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Abstract
Interest in telehealth assessment for autism has increased due to COVID-19 and subsequent expansion of remote psychologi-
cal services, though options that are easy for clinicians to adopt and available through the lifespan are limited. The Brief 
Observation of Symptoms of Autism (BOSA) provides a social context with standardized materials and activities that can 
be coded by clinicians trained in the Autism Diagnostic Observation Schedule. The current project examined psychometric 
properties to determine optimal use for each BOSA version. Three hundred and seven participants with 453 BOSAs were 
included to determine best performing items for algorithms, validity, sensitivity, specificity, recommended cut-offs, and 
proposed ranges of concern. While preliminary, the BOSA provides a promising new option for telehealth-administered 
assessment for autism.
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Introduction

The COVID-19 pandemic sparked heightened interest 
in flexible screening and assessment measures for autism 
spectrum disorder (ASD) that can be conducted remotely 
via telehealth without requiring face-to-face administration 
by a clinician. While some attention toward telehealth or 
technology-based evaluation had begun prior to the pan-
demic (Dahiya et al., 2020; Duda et al., 2016; Tariq et al., 
2018), research on the efficacy of these measures was still 
in its early stages. Additionally, logistical barriers, such as 
lack of insurance coverage in the United States for clini-
cal telemedicine services, made offering these services in 

medical settings largely impractical. However, when clini-
cal services and research protocols were halted due to the 
pandemic, the field was forced to quickly seek and adopt 
innovative approaches that were feasible through telehealth 
or in-person visits with necessary safety protocols, lead-
ing to rapid expansion of remote services and approval of 
insurance-based telehealth coverage. Even as pandemic 
safety protocols have started to loosen, there is continued 
interest in the use of flexible, remote approaches to ASD 
assessment, which likely will continue to shape how services 
are delivered going forward. Not only would expansion of 
services improve feasibility and convenience for families, 
but it could also improve access to care by allowing those in 
more remote areas to be seen without traveling out of their 
local area. Bolstering empirical evidence for newly devel-
oped tools and methods of assessment is imperative as the 
field moves to embrace these new approaches.

Telehealth ASD Assessment Measures

Several measures that were developed pre-pandemic have 
been offered as potential remote assessment options. 
Some of the most widely used (Jang et al., 2021) include 
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the TELE-ASD-PEDS (Corona et al., 2020), Systematic 
Observation of Red Flags of ASD (SORF; Dow et al., 2020), 
Naturalistic Observation Diagnostic Assessment (NODA; 
Smith et al., 2017), and the Childhood Autism Rating Scale 
(CARS-II; Schopler et al., 2010). While the TELE-ASD-
PEDS and SORF offer promising options for young chil-
dren under the age of three, the TELE-ASD-PEDS had only 
previously been studied in a laboratory setting and psycho-
metric properties are not yet available for use in the home 
(Wagner et al., 2021), and research on the SORF has only 
been conducted on the full one-hour home observation by 
videographers (Dow et al., 2020) with no data yet substanti-
ating use of a shorter, more feasible timeframe. The NODA 
is also a promising option for children, though research 
assessing its specificity in differentiating ASD from non-
ASD developmental delays has not yet been conducted. The 
CARS-2 offers an option that can be used through adulthood 
but has not yet been validated for use without live, in-person 
observation.

Despite having some options for remote assessment, 
many groups expressed interest in continuing to adminis-
ter the Autism Diagnostic Observation Schedule, Second 
Edition (ADOS-2; Lord, Rutter, et al., 2012; Lord, Luyster, 
et  al., 2012) with modifications, likely due to its wide-
spread use and number of clinicians trained to administer 
it. The ADOS-2 also boasts a strong empirical base (Leb-
ersfeld et al., 2021), the ability to assess individuals across 
the age span, and had previously been required by many 
insurance providers to ensure coverage of medical services. 
However, standard administration of the ADOS-2 was not 
possible during the pandemic, and the adaptations needed 
altered the social environment when administered in-person 
while wearing face masks or using barrier shields. Anec-
dotally, concerns about the impact of masks, both on the 
client and provider, have been supported by reports from 
clinicians and parents. Significant adaptations are required 
for telehealth administration as well, such as only asking 
social and emotional questions and engaging in conversa-
tions for verbally fluent individuals, or having caregivers 
administer prompts for less verbal individuals and/or young 
children. While there has been some support for the utility 
of Module 4 remote administrations in terms of sensitivity 
with an all ASD sample (Schutte et al., 2015), the specificity 
of the instrument using standardized scoring would likely 
be compromised given that the full span of activities can-
not be administered to elicit certain behaviors of interest, 
and nonverbal communication is more difficult (or arguably 
impossible, in the case of eye contact) to read when directed 
to a screen. For younger children, requiring caregivers to 
prompt their children through ADOS-2 tasks changes the 
standardized way the activities are carried out. While a 
parent-mediated context may provide rich qualitative infor-
mation, the standardized scoring from the ADOS-2 should 

not be applied. Without the ADOS-2 during the pandemic, 
however, there was a gap where the gold-standard tool to 
assess autism used to lie, which left many clinicians and 
researchers searching for a convenient and effective replace-
ment when other available options did not seem like a good 
fit for their clinic population or set-up.

