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Assessment of Autism Spectrum
Disorder

Yue Yu1 , Sally Ozonoff1, and Meghan Miller1

Abstract
Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized by challenges in social interaction and
communication and the presence of restricted interests and repetitive behaviors. The importance of early detection of ASD
and subsequent early intervention is well documented. Efforts have been made over the years to clarify ASD diagnostic cri-
teria and develop predictive, accurate screening tools and evidence-based, standardized diagnostic instruments to aid in the
identification of ASD. In this article, we review the most recent changes in ASD diagnostic criteria in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition, Text Revision, summarize evidence-based instruments for ASD screening
and diagnostic evaluations as well as the assessment of co-occurring conditions in ASD, the impact of COVID-19 on ASD
assessment, and directions for future research in the field of ASD assessment.
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Autism Spectrum Disorder (ASD) is a neurodevelop-
mental condition characterized by challenges in social
interaction and communication, and the presence of
restricted interests and repetitive behaviors (Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition,
Text Revision [DSM-5-TR]; American Psychiatric
Association [APA], 2022). Recent data indicate that one
in 44 children in the United States (Maenner et al., 2021)
and one in 160 children internationally (World Health
Organization, 2013) has a diagnosis of ASD. Critical to
accurate diagnosis and appropriate treatment planning is
an evidence-based approach to assessment. Consistent
with this special issue’s focus on evidence-based assess-
ment guidelines for both clinical practice and research, this
article provides a synthesis of available literature that
describes the range of evidence-based evaluation
approaches for ASD, from screening to diagnosis. We
begin with reviewing the most commonly used, evidence-
based instruments for screening and diagnostic evaluation
of ASD. We then discuss the importance and implications
of early screening and diagnosis, consider best practices
for the evaluation of co-occurring conditions, and describe
the impact of COVID-19 on recent autism diagnostic
practices. We end the article with future directions for
novel approaches to autism assessment.

At the outset, we wish to highlight recent discussions
in the autism community related to identity-first versus
person-first language (Botha et al., 2021; Vivanti, 2020).

Caregivers of autistic people and professionals tend to
prefer person-first language (i.e., individuals with autism)
to indicate that the disorder does not define the person
(Buijsman et al., 2022; Robison, 2019). Autistic advo-
cates, on the contrary, have recently emphasized that the
use of person-first language may perpetuate stigma,
dehumanization, and violence (Botha et al., 2021). In the
autism community, there currently is no clear consensus
on the most preferred terminology (Botha et al., 2021),
but most self-advocates prefer identity-first language
(Gernsbacher, 2017). We also recognize the variability in
terminology preferences across stakeholders. As such, in
this article, we use ASD when referring to the diagnostic
characterization used by service systems. We use person-
first and identity-first terminology interchangeably to
reflect both the preferences of autistic individuals and
self-advocates and of many families of young children.

Changes in Diagnostic Criteria Over Time

According to the DSM-5 (APA, 2013), to meet the diag-
nostic criteria, an individual must exhibit persistent
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challenges in social communication and interaction
across multiple settings and also demonstrate symptoms
in the restricted, repetitive patterns of behaviors, inter-
ests, or activities domain (see Table 1).

The diagnostic criteria for autism have evolved in the
past several decades and across the previous editions of
the DSM. The most recent major changes in autism
diagnosis were in the transition from DSM (4th ed., text
rev.; DSM-IV-TR; APA, 2000) to DSM-5. In this revi-
sion process, previously separate diagnoses (i.e., autistic
disorder, Asperger’s disorder, pervasive developmental
disorder not otherwise specified) were consolidated into
one: ASD. In addition, the three symptom categories of
social impairment, language/communication impair-
ment, and repetitive/restricted behaviors were merged
into two symptom domains: persistent deficits in social
communication and interaction and restricted, repetitive
patterns of behaviors. This change was meant to reflect
the state of the science which consistently revealed that
the social and communication/language symptoms in
DSM-IV (APA, 1994) loaded on a single ‘‘social com-
munication’’ factor (Mandy et al., 2012). Two other key
changes involved the addition of sensory symptoms
(both hypo- and hyper-reactivity) within the category of
restricted and repetitive behaviors and the inclusion of a
severity assessment scale (Levels 1–3) based on the level
of support needed for daily functioning in autistic
individuals.

