use and utility 
for providing valuable clinical information in the context of 
the broader assessment (Corona et al., 2020b; Wagner et al., 
2021). Despite evidence for its clinical utility, evaluation 
of the accuracy, reliability, and concurrent validity of the 
TELE-ASD-PEDS has yet to be fully established (Wagner 
et al., 2020).

Whereas several of the measures previously discussed 
were developed specifically for use virtually, they also have 
not yet been established as reliable and valid (Corona et al., 
2020b; Lord et al., 2020; Nickel, 2020). Another approach 
to addressing the need for virtual assessment tools is to mod-
ify short, easy-to-use tools with established psychometric 

properties for telehealth use. The ADEC (Young, 2007), 
originally designed as a brief in-person observation tool, 
has well-established psychometric properties (Young, 2007), 
strong research support for use to accelerate and inform 
clinical screening for ASD (Hedley et al., 2015; Young & 
Nah, 2016), and its scores show very good reliability with 
the ADOS-2 (Hedley et al., 2015; Bellando et al., 2018). It 
is a published Level 2 screening tool that is time-efficient, 
suitable for children under 3 years, easy to administer, and 
requires minimal training and experience to administer reli-
ably. As such, it lends itself easily to the transition to an on-
line platform. The ADEC has further demonstrated robust 
clinical properties when abbreviated to a five-item format, 
which has potential for application in settings such as dur-
ing child wellness checks (Nah et al., 2019; Nevill et al., 
2019). The ADEC has been translated and validated for use 
in Spanish (Hedley et al., 2010), Japanese (Kawashima et al., 
2021), Indonesian (Sidjaja, 2015), and has been piloted for 
use in Singapore (Nah et al., 2014). It has been found to per-
form similarly to the ADI-R and CARS (Nah et al., 2014) as 
well as the ADOS-2, particularly the toddler module (Hedley 
et al., 2015), in differentiating ASD from other conditions 
in toddlers.

Therefore, given the significant body of research support, 
the ADEC has potential utility for use as a semi-structured 
behavioral observation for telehealth. Aspects of the instru-
ment that would make it amenable to this application include 
that it is brief (20–25 min to administer by telehealth), easy 
to learn and achieve reliability, and implements a simple 
coding system with clear behavioral anchors. Additionally, 
materials required for the ADEC do not need to be pur-
chased from the publisher’s website and include toys and 
items that are typically found in a family home (e.g., toy 
cars, stacking cups). The simplicity of the items suggests 
straightforward administration, whereby a clinician would 
be able to coach a caregiver to administer the items while the 
clinician observes and scores the items. Therefore, telehealth 
administration would require few modifications to the stand-
ardized administration protocol to be used in a telehealth 
setting. Compared to other measures, such as the TELE-
ASD-PEDS, the ADEC protocol provides more specific 
scoring guidelines for several of the items (which is similar 
to the way many items on the ADOS-2 are scored; Lord 
et al., 2012), and also includes additional deliberate prompts 
for specific behaviors; for example, imitation, response to 
specific sounds, and rigidity regarding the placement of 
objects (Young, 2007).

Aims of Current Study

The primary aim of the current study was to investigate 
the clinical utility, validity, and reliability of a modified 
version of the ADEC, the ADEC-Virtual (ADEC-V), 
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for telehealth ASD evaluations of young children. The 
ADEC-V was examined in a clinical environment at one 
of the largest behavioral health departments in the United 
States (US). The current study had four primary hypoth-
eses: (1a) Predictive Validity: The virtual (telehealth) 
adaptation of the Autism Detection in Early Childhood 
(ADEC-V) will have acceptable diagnostic accuracy (i.e., 
sensitivity and specificity > 0.80) in distinguishing chil-
dren three years old and younger when compared to best 
estimate clinical (BEC) diagnosis of autism spectrum 
disorder (ASD) using all available clinical information, 
excepting ADEC-V scores; (1b) Diagnostic Validity: 
Using logistic regression analysis, ADEC-V scores will 
significantly predict BEC diagnosis after controlling for 
age and developmental level (e.g., Developmental Profile-
4th Edition [DP-4] scores); (2) Concurrent Validity: Final 
score on the ADEC-V will be significantly correlated with 
ADI-R and CARS-2; (3) Internal consistency: Reliability 
of ADEC-V items will be acceptable (i.e., McDonald’s 
omega ≥ 0.80).