Introduction to the Brief Observation 
of Symptoms of Autism (BOSA)

One benefit of the ADOS-2 is that it provides a relatively 
natural and consistent context for clinicians to observe social 
communicative behaviors and to place these observations 
within a framework of standardized codes. This makes it 
an important counterpart to caregiver-report or self-report 
of symptoms and behavior, which can provide an incom-
plete picture of an individual’s needs. With this in mind, the 
Brief Observation of Symptoms of Autism (BOSA; Lord 
et al., 2020) was developed to provide a similarly natural-
istic social context with standardized materials and activi-
ties, adapted from the Brief Observation of Social Com-
munication Change (BOSCC; Grzadzinski et al., 2016) and 
ADOS-2 (Lord, Luyster, et al., 2012; Lord, Rutter, et al., 
2012). The BOSA consists of a 12–14  min interaction 
between an individual and a caregiver or clinician. New 
materials and/or conversational contexts are presented every 
2–4 min while the dyad interacts naturally together using the 
materials and/or prompts.

The administration of the four versions of the BOSA is 
based primarily on tasks employed in previously developed 
BOSCC versions (i.e., MV or “minimally verbal”, PSYF 
or “phrase speech-young fluent”, F1 and F2 for “fluent” 6 
through 10 years olds (F1) and “fluent” 11-year-olds through 
adults (F2)), chosen according to the individual’s age, lan-
guage, and developmental level. Materials were modified 
and selected to create a standardized social context consist-
ing of ADOS-2 toys and materials, interactive games that 
elicit shared affect, and question cards for older children and 
adults that include conversation prompts and ADOS-2 ques-
tions related to emotional experiences, social relationships, 
and responsibility. There are two sets of toys or materials 
used in each administration – one for the first approximately 
6 min and one for the second 6 min (with slight differences 
in timing for the different versions).

The BOSA-MV is for individuals of any age who are non-
verbal, have single words or only rote phrases, and consists 
of two sets of ADOS-2 toys and bubbles. The BOSA-PSYF 
is intended for individuals of any age who use flexible phrase 
speech or for individuals who are verbally fluent under ages 
6 to 8 years old and includes two sets of ADOS-2 toys, bub-
bles or a rocket launcher, and a dollhouse or toy mailbox to 
help elicit conversation about the materials. Toy sets include 
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action figures, dolls, furniture, purse with accessories, a Pop-
pin’ Pals, ball, plates, a pinball game and other materials 
taken from the ADOS-2 kit. Between the ages of 6 and 8, 
clinical judgment should be used based on the child’s verbal 
ability and attention span, as the PSYF is more structured 
and play-based, versus the F1 which is more conversational.

The BOSA-F1 is for verbally fluent children as young as 
6 and up through age 10 and involves turn-taking games, 
answering socioemotional and conversation-starter ques-
tions, and having two unstructured conversations without 
materials present. The BOSA-F2 is for children from age 11 
through adults and involves similar activities as the F1 with 
more advanced, age-appropriate games as well as questions 
and conversations. A short game of Slap Jack or tabletop 
basketball is used as a “warm-up,” then games are played 
while asking and answering questions using question cards 
(many taken from the socio-emotional questions in the 
ADOS-2) that correspond to the color of the game piece. 
Recommended games include Pop the Pig for younger fluent 
individuals and Jenga for older fluent individuals, as well as 
other interactive games.

After administration, a clinician trained in the ADOS-2 
who has observed the BOSA live or through videorecord-
ing, scores the appropriate ADOS-2 protocol based on the 
participant’s age and language level, as well as any addi-
tional codes provided in the BOSA manual for that mod-
ule. Clinicians should not score items if they do not have 
enough information to make an accurate judgment regarding 
the presence or absence of a particular symptom. ADOS-2 
scores are then transferred onto a DSM-5 Checklist broken 
down into ASD symptom categories and converted to binary 
BOSA scores to indicate presence or absence for each symp-
tom. Additional columns are also provided to note evidence 
collected from parent report or other observations to aid in 
determining whether the individual meets diagnostic criteria 
across domains.

Purpose of this Study

The current project aimed to examine the psychometric 
properties and optimal use of the BOSA, as supported by 
empirical evidence and data-driven scoring procedures. Con-
verted ADOS-2 scores were examined by module for best-
performing BOSA algorithm items, including sensitivity and 
specificity. Because of COVID-19 related restrictions, we 
were aware from the start that our immediate focus would 
be on sensitivity of the BOSA, because our ability to recruit 
comparison groups into a new study was very limited; we 
provide some data on specificity whenever we were able to 
obtain it. Cutoff scores for each algorithm and suggested 
ranges of concern were developed to aid in clinical utility, 
and convergent validity with the ADOS-2 was examined 

for modules with large enough samples. As with various 
versions of the ADOS and ADI, we consider this work pre-
liminary and hope it will provide a basis for replications and 
likely revisions with larger and more representative samples.