Changes from the DSM-5 to DSM-5-TR have been
much more minimal, although the two small changes
are worth noting. Since the DSM-5’s initial release in
2013, there has been some ambiguity around the diag-
nostic criteria in the social communication domain.
Specifically, while it was clear that at least two of the
four restricted and repetitive behavior symptoms were
required to meet the diagnostic criteria, the minimum
required symptoms in the social communication domain
were somewhat ambiguous (i.e., whether any or all three
symptoms are required; Hess, 2022). The recently
releasedDSM-5-TR (APA, 2022) made modifications to
the diagnostic criteria for ASD to clarify this, now

specifying that all three social communication symptoms
should be present. The second minor modification
involves a change in the wording of one of the specifiers.
Specifically, ‘‘another neurodevelopmental, mental, or
behavioral disorder’’ is now ‘‘another neurodevelopmen-
tal, mental, or behavioral problem.’’ Thus, this specifier
has been broadened such that it no longer needs to be a
diagnosable condition.

Because of the increased awareness of autism in both
the general population and the scientific community,
along with broadened diagnostic criteria, some individu-
als are being diagnosed for the first time in adulthood;
this group is sometimes described as the ‘‘lost genera-
tion’’ (Lai & Baron-Cohen, 2015). These adults may
have been undiagnosed or misdiagnosed when they were
young. Initial autism identification in adulthood is chal-
lenging for various reasons, such as a lack of or inaccu-
rate history of early development, skills developed to
mask social difficulties, and other potential co-occurring,
possibly more debilitating, psychiatric comorbidities (Lai
& Baron-Cohen, 2015). Diagnosing autism in late life is
even more challenging, for similar reasons (Van Niekerk
et al., 2011). Although the awareness of autism identifi-
cation in adulthood has improved over the years, and
there has been an increase in autism research focused on
older age populations (Mason et al., 2022), supporting
individuals on the spectrum throughout their lifespan
requires ongoing effort (Mason et al., 2022; Piven &
Rabins, 2011). Individuals diagnosed in adulthood are
more likely to report having psychiatric conditions com-
pared with individuals diagnosed in childhood (Jadav &
Bal, 2022), which emphasizes the need for valid and reli-
able methods for early diagnosis.

Assessment and Early Identification of
Autism

The ability to accurately diagnose autism has improved
considerably in the past two decades, especially in very
young children. This has been the direct result of a num-
ber of empirical investigations focused on the

Table 1. Diagnostic Criteria of Autism Spectrum Disorder in the DSM-5.

A. Social communication and interaction challenges:
1. Deficits in social-emotional reciprocity
2. Deficits in nonverbal communicative behaviors used for social interaction
3. Deficits in developing, maintaining, and understanding relationships

B. Repetitive or stereotyped behaviors:
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
4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment

Note. DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
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development and/or adaptation of reliable and valid
assessment instruments (Zwaigenbaum & Penner, 2018).
A critical implication of early detection is the ability to
refer young children to intervention services as early as
possible. Indeed, the importance of early detection of
autism and subsequent early intervention is well docu-
mented (Elder et al., 2017; Hyman et al., 2020; Rogers
et al., 2012; Rotholz et al., 2017). At the same time, valid
concerns exist around false positives among children
who are diagnosed at very young ages. Thus, it is impor-
tant to investigate the stability of the diagnosis (i.e., the
likelihood that a child will still meet diagnostic criteria
at follow-up; Charman & Baird, 2002) and developmen-
tal trajectories of symptoms, which may have implica-
tions both scientifically and clinically (Ozonoff et al.,
2015; Woolfenden et al., 2012).