Method

Participants

Participants were 121 children ages 18–47  months 
(M = 34.40, SD = 7.02  months, 24.79% female) who 
completed a telehealth evaluation with their caregiv-
ers through a developmental assessment center at a 
large pediatric hospital in the Midwestern United States 
between October 2020 and February 2021. Children were 
referred for a(n) uni- or interdisciplinary autism diagnos-
tic assessment after completing a preliminary unstruc-
tured screening clinical interview and were deemed at 
risk for ASD. A large portion of the sample lived in rural 
areas (n = 37, 30.58%) and had state (Medicaid) insur-
ance (n = 79, 65.29%). The sample was racially diverse 
(57.02% White, 19.83% Black, 20.66% other). Most of the 
participants were given a final diagnosis of ASD (n = 103, 
85.12%). For the 18 participants who did not receive an 
ASD diagnosis, the primary diagnosis was global devel-
opmental delay (n = 11) or a language disorder (n = 7). 
The two diagnostic groups (children with versus with-
out ASD) did not differ in age [t(24.64) = 0.52, p = 0.61], 
biological sex [McNemar’s χ2(1) = 3.025, p = 0.08], race 
[χ2(2) = 0.90, p = 0.64], or rural status [χ2(1) = 1.22, 
p = 0.27]. The ASD group was more likely than the non-
ASD group to have non-Medicaid insurance [38.83% vs. 
11.11%; χ2(1) = 4.05, p = 0.04] (see Table 1).

Measures

Autism Detection in Early Childhood‑Virtual (ADEC‑V)

The ADEC (Young, 2007) is a validated, 16-item level 2 
screener of behaviors characteristic of autism in children 
ages 12–36 months old, which are often absent or atypi-
cal in children with ASD. It is behavior-based and inter-
active. Items are coded from 0 to 2, with 0 implying an 
age-appropriate response, 1 indicating a somewhat inap-
propriate response, and 2 indicating a clearly inappropriate 
response. Risk for ASD is determined based on ADEC 
Total scores, and is determined as low (total scores from 
0 to 10), moderate (11–13), high (14–19) or very high 
(> 19). It can be administered in 10–15 min.

The ADEC-V is a modification of the original tool 
developed to facilitate virtual administration by caregiv-
ers under clinician guidance. Modifications included re-
wording of instructions to allow caregivers to administer 
all items while coached by a clinician, use of non-stand-
ardized manipulatives, and asking caregivers to report on 
behaviors they observed to either confirm the clinician’s 
judgement or inform the clinician if there was a behavior 
the clinician was unable to observe over webcam (e.g., eye 
contact). In the present study, it was decided to include 
children up to 47 months of age. While there is some sup-
port for using the instrument in older children (Hedley 
et al., 2010), for the present study the decision to trial the 
instrument in children up to 4 years of age was primar-
ily due to the lack of alternative instruments that could 
be administered remotely for this age range. Thus, if the 
instrument was found to be valid for use in older children 
it would be clinically useful for the hospital and for other 
clinicians evaluating ASD by telehealth using this meas-
ure. The modifications were developed with the collabora-
tion of the author of the instrument (R.L.Y.).

Autism Diagnostic Interview‑Revised (ADI‑R; Le Couteur 
et al., 2003)

The ADI-R is a comprehensive, semi-structured clinical 
caregiver interview for children and adults with a mental 
age above 2 years that is considered a gold standard autism 
diagnostic tool. Administration and scoring take between 90 
and 150 min. The three areas assessed in the ADI-R include: 
(1) language/communication; (2) reciprocal social interac-
tions and (3) restricted, repetitive, and stereotyped behavior 
and interests. The ADI-R demonstrates strong inter-rater 
reliability in clinical settings (Zander et al., 2017) and good 
construct validity in children with ASD (Lecavalier et al., 
2006). Only the items included in the modified toddler algo-
rithm (Kim & Lord, 2012a) were administered.
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Childhood Autism Rating Scale, Second Edition (CARS‑2; 
Schopler et al., 2010)

