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ABSTRACT OF THE DISSERTATION

Psychometric Properties of a Newly Developed Autism Screener:

Accuracy and Predictive Factors in a Spanish-speaking Sample

by
Kourtney Christopher
Doctor of Philosophy in Education
University of California, Los Angeles, 2023

Professor Catherine Lord Morrison, Chair

Few Level-2 screening instruments for autism cover a broad age range and include direct
interactions with caregivers, and fewer have proven utility in Spanish-speaking populations. The
study explored the psychometric properties of a newly developed tool in a large sample from
South America (n =295). The BOSA’s sensitivity ranged from 0.46 to 1.00 and specificity from
0.44 to 0.93. Based on these findings, the BOSA demonstrates clinical utility to be used as a
Level-2 screener in this population. Like other autism screening instruments, the Emotional and
Behavioral Problems (EBPs) and differences across Autism Diagnostic Observation Schedule-
Second Edition (ADOS-2) modules predicted false positive results on the screener. Potential

considerations and implications are discussed.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by core
deficits in social communication and the presence of restricted repetitive behaviors. It is
estimated to affect 1 in 44 North American children (Maenner et al., 2020). Among those
diagnosed with ASD, there is broad phenotypic variability in presentation due to heterogeneity in
core symptoms, cognitive and language abilities, adaptive skills, and co-occurring medical and
psychiatric conditions (Lord et al., 2022). These heterogeneous presentations across the autism
spectrum create barriers to the timely identification of children with ASD (Kanne & Bishop,
2021).

ASD can be reliably diagnosed in children as young as 15 months (Lord et al., 2006;
Pierce et al., 2019), yet, the average age of diagnosis in the United States is 51 months (Maenner
et al., 2020). These delays in diagnosis might have downstream effects, such as inhibiting timely
access to evidence-based interventions that many believe lead to better long-term outcomes
(Dien et al., 2021; Zwaigenbaum, Bauman, Choueiri, et al., 2015; Zwaigenbaum, Bauman,
Stone, et al., 2015). As a result, researchers have begun to explore creative alternatives to
expedite access to diagnostic evaluations (Zwaigenbaum, Bauman, Stone, et al., 2015;
Zwaigenbaum & Warren, 2021) through the development of brief screening and diagnostic
instruments. Some examples include the TELE-ASD-PEDS (Adiani et al., 2019; Corona et al.,
2021) and Systematic Observation of Red Flags of ASD (SORF; (Dow et al., 2020). Both
instruments assess for symptoms of autism in very young children, detecting autism
symptomology through direct observations in addition to caregiver reports. While caregiver
report instruments are often used to assess autistic symptoms, sensitivity, and specificity vary

widely based on parental understanding and symptom presentation. Thus, direct observational



tools allow clinicians to observe and use their clinical judgment to decide whether the symptoms
are attributable to autism.

A more recently developed instrument is the Brief Observation of Symptoms of Autism
(BOSA; Lord et al., 2020; Dow et al., 2021). The BOSA was developed during the COVID-19
pandemic as a response to clinicians' and researchers' inability to complete the most widely used
direct observation assessment, the Autism Diagnostic Observation Schedule-Second Edition
(ADOS-2; Lord et al., 2012) due to personal protective equipment requirements. The BOSA uses
direct observations to rate risk for ASD using ADOS-2 coding schemes and allows caregivers to
interact directly with their child while the clinician observes from a socially distant location (i.e.,
behind a two-way mirror or through telehealth). Unlike many screening instruments, the BOSA
covers a broad age range, and initial findings indicate strong psychometric properties (Dow et
al., 2021). Therefore, beyond its initial intent to mitigate barriers put in place by the COVID-19
pandemic, the BOSA has the potential to address many of the challenges in the field related to
timely access to diagnostic assessments for a broad range of individuals through brief, flexible,
and direct observations.

These proposed studies will explore the psychometric properties of the BOSA in a
Spanish-speaking international sample. Specifically, the utility of the BOSA as an autism

screener will be examined to draw practical clinical implications for future use.



Identifying Autism Spectrum Disorder (ASD)
Diagnostic Criteria

ASD is a neurobiological condition typically diagnosed by highly trained licensed
professionals, such as psychologists or physicians. Due to the heterogeneous nature of ASD,
those diagnosing autism often need expertise in both typical child development and specific
training in neurodevelopmental disorders. Most clinicians in the U.S. use the Diagnostic and
Statistical Manual of Mental Disorders (DSM—5; American Psychiatric Association, 2013) to
diagnose ASD. To meet DSM-5 diagnostic criteria for ASD, an individual must demonstrate or
have demonstrated impairments in the two domains: difficulties in social communication and the
presence of restricted, repetitive behaviors (RRB), either currently or by history. Within the
social communication domain, an individual must demonstrate difficulties in three areas: 1)
social-emotional reciprocity, 2) non-verbal communication, and 3) developing, maintaining, and
understanding relationships. The RRB domain consists of four areas, but an individual only
needs to exhibit behaviors in two of the four areas. These include 1) stereotyped or repetitive
motor movements, use of objects, or speech, 2) insistence on sameness, inflexible adherence to
routines, or ritualized patterns of verbal or nonverbal behavior, 3) highly restricted, fixated
interests that are abnormal in intensity or focus, and 4) hyper- or hypo-reactivity to sensory input
or unusual interest in sensory aspects of the environment (APA, 2013).

The DSM-5 includes categories of behaviors and suggested disorders that have changed
and evolved with time. ASD is an example of a disorder where the criteria have significantly
changed and expanded over the years (Rosen et al., 2021). These changes have likely contributed
to increased prevalence over the last several decades. Although important commonalities define

ASD, the phenotypic expression of autistic core symptoms within an individual also changes



over time (Shulman et al., 2020). For these reasons, accurately assessing and identifying ASD
across the lifespan is difficult.

To further complicate diagnostic decision-making, approximately 70% of children with
ASD meet the criteria for at least one other mental health condition (Havdahl & Bishop, 2019).
The most common co-occurring conditions include Attention Deficit Hyperactivity Disorder
(ADHD), Oppositional Defiant Disorder (ODD), and Anxiety Disorders. These other mental
health conditions, also termed Emotional and Behavioral Problems (EBPs), have symptoms that
overlap with autism. Overlapping symptoms include challenges in maintaining attention,
controlling aggression, and becoming overly concerned, worried, or fearful. These symptoms
increase the complexity seen within autism and make diagnostic differentiation difficult.

ASD is commonly referred to as a heterogeneous disorder, requiring extensive training to
identify and diagnose accurately. Finding a biomarker or gene that reliably predicts an autism
diagnosis would be ideal as it would obviate the need for measures that rely only on behavioral
phenotyping. For this reason, a tremendous amount of genetic and neuroscientific work has been
attempting to pinpoint common genetic variants and biological markers to easily and quickly
identify ASD (Geschwind & State, 2015; McPartland et al., 2020; Thapar & Rutter, 2021).
Unfortunately, research has not identified a single genetic pathway or biomarker that always
results in ASD (Chang et al., 2015; Chawner et al., 2019; Lord et al., 2018; Vorstman et al.,
2017). Instead, phenotypic expression varies based on genotypic penetrance and other poorly
understood factors, like epigenetics (Masini et al., 2020; Ramaswami & Geschwind, 2018;
Thapar & Rutter, 2021). Moreover, hundreds of genetic anomalies are associated with ASD risk,
and only about 20-30% of ASD can be explained through genetic findings (Chawner et al., 2019;

Geschwind & State, 2015; Ramaswami & Geschwind, 2018; Rylaarsdam & Guemez-Gamboa,



2019). These include common and rare variants associated with the risk for autism (Lord et al.,
2018). Biomarker researchers have noted the potential of quick and accurate identification of
autism through eye-tracking and electrophysiological tests but have yet to scale their use in
clinical settings (Lord et al., 2022; McPartland et al., 2020). Hence, there is a continued need for
behavioral instruments to categorize autistic traits into discrete diagnostic categories efficiently
and effectively.
Overview of Screening and Diagnostic Processes

There are multiple pathways for children to receive an ASD diagnosis, often beginning
with caregivers noting concerns and seeking out professionals for further evaluation. Information
collected by providers often includes screening questionnaires completed by caregivers to
determine if a child is at risk for a wide range of developmental concerns. These population-
based screeners are commonly referred to as level-1 screeners. The Ages and Stages
Questionnaire-Third Edition (ASQ-3; Squires et al., 2009) is an example of a level-1 screener
used to detect developmental concerns for young children in primary care settings (Brewer et al.,
2020; Norris & Lecavalier, 2010). If it is determined that the child is at risk based on the level-1
screener, caregivers might then complete a level-2 screening instrument, which evaluates the risk
for a specific disorder, like autism. Examples of level-2 screeners are the Social Communication
Questionnaire (SCQ; Berument, 1999; Rutter et al., 2003) and the Social Responsiveness Scale—
Second Edition (SRS-2; Constantino & Gruber, 2012), which are used to determine the risk for
ASD. By indexing autism symptoms and risk, clinicians can quickly triage and refer families to
appropriate clinics for diagnostic determination.