Research has shown that symptoms of autism typi-
cally begin to emerge between 12 and 18 months of age
(Landa et al., 2013; Ozonoff et al., 2010; Pierce et al.,
2019) and that diagnoses made at 18 months are reliable
and stable (Ozonoff et al., 2015). Numerous studies have
demonstrated the stability of diagnoses among children
diagnosed before three (Chawarska et al., 2009; Guthrie
et al., 2013; Ozonoff et al., 2015), suggesting that the
false-positive rate of diagnosis before age 3 is relatively
low. The false-negative rate is higher, however. In a
longitudinal study in which serial diagnostic assessments
were conducted, close to half of children diagnosed with
autism at age 3 did not meet diagnostic criteria at 24
months of age (Ozonoff et al., 2015). And a small group
of children appear to have even later emerging symp-
toms (Davidovitch et al., 2015; Michelotti et al., 2002;
Ozonoff et al., 2018); these children did not meet the cri-
teria by the age of 3 but did meet the criteria at school-
age (late diagnosed). These late-diagnosed cases are gen-
erally heterogeneous in their early outcome classifica-
tions (e.g., typically developing, subclinical symptoms)
and phenotype (Ozonoff et al., 2018). It is speculated
that diagnostic overshadowing by other conditions
(early delays in language or cognitive function;
Davidovitch et al., 2015) and/or a prolonged period of
symptom development (Ozonoff et al., 2018) may con-
tribute to late diagnosis. These findings suggest the need
to expand autism screening and/or surveillance beyond
three years of age. Below, we review screening and diag-
nostic instruments that can be utilized across these
developmental periods.

Empirically Validated Screening and
Diagnostic Measures

When selecting assessment instruments, it is important
to consider their empirical evidence, standardization

across large populations, and psychometric properties,
such as reliability, validity, sensitivity (i.e., the propor-
tion of autistic individuals correctly identified by the
screening instrument as having autism), specificity (i.e.,
the proportion of non-autistic individuals correctly iden-
tified as not having autism), and positive-predictive
value (i.e., the proportion of individuals over the screen-
ing cutoff who are ultimately diagnosed with autism). In
the following section, we first review commonly used,
evidence-based autism screening instruments followed
by an overview of autism-specific diagnostic tools,
developmental and intellectual assessments, and evalua-
tion of adaptive behavior.

Autism Screening

Screening for autism involves the use of brief assess-
ments to determine the level of likelihood of a diagnosis.
The American Academy of Pediatrics recommends that
all children be screened for autism at 18 and 24 months
(Hyman et al., 2020) which can be accomplished
through standardized caregiver reports or direct obser-
vational instruments. While screening and surveillance
are both used to detect early developmental concerns,
these approaches differ. Developmental surveillance
refers to continuous monitoring and collection of infor-
mation that may relate to certain developmental con-
cerns over time (e.g., having a sibling with ASD,
parental concern, pediatrician concern), which may or
may not involve standardized instruments, whereas aut-
ism screening is accomplished through the administra-
tion of specific standardized, evidence-based tools (e.g.,
M-CHAT; Council on Children with Disabilities). If a
child is determined to be at risk of autism, referrals
should be made for a more in-depth diagnostic evalua-
tion. In cases that are clear (whether in terms of high
screening scores or other developmental delays), chil-
dren may be directly referred to early intervention ser-
vices prior to a comprehensive evaluation.

Efforts have been made over the years to develop pre-
dictive, accurate measures to best identify young chil-
dren at risk of autism as early as possible. These tools
are generally categorized as Level 1 or Level 2 screeners
(Petrocchi et al., 2020). Level 1 screeners are brief instru-
ments used to screen children at risk of autism in the
general population and are usually completed by parents
and/or administered by pediatricians during well-child
visits, whereas Level 2 screeners are used to screen chil-
dren who are already identified as having elevated likeli-
hood for autism (e.g., children with previous
developmental concerns, younger siblings of children
with autism; Hardy et al., 2013; Petrocchi et al., 2020).
Below, we describe several commonly used screening
tools.
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Modified Checklist for Autism in Toddlers. The Modified
Checklist for Autism in Toddlers (M-CHAT; Robins
et al., 2014) is one of the most widely used Level 1 autism
screening instruments. The revised and updated version,
M-CHAT, Revised with Follow-Up (M-CHAT-R/F;
Robins et al., 2014) is a two-stage screener designed for
toddlers ages 16 to 30 months. First, caregivers complete
a series of 20 yes/no questions that assess early social
communication skills and other signs of autism. If the
total score is ł 2, no follow-up is needed (low risk). A
score between 3 and 7 suggests moderate risk and a
structured follow-up interview is administered to care-
givers to obtain additional information. If the total score
of the follow-up is 2 or higher, the child should be
referred for diagnostic evaluation and early interven-
tion. A score of 8 or higher indicates high risk, and the
follow-up interview can be bypassed in favor of immedi-
ate referral for early intervention services and diagnostic
evaluation. The M-CHAT-R/F takes about 10 min to
complete.