The CARS-2 is a standardized clinician observational tool 
for autism symptoms in children. It is a clinician report 
form that is intended for use after completing a behavioral 
observation and parent interview to guide clinician deci-
sion making. The Standard Version (CARS2-ST), appropri-
ate for children six years or younger, with communication 
delays, or with IQs at or below 79, was used for the cur-
rent study. Higher scores indicate more pronounced ASD 

characteristics. The CARS-2-ST has strong internal consist-
ency (α = 0.93; Schopler et al., 2010).

Developmental Profile, Third and Fourth Editions (DP‑3, 
Alpern, 2007; DP‑4, Alpern, 2020)

The DP-3 and DP-4 are norm-referenced assessments that 
provide standardized information about development func-
tioning. The DP-3 was used for participants seen prior to the 
publication of the fourth edition in 2020, at which time the 
DP-4 began being used for evaluations. The item response 

Table 1   Participant characteristics

Bolded values indicate significant group differences at p < 0.05
ADEC-V Autism Detection in Early Childhood-Virtual, ADI-R Autism Diagnostic Interview-Revised, CARS-2 Childhood Autism Rating Scale—
2nd Edition
a McNemar’s Chi-Squared Test
b Based on the Cognitive scale of the Developmental Profile-3rd, or 4th edition parent interview

Total (N = 121) ASD (N = 103) Non-ASD (N = 18) Group difference Number missing (%)
Statistic (p value)

Age in months (mean/SD) 34.40 (7.02) 34.3 (7.04) 35.01 (7.06) t(24.64) = 0.52 (0.61) 0 (0)
Biological sex χ2(1) = 3.025 (0.08)a 0 (0)
 Female 30 (24.79%) 26 (25.24%) 4 (22.22%)
 Male 91 (75.21%) 77 (74.76%) 14 (77.78%)

Race χ2(2) = 0.90 (0.64) 3 (2.48)
 Black 24 (20.34%) 22 (21.78%) 2 (11.76%)
 White 69 (58.47%) 58 (57.43%) 11 (64.71%)
 Other 25 (21.19%) 21 (20.79%) 4 (23.53%)

Rural χ2(1) = 1.22 (0.27) 0 (0)
 Yes 37 (30.58%) 29 (28.16%) 8 (44.44%)
 No 84 (69.42%) 74 (71.84%) 10 (55.56%)

Insurance χ2(1) = 4.05 (0.04) 0 (0)
 Medicaid 79 (65.29%) 63 (61.17%) 16 (88.89%)
 Non-medicaid 42 (34.71%) 40 (38.83%) 2 (11.11%)

ADEC-V total (mean/SD) 17.66 (5.98) 18.86 (5.45) 10.78 (3.90) t(29.95) = 7.59 (< 0.001) 0 (0)
ADI-R algorithm χ2(2) = 12.61 (0.002) 8 (6.61)
 Young/nonverbal 57 (50.44%) 54 (56.25%) 3 (17.65%)
 Single words 38 (33.63%) 31 (32.29%) 7 (41.18%)
 Phrase speech 18 (15.93%) 11 (11.46%) 7 (41.18%)

ADI-R category χ2(2) = 34.88 (< 0.001) 8 (6.61)
 Little-to-no 16 (14.16%) 6 (6.25%) 10 (58.82%)
 Mild-to-moderate 25(22.12%) 21 (21.88%) 4 (23.53%)
 Moderate-to-severe 72 (63.72%) 69 (71.88%) 3 (17.65%)

CARS-2 category χ2(2) = 82.90 (< 0.001) 4 (3.31)
 Minimal-to-no symptoms 19 (16.24%) 3 (3.03%) 16 (88.89%)
 Mild-to-moderate symptoms 46 (39.32%) 44 (44.44%) 2 (11.11%)
 Severe symptoms 52 (44.44%) 52 (52.53%) 0 (0%)

CARS-2 total (mean/SD) 35.24 (6.33) 35.41 (5.68) 35.20 (6.51) t(24.49) = 12.14 (< 0.001) 4 (3.31)
Cognitive levelb χ2(1) = 5.76 (0.02) 16 (13.22)
  ≥ 70 35 (33.33%) 25 (28.09%) 10 (62.50%)
  < 70 70 (66.78%) 64 (71.91%) 6 (37.50%)
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format is a binary yes/no answer for different skill areas. 
Higher scores indicate better developmental skills. For the 
current study, the Parent/Caregiver Interview Form was 
administered via interview and the Cognitive scale was used 
as an estimate of cognitive level.