Depending on screening results, the child may be referred for a full diagnostic evaluation.

During a diagnostic evaluation, clinicians directly assess the child and interview the caregivers



using various instruments. The evaluation frequently includes instruments quantifying autistic
traits, like the ADOS-2 (Lord, Rutter, et al., 2012; Lord, Luyster, et al., 2012) and the Autism
Diagnostic Interview-Revised (ADI-R; Rutter et al., 2003). In addition, clinicians assess the
child's cognitive and language abilities through intelligence and developmental testing.
Caregivers also complete questionnaires or interviews measuring their child's social, emotional,
adaptive, and behavioral functioning in the home, which provides valuable information to aid in
diagnostic determination. At the conclusion of the evaluation, clinicians make treatment
recommendations based on their diagnostic impressions. For many disorders, including ASD,
receiving the diagnosis opens pathways for recommended services and treatments.

ASD Screening Measures

Psychometrics

As noted above, the first step in identifying autism is often screening, using level-1 and

level-2 screeners. Psychometrically, both screeners emphasize sensitivity, or the ability to
identify those with the disorder, by casting a wide net. Sensitivity is contrasted with specificity,
which is the ability of the instrument to correctly identify those who do not have the disorder. In
general, for screening instruments to be considered psychometrically sound in the behavioral
sciences, researchers have suggested that sensitivity and specificity be above 0.70 (Marks et al.,
2008). Though both the sensitivity and specificity of a screener should be high, prioritizing
sensitivity enables the instrument to capture any child who exhibits symptoms related to ASD
and "flag" them for further diagnostic evaluations. Accordingly, children are less likely to be
missed if they are at risk (high sensitivity), but more children will be "flagged" who do not have
the disorder resulting in false positives (decreased specificity). In ASD and many disorders,

prioritizing sensitivity over specificity in screening measures is considered acceptable, even



though caregivers might experience stress if their child is "flagged" but does not have the
disorder (Petruccelli et al., 2022).

Whether a measure is designed to be a screener or for diagnosis, it is critical to consider
the sample with which it was validated. Notably, the population in which the instrument was
validated affects its accuracy in detecting the disorder. If the instrument is used in a population
that is different from its validation sample, then its psychometric properties can be greatly
impacted. For example, those referred to a clinic for a diagnostic question present with more
clinically significant developmental and/or behavioral concerns (i.e., EBPs) compared to those in
the general population (Havdahl & Bishop, 2019). If the instrument is not validated on a clinical
sample, then the psychometrics based on the validation sample might not apply. Thus, clinicians
should use instruments validated on populations that mirror patients in their clinical context to
maximize accuracy.

There are many validated, age-based screeners for ASD; the most commonly used
screeners are reviewed below.

Level-1 ASD Screening Instruments

For young children aged 12-30 months, The Modified Checklist for Autism in Toddlers-
Revised with Follow-Up Interview (M-CHAT- R/F; Robins et al., 2014) is the most widely
accepted and used as a population-based, level-1 screener. The M-CHAT- R/F is recommended
by the American Academy of Pediatrics. Based on findings from the authors, it is effective as a
population-based screener with strong sensitivity (0.85) and specificity (0.99) (Robins et al.,
2014). However, findings from other population-based samples have been mixed, including
alarmingly lower sensitivity (0.39; (Guthrie et al., 2019) and decreased specificity for minorities,

those from low-income households, and Spanish speakers (Alonso-Esteban et al., 2020; Kimple



et al., 2014). In addition, low sensitivity (0.52) was found when using the M-CHAT in children
who were born preterm (Kim et al., 2016). Decreased specificity (0.51) was also found when
using the M-CHAT in samples of children referred to autism diagnostic clinics due to behavioral
concerns potentially related to autism (Christopher et al., 2020; Lord et al., 2022; Qien et al.,
2021). Some of these limits to sensitivity and specificity might be attributed to the presence of
EBPs that overlap with ASD, which may contribute to positive screens for ASD (Christopher et
al., 2020; Kim et al., 2016; QOien et al., 2021), negatively affecting the instrument's discriminative
properties.
Level-2 ASD Screening Instruments

Caregiver Report Measures. The SCQ and SRS-2 are two of the most commonly used
level-2 screeners. The SCQ is designed for children aged four years through adulthood and
consists of yes/no questions derived from algorithm items from the ADI-R, a commonly used
diagnostic instrument for ASD. The sensitivity of the SCQ ranges from 0.45 to 0.96, and
specificity ranges from 0.54 to 0.95 depending on the sample (Chesnut et al., 2017; Norris &
Lecavalier, 2010). Like the SCQ, the SRS-2 also characterizes ASD-related symptoms across a
broad age range (i.e., 2.5 years through adulthood). Noted to be most efficiently used in general
clinical and school settings (Constantino & Frazier, 2013), the SRS-2's sensitivity and specificity
vary from 0.66-0.78 to 0.33-0.94, respectively (Constantino & Gruber, 2005; Kanne et al., 2018).

The Gilliam Autism Rating Scale-Third Edition (GARS-3; Gilliam, 2014) is often used in
schools and is indicated for those aged 3-22. Based on the authors' data, the GARS-3's sensitivity
and specificity ranged from 0.95-0.96 to 0.78-0.97, respectively (Samadi et al., 2022). However,
the sensitivity of some screeners may vary based on the population assessed, especially with

clinically referred samples (Montgomery et al., 2008; Norris & Lecavalier, 2010). For example,



though it performed well within its standardization sample, the GARS-3 demonstrated limited
discriminative ability in referred samples (Camodeca, 2022). The Autism Spectrum Screening
Questionnaire (ASSQ; (Ehlers et al., 1999) was developed to screen school-aged children for
Asperger Syndrome. Based on previous findings, it performs well with sensitivities ranging from
0.62 to 0.91 and specificity from 0.86 to 0.91 (Ehlers et al., 1999; Posserud et al., 2009).

Though these screeners generally demonstrate strong sensitivity, several challenges
remain with their use. All the aforementioned screeners are based on caregivers' perceptions of
their child's behaviors and are thus subject to biases. For example, the SRS has been found to
attribute autistic traits to individuals with EBPs inaccurately and those with profound intellectual
disabilities (Gergoudis et al., 2020; Hus et al., 2013). Similarly, young children with EBPs and
cognitive impairment are likely to meet ASD thresholds on the SCQ (Moody et al., 2017), even
if they may not actually be autistic. Conversely, autistic youth exhibiting "milder" symptoms are
likely not to meet clinically significant ASD thresholds on the SRS-2 and the ASSQ (Cederberg
etal., 2018).

Direct Observation Measures. All screening instruments summarized above are
questionnaires based on caregiver reports and do not include direct observations, which is an
essential aspect of a diagnostic evaluation. Given this omission, they are not recommended for
use as diagnostic instruments. Alternatively, the Childhood Autism Rating Scale (CARS-2;
Schopler et al. 2010) combines caregiver reports and direct observation into its rating system.
For this reason, many schools use the CARS-2 to index autistic symptomology as a diagnostic
instrument. Recently, a novel approach focused on only using the CARS-2 direct observation
scale rating produced sensitivity and specificity of 0.96 and 0.62, respectively (Sanchez &

Constantino, 2020).


https://link.springer.com/referenceworkentry/10.1007%2F978-3-319-56782-2_1530-2#CR9

Innovative approaches have been developed to collect screening and diagnostic data
outside the standard clinical context in the last ten years. Many of these approaches combine the
caregiver's report with direct observations of the child within the home setting. The TELE-ASD-
PEDS (Adiani et al., 2019; Corona et al., 2021) detects symptoms of ASD in preschool-age
children through brief parent-child interactions. The Systematic Observation of Red Flags of
ASD (SORF; (Dow et al., 2020) is used with toddlers, though it requires an hour-long
observation to rate risk. Naturalistic Observation Diagnostic Assessment (NODA; Nazneen et al.,
2015; Smith et al., 2017) is another direct assessment conducted at home that can detect risk in
children up to seven years old. These innovative approaches provide an opportunity to collect
information outside the standard clinical context through unbiased, direct observations.
Consequently, these instruments might aid in expediting the referral process by triaging young
children (under seven years old) to appropriate diagnostics clinics. Nevertheless, there remains a
gap in the development of level-2 screeners collecting direct observations for older children and
adults.