The validation sample for the M-CHAT-R/F was
large (Robins et al., 2014), and the internal consistency
reliability of M-CHAT-R/F is acceptable (Cronbach’s a

= 0.79; Robins et al., 2014) as are sensitivity (0.85) and
specificity (0.99) values (Robins et al., 2014). The
positive-predictive value (PPV) is 0.48 for autism and
0.95 for any developmental disorder (Robins et al.,
2014), indicating that 48% of the children who screened
positive received an ASD diagnosis and 95% of the chil-
dren had some sort of developmental delay or concerns,
including ASD, that warranted referrals to early inter-
vention services (Robins et al., 2014). Similar rates have
been found in other countries (PPV for ASD = 0.55,
PPV for any developmental disorder = 0.91; Guo et al.,
2019). This indicates that the predictive value of the M-
CHAT-R/F for any developmental concerns is higher
than for autism specifically. Nevertheless, it should be
noted that PPVs are impacted by the base rate of the dis-
order in the sample studied, such that when the preva-
lence of a disorder is higher, the probability of having the
disorder after a positive test is higher (Monaghan et al.,
2021). Robins et al. (2014) do not recommend using M-
CHAT-R/F as a broader screening tool because its sensi-
tivity for non-ASD delays has not been well studied (e.g.,
sensitivity for global developmental delays, communica-
tion delays, etc.). The M-CHAT-R/F has been translated
into more than 40 languages (www.mchatscreen.com)
and has demonstrated satisfactory sensitivity and specifi-
city in adaptations in some countries and regions (e.g.,
Spain, China, Taiwan; Dai et al., 2021). Screening accu-
racy was shown to be similar across race and ethnic
groups in a recent large study (Guthrie et al., 2019).

Social Communication Questionnaire. The Social Communi-
cation Questionnaire (SCQ; Rutter et al., 2003) is a 40-
item yes/no rating scale completed by caregivers. It is a
Level 2 screener used to evaluate reciprocal social inter-
action, language and communication, and stereotyped
patterns of behavior in children older than 4 years of age
with a mental age of more than 2 years. The SCQ has
two forms: Lifetime (i.e., assess developmental history)
and Current (i.e., assess behaviors in the last three
months).

This measure has good overall accuracy in identifying
autism with a score of 15 as the cutoff (sensitivity =
0.85, specificity = 0.75; Norris & Lecavalier, 2010),
good internal consistency reliability (Cronbach’s a =
0.87; Rutter et al., 2003), good discriminative validity
(0.86) in children with autism vs. non-autism diagnosis
(Berument et al., 1999), and adequate concurrent valid-
ity with gold-standard diagnostic interviews for autism
(0.78; Berument et al., 1999). It is available in more than
10 languages, and its psychometrics have also been
examined in other regions (e.g., Gau et al., 2011;
Karaminis & Stavrakaki, 2022).

Infant Toddler Checklist. The Infant Toddler Checklist
(ITC; Wetherby et al., 2008) is a caregiver report mea-
sure designed to screen for communication delays in
young children between 6 and 24 months of age. It con-
sists of 24 items about social communication develop-
ment. The measure yields three composite scores (social,
speech, symbolic) and a total score. A score in the bot-
tom 10th percentile on the social, symbolic, or total com-
posites indicates a positive screen for communication
delays, including developmental delay and ASD. It has
also been used and evaluated as a Level 1 screener for
ASD (Pierce et al., 2019). The ITC takes about 5 min to
complete by caregivers.

