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Abstract

The Autism Diagnostic Observation Schedule, Second Edition (ADOS-2) has been widely used
for ASD assessment. While prior studies investigated sensitivity and specificity of ADOS-2
Modules 1-3, there has been limited research addressing algorithm cut-off scores to optimize
ADOS-2 classification. The goal of this study was to assess algorithm cut-off scores for
diagnosing ASD with Modules 1-3, and to evaluate alignment of the ADOS-2 classification with
best estimate clinical diagnosis. Participants included 3144 children aged 31 months or older who
received ADOS-2 Modules 1-3, as well as a best estimate clinical diagnosis. Five classification
statistics were reported for each module: sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy (i.e., Receiver Operator Classification Statistic), and these statistics
were calculated for the optimal cut-off score. Frequency tables were used to compare ADOS-2
classification and best estimate clinical diagnosis. Half of the sample received Module 3, 21%
received Module 2, and 29% received Module 1. The overall prevalence of ASD was 60%; the
male to female ratio was 4:1, and half of the sample was non-White. Across all modules, the
autism spectrum cut-off score from the ADOS-2 manual resulted in high sensitivity (95%+) and
low specificity (63%-73%). The autism cut-off score resulted in better specificity (76-86%) with
favorable sensitivity (81-94%). The optimal cut-off scores for all modules based on the current
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sample were within the autism spectrum classification range except Module 2 Algorithm 2. In
the No ASD group, 29% had false positives (ADOS-2 autism spectrum classification or autism
classification). The ADOS-2 autism spectrum classification did not indicate directionality for
diagnostic outcome (ASD 56% vs. No ASD 44%). While cut-off scores of ADOS-2 Modules
1-3 in the manual yielded good clinical utility in ASD assessment, false positives and low
predictability of the autism spectrum classification remain challenging for clinicians.

Lay Abstract:

ADOS-2 Modules 1-3 have been widely used for ASD assessment, but there has been limited
research on algorithm cut-off scores to optimize ADOS-2 clinical performance. Using a large
independent sample, we examined alignment of the ADOS-2 classification with clinicians’ best
estimate clinical diagnosis, assessing algorithm cut-off scores. Cut-off scores of ADOS-2 Modules
1-3 in the manual yielded good clinical utility in ASD classification. The optimal cut-off scores
based on the current sample were generally within the autism spectrum classification range.

Keywords
autism spectrum disorder; diagnosis; classification; cut-off score

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social
impairment and repetitive behaviors. Since its first identification in medicine (Kanner,
1943), there have been remarkable advances in characterizing its phenotype and diagnostic
criteria, as reflected in revisions of the Diagnostic and Statistical Manual of Mental
Disorders (Harris, 2018). As the phenotype of ASD has been further clarified and diagnostic
criteria have increasingly expanded, prevalence estimates have rapidly increased. Currently,
ASD is estimated to occur 1 in 44 children (Maenner, 2021). As more children are identified
with ASD, there has been an increasing need for assessment tools which yield diagnostic
outcomes in a reliable and valid manner. Over the past two decades, many studies have
investigated the use of ASD assessments tools, such as the Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2) (Lord et al., 2012), which is considered to be a gold
standard ASD assessment tool (Falkmer et al., 2013; Harstad et al., 2015).

The ADOS-2 is a standardized, semi-structured observational measure of ASD symptoms,
providing probes to evaluate communication, social interaction, play, restricted and
repetitive behaviors, and other abnormal behaviors (hyperactivity, disruptive behaviors,
anxiety). The ADOS-2 has 7 modules for different ages and expressive language levels

(Hus Bal et al., 2020; Lord et al., 2012). Five modules are commercially available and the
Adapted-ADOS is available for researchers. The initial psychometrics studies conducted

by the developers indicated favorable validity statistics, with the exception of the Few to