Procedure

The study was approved by the hospital internal review 
board (IRB). Data for this study were based on clinical eval-
uations for ASD conducted at the child development center 
of a large hospital in the Midwest United States. Children 
were initially referred for an ASD evaluation from sources 
such as state early intervention programs and pediatricians, 
or they were self-referred due to developmental concerns. 
Referred families then attended a diagnostic intake appoint-
ment, where an unstructured screening interview and brief 
observation of the child was completed by trained allied 
healthcare professionals. Children considered at-risk for 
ASD based on their intake were referred for a comprehensive 
diagnostic assessment, which typically occurred 6–9 months 
following this initial triaging appointment. Referrals were 
made either for an interdisciplinary evaluation with a 
licensed psychologist, speech-language pathologist, and 
medical professional, or a targeted single discipline assess-
ment conducted by a licensed clinical psychologist if there 
were few concerns of comorbid medical concerns and the 
child had previously received a speech language evaluation. 
Psychometricians provided assistance in both appointment 
types. Psychometricians were Bachelor’s level clinicians 
who received a high degree of training in the administra-
tion of developmental and ASD-specific assessments (i.e., 
CARS, ADOS-2) under the supervision of licensed psychol-
ogists. These evaluations were conducted via telehealth over 
a videoconferencing platform (i.e., Zoom™) due to COVID-
19 pandemic restrictions on in-person meetings. ASD-spe-
cific evaluation procedures were consistent across single and 
interdisciplinary assessments.

ASD evaluation procedures involved administration of 
the ADEC-V, with the psychometrician guiding the par-
ent through administration of individual ADEC tasks with 
the child while the psychologist (and speech therapist and 
medical provider during interdisciplinary appointments) 
observed. The psychometrician then scored the ADEC-V 
separately from the diagnostic team to keep them masked of 
resulting risk scores. All psychometricians completed rigor-
ous training on administration and scoring of the ADEC-
V. First, a virtual training was completed with the ADEC’s 
original author (R.L.Y.) on remote administration and scor-
ing. Next, psychometricians completed inter-rater reliability 
checks until they achieved 90% reliability with the study 
leads (E.M.K. & C.M.A.) who had previously established 
reliability in ADEC administration.

The psychologist administered the ADI-R modified tod-
dler algorithm items either at the same visit or at a separate 
visit occurring within a week of the ADEC-V administration, 
and the psychologist or psychometrician completed the DP-3 
or DP-4 interview, depending on when the appointment 
occurred in relation to publication of the DP-4. The CARS-2 
was then rated based on a combination of semi-structured 
observation as well as parent report of information.

Analytic Plan

All analyses and figures were generated using R 4.0.5 (R 
Core Team, 2021). Analytic plan and hypotheses were pre-
registered with the Center for Open Science OSF registries 
(Stephenson et al., 2021).

Hypothesis 1  Diagnostic and Predictive Validity. Diagnosis 
accuracy analyses consisted of computing sensitivity, spec-
ificity, and negative and positive predictive values (NPV, 
PPV) for ADEC-V Total scores. A Receiver Operating Char-
acteristic curve was also created for ADEC-V Total scores 
to produce area under the curve (AUC) values. Additionally, 
multiple logistic regressions predicting final diagnosis were 
calculated, entering ADEC-V and ADI-R scores as primary 
predictors while controlling for age (in years) and estimated 
cognitive ability (delayed vs. intact based on DP-3/DP-4 
scores).

Hypothesis 2  Concurrent Validity. Pearson correlation 
coefficients were computed for ADEC-V Total scores with 
CARS-2 Total scores and ADI-R Total scores.