The ITC’s test-retest reliability is good (0.84 for total
score; Wetherby et al., 2002). The ITC has moderate-to-
strong correlations with face-to-face child evaluations
(Communication and Symbolic Behavior Scales—
Developmental Profile [CSBS-DP] Behavioral Sample;
0.67 at 18–24 months) and more in-depth caregiver
interviews (CSBS-DP Caregiver Questionnaire; 0.87 at
18–24 months; Wetherby et al., 2002). The ITC’s psy-
chometric properties for autism screening are low in the
first year of life (sensitivity = 0.20–0.64, specificity =
0.42–0.60; Parikh et al., 2021; Wetherby et al., 2008) but
improve considerably by 21 to 24 months (sensitivity =
0.78–0.95, specificity = 0.83; Parikh et al., 2021;
Wetherby et al., 2008).
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Screening Tool for Autism in Toddlers. The Screening Tool
for Autism in Toddlers (STAT; Stone et al., 2004) is a
Level 2 screening measure administered by a trained
professional. It comprises 12 play-based activities to
observe early social communication behaviors in chil-
dren from 24 to 35 months of age that can be adminis-
tered in 15 to 20 min. The total score is derived by
summing the four domain scores (play, requesting,
directing attention, and motor imitation), with higher
scores representing greater impairment. Sensitivity for
autism classification is estimated to be 0.92, and specifi-
city is 0.85, with a test–retest reliability of 0.90 (Stone
et al., 2004). The STAT has shown good discriminant
validity between autism and non-spectrum (0.95; Stone
et al., 2004). Nevertheless, the original study sample size
was relatively small. Recent research examining its psy-
chometrics is limited.

Emerging Measures. Several Level 2 screening instruments
that have not yet been clinically validated are available
for use in research studies, particularly for infants. For
example, the Autism Observation Scale for Infants
(AOSI; Bryson et al., 2008) is a 19-item, direct observa-
tional measure designed to detect and monitor signs of
autism in infants 6 to 18 months of age. It is a play-
based instrument with semi-structured activities admi-
nistered by experienced examiners and takes 10-15 min-
utes to administer. The items are rated either on a 0 to 3
scale (0 = typical, 1–3 = increasing severity of impair-
ment) or a dichotomized scale (0 = typical, 2 = atypi-
cal). A total score and a total number of items endorsed
(i.e., marker counts) are calculated. Initially developed
for research purposes, it has been most often used in
high-risk sibling studies. According to a recent study
(Zwaigenbaum, Bryson, et al., 2021), the AOSI’s sensi-
tivity is low at 12 (0.52, with 0.74 specificity, cutoff = 7)
and 15 months (0.41, with 0.90 specificity, cutoff = 10),
better at 6 (0.57, with 0.51 specificity, cutoff = 7), 9
months (0.60, with 0.53 specificity, cutoff = 6), and best
at 18 months (0.73, with 0.65 specificity, cutoff = 6).

Approaches to Autism Evaluation

When screening results suggest risk of autism, children
are typically referred for more comprehensive, formal
diagnostic evaluations. Autism diagnostic assessment
practices have made considerable advancements over
the past several decades. Moving away from relying
solely on clinical judgment, the field has focused on
developing and evaluating evidence-based, standardized
assessment instruments to better inform clinical judg-
ment and identify autism (Zwaigenbaum, Bishop, et al.,
2021).

Individuals referred for autism evaluations often
experience challenges in other areas beyond the core aut-
ism symptom domains, including developmental or cog-
nitive delays, language delays, co-occurring medical and
mental health difficulties, and behavioral concerns.
Consequently, it is important to consider various devel-
opmental and psychiatric domains that may impact
symptom manifestations and reveal individual needs in
addition to diagnostic classification (Steiner et al., 2012;
Whitehouse et al., 2018; Zwaigenbaum & Penner, 2018).
As such, it is often recommended to include an interdis-
ciplinary team of professionals (e.g., psychologist,
speech-language pathologist, and developmental–
behavioral pediatrician). However, although it could be
comprehensive and convenient for families, a multi/
interdisciplinary evaluation approach is not always cov-
ered by third-party payors, not available in all health
systems or geographic locations, and not always efficient
for uncomplicated cases (Penner et al., 2018). For exam-
ple, the Australian national guidelines for the assessment
and diagnosis of autism recommend a multidisciplinary
team approach specifically for more complex or ambigu-
ous cases (Whitehouse et al., 2018).