Methods

Preliminary Analysis and Development of Coding 
System

Prior to creating the BOSA coding system, distributions of 
ADOS-2 scores were examined in a large existing database 
of well-documented individuals with ASD and those with 
related, but non-ASD disorders (ASD n = 3027, non-ASD 
n = 1177) to determine how to maximize sensitivity when 
scores are collapsed into a binary coding system. A binary 
system was chosen because the primary purpose of the 
BOSA is not to determine severity but simply to indicate 
whether the presence of an ASD symptom was observed, 
without ruling out that it might occur in other circumstances. 
Standard ADOS-2 items from each module were included, 
as well as selected items from other modules if there was 
perceived clinical value. Items that were highly correlated 
or difficult to code in the BOSA context (i.e., determined by 
at least 50% with a code of “8”, meaning not codable) were 
removed from analyses. Checklists based on Diagnostic and 
Statistical Manual, Fifth Edition (DSM-5; APA, 2013) crite-
ria were created for each module, onto which ADOS-2 codes 
can be transferred. “Recode rules” to convert raw ADOS 
item scores to a binary coding system were created based on 
these results and provided on the DSM-5 Checklists for each 
module. For the BOSA, a score of 0 represents absence of 
a clinically significant symptom and a score of 1 represents 
presence of a clinically significant symptom. The checklists 
can be used to view symptom presence across each diagnos-
tic domain. There are additional columns provided to add 
information gained from outside observation and caregiver/
teacher report to complement the results from the BOSA and 
to assist with clinical impressions.

Participants

This sample included 307 unique participants with 453 
observations for participants ranging from age 15 months 
to 42 years (see Table 1 for Participant Demographics). The 
Toddler Module included 94 observations from 47 chil-
dren (29 ASD, 21 females) with ages ranging from 15 to 
38 months (M = 25.30, SD = 4.31). Module 1 included 59 
observations from 37 children (34 ASD, 5 female) rang-
ing from 31 to 84 months (46.19 months, SD = 14.12). 
Module 2 included 76 observations from 55 children 
(32 ASD, 9 female) ranging from 29 months to 11 years 
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(M = 51.53 months, SD = 21.71 months). Module 3 included 
163 observations from 117 participants (76 ASD, 33 
female) ranging from 4.0 to 16.17 years (M = 6.53 years, 
SD = 2.45 years). Module 4 included 61 observations from 
51 participants (35 ASD, 10 female) ranging from 14.08 to 
42.08 years (M = 26.50 years, SD = 6.02 years). Participants 
were recruited from 4 sources: 1) individuals participating 
in research studies or clinical treatment programs at UCLA 
(n = 207) including the Baby Brain Imagining and Behavior 
(Baby BIBS) study, Expressive Movement Initiative (EMI), 
JASPER Early Intervention for Tuberous Sclerosis Complex, 

the Early Diagnosis/Longitudinal study, KidsConnect par-
tial hospitalization program, Children’s Friendship Program 
social skills program, and PEERS for Careers and PEERS 
for Dating social skills programs; 2) children participating in 
research at the Center for Autism and the Developing Brain 
(CADB) at Weill Cornell (n = 208) including the Simons 
Verbal BOSCC study, Kindergarten School Readiness study, 
CADB Early Intervention study, and the Video Feedback 
Intervention study; 3) individuals seen for a comprehensive 
diagnostic assessment at the UCLA Child and Adult Neu-
rodevelopmental (CAN) Clinic (n = 20); and 4) non-ASD 

Table 1  Participant demographics

a Missing data:
- Toddler Mod: ethnicity for 21 (44.7%), race for 20 (42.6%), interactant for 16 (17%), location for 18 (19.1%), Vineland for 37 (39.36%), NVIQ 
for 29 (30.85%), VIQ for 29 (30.85%), and ADOS-2 CSS for 29 (30.85%)
- Mod 1: missing ethnicity for 10 (27.0%), race for 8 (21.6%), interactant 2 (3.4%), location for 5 (8.5%), Vineland for 45 (76.27%), NVIQ for 44 
(74.58%), VIQ for 44 (74.58%), and ADOS-2 CSS for 43 (72.88%)
- Mod 2: missing ethnicity for 17 (30.9%), race for 17 (30.9%), interactant 9 (11.9%), location for 12 (15.8%), BOSA age for 8 (10.53%), Vine-
land for 64 (84.21%), NVIQ for 64 (84.21%), VIQ for 64 (84.21%), and ADOS-2 CSS for 63 (82.89%)
- Mod 3: missing ethnicity for 27 (23.1%), race for 25 (21.4%), interactant 10 (6.2%), location for 23 (14.1%), BOSA age for 1 (0.01%), Vineland 
for 67 (41.1%), NVIQ for 73 (44.79%), VIQ for 73 (44.79%), and ADOS CSS for 73 (44.79%)
- Mod 4: missing ethnicity for 33 (64.7%), race for 33 (64.7%), interactant 11 (18%), location for 22 (36.1%), BOSA age for 1 (1.64%), Vineland 
for 60 (98.36%), NVIQ for 50 (82.0%), VIQ for 51 (82.0%), and ADOS CSS for 50 (81.97%)