No words Algorithm of ADOS-2 Module 1, which led to the development of the ADOS-2
Toddler Module (Table 1) (Dorlack et al., 2018; Gotham et al., 2007, 2008; Hus Bal & Lord,
2014; Lebersfeld et al., 2021; Luyster et al., 2009).
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Since its first psychometrics studies, there have been multiple replication studies to assess
the clinical validity of ADOS-2 with research samples and clinical samples, in the US as
well as other countries (see Table 1) (Bildt et al., 2009, 2016; Camodeca, 2018; Chojnicka
& Pisula, 2017; Colombi et al., 2020; Dorlack et al., 2018; Gray et al., 2008; Hong et

al., 2021; Hus Bal & Lord, 2015; Kamp-Becker et al., 2013; Langmann et al., 2017; Lee

et al., 2019; Maddox et al., 2017; Medda et al., 2019; Molloy et al., 2011; Oosterling

etal., 2010; Pugliese et al., 2015; Zander et al., 2015). These replication studies showed

a wide range of variability in sensitivity and specificity based on study design, sample

size, and characteristics of the non-ASD comparison group. Findings in some studies

were greatly impacted by small sample size. While clinical validity has been studied for
ADOS-2 Modules 1-3, there has been only one study that addressed algorithm cut-off
scores to optimize ADOS-2 classification (Chojnicka & Pisula, 2017). Chojnicka and Pisula
developed the ADOS-2 Polish version and determined cut-off scores of each module based
on their Polish sample rather than following the developer’s initial studies and the ADOS-2
manual. Since the ADOS-2 is regarded as a gold standard in the autism field and widely
used in clinical evaluations, there is a need for a replication study with a large independent
sample to examine its clinical performance and determine the best algorithm cut-off scores
to support the ASD diagnostic decision-making process.

To address this gap in the literature, the current study had two aims: (1) to assess Modules
1-3 algorithm cut-off scores for diagnosing ASD, and (2) to evaluate alignment of the
ADOS-2 classification with best estimate clinical diagnosis.

Data for this cross-sectional study were obtained from 3118 children who received 3144
ASD diagnostic evaluations at a Mid-Atlantic urban tertiary ASD-specialty clinic between
October 2012 and June 2019. All children were referred for diagnostic clarification,

ASD or not. The inclusion criteria were: 1) age 31 months or older, 2) completion of
ADOS-2 Modules 1, 2, or 3 at the clinic, 3) completion of a comprehensive diagnostic
evaluation by a physician, clinical psychologist, or neuropsychologist within 60 days of the
ADOS-2 administration, 4) determination of best estimate clinical (BEC) diagnosis (ASD
vs. No ASD), and 4) parental consent to join the local institution’s Institutional Review
Board-approved clinical research registry, allowing their child’s de-identified information of
medical record to be used for research purposes. The registry’s consent rate for this study
was 59%; details on the registry were reported elsewhere (Kalb et al., 2019).

Sociodemographics—Demographic information about the child was obtained from the
medical record. This includes child age (at ADOS-2 administration), sex (male vs. female),
race (classified as White, Black, Asian, Multi-Racial, Other/Unknown), ethnicity (Hispanic
vs. Non-Hispanic), Insurance-Type (medical assistance vs. private insurance).
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ADOS-2 Modules 1-3—For children aged 31 months and older, the ADOS-2 module
selection is based on a child’s expressive language level and then age. Module 1 is for
children aged 31 months and older, who are pre-verbal or have single words, but do not use
phrases yet. Module 1 has two Algorithms; Algorithm 1 for children with less than 5 words
(autism spectrum cut-off 11, autism cut-off 16), and Algorithm 2 for children with 5 words
or more (autism spectrum cut-off 8, autism cut-off 12). Module 2 is for children who use
phrases well but are not yet verbally fluent. Module 2 has two Algorithms; Algorithm 1 for
children younger than 5 years (autism spectrum cut-off 7, autism cut-off 10), and Algorithm
2 for children aged 5 years or older (autism spectrum cut-off 8, autism cut-off 9). Module