A comprehensive evaluation should include infor-
mant report from various sources (e.g., caregiver,
teacher, self-report) and direct observation by a trained
provider. It often begins with a structured or semi-
structured caregiver interview, through which providers
gather general and autism-specific information, includ-
ing developmental milestones, medical and behavioral
history, caregiver current concerns, social communica-
tion challenges, restricted and repetitive behaviors and
interests, and mental health and behavioral concerns. In
addition to the evaluations and observations that target
autism-related symptoms, other broad developmental
areas (e.g., cognitive and adaptive abilities) need to be
examined as well to make differential diagnoses or assess
for potential co-occurring conditions. Primary goals of a
comprehensive autism evaluation typically involve mak-
ing an accurate diagnosis (Risi et al., 2006), identifying
co-occurring conditions, profiling individual strengths
and challenges, clarifying personal or family interests
and goals, making service and treatment recommenda-
tions, and identifying areas that need further evaluation
(e.g., vision, hearing, genetic testing; Powell et al., 2018).
In the following section, we review commonly used,
empirically supported caregiver interviews, direct obser-
vational instruments, cognitive/developmental assess-
ment tools, and adaptive measures.

Caregiver Interview

Autism Diagnostic Interview-Revised. The Autism Diagno-
stic Interview-Revised (ADI-R; Lord et al., 1994) is a
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comprehensive, semi-structured caregiver interview often
used as part of a comprehensive evaluation to inform
clinical judgment with respect to an autism diagnosis, in
combination with other measures. The ADI-R was origi-
nally developed based on the DSM-IV-TR and the
International Classification of Diseases-10 diagnostic cri-
teria. It assesses current and historical behaviors related
to autism (from 18 months to adulthood) in individuals
with a mental age of at least 2 years. Three algorithm
scores are generated: social difficulty, communication
challenges, and repetitive behaviors. Administration time
ranges from 90 to 150 min by a trained clinician. A tod-
dler version of the ADI-R designed for children under 4
years of age includes 32 new questions and a new algo-
rithm (S. H. Kim et al., 2013); sensitivity (0.89–0.97) and
specificity (0.86–0.89) for this algorithm are strong.

The ADI-R has good interrater reliability (Zander
et al., 2017). The overall sensitivity and specificity for
the ADI-R are estimated to be 0.75 and 0.82, respec-
tively, but estimates of sensitivity (0.33–1.00) and speci-
ficity (0.61–1.00) vary widely among studies, according
to a recent meta-analysis (Lebersfeld et al., 2021).
Lebersfeld et al. (2021) also found that studies using
combined research and clinical samples (0.82) had
higher sensitivity than clinical-only (0.71) or research-
only samples (0.73). Research samples (0.85) had the
highest specificity, followed by combined samples (0.76)
and clinical samples (0.72). Thus, it seems that the ADI-
R is most accurate when used in research studies. Due to
its length and training requirements, the ADI-R is
mostly used for research. In practice, many providers
rely on (non-standardized) interviews to collect informa-
tion relevant to eachDSM criterion.

Behavioral Observation

In addition to caregiver interviews, observational mea-
sures are an important part of a comprehensive diagnos-
tic evaluation process. The Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 1999, 2012)
is considered the ‘‘gold-standard’’ semi-structured, inter-
action-based, observational evaluation for autism. The
Pre-linguistic ADOS (PL-ADOS; DiLavore et al., 1995)
was developed to assess younger children (younger than
6 years of age) and/or preverbal children. The ADOS-
Generic (ADOS-G; Gotham et al., 2007; Lord et al.,
1999), with revised algorithms, led to increased diagnos-
tic validity and reliability and was designed to assess
communication, social interaction, and repetitive beha-
viors and interests. The Autism Diagnostic Observation
Schedule-2nd Edition (ADOS-2; Lord et al., 2012), the
most recent version, revised algorithms based on the
ADOS-G (Gotham et al., 2007), introduced a new com-
parison score for Modules 1 through 3 and added a