ASD Diagnostic Process

After an individual is screened and found at risk for autism, the next step is typically a
comprehensive diagnostic evaluation. Licensed professionals using the DSM—5 can provide a
formal, standardized diagnosis of ASD in clinical settings. Best practice guidelines and standards
for diagnosing autism have been developed to ensure diagnostic accuracy (Aiello et al., 2017;
Brian et al., 2019; Christopher & Lord, 2022; Lord et al., 2022; Mazurek et al., 2017). These
guidelines almost uniformly suggest an evaluation that consists of indirect and direct
assessments. Similarly, schools follow guidelines requiring data collection from multiple

informants (e.g., caregivers, teachers, school psychologists) that include indirect and direct
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assessments across a variety of settings to determine if a student’s ability to access general
education is negatively impacted by autism (Christopher & Lord, 2022). An educational
classification of autism spectrum disorder is given in cases where a student meets the appropriate
eligibility and requires additional support and services and is commonly tracked through an
Individualized Education Plan with accompanying goals to support developmental and academic
outcomes.

Indirect assessment of ASD symptomology includes data collected through interviews
and questionnaires. Interviews can be conducted in person or via telehealth to obtain pertinent
medical, family, and psychosocial history, with a specific emphasis on understanding the child's
development and abilities (Aiello et al., 2017; Brian et al., 2019). Other questionnaires often
included in diagnostic assessments inquire about a child's adaptive skills, behavioral profiles, and
development to aid in diagnostic differentiation. Clinicians interpreting data from questionnaires
should consider who completed the form, the context in which the reporter observes the child's
functioning, and the reporter's reference group (Kanne et al., 2009). For example, a special
education teacher who often observes children with significant behavioral challenges might not
reach clinically significant thresholds when rating a child's behavior compared to a general
education teacher whose reference group may not have the same degree of behavioral challenges.
These considerations help clinicians interpret and contextualize the child's functioning across
contexts to reach diagnostic clarity.

ASD Diagnostic Instruments

In contrast to screening instruments that emphasize sensitivity, diagnostic measures

typically attempt to maximize both sensitivity and specificity to increase overall accuracy

(Shreffler & Huecker, 2022). As noted, diagnostic assessments consist of both indirect and direct
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instruments. The field of autism has widely accepted the use of two diagnostic instruments (e.g.,
ADI-R and ADOS-2) to be used in conjunction with one another and inform diagnostic decision-
making (Christopher & Lord, 2022.; Esler & Ruble, 2015; Gray et al., 2014; Lebersfeld et al.,
2021). The ADI-R is a standardized semi-structured caregiver interview designed to obtain
detailed diagnostic information associated with ASD. The comprehensive interview is
psychometrically sound, with sensitivities ranging from 0.75 to 0.82 and specificities from 0.72
to 0.85 when used in clinical and research contexts (Lebersfeld et al., 2021; Rutter et al., 2003).

The ADOS-2, on the other hand, is a direct observation tool administered by a trained
clinician, usually within a clinical setting, to aid in diagnostic determination. Due to its strong
psychometric properties, the ADOS-2 has risen to be regarded as a powerful tool for identifying
autism across a broad range of ages and cognitive abilities (Shulman et al., 2020). The sensitivity
of the ADOS-2 ranges from 0.83 to 0.92 and specificity from 0.81 to 0.94 when administered
and scored by research-reliable clinicians (Lebersfeld et al., 2021; Shulman et al., 2020).
Notably, the ADOS-2 validation sample included individuals clinically referred for a question of
ASD. As previously discussed, these referred contexts include children with many symptoms
from various disorders (not related to ASD), making diagnostic differentiation difficult, yet the
ADOS-2 remained accurate (Lebersfeld et al., 2021; Shulman et al., 2020).
Cultural Considerations

The prevalence of ASD has increased over the past few decades and is reported to be
between 0.5-2% worldwide (Chiarotti & Venerosi, 2020; Lord et al., 2018; Zablotsky et al.,
2015). However, this reported prevalence is impacted by many factors, including access to care
and the availability of culturally appropriate adaptations of screening and diagnostic instruments.

For this reason, the identification of ASD differs by the region of the world in which the child
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resides.

Disparities in access to care permeate high-income countries (HICs), like the U.S., as
well as low-income and middle-income countries (LMICs) (Lord et al., 2022). Research in the
U.S. suggests that the identification of ASD differs by social class, ethnicity, and race rather than
actual prevalence (Elsabbagh et al., 2012; Fombonne, 2018; Maenner, 2021). More specifically,
African American and Hispanic children are more likely to receive a diagnosis later than White
children (Lopez et al., 2020; Maenner, 2021; Mandell et al., 2009). Alarmingly, this results in an
average delay of 42.3 months for African American children between a caregiver's first concerns
and the age of diagnosis (Constantino et al., 2020). Hispanic children average eight doctor visits
before they receive a diagnosis (Lopez et al., 2020). Some of the delays in diagnoses can be
attributed to cultural and socio-economic variability in caregiver expectations of behavior and
development (Beacham et al., 2018; Blacher et al., 2014; Chesnut et al., 2017; Guthrie et al.,
2019; Stevanovic et al., 2021; Stewart & Lee, 2017), and families mistrusting their medical
providers (Moseley et al., 2007). Consequently, caregivers often report dissatisfaction and
distress related to the diagnostic process (Crane et al., 2016; Goin-Kochel et al., 2006; Jacobs et
al., 2020; Sanchez & Constantino, 2020; Zuckerman et al., 2015).

Another reason for disparities in access to care, especially internationally, is a paucity in
the number of validated screening and diagnostic instruments in non-English speaking LMICs
(Alonso-Esteban et al., 2020; Daley et al., 2013; Lord et al., 2022). Most of the recommended
screening tools used to detect risk for ASD were developed and validated in HIC Western
cultures. These screeners are often translated into different languages but are only occasionally
validated in those languages. Validation studies are time-intensive, costly, and can be

confounded by differences in dialect variations, such as in Spanish (Alonso-Esteban et al., 2020;
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Kimple et al., 2014). A recent meta-analysis determined that only five screening tools have been
used in Spanish-speaking communities to identify ASD (Alonso-Esteban et al., 2020). Four
relied on caregiver reports of the five measures, which was problematic because Spanish-
speaking caregivers reportedly experienced difficulty interpreting and understanding the
questions (Alonso-Esteban et al., 2020; DuBay et al., 2021; Rea et al., 2019). In these situations,
caregivers either skipped or incorrectly endorsed items, resulting in incorrect screening results
for autism (DuBay et al., 2021; Kimple et al., 2014; Rea et al., 2019). Moreover, insufficient
cross-cultural adaptations and translations also negatively impact the psychometric properties of
instruments in Spanish-speaking samples (Alonso-Esteban et al., 2020; DuBay et al., 2021). In
contrast, a level-2 screening instrument for young children that collected data through direct
observations using a validated Spanish version (Hedley et al., 2015) of the Autism Detection in
Early Childhood (ADEC; Young, 2007) was less vulnerable to cultural and linguistic differences
(Alonso-Esteban et al., 2020). Thus, further work is needed to develop a brief, direct observation
screening tools for ASD that are not impacted by cultural differences (Carruthers et al., 2018).
Diagnostic instruments are also plagued with similar but possibly even more profound
difficulties due to the increased scope and cost of validation work. For example, although the
"gold standard" diagnostic instrument, the ADOS-2, has been translated into over twenty
languages, it has only been validated in Polish, German, Korean, and Portuguese (Chojnicka &
Pisula, 2017; Lee et al., 2019; Medda et al., 2019; Pacifico et al., 2019). Determining the cross-
cultural performance of an instrument requires the recruitment of large samples and clinicians
trained in the appropriate use of diagnostic measures. Consequently, such studies are often
scarce, underfunded, and underpowered to determine the instrument's diagnostic accuracy in