Hypothesis 3  Internal Consistency Reliability and Item 
Analysis. Internal consistency of all ADEC-V items was 
calculated using McDonald’s omega and Cronbach’s alpha. 
We then investigated the relative functioning of each item 
by calculating item discrimination index scores for each 
ADEC-V item to determine if alternative cut-off points may 
function more effectively when the tool is administered in 
virtual contexts.

Results

Hypothesis 1—Diagnostic and Predictive Validity

A summary of the sensitivity, specificity, PPV, and NPV 
values across various ADEC-V scores are included in 
Table 2. The recommended screening cutoff of 11 resulted in 
improved sensitivity (0.93) but significantly decreased speci-
ficity (0.44). A score of 14 on the ADEC-V (corresponding 
to the ADEC cutoff for “high risk of ASD”) resulted in a 
balance of sensitivity (0.82) and specificity (0.78). The AUC 
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was 0.879, indicating good overall diagnostic accuracy (see 
Fig. 1).

Logistic regression results indicated that both ADEC-
V [OR 1.33 (1.16–1.60), p < 0.001] and ADI-R [OR 1.36 
(1.15–1.68), p < 0.001] scores individually predicted 

variability in final clinical diagnosis. Age and estimated 
cognitive level were not significant predictors and did not 
substantively change the results (see Tables 3, 4). 

Hypothesis 2—Concurrent Validity

ADEC-V scores were modestly correlated with ADI-R 
scores (r = 0.26, p < 0.01) and strongly correlated with 
CARS-2 scores (r = 0.70, p < 0.001). The correlation 
between ADI-R and CARS-2 scores was moderate (r = 0.45, 
p < 0.001). Age was negatively correlated with ADEC-V 
scores (r = − 0.25, p < 0.01), but not ADI-R or CARS-2 
scores (r = − 0.04 and − 0.08, respectively).

Hypothesis 3—Internal Consistency Reliability 
and Item Analysis

ADEC-V items had acceptable levels of internal consist-
ency (McDonald’s ω = 0.75, Cronbach’s α = 0.77). Item 

Table 2   ADEC-V diagnostic accuracy

ADEC-V Autism Detection in Early Childhood-Virtual, PPV positive predictive value, NPV negative predictive value

ADEC-V score True positives False positives True negatives False negatives Sensitivity Specificity PPV NPV

 > 29 0 0 18 103 0 1 – 0.15
29 1 0 18 102 0.01 1 1 0.15
28 3 0 18 100 0.03 1 1 0.15
27 5 0 18 98 0.05 1 1 0.16
26 9 0 18 94 0.09 1 1 0.16
25 16 0 18 87 0.16 1 1 0.17
24 24 0 18 79 0.23 1 1 0.19
23 29 0 18 74 0.28 1 1 0.2
22 36 0 18 67 0.35 1 1 0.21
21 46 0 18 57 0.45 1 1 0.24
20 54 0 18 49 0.52 1 1 0.27
19 60 0 18 43 0.58 1 1 0.3
18 61 0 18 42 0.59 1 1 0.3
17 69 2 16 34 0.67 0.89 0.97 0.32
16 75 3 15 28 0.73 0.83 0.96 0.35
15 80 4 14 23 0.78 0.78 0.95 0.38
14 84 4 14 19 0.82 0.78 0.95 0.42
13 89 5 13 14 0.86 0.72 0.95 0.48
12 93 7 11 10 0.9 0.61 0.93 0.52
11 96 10 8 7 0.93 0.44 0.91 0.53
10 98 12 6 5 0.95 0.33 0.89 0.55
9 100 13 5 3 0.97 0.28 0.88 0.63
8 101 14 4 2 0.98 0.22 0.88 0.67
7 101 15 3 2 0.98 0.17 0.87 0.6
6 101 16 2 2 0.98 0.11 0.86 0.5
5 101 17 1 2 0.98 0.06 0.86 0.33
4 102 18 0 1 0.99 0 0.85 0
3 103 18 0 0 1 0 0.85 –

Fig. 1   Receiver operating curve for the ADEC-V
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Discrimination Indices for three ADEC-V items were low: 
Items 3 (“Stereotypical Behavior”, 0.05), 9 (“Response to 
Everyday Sounds”, − 0.01), and 14 (“Nestling into Car-
egiver”, 0.06). Removal of these three low-performing items 
improved internal consistency (McDonald’s ω = 0.82, Cron-
bach’s α = 0.82), but did not significantly improve diagnostic 
accuracy (AUC = 0.877; see Supplementary Table 1).