Characteristica ADOS module scored

Toddler Module 1 Module 2 Module 3 Module 4

N (Observations) (n) 94 59 76 163 61
Unique participants (n) 47 37 55 117 51
Observations with multiple coders (n) 10 13 19 10 10
Non-ASD [n (%)] 18 (19.1) 3 (5.1) 23 (30.3) 41 (25.1) 14 (23.0)
Interactant [n (%)]
 Parent/caregiver 33 (35.1) 15 (25.4) 9 (11.8) 51 (31.3) 34 (55.8)
 Clinician 45 (47.9) 42 (71.2) 58 (76.3) 102 (62.5) 16 (26.2)

Location [n (%)]
 Clinic 68 (72.3) 52 (88.1) 61 (80.3) 128 (78.5) 3 (4.9)
 Home 8 (8.5) 2 (3.4) 2 (2.6) 8 (4.9) 36 (5.9)
 School 0 (0) 0 (0) 1 (1.3) 4 (2.5) 0 (0)
 Age in months [m (SD)] 25.30 (4.31) 46.19 (14.12) 51.53 (21.71) 78.35 (29.51) 318.25 (72.26)
 Sex, male [n (%)] 26 (55.3) 31 (83.8) 47 (85.4) 84 (71.8) 41 (80.4)

Race [n (%)]
 White 15 (57.7) 13 (52.0) 16 (45.7) 47 (56.6) 8 (44.4)
 Black 1 (3.8) 2 (8.0) 3 (8.6) 6 (7.2) 2 (11.1)
 Asian/Pacific Islander 5 (19.2) 4 (16.0) 7 (20.0) 6 (7.2) 0 (0.0)
 Multiracial 4 (15.4) 5 (20.0) 9 (25.7) 21 (25.3) 6 (33.3)
 Other 1 (3.8) 1 (4.0) 0 (0) 3 (3.6) 2 (11.1)

Ethnicity [n (%)]
 Hispanic 8 (30.8) 13 (48.1) 12 (31.6) 21 (23.3) 1 (5.6)
 Nonhispanic 18 (69.2) 14 (51.9) 26 (68.4) 69 (76.7) 17 (94.4)
 ADOS CSS Score [m (SD)] 6.86 (2.35) 7.81 (1.60) 7.62 (2.14) 8.26 (2.13) 5.91 (2.30)
 Verbal IQ [m (SD)] 68.15 (30.93) 45.40 (29.86) 91.58 (24.76) 99.66 (15.54) 105.86 (16.19)
 Nonverbal IQ [m (SD)] 86.03 (21.39) 69.27 (16.41) 89.50 (19.88) 103.23 (13.68) 108.14 (16.10)
 Vineland-III ABC [m (SD)] 77.61 (16.48) 74.50 (10.27) 83.42 (17.92) 81.35 (9.96) 72.00 (–)
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volunteers recruited as study control subjects (n = 18). All 
participants received either a BOSA or BOSCC administra-
tion; the BOSCC largely corresponds to the BOSA in length 
of time, activities, and materials available, with a few minor 
changes in materials based on availability. All originally 
administered BOSCCs will be referred to as BOSAs going 
forward given the similarity between standardized adminis-
trations and utilization of the same coding definitions and 
protocol.

Diagnostic Procedures

For all CADB participants, participants without a diagno-
sis participated in a comprehensive diagnostic assessment 
including an ADOS-2 and Autism Diagnostic Interview-
Revised (ADI-R; Rutter et al., 2003). If they had been previ-
ously diagnosed with ASD by a medical provider, diagnosis 
was confirmed with an ADOS-2 but a full comprehensive 
diagnostic assessment was not required. Diagnoses given 
at UCLA’s autism clinic were determined based on all rel-
evant information obtained during the evaluation, including 
the ADI-R, questionnaire data, collateral information, and 
behavioral observations from testing. Participants enrolled in 
treatment groups at UCLA often had a prior medical diagno-
sis of autism. A “best estimate” clinical or research diagnosis 
was determined for participants from UCLA research studies 
by a clinical psychologist or graduate level research associ-
ate with supervision by a licensed clinical psychologist with 
expertise in ASD-specific diagnostic assessment. “Best esti-
mate” diagnoses used all relevant data, which, depending on 
the study or clinic protocol, included a developmental inter-
view or the ADI-R and direct observation (using the BOSA 
administration and in some cases, an ADOS-2 administra-
tion). Thus, clinical diagnosis was not always independent 
of the BOSA; however, BOSA algorithms were derived after 
samples were collected and cutoff recommendations were 
not available at the time of determination. Participants with 
typical development (17.0%) and previously-established 
non-spectrum disorders (4.9%; e.g., developmental delay, 
anxiety disorders, attention-deficit/hyperactivity disorder) 
were included in the sample, though the majority was autis-
tic (78.1%).

Coding and Reliability Procedures

Both caregiver- and clinician-administered BOSAs were 
included in the analyses. Administrations done by car-
egivers were either done in-person (n = 76) or through tel-
ehealth (n = 20), with a research associate or clinician giv-
ing prompts for when to switch activities. Clinician BOSAs 
were completed prior to the pandemic. Percent agreement 
between caregiver and clinician BOSAs for a subsample of 
participants who completed both (n = 46) was 86% within 3 

points, 70% within 2 points, 47% within 1 point, and 23% 
exact agreement. Video recordings of the BOSAs were 
scored by graduate- or PhD-level research or clinical staff 
who were research reliable on ADOS-2 scoring and had 
established BOSA reliability. Coders established reliability 
by scoring three consecutive videos per module with at least 
80% agreement with the master coder on item-level BOSA 
binary scores prior to beginning independent coding.