diverse samples. Moreover, in the studies conducted, diagnostic accuracy results vary based on
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the diagnostic instrument investigated (i.e., ADOS or CARS) and the language spoken
(Chojnicka & Pisula, 2017; Medda et al., 2019; Overton et al., 2008; Pacifico et al., 2019; L.
Smith et al., 2017; Stevanovic et al., 2021). For example, the ADOS and ADOS-2 performed
well in German, Korean, and Polish-speaking populations. However, the CARS were not found
to provide a valid cross-culture assessment for ASD when examining children from India,
Jamaica, Mexico, and Spain (Stevanovic et al., 2021). Moreover, Harrison et al. (2017) found
item-level differences (i.e., lack of measurement invariance) for eye contact, stereotyped
language, and echolalia based on race and ethnicity rather than actual cross-cultural variations in
ASD symptom expression. In that study, there was an increased likelihood for Black and
Hispanic children to be rated higher on those items and inaccurately meet diagnostic thresholds
(Harrison et al., 2017). Though this study was conducted in the U.S., it highlights cultural issues
that may be even more pervasive when using measures across cultures. These important cultural
factors need to be better understood, specifically in LMICs and non-English speaking countries,
yet relevant research is limited.

Brief Observation of Symptoms of Autism (BOSA)

As noted earlier, the BOSA was developed during the COVID-19 pandemic in direct
response to the need to have a substitute for the ADOS-2. The BOSA is a brief, play-based
observation conducted by a caregiver to characterize autism symptomology (Dow et al., 2021). It
can be administered in various contexts (i.e., home or clinic) across a broad age range of
individuals (from toddlers through adults). Clinicians observe the interaction and later score
behaviors using an ADOS-2 protocol to assess autism symptomology. It is only recommended to
be scored by those trained and well-versed in the ADOS-2 (Dow et al., 2021). At the time of

development, the BOSA was created to maximize sensitivity over specificity and used a
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dichotomous rating system (i.e., presence [1] or absence of behaviors for items [0]). Results from
the BOSA validation study in an English-speaking sample in the U.S. demonstrated high
sensitivity and specificity, ranging from 0.86-0.98 and 0.70-1.00, respectively (Dow et al., 2021).
These results are more commonly seen in diagnostic instruments rather than screeners. The
authors noted several possible clinical implications for the BOSA, including its use as a screener.
More specifically, the BOSA might be used as a level-2 screener to determine if a child needs to
undergo a full diagnostic assessment (Dow et al., 2021). However, before further clinical
recommendations are given, the BOSA should be validated in other samples.

While the BOSA demonstrated strong psychometric properties within its validation
sample, there is a need to replicate its performance in other, more culturally and linguistically
diverse samples. The initial validation sample consisted of primarily White, non-Hispanic,
English-speaking, autistic individuals. Findings from other level-2 screening and diagnostic
instruments note that cultural and linguistic differences affect discriminative thresholds for
identifying ASD (Al Maskari et al., 2018; Beacham et al., 2018; Rea et al., 2019). Thus, it is
essential to examine the validity of the BOSA in such samples. Next, the validation sample was
exclusively rated by ADOS-2 "research reliable" clinicians (Dow et al., 2021). This term is often
used in research studies and refers to clinicians who reach a pre-specified global standard of
item-level reliability on the ADOS-2. Most clinicians trained on the ADOS-2 will not reach
item-level reliability, and research has shown that clinicians who are not research reliable are
less likely to rate individual items accurately (Kamp-Becker et al., 2018; Zander et al., 2016).
The BOSA uses a limited number of specific items from the ADOS-2, which collapse into a
binary schema of presence or absence to indicate concern for ASD. Thus, differences in item-

level ratings on the ADOS-2 codes might have an even greater effect on the BOSA total scores
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and discriminative thresholds. Therefore, exploring the BOSA's performance with individuals
with less training is vital.

Another difference is related to who administers the BOSA to the child. The BOSA was
developed during the COVID-19 pandemic to respond to clinicians' inability to complete direct
observations and interactions with patients. As a result, it can be administered by caregivers or
partners while clinicians watch from a socially distant location. However, research assistants, not
caregivers, directly interacting with the participants completed a majority of the BOSAs in the
validation sample. Dow and colleagues (2021) noted that clinicians trained on the ADOS-2
intentionally change their behaviors to provide opportunities to assess better the presence or
absence of ASD-specific behavior. These differences in the interactant's style of administration
might impact the instrument's ability to provide a rich sample of autism symptoms in a short
period of time (Dow et al., 2021). That is, in Dow et al. (2021), with the interactant being
research assistants (even though they were not ADOS trained), there may be differences in the
types of behaviors elicited by these examiners compared to caregiver interactions. Thus, future
work should explore if the psychometric properties of the BOSA remain intact when
administered by caregivers.

Lastly, ASD is a complex disorder that involves diagnostic differentiation and often
presents with co-occurring disorders (Havdahl & Bishop, 2019). Co-occurring disorders in ASD
complicate clinicians' diagnostic certainty and accuracy. As noted, research has shown that EBPs
impact discriminative thresholds of screening and diagnostic measures (i.e., decreased
specificity) by increasing the likelihood of false positives (Christopher et al., 2020; Georgiades et
al., 2011; Havdahl et al., 2016; Hus et al., 2013). Researchers have not studied the impact of

these EBPs on the BOSA's psychometric properties, which may be critical to understanding its

17



accuracy and performance.
The Study

The prevalence of ASD is rising worldwide. Prompt and accurate identification of ASD is
essential to open pathways for children to engage in evidence-based interventions (Zwaigenbaum
et al., 2015). There is a critical need for an ASD screening instrument that is validated in
different cultural contexts and includes direct observations across a broad age range. Given that
Spanish is one of the most commonly spoken languages worldwide (Cantor-Cutiva et al., 2021)
and 1s the second most widely spoken language in the U.S. (Cantor-Cutiva et al., 2021), targeted
efforts to determine a reliable and valid level-2 screening instrument in Spanish-speaking
communities would be of great benefit. For these reasons, I explored the utility of the BOSA as a
level-2 screener in a Spanish-speaking sample from South America. This promising new tool has
the potential to address several challenges beyond its initial intent of addressing a diagnostic

need in response to the COVID-19 pandemic.

My dissertation evaluated the usability and utility of the BOSA as a level-2 screening
instrument through rigorous psychometric investigations using a Spanish-speaking sample of

individuals with and without ASD through the following two aims.

Aim 1. Determine the psychometric properties of the BOSA (i.e., sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and

accuracy) in a Spanish-speaking clinical sample.

Aim 2. Explore predictors (e.g., EBPs, age, ADOS module) of false positives and

negatives in the BOSA in this sample.
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Methods
Procedures

The dataset includes a large international sample of Spanish-speaking participants from
South America. A free, web-based BOSA training was provided to clinicians at the onset of the
COVID-19 pandemic as providers searched for an alternative to the ADOS-2. To aid in the
development of the BOSA, clinicians who attended the training, including community
practitioners and researchers, were asked to share BOSA data of individuals who were seen for
clinical and research purposes. The sample consists of de-identified data shared by South
American clinicians through Research Electronic Data Capture (REDCap; Harris et al., 2009,
2019).
Participants

The entire sample consisted of 295 unique participants ranging from age 1.33 to 49.33
years. Participants were either seen for diagnostic determination or as controls with no diagnoses
as part of a research study. Table 1 depicts the number of BOSA observations, while Table 2
includes participant BOSA data across the five ADOS-2 Modules. The Minimally Verbal BOSA
is coded using either using an ADOS-2 Toddler or Module 1 protocol, depending on the child’s
age. The remaining BOSA versions correspond to the ADOS-2 based on language and age (i.e.,
Phrase Speech Young Fluent uses either Module 2 or Module 3, Fluent Speech 1 uses Module 3,
and Fluent Speech 2 uses Module 4). To replicate the findings from Dow et al. (2021), BOSA
data will now be discussed by ADOS-2 Module. The appropriate ADOS-2 module is determined
by the age and language level of the participant. The Toddler Module is designed for young
children at or under 30 months, while Module 1 is used for children at least 31 months of age

with minimal speech. Module 2 is commonly used for young children with short phrase speech.
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Both Modules 3 and 4 are for individuals with fluent speech, and Module 4 is used with adults
with responsibilities (i.e., a job and/or over 16 years old).
Participant Variables

Demographics. The participant sample is predominately male (69.80%), reflecting a
similar male-to-female ratio in autism diagnoses more generally (Loomes et al., 2017). The
sample was mainly White (84.75%) and Hispanic (99.70%). All BOSAs were conducted in
Spanish in Argentina or Chile.