Discussion

Restrictions put in place due to the COVID-19 pandemic 
necessitated the rapid design and implementation of tele-
health assessment models for ASD to prevent already long 
waitlists from growing exponentially during this health cri-
sis. The telehealth model implemented in the current study 
was designed to include components deemed essential to a 
comprehensive evaluation for ASD, including a caregiver 
interview of ASD symptoms and broader development, 
and direct observation of behavior indicating the presence 
of ASD. The virtual version of the ADEC (ADEC-V) was 
adapted from the original ADEC (Young, 2007), an interac-
tive screener of ASD symptoms. The ADEC-V was used in 
the current study to structure a direct behavioral observation 
for children under the age of 4 years old. The ADEC was 
chosen to be adapted as a virtual assessment tool given the 
staff's familiarity with the tool in the context of the need to 
make a quick switch to telehealth assessment, as there were 

no validated telehealth behavior observation tools for ASD 
available. The ADEC already had well-established psycho-
metric properties (Young, 2007) and strong research support 
for use to accelerate and inform clinical screening for ASD 
(Hedley et al., 2015; Young & Nah, 2016), with its scores 
showing very good reliability with the ADOS-2 (Bellando 
et al., 2018; Hedley et al., 2015), and the author supported 
the adaption to a virtual format. The measure was a particu-
larly good fit to be adapted to a virtual format for several 
reasons: clear and concrete instructions, which were found 
to be readily adapted to parent-led activities that could be 
completed reliably with clinician coaching; materials needed 
for administration were likely to be available in most homes 
with young children; relative low cost, as the only direct cost 
was the manual and scoring protocols.

In the current study, the ADEC-V was found to have good 
diagnostic accuracy and predictive validity. The original 
recommended cutoff score of 11 (designated as “Moderate 
Risk” on the ADEC) allowed for high sensitivity (0.94) but 
poorer specificity (0.44). A cutoff of 14 (designated as “High 
Risk” for the ADEC) resulted in a better balance of sensitiv-
ity (0.82) and specificity (0.78). These results are similar to 
other studies that examined the use of the ADEC in clinical 
samples (Dix et al., 2015; Hedley et al., 2015), suggesting 
a higher cutoff may be more appropriate in clinical popula-
tions where improved specificity is desired.

Our results indicated that both the ADEC-V and 
the ADI-R contributed significantly and separately to 

Table 3   ADEC-V predicting 
diagnosis logistic regression

ADEC-V Autism Detection in Early Childhood-Virtual

Predictors Predicting diagnosis Predicting diagnosis with covariates

Odds ratios CI p Odds ratios CI p

(Intercept) 0.08 0.01–0.43 0.006 0 0.00–0.42 0.026
ADEC-V 1.33 1.19–1.55  < 0.001 1.34 1.16–1.60  < 0.001
Age (months) 1.08 0.98–1.20 0.153
Cognitive Level 1.37 0.36–5.20 0.643
Observations 121 105
R2 Tjur 0.272 0.263

Table 4   ADEC-V and ADI-R 
predicting diagnosis logistic 
regression

ADEC-V Autism Detection in Early Childhood-Virtual, ADI-R Autism Diagnostic Interview-Revised