Data Analytic Plan

A correlation matrix was constructed using the ADOS-2 
items scored based on the BOSA observation. Items were 
removed if they correlated over 0.70 with any other item 
or if they were unable to be scored (receiving a score of 8 
or N/A code) at least 50% of the time within each scoring 
module. The remaining items were used in the factor analy-
sis to determine consistency of model fit with the two-factor 
model of the ADOS-2 and DSM-5 criteria for Social Affect 
(SA) and Restricted, Repetitive Behavior (RRB) domains.

Confirmatory Factor Analysis (CFA) was conducted for 
the BOSA items within each ADOS coding module using 
all available data to optimize sample size, including scores 
from children at multiple timepoints and videos coded by 
multiple coders. Analyses were conducted using Mplus 
(Muthén & Muthén, 1998–2011). Participant was included 
as a cluster-level unit to take into account multiple codings 
across participants. Items with significant loadings onto the 
SC and RRB factors were included in the algorithms, with 
the exception of low frequency items that were observed in 
fewer than 50% in ASD participants in this context. Cutoffs 
were determined in order to prioritize sensitivity around 90% 
while maintaining adequate specificity (though specificity 
data were limited due to the small non-ASD sample).

Receiver operator characteristic (ROC) curves were run 
for each module on the algorithm total, Social Affect total, 
and Restricted, Repetitive Behaviors total to determine how 
well the measure differentiates between ASD and nonspec-
trum groups. Sensitivity provides the proportion of indi-
viduals who are correctly identified as having ASD, while 
specificity shows the proportion of individuals who are 
correctly identified as nonspectrum. Area under the curve 
(AUC) shows the strength of discrimination between groups. 
ROC curve results were only reported for algorithm totals, as 
domain-specific algorithms are considered to be preliminary.

Ranges of concern were also identified to improve clini-
cal utility, given our concerns about the preliminary nature 
of these data. Consistent with the ADOS-2 Toddler Mod-
ule (Luyster et al., 2009) and the ADI-R algorithm for tod-
dlers and preschoolers (Kim et al., 2013), three ranges are 
provided: Little-to-no concern, mild-to-moderate concern, 
and moderate-to-severe concern. Ranges of concern were 
determined by examining distributions of algorithm scores 
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in ASD versus nonspectrum groups and were set so that 
90–95% of participants with ASD would fall into one of 
the two groups suggesting clinical concern, with consid-
eration to reduce the number of nonspectrum participants 
that would fall into the concern range.

Most participants in the current sample did not have an 
ADOS administration, with less than 10 completed each 
for Modules 1, 2, and 4. Despite the limited data, we felt 
it was important to include convergent validity results for 
modules that had enough participants with both BOSA and 
ADOS-2 administrations to obtain interpretable results 
(i.e., the Toddler Module and Module 3). Given that the 
BOSA has been used in place of the ADOS-2 during the 
pandemic, understanding the convergence between the 
measures for those modules gives some preliminary per-
spective on the clinical interpretation of scores. Pearson 
correlation coefficients were calculated between the BOSA 
algorithm total score, ADOS-2 algorithm total score and 
calibrated severity score (CSS), given the continuous 
nature of total scores.

Interrater reliability was assessed using a subsample of 
30 videos, 10 each from MV, PSYF, and F1/F2 combined 
across available coders, with 10% of videos (i.e., 3 out 
of 30 videos) across sites (i.e., UCLA and CADB). For 
reliability analyses, items that could not be scored were 
removed and the remaining items were assessed using 
intraclass correlation coefficients (ICCs).

The administrations were randomly selected and coded 
by coders blind to diagnosis. Test–retest reliability was 
completed on 10 participants who completed two BOSAs 
within a 1-week time period. Five of the 10 participants 
had a diagnosis of ASD.

Results

Confirmatory Factor Analysis

CFA results supported good fit across modules using a 
2-factor model of Social Affect and Restricted, Repetitive 
Behaviors, consistent with ADOS-2 algorithm subdomains 
and the DSM-5 (see Table 2). The Comparative Fit Index 
(CFI) ranged from 0.94 to 0.97, Tucker-Lewis Index (TLI) 
ranged from 0.93 to 0.96, and Root Mean Square Error 
of Approximation (RMSEA) ranged from 0.05-0.14. Item 
factor loadings (see Table 3) ranged from 0.40 to 0.93 
for Toddler Module, 0.25 to 0.98 for Module 1, 0.50 to 
0.95 on Module 2, 0.55 to 0.96 on Module 3, and 0.40 to 
0.99 for Module 4. The lowest factor loadings were RRBs, 
consistent with what has been reported for the ADOS-2 
(Gotham et al., 2007, 2008) and BOSCC (Grzadzinski 
et al., 2016).