3 is for children and young adolescents (under 16 years old) with fluent speech (expressive
language level of 4 years old and above). Module 3 has a single Algorithm (autism spectrum
cut-off 7, autism cut-off 9). ADOS-2 defines phrase speech as flexible and meaningful

use of 3-word combinations which is non-echoed and sometimes involves a verb. Fluent
speech is defined as having a range of flexible sentence types and grammatical forms

that provide information about events out of immediate context, including some logical
connections. ADOS-2 provides a classification system based on algorithm cut-off scores;
non-spectrum classification, autism spectrum classification, and autism classification. The
autism classification indicates that a child’s symptoms are within the range of a high
proportion of patients with ASD who have similar expressive language level. The autism
spectrum classification indicates significant symptoms similar to patients with ASD, but
with less severity (Lord et al., 2012).

The majority of cases were evaluated by a paired team, including an ADOS-2 administrator
(a speech-language pathologist or a clinical psychologist) and a diagnostic clinician (a
physician, a clinical psychologist, or a neuropsychologist). In cases where ASD was
considered extremely likely at triage, the child was evaluated by a clinical psychologist
only for ADOS-2 administration and diagnostic determination. ADOS-2 was administered
and coded by a speech-language pathologist (59%), or a clinical psychologist (41%),
before the diagnostic decision was made. Clinicians administering ADOS-2 have maintained
clinical reliability by training with a certified ADOS-2 trainer and having access to
quarterly booster training and ad hoc consultations with a doctoral level ADOS-2 research
reliable psychologist. Though some have established research reliability, the majority of
the clinicians did not have ADOS-2 research reliability training. In our clinic ADOS-2

was used as a routine and standard clinical measure to inform diagnostic decision-making
and ADOS-2 Modules 1-3 were conducted regardless of non-verbal mental age. After the
ADOS-2 was administered and coded, diagnostic evaluation for ASD was conducted by
physicians, clinical psychologists, or neuropsychologists who specialize in evaluating and
treating neurodevelopmental disorders, with a subspecialty in autism spectrum disorder.
When an ADOS-2 administrator and a diagnosing clinician were different, ADOS-2

results (algorithm score and classification) and the administrator’s observations were
discussed with the diagnosing clinician. The diagnosing physician, clinical psychologist, or
neuropsychologist used the ADOS-2 findings along with parent reported symptoms, medical
and developmental history, as well as other standardized assessments (i.e., questionnaires
completed by parents and/or teachers) to develop a BEC diagnosis (ASD vs. No ASD),
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based on the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (American
Psychiatric Association, 2013).

Statistical analyses were conducted separately for each module. Five classification statistics
were reported: 1) sensitivity, 2) specificity, 3) positive predictive value (PPV), 4) negative
predictive value (NPV), and 5) accuracy (i.e., Receiver Operator Classification Statistic;
ROC). ROC values above 0.8 are considered optimal. These statistics were calculated

for each ADOS-2 algorithm cut-off score. Next, frequency tables were used to compare
ADOS-2 classification and BEC diagnosis.

Sample characteristics

Table 2 shows sample characteristics of 3118 children who received a total of 3144 ASD
diagnostic evaluations (1865 with ASD, 1279 without ASD). There were 26 children who
had two ASD diagnostic evaluations either more than 6 months apart or using different
ADOS-2 modules. Therefore, each diagnostic evaluation was counted separately. Half of the
sample received Module 3, 21% received Module 2, and 29% received Module 1. While the
overall prevalence of ASD in our sample was 60%, it was not equal across modules. The
highest rate of ASD diagnosis was with Module 1, while the lowest was with Module 3. The
male to female ratio was 4:1 and half of the sample was non-White, with some variation
across modules. There was no significant difference in age between Module 1 Algorithm 1,
Module 1 Algorithm 2, and Module 2 Algorithm 1 (3.99, 3.89, 4.19, respectively), however
those with Module 2 Algorithm 2 (6.63) and Module 3 (9.11) were significantly older.
Information about parental education, marital status, and insurance type was available for
2144 (68.2%), 2161 (68.7%), 3133 (99.7%), respectively.