Predictors Predicting diagnosis Predicting diagnosis with covariates

Odds ratios CI p Odds ratios CI p

(Intercept) 0 0.00–0.03  < 0.001 0 0.00–0.01 0.005
ADEC 1.33 1.16–1.60  < 0.001 1.45 1.19–1.88 0.001
ADI-R 1.36 1.15–1.68 0.001 1.37 1.14–1.73 0.002
Age (months) 1.12 0.99–1.30 0.105
Cognitive Level 1.03 0.98–1.09 0.335
Observations 113 100
R2 Tjur 0.495 0.467
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predictive validity of final diagnoses, suggesting that the 
combination of a structured measure of behavior captured 
virtually and led by caregivers under the guidance of a 
clinician, along with the information gathered through a 
structured caregiver interview, are both important com-
ponents of a comprehensive evaluation, independent of a 
child’s chronological age or cognitive level. This finding 
is particularly strengthened by good concurrent validity 
scores that were demonstrated between the ADEC-V and 
both the CARS-2 and the ADI-R. As would be expected, 
the relationship was much stronger between the CARS-2 
and the ADEC-V, as both were completed primarily based 
on direct observation of the child by telehealth, although 
the CARS-2 does allow for caregiver report to be con-
sidered. The relationship between the ADI-R and the 
ADEC-V was understandably weaker, as they are captur-
ing information about ASD symptoms from two different 
sources. Previous research has shown similar poor agree-
ment between the ADI-R and direct behavior observation 
measures, such as the ADOS-2 and CARS-2 (Wiggins & 
Robins, 2008). This may be because direct observation 
measures, such as the ADEC-V, allow the examiner to see 
information that a caregiver might miss or interpret differ-
ently (e.g., scripted language that a caregiver mistakes as 
advanced learning of early academic concepts). Interview 
measures, such as the ADI-R, allow for a broader sampling 
of behavior that would be difficult to capture in a single 
structured observation (e.g., overly rigid routines that 
happen at different times of day; poor interactions with 
peers), but are balanced by the possible inaccuracies that 
accompany caregiver reported information. These findings 
are in line with previous research stating that best clinical 
practice in ASD evaluation involves caregiver interview-
ing combined with observation of child behavior (Huerta 
& Lord 2012). Therefore, it is strongly recommended that 
the ADEC-V be used in combination with a standardized 
interview measure such as the ADI-R.

Scores on the ADEC-V were slightly negatively corre-
lated with age, suggesting that older children tended to get 
lower scores on the ADEC-V. While age was not a signifi-
cant predictor of final diagnosis, it should be kept in mind 
that the ADEC was originally designed for children up to 
3 years old, but the current study expanded the age range 
to 4 years old. This was due to current clinical utility via 
telehealth for children up through preschool-age, particularly 
those with speech and language delays and in the absence of 
other available behavioral measures that could be adminis-
tered over the video platform. The slight negative correlation 
is likely due to ADEC-V items targeting behaviors that are 
most indicative of ASD prior to the age of three, such as 
deficits in pointing, showing, and eye contact, and may not 
as easily identify older children with milder symptom pres-
entations (Barbaro & Dissanayake, 2013). Based on these 

results it is suggested that caution be used when using this 
measure with children 3–4 years old.

Overall, the ADEC-V showed good internal consistency, 
although there were three items that did not discriminate 
well between children with and without ASD (i.e., “Ste-
reotypical Behavior”, “Response to Everyday Sounds”, 
“Nestling into Caregiver”). These items were also found 
to be among the poorest functioning in terms of discrimi-
native validity in other investigations of the ADEC (Nah 
et al., 2019; Nevill et al., 2019). These behaviors could 
be explored in further studies to see if similar patterns are 
found. It should be noted that while removing these items 
improved internal consistency, it did not improve overall 
diagnostic accuracy.

Strengths, Limitations, and Future Directions

A primary strength of this preliminary feasibility and vali-
dation study was a reasonable sample size that included a 
high representation of children from Black and other racial 
minority backgrounds, and an overall racial breakdown that 
is comparable to national estimates (U.S. Census Bureau, 
2021). The study team also completed a rigorous training 
procedure on the ADEC-V with the tools original author to 
ensure validity of scoring procedures. Given that the ADEC-
V is a brief assessment tool with an easy scoring system, all 
administrators were able to achieve reliability within three 
practice sessions. Further, the ADEC-V does not require a 
standard set of items to use, so it was easily implemented 
within the family home by using commonly available toys 
and items already in the family’s possession. Overall, this 
study demonstrated good external validity by assessing the 
utility and psychometric properties of the ADEC-V in an 
applied clinical setting by implementing it as part of stand-
ard clinical care.