Diagnosis. The clinical diagnosis was determined by the reporting clinician. Eight
categories of diagnoses were created. For those with ASD, there are two categories, (1) ASD
only and (2) ASD with Intellectual and Developmental Disorder (IDD)/Global Developmental
Delay (GDD). Those not diagnosed with ASD presented with a broad range of other disorders,
including Language Disorders, Attention Deficit Hyperactivity Disorder (ADHD), IDD/GDD,
Anxiety/Depression, and a category labeled "Other" that includes various genetic and social-
emotional diagnoses. Lastly, the final category has been termed "No diagnosis" (38.60%), which
included typically developing controls. 33.56% of the sample received an ASD diagnosis. Given
the large proportion of participants who ultimately did not have ASD, this variation increases
heterogeneity and diagnostic complexity. See Table 3 for further participant data.

Other Testing. In some cases, assessment and diagnostic data (i.e., intelligence testing
[34.58%], autism interviews [14.58%; ADI-R], and adaptive skills [51.86%]) were reported.
Intelligence testing consisted of developmental and cognitive testing with accompanying
standard scores. Adaptive behaviors were collected using the Vineland Scales of Adaptive
Behaviors (VABS; Sparrow et al., 2016). The Adaptive Behavior Composites (ABC) from the

VABS were used to reflect the participants’ adaptive functioning. Total scores from the ADI-R
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caregiver-reported autism interview were compiled to determine if the participant exceeded the
recommended cutoffs associated with ASD on the diagnostic algorithm across all domains (e.g.,

A-D). See Table 4 for further details on assessments broken down by ADOS-2 modules.

Clinician Variables

Reliability Status. In the current sample, clinicians reported their level of reliability on
the ADOS-2. There are two levels of reliability that clinicians can report: Research-Reliable
(RR), which in the United States means that they have reached 80% item level agreement with
an ADOS-2 trainer or another research-reliable ADOS-2 coder across the ADOS-2 modules, or
Clinically Trained (CT), which means they have attended an ADOS-2 training. 24.07% of
clinicians reported that they are research reliable, while the remaining 75.93% are clinically
trained. For the purpose of this study, I combined CT and RR clinicians for analyses unless
otherwise stated.

Profession. Clinicians reported their occupations, which consisted of child neurologists,
psychologists, and speech and language pathologists. Clinician occupational data is presented in
Table 5.

Best Estimate Diagnosis. Based on direct and indirect assessments, each clinician
determined the best estimate diagnosis. In all cases, the BOSA was used as the direct observation
tool, in some cases, supplemented with information from the ADI-R, Vineland Scales of
Adaptive Behaviors, and cognitive or developmental assessments. The final diagnostic
determination was shared via REDcap.

Measures
Brief Observation of Symptoms of Autism. The Brief Observation of Symptoms of Autism

(BOSA; Lord et al., 2020) was developed during the COVID-19 pandemic to provide a
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naturalistic social context with standardized materials and activities for caregivers to interact
with their children. It has four versions, each with a slightly different set of instructions:
Minimally Verbal [MV], Phrase Speech and Young Fluent [PSYF], Fluent Speech for older
children/early adolescents [F1], and Fluent Speech for older adolescents/adults [F2]. Clinicians
observe interactions from a socially distant location (i.e., behind a two-way mirror, in-person
from 6 feet away, or through a video platform) and score the interactions using an ADOS-2
protocol that corresponds to the age and language level of the participant (e.g., Toddler or
Modules 1-4). Scores on ADOS-2 items range from 0 to 3, where zero indicates that the behavior
is not consistent with ASD, and three strongly indicates that the behavior is sufficiently present
to interfere with other behaviors on the ADOS. To minimize over-interpretation of these brief
observations (Dow et al., 2021), the ADOS-2 item scores are collapsed into binary BOSA scores
(1=presence of behavior, 0=not observed). BOSA items are summed across two core autism
domains, assessing autism core features (i.e., social communication; restricted and repetitive
behaviors) to create a total score to determine if the child meets the cutoffs associated with ASD
risk (Dow et al., 2021). See Table 6 for the BOSA cutoff and ranges of risk from Dow and
colleagues. Appendix A contains the BOSA DSM-5 checklist with ADOS-2 score conversions
and associated cutoff scores by module. Data for one algorithm code (e.g., descriptive gestures)
were unavailable; thus, the total cutoff score was decreased by a point to 8. Ranges of concerns
were also reduced by one point across categories (e.g., 0-5 Little-to-No, 6-7 Mild-to-Moderate,
and 8+ Moderate-to-Severe).

Someone familiar (i.e., BOSA interactants) with the participant completed the BOSA
most often in clinical contexts (70.14%). The BOSA interactants included caregivers (biological,

step, and adoptive), grandparents, partners, siblings, and aunts.
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Emotional Behavioral Problems (EBPs). Following Havdahl et al.’s (2016) work with the
ADOS-2, a total EBP score was created by summing all the “other behavior items” on the
BOSA, ranging from 0 to 3 for Modules 1-4 and 0-4 for the Toddler Module. These items
included Overactivity, Anxiety, Irritability/Fussiness, and Tantrums, Aggression/Negative or
Disruptive Behavior.

Analytic Plan
Aim 1. Validate the BOSA in a Spanish-speaking Sample

This study replicated analyses conducted by Dow et al. (2021) to determine the
sensitivity, specificity, Positive Predictive Value (PPV), Negative Predictive Value (NPV), and
accuracy of the BOSA by module.

Sensitivity and specificity have been previously discussed as indicators of the
instrument’s ability to accurately identify those who have and do not have the disorder. The PPV
refers to the likelihood of having a disorder in the context of a positive test result, while NPV is
the likelihood of having a disorder in the context of a negative test result (Carvajal & Rowe,
2010). Higher rates of false positives affect PPV and specificity, which are likely to occur in
referred contexts. Accuracy is when the test correctly identifies the presence or absence of a
disorder.

Power analysis guidelines from Bujang & Adnan (2016) were used to determine
recommended sample sizes to evaluate sensitivity and specificity. Based on those estimates
assuming the prevalence rate is 50%, with a Type-1 error of under 5%, a minimum sample size
of 40 participants (including 20 with ASD) within each ADOS module will be required to
achieve a minimum power of 80% (actual power=80.4%) for detecting a change in the

percentage value of sensitivity and specificity of a screening test from 0.50 to 0.80, based on a
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target significance level of 0.05 (actual p=0.039) (Bujang & Adnan, 2016). Table 1 depicts the
sample size by diagnosis and module.

The psychometric properties of the BOSA were examined by determining the number of
false positives, false negatives, true positives, and true negatives by comparing the final
diagnosis to recommended BOSA cutoffs by version. If an instrument’s scores incorrectly
indicated that the child met the criteria for a disorder, it was considered a false positive. False
negatives resulted when an instrument incorrectly indicated a child did not meet the designated
threshold, despite the child having ASD. The final two categories, true positives, and negatives,
demonstrated that the instrument accurately categorized the child’s behaviors. The following

formulas were used to calculate sensitivity, specificity, PPV, NPV, and accuracy.

Sensitivity = True Positives/(True Positives +False Negatives)

Specificity = True Negatives/(True Negatives +False Positives))

Positive Predictive Value = True Positives/(True Positives +False Positives)

Negative Predictive Value = True Negatives/(True Negatives +False Negatives)

Accuracy = (True positives + True Negatives)/(True Positives + False Positives + False

Negatives + True Negatives)

Aim 2: Explore Predictors of False Positives and Negatives

For the second aim, two separate logistic regressions were conducted to determine
predictors. The first logistic regression examined false positives as the dependent variable with
EBPs (continuous), participant’s age (continuous), and ADOS-2 module (categorical) as the
independent variables. The second logistic regression used false negatives as the dependent
variable with EBPs, participant’s age, and ADOS-2 module as the independent variables.