Accuracy and Classification statistics

Table 3 shows the classification statistics most proximal to algorithm cut-off scores of the
ADOS-2 manual (See supplemental tables 1-5 for the full range of scores). Across all
modules, the autism spectrum cut-off from the ADOS-2 manual resulted in high levels

of sensitivity (95%+), however specificity was low (63%—73%). The autism cut-off led

to substantial improvement in specificity (76-86%) with modest decline in sensitivity (81—
94%). Generally, all metrics for the autism cutoff were strong (all >70%, except NPV for
Module 1 Algorithm 1). ROC values for all modules were very high as well (0.89-0.95).

The optimal cut-offs for all modules from the current sample’s data were within the autism
spectrum classification range except Module 2 Algorithm 2, for which it was in the autism
classification range. Using these optimal cut-offs led to favorable accuracy (83%-91%) and
excellent sensitivity (91%-95%), however specificity (73%-82%) was relatively lower.

Figure 1 represents the frequency of algorithm scores by BEC diagnosis. While ADOS-2
algorithm scores were well separated between ASD and No ASD groups for each module,
there was an overlap area of scores which did not indicate a direction of diagnostic status.
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Table 4 summarizes the comparison of existing ADOS-2 classification vs. BEC diagnosis.
In the ASD group, the proportion of participants having ADOS-2 autism spectrum
classification or autism classification (true positives) was high across all modules (97%,
ranging 95%-99%). In the No ASD group, 377 of 1279 children (29%, ranging 27%—-38%)
had false positives with ADOS-2 autism spectrum classification or autism classification.
When considering children who received ADOS-2 autism spectrum classification (358 of
3144, 11%, ranging 5%-15%), they were almost equally likely to have ASD (56%, ranging
21%—79%) versus not (44%, ranging 21%-79%) and it indicated that ADOS-2 autism
spectrum classification did not have a directionality for the clinical diagnosis of ASD or not.
More than half of our sample (58%) fell into ADOS-2 autism classification, and the true rate
of ASD in this group was high (88%, ranging 82%—-98%).

DISCUSSION

The current study represents the largest independent evaluation of the ADOS-2 algorithm
cut-off scores to date. In our sample, the established autism spectrum cut-off performed
very well in classifying the ASD group as ADQOS-2 positive, given the very high sensitivity.
However, the specificity was moderate, resulting in elevated false positives. The autism
cut-off improved specificity and false positive while lowering sensitivity. When using both
the autism spectrum cut-off and the autism cut-off, with clinical interpretation, ADOS-2 can
yield a clinically useful guide in detecting ASD with favorable sensitivity and specificity
(Table 3).

Compared to the developers’ studies (Gotham et al., 2007, 2008), the current study indicated
higher sensitivity and lower specificity across all modules. While replication studies showed
a wide range of variability in sensitivity (61-100%) and specificity (20-96%), the current
study showed consistently high sensitivity (95 %+) and moderately favorable specificity
(62-73%) in all modules.

A second goal of this study was to examine optimal algorithm cut-off scores for all
modules in this clinical sample. The optimal cut-offs were located in the autism spectrum
classification range, except Module 2 Algorithm 2. Given very narrow classification ranges
in Module 2 Algorithm 2 (autism spectrum cut-off: 8, autism cut-off: 9), the chosen cut-off
of 10 was very close to the cut-offs in the ADOS-2 manual (Table 3).

As shown in Table 1, since the initial ADOS-2 studies conducted by developers in 2007,
there have been 8 replication studies with Module 1 Algorithms 1 and 2 (Chojnicka &
Pisula, 2017; Gotham et al., 2007, 2008; Gray et al., 2008; Medda et al., 2019; Molloy et
al., 2011; Oosterling et al., 2010; Zander et al., 2015). Among those, six studies included
toddlers aged 30 months and below, into Module 1. Though Chojnicka et al. and Medda et
al. correctly excluded those toddlers from Module 1, their sample size was small (37 and 81)
and it is difficult to generalize the findings. The current study correctly excluded toddlers
appropriate for the Toddler Module, designed for ages 30 months and below, and showed
that both Module 1 Algorithms 1 and 2 yielded good sensitivity and specificity with the
autism spectrum cut-off and the autism cut-off, comparable to other modules. This finding
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provides important confidence and reassurance for using existing Module 1 cut-offs in the
ADOS-2 manual for clinical evaluation.