ROC Curve Testing and Ranges of Concern

Total algorithms resulted in good discrimination between 
ASD and nonspectrum groups (see Tables 4 and 5; Fig. 1 
for ROC curve results). For the Toddler Module scoring, 
AUC was 0.96, sensitivity was 96% and specificity was 
83% at a recommended cutoff of 6. Ninety-six percent of 
the ASD group scored in the mild-to-moderate or mod-
erate-to-severe concern groups. The Module 1 sample 
resulted in similar discrimination (AUC = 0.97), sensi-
tivity of 91% and 100% specificity (though the non-ASD 
sample was very small) at a recommended cutoff of 5. Due 
to the small non-ASD sample and therefore limited data 
to support specificity, a higher cutoff was used to keep 
sensitivity right around 90%. Ninety-three percent of par-
ticipants with ASD fell in one of the two concern groups. 
Module 2 scoring resulted in an AUC of 0.87, sensitivity 
of 91%, specificity of 74%, and a cutoff of 9; 98% of ASD 
Autistic participants fell into one of the concern groups. 
AUC for Module 3 was 0.91, sensitivity was 86%, and 
specificity was 70% with a cutoff of 6 and 91% of ASD 
participants within a concern group. Module 4 resulted in 
high discrimination (AUC = 0.98), sensitivity (91%), and 
specificity (100%) with a cutoff of 3, with 92% of the ASD 
group falling into a concern range.  

Convergent Validity with the ADOS‑2

Convergent validity was strong with the ADOS-2 (see 
Table 6) for the modules that had a significant number of 
unique participants with an ADOS-2 previously completed 
during an independent evaluation (i.e., Toddler Mod-
ule and Module 3). Using Cohen’s (1988, p. 92) correla-
tion conventions to interpret effect size (i.e., small = 0.10, 
medium = 0.30, large = 0.50), the strength of the associations 
was large (Toddler Overall Total and CSS: 0.74 (p < 0.001); 
Module 3 Overall Total: 0.63 (p < 0.001); Module 3 CSS: 
0.54 (p < 0.001)), providing evidence for good convergent 
validity between the BOSA with the ADOS-2 for those 
modules.

Table 2  Confirmatory factor 
analysis fit results

CFI Comparative Fit Index; TLI 
Tucker–Lewis Index, RMSEA 
Root mean square error of 
approximation

CFI TLI RMSEA

Toddler .96 .96 .05
Module 1 .94 .93 .09
Module 2 .95 .94 .07
Module 3 .97 .96 .06
Module 4 .96 .95 .14
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Table 3  Algorithm item factor 
loadings by module

Item Toddler Module 1 Module 2 Module 3 Module 4

Quality of social overtures .74 .79 .88 .81 .99
Showing .93 .98 .65 – –
Directed facial expressions .84 .66 .86 .85 –
Shared enjoyment .95 .84 .83 .67 .95
Unusual eye contact .84 .67 .93 .94 .83
Integration/language & nonverbal communication .78 .94 .96 .82 –
Frequency of vocalizations .69 .91 – – –
Requesting .79 .77 – – –
Giving .67 .90 – – –
Conversation – – .72 .81 .64
Amount of overtures/maintenance of attention – – – .83 .96
Offers information – – – .72 .40
Asks for information – – – – –
Amount of reciprocal social communication – – .90 .92 .97
Descriptive/emphatic gestures – – .50 .58 .95
Communication of own affect – – – – .88
Quality of social response – – – .73
Reporting of events – – – – –
Stereotyped speech – .92 .70 .61 .77
Hand/finger mannerisms .48 – –
Other complex mannerisms – – – .46 –
Excessive interest or repetitive behaviors – .68 .75 .69 .56
Unusual sensory interests – .25 .77 .67 –
Intonation/speech abnormalities .40 .70 .86 .61 –

Table 4  Total Algorithm ROC 
Curve Results, Recommended 
Cutoffs and Ranges of Concern

AUC Sensitivity 
(%)

Specificity (%) Recommended 
cutoff

Range of concern

Toddler .96 96 83 6 0–3 Little-to-No
4–5 Mild-to-Moderate
6+ Moderate-to-Severe

Module 1 .97 91 100 5 0–4 Little-to-No
5–8 Mild-to-Moderate
9+ Moderate to Severe

Module 2 .87 91 74 9 0–6 Little-to-No
7–8 Mild-to-Moderate
9+ Moderate-to-Severe

Module 3 .91 86 70 6 0–3 Little-to-No
4–5 Mild-to-Moderate
6+ Moderate-to-Severe

Module 4 .98 98 93 3 0–2 Little-to-No
3–4 Mild-to-Moderate
5+ Moderate-to-Severe

Table 5  Percent of participants in each range of concern by diagnostic group

Concern ranges Toddler Module 1 Module 2 Module 3 Module 4

ASD NonASD ASD NonASD ASD NonASD ASD NonASD ASD NonASD

Little-to-no 3.9 77.8 7.1 100 1.9 56.5 9 62.5 8.5 100
Mild-to-moderate 6.6 22.2 17.9 0 7.5 17.4 5.7 20 14.9 0
Moderate-to-severe 89.5 0 75 0 90.5 26.1 85.2 17.5 76.6 0
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Reliability

Interrater reliability was high (see Table 7), with intra-
class correlation coefficients (ICCs) ranging from 0.90 to 

0.95 across modules. Cross-site reliability between UCLA 
and CADB coders was 0.84. For individuals who received 
multiple BOSA administrations, test–retest reliability was 
0.95. Unlike the ADOS-2 (but similar to most psychometric 

Fig. 1  Receiver operator charac-
teristic (ROC) curves
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instruments), we did not look at individual item reliability, 
as the BOSA is proposed not as a detailed way to collect 
phenotypic data, but as a brief observation to support the 
clinical process.