Toddler Module. The ADOS-2 consists of five modules,
the selection of which depends on the individual’s
expressive language and developmental level. It can be
used with individuals who have a nonverbal develop-
mental age of at least 12 months through adulthood and
takes approximately 40 to 60 min to administer. The
Toddler Module (12 to 30 months) and Module 1
(31 months and older) are for children who do not use
phrase speech consistently. Module 2 is for children who
use phrase speech but are not yet verbally fluent, regard-
less of age. Modules 3 (children and adolescents for
whom playing with action figures are appropriate) and 4
(older adolescents and adults) are designed for individu-
als with fluent speech. Diagnostic algorithms yield two
domain scores: social affect and restricted and repetitive
behaviors, along with a total score. Modules 1 to 4 have
three diagnostic classifications: non-spectrum, ASD,
and Autism. The ADOS-2 Toddler module yields three
ranges of concerns: little-to-no concern, mild-to-
moderate concern, and moderate-to-severe concern.

The ADOS-2 has been shown to have good interrater
reliability: 0.79 to 0.98 across the five modules (Lord
et al., 2012). A recent meta-analysis (Lebersfeld et al.,
2021) found that the overall sensitivity and specificity of
the ADOS-2 and its direct precursors (ADOS-Toddler;
Luyster et al., 2009, and ADOS-G with revised algo-
rithms) ranged from 0.89 to 0.92 and 0.81 to 0.85,
respectively. Similar to the ADI-R, research samples
had higher levels of accuracy than clinical and combined
samples (Lebersfeld et al., 2021). Consistent with the
recommendation of performing comprehensive evalua-
tions, studies have shown that the diagnostic accuracy is
higher when both the ADOS and the ADI-R are used
together (sensitivity 0.70–0.98, specificity 0.80–0.95)
than when they are used individually (S. H. Kim &
Lord, 2012; Risi et al., 2006).

Childhood Autism Rating Scale-2 (CARS-2). The Childhood
Autism Rating Scale-2 (CARS-2; Schopler et al., 2010) is
a clinician rating scale that involves 15 items, each rated
on a four-point scale (1 = within normal limits to 4 =
severely abnormal for age) based on observation in the
areas of social, emotional, adaptive, communication,
and cognitive functioning. It consists of a Standard
Form (CARS-2-ST), meant for use in children ages 2 - 6
with an estimated IQ of 79 and lower, and a ‘‘High
Functioning’’ form (CARS-2-HF), meant for use in
those ages 6 and above with an estimated IQ of 80 or
higher. A total raw score is classified into three cate-
gories: minimal to no symptoms of ASD, mild to moder-
ate, and severe symptoms.

The CARS-2-ST and CARS-2-HF have been shown
to have acceptable sensitivity (0.84, 1.00) and specificity
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(1.00, 0.71; Dawkins et al., 2016), good internal consis-
tency reliability (Cronbach’s a = 0.90; Moon et al.,
2019), and good correspondence with DSM-5 classifica-
tion (Moulton et al., 2019), despite being developed
originally based on DSM (3rd ed.; DSM-III; APA,
1980) conceptualizations of ASD. The CARS-2 is pub-
lished in seven other languages and takes about 5 to 10
min to complete after an observation is conducted by a
provider.

Developmental and Intellectual Functioning Measures

An individual’s cognitive or developmental functioning
provides an important context in which to understand
their social communication and behavior. Therefore, it
is important to assess developmental functioning as part
of any comprehensive evaluation for autism. Here, we
focus only on directly administered standardized assess-
ments. When selecting an instrument, numerous factors
must be considered, such as the appropriateness of the
measure to both the individual’s chronological and men-
tal age, the standardization sample, and the ability to
separately evaluate verbal and nonverbal skills. The pur-
pose of the assessment, clinicians’ skills, and family’s
goals should also help guide which instruments to use.