While ADOS-2 Modules 1-3 provided good validity statistics, the false positives remains
a significant challenge for clinicians. Nearly one third of the No ASD group were
misclassified by ADOS-2 manual cut-offs. In the group with ADOS-2 autism spectrum
classification, 44% did not have ASD, and in the group with ADOS-2 autism classification,
12% did not have ASD. This indicates concerns about positive predictability of existing
ADOS-2 manual cut-offs, specifically for ADOS-2 autism spectrum classification. This
finding is consistent with prior studies that showed clinically referred samples with a

wide range of developmental and mental disorders presenting as false positive with ADOS/
ADOS-2 algorithm cut-off scores (Colombi et al., 2020; Conner et al., 2019; Maddox et
al., 2017; Medda et al., 2019; Molloy et al., 2011; Sedgewick et al., 2019; Sikora et al.,
2008; Stadnick et al., 2015), and Havdahl et al. (Havdahl et al., 2016) indicated that mental
health symptoms-adjusted cut-offs could improve specificity. While this is not entirely
surprising, given the clinical complexity of referred samples, clinicians in ASD-specialty
clinic settings should interpret ADOS-2 findings with other clinical information during
diagnostic decision-making. As recommended by the ADOS-2 developers (Lord et al.,
2012), clinicians should use a combination of all clinical data to determine diagnosis,
including parent reported symptoms, medical and developmental history, standardized
assessments of cognitive and language function, along with direct child observation. Our
findings further reinforce language from the ADOS-2 manual that states “The ADOS-2
classification should never be used in isolation to determine an individual’s clinical
diagnosis or eligibility for services.” (Lord et al., 2012, p.187).

The current findings should be interpreted in terms of the study’s strengths and limitations.
For strengths, the ASD diagnosis was provided by clinicians with ASD expertise, the

sample size was very large, and the sample was clinically as well as socio-demographically
heterogeneous. For limitations, as per standards of best clinical practice, diagnoses were

not defined independently of ADOS-2 results and this could have resulted in diagnostic
biases. This study also lacked access to important developmental data (e.g., intelligence,
language test results, co-occurring diagnoses) that would have permitted better sample
characterization. The lack of non-verbal mental age in Module 1 Algorithm 1 may

have affected the frequency of false positives, given that ADOS-2 manual indicated that
inclusion of children with non-verbal mental age < 15 months increased false positive in
Module 1 Algorithm 1 (Lord et al., 2012. p.226-228 and 243). The majority of ADOS-2
administrators were not research reliable, although they were monitored for ADOS-2 scoring
calibration with research-reliable clinicians. Though the sample size is very large, the
subsamples of No ASD group in Module 1 Algorithm 1, Module 1 Algorithm 2, and Module
2 Algorithm 2 were relatively small and it may have affected false positives. Lastly, the
current sample came from a single ASD-specialty center and the presence of selection and
referral bias is possible. Despite these limitations, this study provides important evidence