Discussion

The BOSA offers a new option for a remote assessment 
measure that can be used both in-person and through tele-
health. It can be administered by someone without expertise 
in ASD and scored based on video-recorded observation. Its 
use of ADOS-2 coding and many of the ADOS-2 materials 
make it a convenient option for clinicians already trained 
in the ADOS-2. It could be used as a more accessible and 
efficient measure to either determine initial risk for ASD, as 
a level-2 screener to see if a full evaluation with an ADOS-2 
or other standardized diagnostic observation is warranted, 
or in conjunction with other methods (e.g., parent inter-
view and developmental history, behavioral observations) 
to make a diagnosis. Our intention in creating this measure 
was to support the clinical and research field to access and 
deploy the BOSA easily when face-to-face interactions were 
no longer feasible or safe; therefore, training and materials 
have been available free-of-charge since conception, with 

over 20,000 training video views and translation of admin-
istration into 5 languages to further facilitate even greater 
accessibility internationally.

Improved Feasibility and Accessibility of Brief, 
Remote Assessment Tools

To improve feasibility of the BOSA for remote administra-
tion, materials can be shipped or dropped off to families’ 
homes or kept locally at community sites. While it would be 
easier to use whatever toys families have on hand, prelimi-
nary testing found that the variation in materials had clear 
effects on the kinds of play that occurred. Providing mate-
rials is also beneficial for families with limited resources. 
Relatedly, when there are gaps in access to digital technol-
ogy, devices may be provided for use by the family, or testing 
can be done at a community site. Clinicians familiar with the 
ADOS-2 can observe the BOSA live, through telehealth, or 
on recorded video and complete many of the ADOS-2 codes. 
This allows for flexibility in each stage of the process: how 
individuals and families access the materials, where they 
complete the observation, and when the clinician observes 
and codes the assessment. Not only has this range of options 
been ideal for social distancing requirements, but it could 
also increase accessibility to services for families in more 
remote or less-resourced areas that may not normally have 
access to high-quality autism evaluations.

Increasing feasibility and lowering the cost of evaluations 
can also be improved through the use of briefer, more effi-
cient measures. During the pandemic, the BOSA’s 12–14-
min time limit was likely beneficial in medical centers that 
were required to follow Center for Disease Control (CDC) 
guidelines and protocols, as it falls under the threshold for 
what is considered “close contact”: six feet or less for more 
than 15 min. When social distancing requirements are lifted, 
assessment options requiring less time from clinicians and 
families will continue to be desirable to save on clinician 
time, medical care costs, and burden on individuals and 
families.

However, using a brief behavioral observation makes 
collecting parent interview and outside report even more 
critical. A significant, though relatively small proportion of 
individuals with ASD fell in the mild-to-moderate concern 
range, suggesting that the BOSA is likely less precise than 
the ADOS-2. Additionally, the specificity of the higher mod-
ules (i.e., F2 administrations scored with Modules 3 or 4) 
and the usefulness of the measure in that age group overall 
may be more limited and less accurate than the ADOS-2, 
especially when used for first-time diagnoses in adolescents 
and adults with more subtle symptomatology. The BOSA 
is unlikely to elicit all of the same skills and behaviors that 
we would expect to see in an ADOS-2. For example, there 
is no press for response to joint attention, only some of 

Table 6  Correlations between BOSA Scores and ADOS Scores

a Modules 1, 2, and 4 not reported due to limited sample size 
(i.e., < 10 completed ADOS-2 s)
* p < .001

Summary Score BOSA algorithm  totala

Toddler (n = 31) Mod-
ule 3 
(n = 65)

ADOS-2 Algorithm overall total .74* .63*
Calibrated Severity Score (CSS) .74* .54*

Table 7  Reliability: interrater and test–retest

** p < .01, *p < .05

Intraclass 
correlation 
coefficient

Toddler Module Interrater .94**
Module 1 Interrater .93**
Module 2 Interrater .92**
Module 3 Interrater .93*
Module 4 Interrater .90**
Cross-Site Interrater .84**
Test–Retest .95**
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the socioemotional questions are asked, and a limited set 
of objects and activities are included, with less likelihood 
of eliciting restricted and repetitive behaviors. Use of addi-
tional measures can clarify whether such symptoms do not 
exist or were simply not observed during the BOSA.