Expected Results
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The ADOS-2 has been translated into Spanish but has not yet been validated. Prior
research has noted item-level differences in the ADOS-2 items based on the ethnicity of the child
(i.e., Hispanic) Harrison et al., 2017, and the BOSA results are dichotomized from item-level
ADOS-2 codes (Dow et al., 2021). Thus, it is hypothesized that BOSAs given in Spanish will
result in an increased likelihood of false positives and negatives, thus reducing overall accuracy.

Related to the second aim of the study, findings from the ADOS-2 demonstrate that the
presence of EBPs increases the likelihood of false positives (Greene et al., 2021; Havdahl et al.,
2016b; Molloy et al., 2011). Thus, I expected a primary predictor to be increased numbers of
EBPs, resulting in false positives on the BOSA. Based on past research demonstrating that
children with more complex speech are more likely to result in false negatives on other direct
observation measures, I anticipate the ADOS-2 module to be predictive of false negatives. More
specifically, children given Modules 2 or 3 will be more likely to be missed on the BOSA when
compared to Modules 1 and Toddler.

Results
Aim 1: Validate the BOSA in a Spanish-speaking Sample

For most of the ADOS-2 modules, the BOSA demonstrated higher sensitivity relative to
specificity when using the published cutoff scores (See Table 7). The Toddler Module’s
sensitivity was 82%, specificity was 47%, and accuracy was 60% using the recommended cutoff
of 6. The PPV was 47%, while NPV was 82%. Ninety-four percent of the ASD group scored as
mild-to-moderate or moderate-to-severe concern. The Module 1 sample resulted in similar
findings with a sensitivity of 70%, specificity of 44%, accuracy of 54%, PPV of 41%, and NVP
of 74% at a recommended cutoff of 5. Seventy percent of participants with ASD scored as mild-

to-moderate or moderate-to-severe concern. The Module 2 sample consisted of many false
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negatives and few true positives, yielding reduced sensitivity. Module 2 scoring resulted in a
sensitivity of 46%, specificity of 93%, and accuracy of 79%. PPV and NVP remained high at
75% and 90%, respectively. Only about half (54%) of ASD participants scored in ranges of mild-
to-moderate or moderate-to-severe concern using Module 2 scoring. Sensitivity for Module 3
was 89%, specificity was 79%, accuracy was 83%, PPV was 67%, and NPV was 94%, using the
recommended cutoff of 6. All ASD participants scored as mild-to-moderate or moderate-to-
severe concern using the Module 3 scoring. Finally, the Module 4 sample size was insufficient,
and analyses and findings were treated as exploratory. Similar to Module 3, Module 4
demonstrated high sensitivity (100%), specificity (73%), accuracy 81%, PPV (64%), and NVP
(100%), using a cutoff of 3. All participants with ASD scored in the Moderate-to-Severe range of
concern. Overall, Modules 2, 3, and 4 demonstrated high specificity. This finding might be
related to a high number of true negatives having no other diagnoses (i.e., typically developing),
86%, 84%, and 75%, respectively. This high rate of individuals not diagnosed with disorders
aside from ASD is unlikely to occur in referred clinical contexts. Thus, conclusions related to
high accuracy should be interpreted with caution.

Additional exploratory analyses were conducted to examine the BOSAs’ psychometric
properties when rated by Clinically Trained (CT) and Research Reliable (RR) clinicians. Overall,
CT clinicians demonstrated lower accuracy (M = 60.30) compared to RR clinicians (M = 84.50).
A one-way ANOVA revealed that there was a statistically significant difference in accuracy
between the groups (F(1, 293) =[14.747], p = <.001). Due to limited sample sizes within
modules, further comparative analyses were not able to be completed. Instead, Table 8 describes

the psychometric properties of each ADOS module by training level.

Aim 2: Explore Predictors of False Positives and Negatives
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Analyses were carried out using the Statistical Package for Social Sciences (SPSS)
version 29. A logistic regression was conducted to determine which variables predicted false
positive results on the BOSA with a significance level set at alpha = 0.05 (two-tailed). See Table
9 for the results. The presence of Emotional and Behavioral Problems (EBPs) significantly
predicted the BOSA resulting in a false positive (B=.422, p <.01). More specifically, the relative
odds (odds ratio) indicated that with a 1-point increase in EBPs, there was a 1.525 greater chance
of a false positive. ADOS-2 module also significantly predicted false positives (p <.01). False
positives were more likely to occur in the modules used with younger children (i.e., Toddler and
Module 1) than with Modules 2 and 3 (p <.01). Age was not a significant predictor (B=-.003, p
<.52) of a false positive result. For further details on false positives across ADOS-2 modules,
see Table 11.

A separate logistic regression analysis was conducted to determine which variables
predicted false negatives on the BOSA. Table 12 depicts the frequencies of false and true
negatives counts by module. Results from the logistic regression did not reveal any significant
predictors (age:B=.004, p <.68; ADOS-2 Module: p < .30; or EBPs: f=.286, p <.16), see Table
10 for results.

Item-level analyses were conducted to better understand false negative results for
Modules 1 and 2. Independent t-tests compared true negatives to false negatives, which revealed
no significant differences in clinicians’ coding of anxiety (p <.268), overactivity (p <.056), or
disruptive behaviors (p < .162) on Module 1. Significant differences, however, were noted in
Module 2 for disruptive behaviors (p <.01), with scores higher for false negatives than true

negatives, but not for overactivity (p <.118) or anxiety (p <.168).
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Discussion

The BOSA was initially developed by the ADOS-2 authors during the COVID-19
pandemic. At that time, there was a need to observe symptoms of autism through a structured
observation because the necessary use of PPE invalidated the ADOS-2. Results from the BOSA
validation study indicated that the BOSA had strong sensitivity (0.86-0.98) and specificity (0.70-
1.00) in a university-based American sample (Dow et al., 2021). Surprisingly, these numbers
approach the psychometric properties produced by the ADOS-2, which is considered the gold-
standard diagnostic measure (i.e., sensitivity [0.79-0.98] and specificity [0.69-0.86] depending
on the ASD cutoff selected (Lord et al., 2012). To my knowledge, follow-up studies on BOSAs
performance, including a replication, have not been conducted. The current study fills this
knowledge gap and serves as preliminary evidence to support the BOSA’s use as a level-2,
direct-observation screening tool for Spanish-speaking individuals at-risk for ASD.

BOSA psychometric properties in Spanish-speaking individuals

In the current study, the BOSA demonstrates strong sensitivity across the ADOS-2
modules except for Module 2. Specifically, the Toddler Module, which is supposed to be used
for very young children (e.g., under 30 months), and Module 1, which is used for those who are
non-speaking or minimally verbal, demonstrated sufficient sensitivity (i.e., at or above 0.70) to
detect those at-risk for ASD. In contrast, the Toddler Module and Module 1 demonstrated
specificity under 50%, suggesting significant caution should be used in interpreting the results of
these modules as the ability of the cut-off score to differentiate ASD from other disorders is less
than chance. While specificity was low, the measure’s sensitivity in young children is
encouraging if used as a screener. Moreover, the BOSA covers an age range rarely covered by

other screeners, with only one other caregiver report measure having proven utility in this range
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(i.e., SRS, ages >2;6). Results from the modules often used on more verbally fluent participants
found the BOSA detected about 90% of the individuals with fluent speech (e.g., Module 3) who
were later diagnosed with ASD, further supporting its possible screening utility. Similar strong
sensitivity was found in Module 4, though further clinical conclusions could not be drawn due to
the limited sample size. In addition to strong sensitivity, both modules used for older adolescents
and adults had strong specificity. BOSAs given to children with phrase speech (i.e., Module 2)
produced the lowest sensitivity but strong specificity (0.93), possibly due to the increased
number of typically developing controls. In summation, while a high proportion of individuals
were identified with ASD using the BOSA (sensitivity), specificity remained variable across
modules. Clinicians using this instrument in Spanish-speaking samples should be aware of this
limitation, as the overall accuracy is varies from findings in the initial US validation sample
(Dow et al., 2021). Furthermore, for those individuals with language skills beyond single words
and simple phrases, the BOSA fills a much-needed gap in direct-observation screening tools for
autism in Spanish-speaking samples. However, clinicians might consider using other tools for
children with phrase speech to assess autism symptomology and risk accurately.