for clinical validity of the ADOS-2 as well as meaningful insights for interpreting ADOS-2
results.
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Table 1.
ADOS-2 psychometrics studies
Study (country) Toddler Toddler Module 1 Module 1 Module 2 Module 2 Module 3 Module 4
Algorithm  Algorithm  Algorithm Algorithm 2 Algorithm Algorithm Seng/Spec  Sens/Spec
1 Send 2 Send/ 1Sens/Spec  Sens/Spec 1Sens/Spec  2Sens/Spec  (ASD/NS)  (ASDINS)
Spec Spec (ASD/NS) (ASD/INS) (ASD/NS) (ASD/NS)
(ASD/NS) (ASD/NS)
Gotham 2007 (US 0.92/0.49 0.87/0.87 0.91/0.87 0.91/0.87 0.82/0.80
(Us) (446/49) (276/76) (107/30) (162/30) (315/83)
Gotham ¥ 2009 0.86/0.80 0.92/0.83 0.80/1.00 0.71/0.90
(US) (203/46) (175/46) (69/18) (384/73)
Luvster 2009 (us)  0.87/0.86 0.81/0.83
Y US) 7/64) (59/24)
Hus 2014 (US 0.91/0.82
(Us) (347/90)
Gray 2008 0.92/0.86 0.78/0.92
(Australia) (50/7) (89/49)
Bildt 2009 (Dutch) 0.89/0.67 0.70/0.70 0.77/0.69
(75/24) (74/50) (264/70)
Oosterling 2010 0.93/0.70 0.72/0.86 0.61/0.83 0.64/0.85
(Dutch) (69/10) (98/80) (75/30) (58/40)
Kamp-Becker 2011 0.95/0.69
(Germany) (126/126)
Molloy 2011 (US) 0.96/0.29 0.98/0.45 0.76/0.60 0.88/0.60 0.87/0.34
(70/17) (58/32) (54/53) (51/40) (96/113)
Zander 2015 0.99/0.52 0.94/0.76 1.00/0.65
(Sweden) (72/21) (64/29) (32/40)
Pugliese 2015 (US) 0.85/0.72
(253/68)
Langmann 2017 0.86/0.80
(Germany) (165/91)
Maddox 2017 (US) 1.00/0.70
(6/69)
Chojnicka 2017 0.96/0.91 0.71/0.88 0.92/0.82 0.93/0.83 0.91/0.96 0.84/0.75 0.90/0.81 0.92/0.74
(Poland) (39/43) (39/42)
(34/42) (41/40) (40/41)
Medda 2018 1.00/0.20 0.99/0.18 1.00/1.00 0.91/0.66 0.91/0.66 0.93/0.29
(Germany) (32/5) (102/17) (12/4) (106/29) (290/82) (129/18)
Camodeca 2018 0.92/0.96 0.94/0.94
(USs) (78/160) (36/32)
Lee 2019 (South 0.94/0.82 1.00/0.86 1.00/0.88 1.00/1.00
Korea) (18/11) (617) (19/16) (7/5)
Colombi 2019 0.58/0.57 0.56/0.60
(USs) (n=35) (n=23)
Hong 2021 (US) 0.98/0.75 0.96/0.85
(236/61) (69/46)

Toddler Algorithm 1: 12-20month, and 21-30 months with < 5 words.

Toddler Algorithm 2: 21-30 months with = 5 words.

Module 1 Algorithm 1: 31 months and older with < 5 words.

Module 1 Algorithm 2: 31 months and older with = 5 words.

Module 2 Algorithm 1: < Syears.

Module 2 Algorithm 2: = 5 years
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ASD: autism spectrum disorder. NS: No autism spectrum disorder

*
indicates studies conducted by ADOS-2 developers.

Gotham et al. (2007) included children aged 14-30 months. Gotham et al. (2009) included children aged 18-30 months, and children whose
nonverbal mental age was 15 months or below were excluded. Gray et al. (2008) included children aged 20-30 months. Oosterling et al. (2010)
included children aged 18-30 months. Molly et al. (2011) included children aged 26—30 months. Zander et al. (2015) included children aged 20-30
months.

Chojnicka et al. (2017) developed their own cut-off scores and did not use developers’ cut-off scores.
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Table 3.