One potential limitation of this sample was that all chil-
dren had been referred for assessment due to developmental 
concerns and had completed a diagnostic interview, which 
screened out children for whom ASD was not a primary 
concern. Therefore, ASD was the primary concern for all 
children included in the current study, indicating a potential 
sample bias. The ADEC-V performed reasonably well in this 
sample, but this may have explained why specificity was low 
when applying the recommended cutoff score. Combining 
typically developing children with those with developmen-
tal delays and ASD concerns has been shown to improve 
specificity in similar measures (Kim & Lord, 2012b; Nah 
et al., 2014), and is an important direction for future work 
with the ADEC-V. Future research could also examine the 
use of the ADEC-V in a screening context to assess whether 
it is more effective than the clinical interview alone. None-
theless, it is important to note that the ADEC-V was spe-
cifically used in the current setting to provide a structured 
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behavioral assessment of children in a remote setting in 
order to improve the clinicians’ ability to make a diagnos-
tic decision. This is consistent with current ASD diagnostic 
recommendations to incorporate both behavioral observa-
tion and clinical interview to form a diagnostic impression 
(Huerta & Lord, 2012; Zwaigenbaum et al., 2009).

The present study was also limited by not collecting data 
from caregivers and clinicians concerning feasibility of the 
ADEC-V. This is important given that the evaluation modal-
ity is novel for most clinicians and it places more pressure on 
parents due to them being required to administer the instru-
ment under remote instruction. Future research should gather 
information on parent and clinician perspective regarding 
their role in administering the ADEC-V.

Due to COVID restrictions, another limitation of the cur-
rent study was that it was not possible to complete direct 
developmental/early cognitive testing, as standardized tel-
ehealth measures to assess these skills directly do not yet 
exist. Finally, as all study procedures were completed as part 
of standard clinical care, it was not within the scope of this 
study to bring back participants for independent diagnostic 
verification. Once COVID-19 restrictions can be fully lifted, 
further analysis of the ADEC-V can be completed, com-
paring its performance to the standard in-clinic assessment, 
including an ADOS-2 or ADEC and direct developmental 
assessment, completed by an independent clinician.

It is also important to note that there are cases where 
assessment by telehealth is not appropriate, and where 
lengthier, more in-depth, in-clinic evaluations are necessary 
to make an accurate diagnosis and appropriate treatment rec-
ommendations. Future research should, therefore, also focus 
on identifying characteristics that could help triage families 
to the type of evaluation that would best fit their needs.

Conclusion

This study provides initial preliminary support for the use of 
the ADEC-V in diagnostic assessment of ASD over telehealth. 
It was found to accurately identify ASD symptoms in young 
children, and paired well with the ADI-R as major compo-
nents of a comprehensive telehealth ASD assessment model. 
Utilizing comparable models of care that can be completed via 
telehealth increases expansion of health care by reducing barri-
ers such as geographical location away from major healthcare 
centers, poor access to transportation, and the inability to miss 
work or find additional childcare to be able to attend medical 
appointments. The ADEC-V also has the potential to increase 
access to ASD evaluations by reducing long waitlists, as it 
allows for shorter administration times, reduced visit times 
in general (e.g., less time needed for checking in and out), 
decreased need for exam room space, etc. Telehealth models 
of care will also improve the agility of our healthcare systems 
during times of crisis, such as the current case of the global 

pandemic. The ADEC-V is a promising measure that could 
be used to further expand telehealth assessment possibilities 
for young children suspected of ASD, leading to expanded 
access to services among a particularly vulnerable popula-
tion. The current preliminary validation study suggests that the 
measure is appropriate for use in a busy clinical setting with 
a diverse sample. Further investigation into the performance 
of the ADEC-V in non-clinically referred populations, as well 
as larger studies comparing how the diagnostic accuracy of 
telehealth models of ASD assessment using the ADEC-V to 
traditional in-clinic ASD assessment models would be impor-
tant next steps in this line of research.
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