Given the lack of effective level-2 screeners across language levels, the BOSA shows
promise as a future screener. However, clinicians should be cautious when using the BOSA in
clinically referred samples. The current sample included a high number of individuals who were
not diagnosed with any condition in addition to “typical controls.” Unfortunately, the category in
which I collected data was labeled as “not diagnosed,” therefore, I was unable to know the exact
number of controls. Future studies should investigate the BOSAs performance in large, referred
samples of children and adults at risk for ASD who also present with high levels of non-ASD

related disorders (e.g., ADHD, anxiety, Language Disorders, Intellectual and Developmental
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Disorder, and Global Developmental Delays). Finally, the BOSA should not be used as a
diagnostic tool but rather as a source of information to be used in combination with other direct
and indirect assessments to determine risk and diagnostic conclusions.

BOSA as a screener

For diagnostic tools to be considered valid, both sensitivity and specificity should be
above 0.70 (Marks et al., 2008). This was not found in this sample. Screeners, however,
generally prioritize sensitivity over specificity (Dow et al., 2021). For these reasons, the BOSA
could be considered an effective screening tool rather than a diagnostic instrument. As is true for
most screeners, the BOSA has limitations that suggest that it should not be used in isolation,
especially in children with phrase speech.

Despite these limitations, the BOSA fills many gaps in current ASD screeners. First, it
can be administered by someone with minimal training and takes very little time to administer.
Though those coding the BOSA should be ADOS-2 trained, exploratory findings from this study
revealed clinicians do not need to be research reliable to be relatively accurate when rating the
BOSA. Second, the BOSA is unlike most level-2 screeners because it uses direct observational
methods. These methods provide structured activities, allow clinicians to view parent-child
interactions, and provide valuable insights into their interactions, which adds potentially essential
clinical information that other screeners do not provide. Third, the BOSA can be conducted in-
home or in clinical settings. However, if conducted at home, logistical and technological barriers
might be imposed. For example, BOSA kits must be sent to the family’s home and returned to
the clinic. This flexibility might alleviate some barriers to access to care, especially in low-
income Spanish-speaking countries such as Argentina and Chile. Finally, and probably most

clinically relevant, the BOSA encompasses a broad age range (i.e., 12 months through
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adulthood). At this point, most direct observation screening tools are limited to very young
children or those with minimal speech. In fact, the BOSA demonstrated some specific strengths
in those with more fluent language. Based on findings from this study and the English-speaking
validation sample (Dow et al., 2021), the BOSA has strong sensitivity for those with expressive
language levels equivalent to or above that of a four-year-old child. These findings support the
potential clinical usage of the BOSA in both English and Spanish-speaking samples.
BOSA false positives and false negatives

Like every other measure, autism screeners and diagnostic tools are susceptible to false
positives and negatives. In the case of most screeners, especially level-2 screeners that focus on a
specific disorder, it is ideal to minimize false negatives (i.e., missing children who have ASD).
Moreover, sensitivity is often optimized, erring on the side of identifying all those suspected of
the disorder. Even though false positives might arise, those that screen positive in most cases
would go on to a more comprehensive evaluation. In this Spanish-speaking sample, a larger
proportion of false positives were noted compared to false negatives. This might appear
problematic as it can lead to increased caregiver stress and concern; however, those screened as
false positives were likely to be diagnosed with other disorders (e.g., language disorder,
intellectual disability, or global developmental disability). Thus, due to the false positive screen
on the BOSA, these children were identified as having a delay, and while it was not ASD, they
were directed to appropriate services.

Like Havdahl (2016), the current study determined that an increased number of EBPs was
related to a higher likelihood of false positives on the BOSA. There was a greater proportion of
false positives in lower modules (i.e., Toddler Module and Module 1) compared to the other

modules. Others have found that, in ASD, false positives can also result when the individual has
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extremely low intelligence quotients or significant developmental delays. Unfortunately,
developmental/cognitive testing was not available for the complete sample, though it is
suspected that, like the ADOS-2, individuals with nonverbal mental ages below 12 and 18
months might result in a false positive on the BOSA. Thus, it is essential for clinicians using the
BOSA to administer developmental or cognitive assessments to aid in interpreting findings from
the BOSA.

Another area that has recently gained attention is understanding false negative results on
screening and diagnostic instruments. False negative results are less common than false
positives, yet investigations into how they occur might provide insight into instrument
refinement that improves accuracy to adequately capture symptomology (@Qien et al., 2018;
Schjelberg et al., 2021). In this sample, comparisons between true and false negatives did not
reveal significant differences related to cognitive profiles, adaptive skills, or total EBPs.
However, item-level analyses for false negative children with phrase speech (i.e., Module 2)
showed increased disruptive behavior scores compared to children who truly did not have
autism. Clinicians noted phenotypic differences in autistic children, but they did not reach the
recommended cutoffs associated with risk for ASD on the BOSA. Perhaps the shortened
observation period of the BOSA potentially led to diagnostic overshadowing, and clinicians
falsely attributed behavioral differences to other symptomology (i.e., disruptive behavior) rather
than ASD core symptoms. This finding is consistent with much of the literature on false negative
findings, noting that social-communication difficulties might be present in early development but
might not be easily detected or accurately attributed to autism symptomology (@ien et al., 2018;
Schjelberg et al., 2021). Further work is needed to explore how to improve brief, direct

observations that might elicit even more apparent differences in core ASD symptoms, especially
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in children with phrase speech.
BOSA Clinically Trained (CT) clinicians vs. Research Reliable (RR) clinicians

Like many screening and diagnostic tools that require a clinician to identify and code
specific behaviors, it is important to determine how much training is needed to be accurate. The
ADOS-2 has two levels of training: a basic level of training after a clinician is deemed
“Clinically Trained” and a more comprehensive training after which the clinician is determined
to be “Research- Reliable (RR).” In a research context, studies may use RR clinicians to
determine caseness for ASD, ensuring those being studied have ASD. In most clinical contexts,
few clinicians reach research reliability. In this study, only a quarter of the clinicians had reached
research reliability. Given this percentage, few conclusions could be drawn when distributed
across modules related to the level of training needed to rate the BOSA due to the small cell
sizes. However, when looking across all ADOS-2 modules, RR clinicians demonstrated
significantly higher accuracy overall compared to CT. Further work is needed to understand
better the relationship between training level and the impact on accuracy across each module.
That being said, findings from this study demonstrated that those only clinically trained on the
ADOS-2 fairly accurately captured autism symptomology on the BOSA. Since the BOSA is
based on ADOS scoring, those who are CT might consider calibration on coding with RR
clinicians to improve reliability. The BOSA allows the administration to be recorded and coded
at a later time. This flexibility allows calibration discussions to be held at a more convenient and
conducive time for clinicians, which might boost the overall accuracy of the BOSA results.
Limitations

This study has several limitations. First, clinical diagnoses were not independently

verified or confirmed and often may have used the BOSA observations for diagnostic
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determination. Second, the data were not collected as part of a well-controlled study, which
impacts the ability to ensure standardization and fidelity of the BOSA across sites. Clinicians
reported their ADOS-2 training and reliability status; however, detailed information related to
their training and experiences, such as the duration and quality of their training, amount of
experience conducting the ADOS-2, assessing ASD, as well as their ongoing reliability and
calibration on the ADOS-2, was not collected. Finally, the BOSA was administered in some
cases for diagnostic decision-making and in others as a control for an ongoing validation study.
Differences in sample selection, including the proportion of typically developing controls, might
impact the psychometric properties of the measure. Despite these limitations, the current study
will provide valuable insights into the future clinical use of the BOSA as a level-2 screener in
Spanish-speaking samples.

Conclusions

To my knowledge, only one direct observation level-2 screening instrument, the ADEC,
has demonstrated utility in Spanish-speaking communities (Alonso-Esteban et al., 2020);
however, the instrument was limited to toddler-aged children. The current study provides
preliminary evidence for the use of the BOSA as a level-2 screener in Spanish-speaking
populations across a broad age range (i.e., toddlers through adulthood). Though this study
provides evidence for the use of the BOSA as a screener, future studies that follow formal
translation processes and replicate these findings in larger clinically-referred samples are needed.