Classification statistics with various algorithm cut-off scores in the current study sample

Page 17

Module Algorithm Sensitivity ~ Specificity False False Positive Negative Accuracy Area
cut-off score negative positive predictive predictive under
value value ROC
curve
10 99 55 1 45 95 88 94
114 99 63 1 38 96 89 95
12 97 68 8 33 96 75 94
13 96 70 4 30 96 67 93
Module 1
Algorithm 1 14 94 73 6 28 97 60 92 0.92
15% 91 80 9 20 97 53 90
7 100 56 0 44 88 97 89
g4 99 64 1 36 90 95 90
9 98 69 2 31 91 90 91
10 96 7 4 23 93 86 91
Module 1
Algorithm 2 0.95
Module 2
Algorithm 1 0.92
Module 2
Algorithm 2 0.93
Module 3 0.89
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Module Algorithm Sensitivity  Specificity False False Positive Negative Accuracy Area
cut-off score negative positive predictive predictive under
value value ROC
curve
8 88 78 12 22 79 87 83

A .

autism spectrum cut-off in ADOS-2 manual
| .

autism cut-off in ADOS-2 manual

*
optimal cut-off in the current sample

| | non-spectrum classification | | autism spectrum classification l autism classification
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Table 4.

Summary using algorithm cut-off scores of ADOS-2 manual

Module 1 Algorithm 1 No ASD (N=40) ASD (N=324) All (N=364) Correctly predicting BEC diagnosis
non-spectrum (0-10) 25 (62.5%) 3 (0.9%) 28 (7.7%) 89%
autism spectrum (11-15) 8 (20%) 30 (9.3%) 38 (10.4%) 79%
autism (16-28) 7 (17.5%) 291 (89.8%) 298 (81.9%) 98%
TN 62%, FP 38% TP 99%, FN 1%
Module 1 Algorithm 2 No ASD (N=129) ASD (N=405) All (N=534)  Correctly predicting BEC diagnosis
non-spectrum (0-7) 82 (63.6%) 4 (1%) 86 (16.1%) 95%
autism spectrum (8-11) 28 (21.7%) 36 (8.9%) 64 (12%) 56%
autism (12-28) 19 (14.7%) 365 (90.1%) 384 (71.9%) 95%
TN 64%, FP 36% TP 99%, FN 1%
Module 2 Algorithm 1 No ASD (N=200) ASD (N=213) All (N=413)  Correctly predicting BEC diagnosis
non-spectrum (0-6) 138 (69%) 6 (2.8%) 144 (34.9%) 96%
autism spectrum (7-9) 34 (17%) 29 (13.6%) 63 (15.3%) 46%
autism (10-28) 28 (14%) 178 (83.6%) 206 (49.9%) 86%

TN 69%, FP 31%

TP 97%, FN 3%

Module 2 Algorithm 2 No ASD (N=98) ASD (N=159) All (N=257)  Correctly predicting BEC diagnosis
non-spectrum (0-7) 64 (65.3%) 6 (3.8%) 70 (27.2%) 91%
autism spectrum (8) 11 (11.2%) 3 (1.9%) 14 (5.4%) 21%
autism (9-28) 23 (23.5%) 150 (94.3%) 173 (67.3%) 86%
TN 65%, FP 35% TP 96%, FN 4%
Module 3 No ASD (N=812) ASD (N=764)  All (N=1576) Correctly predicting BEC diagnosis
non-spectrum (0—6) 593 (73%) 41 (5.4%) 634 (40.2%) 94%
autism spectrum (7-8) 79 (9.7%) 100 (13.1%) 179 (11.4%) 56%
autism (9-28) 140 (17.2%) 623 (81.5%) 763 (48.4%) 82%
TN 73%, FP 27% TP 95%, FN 5%
Total sample NoASD (N=1279) ASD (N=1865) All (N=3144) Correctly predicting BEC diagnosis
non-spectrum 902 (70.5%) 60 (3.3%) 962 (30.7%) 94%
autism spectrum 160 (12.5%) 198 (10.6%) 358 (11.3%) 56%
autism 217 (17%) 1607 (86.2%) 1824 (58%) 88%

TN 71%, FP 29%

TP 97%, FN 3%

TN: true negative, FP: false positive, TP: true positive, FN: false negative
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