Supplemental Testing for a Comprehensive 
Evaluation

Options for supplemental testing as part of a diagnostic eval-
uation have been in consideration amongst clinicians during 
the pandemic and will continue to be a concern as psycho-
logical assessment services are offered remotely. Completing 
cognitive testing remotely can be done but has limitations, 
particularly for young children and youth with attentional 
or social difficulties. Solely completing ASD-specific test-
ing does not give a full diagnostic picture and could cause 
a clinician to misinterpret difficulties or delays related to 
other factors of development (e.g., when social skills are 
immature for chronological age, but may be consistent with 
developmental level). For this reason, understanding an 
individual’s cognitive functioning is an important factor in 
putting their social skills and behaviors into context. Some 
widely used cognitive measures (e.g., Wechsler series) have 
been made available online, though there are limitations to 
which tasks can be administered remotely or without using 
shared materials and manipulatives. Caregivers may be able 
to act as facilitators in testing cognitive abilities or devel-
opmental level for children, though caution should be used 
in interpretation of results, as parents could unknowingly 
provide prompting, making it more difficult to determine 
the child’s true ability level. Interviews, such as the Vine-
land Adaptive Behavior Scales, Third Edition (Vineland-3; 
Sparrow et al., 2016), can be conducted over telehealth to 
aid in obtaining a thorough report on adaptive functioning. 
With these considerations and limitations in mind, obtain-
ing comprehensive information should be prioritized to get 
a full and accurate diagnostic picture as assessment services 
continue to be offered remotely.

Considerations for Caregiver‑Administered 
Assessment

Using caregivers as the social interactant has unique advan-
tages and disadvantages that are important to consider. Some 
parents are accustomed to providing a high level of support 
for their child, especially when it is needed in daily interac-
tions. This is distinctly different from what a trained clini-
cian would do in an ADOS-2: to intentionally hold back to 
see what the child can do on their own initially, then add 
in support as needed to end the interaction or activity on a 
positive, successful note. Because parent support can affect 
how well a child performs, clinical judgment must be used in 

determining whether the caregiver’s behaviors may be mask-
ing difficulties the individual would have experienced other-
wise. Given that it is a brief observation that is not under the 
clinician’s control, it may not provide as rich of an example 
to demonstrate to parents how their child fits (or doesn’t fit) 
autism criteria like the ADOS-2 would. Similarly, because 
the BOSA is typically administered by caregivers and is so 
brief, it also does not allow for the observation of ‘emerg-
ing’ skills and the degree to which social support from the 
examiner can buttress the participant’s communication and 
social behavior. While this can be a limitation of caregiver-
led assessment, it can also provide rich information about 
the parent–child dynamic that is not typically observed in a 
standard autism evaluation and can be incredibly helpful for 
individualized recommendations.

Limitations

Due to conducting research during the pandemic, samples 
were restricted to those that were already being collected 
before and during COVID-19, as opposed to selecting rep-
resentative samples with a substantial control group. While 
the ratio of males to females in this sample is roughly repre-
sentative of current prevalence data, the results may under-
represent females with possible autism, and the utility of 
the BOSA for the broader range of females with ASD may 
not be well-characterized. The broad range of IQs presents 
an additional limitation, as the Toddler and Module 1 par-
ticipants have lower mean IQ scores than Modules 2–4, 
where participants fell within the Average range. Addition-
ally, while we do not see patterns of site differences sug-
gesting ascertainment bias on the results, it is possible that 
site effects may exist. Not all data was available for all par-
ticipants, such as ADOS-2 and cognitive scores, or demo-
graphic information such as race, ethnicity, and maternal 
education. Given that so few (i.e., less than 10) participants 
had a completed ADOS-2 for Modules 1, 2, and 4, correla-
tions between the BOSA and these modules of the ADOS-2 
were not statistically significant and could not be interpreted. 
As with all preliminary studies, but even more importantly 
with a limited sample, replication studies need to be done. 
Due to the potentially skewed samples without substantial 
control groups, recommended cutoffs and ranges of concern 
should be used with caution and clinical judgment, and reli-
ance on the scores from the BOSA alone should not be used 
conclusively to make a diagnosis.

Clinical Utility and Future Applications

While BOSA administration by a caregiver has been more 
common and feasible during the pandemic with social dis-
tancing concerns, use of other test administrators such as 
a teacher, therapist, or paraprofessional could also greatly 
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improve flexible and timely completion of testing. After 
COVID-19, therapists or staff can more readily replace 
caregivers as the administrator, removing the need to dis-
entangle an individual’s independent skills from the sup-
port they are receiving. Within early intervention services, 
therapists or paraprofessionals working with the child 
could administer this measure to gain information specific 
to ASD and determine if a full evaluation is warranted. 
Even as the pandemic dies down, there is continued inter-
est in the use of flexible and remote approaches to ASD 
assessment, which may be able to improve prompt access 
to appropriate care for individuals and families. The push 
to adapt our current approaches to fit social distancing 
requirements has allowed us to not only continue provid-
ing essential services during the pandemic, but also may 
be seen as a “silver lining” that will allow us to continue 
expanding the scope and access of care for individuals 
with ASD long into the future. The pandemic has pushed 
the field to embrace expansion of more flexible, remote 
options for ASD assessment services that will continue to 
shape how we deliver services for years to come.
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