Similar to other screening and diagnostic measures, increased levels of EBPs impact
BOSA results. In many cases, a brief observation might not be sufficient to accurately observe
and rate ASD symptoms. Therefore, clinicians might consider using an instrument that collects

data over a longer observation period, such as ADOS-2, or collecting BOSA data and combining
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other assessment and questionnaire data from multiple sources. Research suggests that
combining observational methods with caregiver reports increases diagnostic accuracy (Charman
& Gotham, 2013; Kanne et al., 2018; Lord et al., 2022). For this reason, clinicians might
consider using the BOSA in combination with traditional screening tools like the M-CHAT R/F,
SCQ, or SRS-2 to triage autism symptomology. This potential triage approach allows caregivers
the flexibility to complete measures within their home while also providing meaningful direct
observations of parent-child interactions rarely collected in the clinical context. In addition, this
approach might alleviate the burden of time and travel to specialty diagnostic centers for
families, which is especially important in low-income and less-resourced areas. Triaging also
might decrease burgeoning waitlists by assessing only those at risk for ASD and triaging less
symptomatic patients to more appropriate clinics. Consequently, future research should be
conducted to examine if combining autism screening instruments increases accuracy in screening
and has any impact on managing diagnostic waitlists. Future endeavors might determine if
scoring could be done on items other than ADOS codes and reduce the need for ADOS training

(and also purchasing ADOS protocols).
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Table 1
Frequency counts of BOSA observations in the sample by the ADOS module.

Toddler Module 1 Module 2 Module 3 Module 4

ASD Non- AS  Non- ASD  Non- AS Non-ASD ASD Non-ASD
n 17 30 44 81 13 30 18 39 7 16
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Table 2
Sample BOSA participants per ADOS-2 Module.

ADOS- 2 Module n Z/[;;ts with Mean age (SD) Age range (in years)
Toddler 47 12 2.15(0.39) 1.33-3.17
Module 1 126 31 3.74 (1.17) 1.92-9.00
Module 2 43 8 5.38 (2.36) 3.00-14.00
Module 3 57 15 9.35(3.05) 4.00-20.17
Module 4 22 5 27.38 (11.14) 13.75-49.33

Note: Number of participants with an ASD diagnosis.
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Table 3
Demographic information for the sample.

Participant Characteristics (n) (%)
Male 206 69.80
ASD 99 33.56
Race
White 250 84.75
South American Indian 23 7.83
Multiracial 14 5.08
Black 1 0.34
Unknown 6 2.03
Non-ASD Diagnoses 196 66.44
Language Disorder 36 18.37
ADHD 5 2.55
IDD/GDD 30 15.31
Anxiety/Depression 2 1.23
No Diagnosis/Undetermined 114 58.16
Other 9 4.59

Note: ADHD=Attention Deficit Hyperactivity Disorder, IDD= Intellectual and Developmental
Disorder, GDD=Global Developmental Delay. "Other" diagnoses include various genetic and
social-emotional disorders.
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Table 4
Adaptive and cognitive assessment data by ADOS-2 module.

Toddler Module 1 Module 2 Module 3 Module 4

Developmental Testing (1) 8 33 - - -
Standard Score 60.75 68.88
m (SD) (10.70) (13.63)

Best Estimate 1Q (n) - 10 15 23 -
Standard Score 59.90 82.07 86.65
m (SD) (12.92) (25.27) (20.81)

Adaptive Skills (n) 17 90 20 24 2
Standard Score 72.47 64.23 74.00 73.75 65.00
m (SD) (14.20) (12.93) (10.70) (11.73) (2.83)

Note: Developmental testing was conducted using the Bayley Scales of Infant and Toddler
Development. Best Estimate Intelligence Quotient (IQ) uses full-scale standard scores from the
DAS (Differential Ability Scales), WISC (Wechsler Intelligence Scale for Children), Wechsler
Abbreviated Scale of Intelligence (WASI), or WPPSI (Wechsler Preschool and Primary Scale of
Intelligence). Adaptive scores consisted of standard scores from the Vineland Scales of Adaptive
Behaviors using the Adaptive Behavior Composites (ABC).
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Table 5
Clinician profession information.

Clinician Characteristics (%)

Profession
Licensed Psychologists 42.00
Child Neurologists 46.80
SLP 11.20

Note: SLP=Speech and Language Pathologists.
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Table 6

BOSA Psychometric Properties from the United States validation sample (Dow et al., 2021).

AUC

Sensitivity
(%)

Specificity

(%)

Recommended Range of concern

cutoff

Toddler

Module 1

Module 2

Module 3

Module 4

.96

97

.87

91

.98

96

91

91

86

98

&3

100

74

70

93

6

0-3 Little-to-No
4-5 Mild-to-
Moderate

6+ Moderate-to-
Severe

0-4 Little-to-No
5-8 Mild-to-
Moderate

9+ Moderate-to-
Severe

0-6 Little-to-No
7-8 Mild-to-
Moderate

9+ Moderate-to-
Severe

0-3 Little-to-No
4-5 Mild-to-
Moderate

6+ Moderate-to-
Severe

0-2 Little-to-No
3-4 Mild-to-
Moderate

5+ Moderate-to-
Severe
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Table 7
Psychometric properties of the BOSA by ADOS-2 modules for the Spanish-speaking sample.

Toddler Module 1 Module 2 Module 3 Module 4
Sensitivity ~ 0.82 0.70 0.46 0.89 1.00
Specificity ~ 0.47 0.44 0.93 0.79 0.73
PPV 0.47 0.41 0.75 0.67 0.64
NPV 0.82 0.73 0.80 0.94 1.00
Accuracy (%) 39-6 54.0 79.1 82.5 81.8

Note: Negative Predictive Value = NPV, and Positive Predictive Value = PPV.
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Table 8

Psychometrics by clinician training across ADOS-2 modules.

Toddler Module 1 Module 2 Module 3 Module 4

RR €T RR CT RR CT RR CT RR CT

n 24 23 27 99 12 35 8 49 4 18
Sensitivity 0.80 0.86 0.79  0.67 * 046 1.00 0.85 * 1.00
Specificity 0.79 0.19 085 038 1.00 091 0.67 0.81 1.00 0.64
PPV 0.73 032 0.85 0.32 * 0.75 0.83 0.61 * 0.64
NPV 085 075 079 0.72 1.00 074 1.00 094 1.00 1.00
Accuracy (%) 79.2 39.1 81.5 465 333 743 875 816 100 77.8

Note: Research Reliable=RR. Clinically Trained=CT. Negative Predictive Value = NPV, and
Positive Predictive Value = PPV. *Unable to be calculated due to lack of false negatives.
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Table 9
Results of the logistical regression for false positives.

B p-value Exp(B)
Age -0.003 0.524 0.997
EBP Total Score* 0.422 0.003 1.525
ADOS-2 Module* - 0.014 -
Constant -1.027 0.452 0.358

*p-value is significant, indicating a significant difference between the group.
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Table 10

Results of the logistical regression for false negatives.

B p-value Exp(B)
Age .004 .680 1.004
EBP Total Score 286 155 1.332
ADOS-2 Module - 297 -
Constant -22.866 998 .000
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Figure 1. Frequencies of BOSA Result Types- Toddler
Module

Type of
Result

mTr
WP
EN
Wrn

Note: False Positives = FP; True Positives = TP, False Negatives = FN; True Negatives = TN
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Figure 2. Frequencies of BOSA Result Types- Module 1

Type of
Result

H1r
Wrp
BTN
WFN

Note: False Positives = FP; True Positives = TP, False Negatives = FN; True Negatives = TN
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Figure 3. Frequencies of BOSA Result Types- Module 2

Type of Result

W1r
WFP
BTN
WFN

Note: False Positives = FP; True Positives = TP, False Negatives = FN; True Negatives = TN
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Figure 4. Frequencies of BOSA Result Types- Module 3

Type of Result

Wr
Wrr
BTN
Wy

Note: False Positives = FP; True Positives = TP, False Negatives = FN; True Negatives = TN
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Figure 5. Frequencies of BOSA Result Types- Module 4

Type of Result

mTe
Hrr
BTN
By

Note: False Positives = FP; True Positives = TP, False Negatives = FN; True Negatives = TN
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