It is worth noting that developmental assessments
and intellectual assessments are not synonymous.
Developmental assessments examine early learning and
cognitive development in young children (i.e., infants
and toddlers), including visual–spatial, motor, and early
language and communication functioning. Results of
developmental assessment can inform the need for fur-
ther evaluation or early intervention, but the resulting
summary scores are not equivalent to intelligence quoti-
ent (IQ) scores as they measure different skills.
Moreover, intellectual functioning is less stable earlier in
development, with the potential for large changes over
time (Johnson & Marlow, 2006). The target population
for intellectual testing, on the contrary, is older (pre-
school-aged and above). Intellectual testing is used to
assess global intelligence, including nonverbal, process-
ing speed, and working memory abilities, and provides
IQ scores.

Commonly used, evidence-based developmental or
cognitive assessments include Bayley Scales of Infant
Development—Fourth edition (Bayley & Aylward,
2019), Mullen Scales of Early Learning (MSEL; Mullen,
1995), and Differential Abilities Scale—Second Edition
(DAS-II; Elliot, 2007). Commonly used IQ tests include
the Wechsler Intelligence Scales (Wechsler, 2011, 2012,
2014), Stanford-Binet (SB; Roid, 2003), and, for nonver-
bal individuals, the Leiter International Performance
Scale (Leiter; Roid et al., 2013).

Developmental/Cognitive Assessment

Bayley Scales of Infant Development. The Bayley is a widely
used developmental assessment instrument that takes
approximately 30 to 70 min to complete (Bayley &
Aylward, 2019). It examines cognitive, adaptive, social–
emotional, fine and gross motor, and expressive and
receptive language functioning in children aged 16 days
to 42 months and is used to identify developmental
delays. The Bayley-4 has strong internal consistency
(0.85–0.99; Bayley & Aylward, 2019) and good test–
retest reliability across the composite scores (0.81–0.85;
Bayley & Aylward, 2019). Correlations between the
Bayley-4 and Wechsler Preschool and Primary Scale of
Intelligence, Fourth edition (WPPSI-IV; Wechsler,
2012) range from 0.64 – 0.79 across scales (Bayley &
Aylward, 2019). A strength of this instrument is that it
has updated norms and a large standardization sample,
including individuals with autism (Bayley & Aylward,
2019).

Mullen Scales of Early Learning. The MSEL (Mullen, 1995)
is another commonly used standardized developmental
assessment for children birth to 68 months of age. It
takes approximately 20 to 60 minutes to complete and
has been widely used in research studies of emerging
ASD and the early ASD phenotype (e.g., Bishop et al.,
2011; Werner & Dawson, 2005). Subscales include gross
and fine motor, expressive and receptive language, and
visual reception skills. The MSEL has several strengths.
First, it has good internal, test–retest, and interrater
reliability (Mullen, 1995) and good construct validity,
convergent validity, and divergent validity (Swineford
et al., 2015). It also allows for separate scores to be gen-
erated in verbal and nonverbal domains as well as distin-
guishes receptive and expressive language. In addition,
the wide age range allows for the tracking of develop-
mental progress in children over time. Nevertheless,
autistic children were not included in the standardiza-
tion sample, and the norms of the measure have not
been updated in nearly 30 years.

Differential Abilities Scale—Second Edition. The DAS-II
(Elliot, 2007) is designed to assess cognitive abilities in
youth aged 2 years, 6 months to 17 years, and 11
months. It comprises two overlapping batteries, the
Early Years (2:6–8:11) and the School Age battery (5:0–
17:11). It is designed to measure verbal reasoning, non-
verbal reasoning, and spatial abilities. This instrument
generates a General Conceptual Ability (score and clus-
ter scores. For children older than three and half, a
Special Nonverbal Composite score can be generated
for nonverbal core subtests. This can be useful in
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assessing cognitive abilities in non-speaking children
with autism (Ozonoff et al., 2005; Sutera et al., 2007).
Instructions are available in Spanish (Elliot, 2007, 2012).
The DAS-II can be used to identify personal strengths
and challenges and takes 45 to 60 mins to complete.
Average internal consistency reliability ranges from 0.68
- 0.97, and the test–retest reliability ranges from 0.63 to
0.92. Studies have indicated good convergent validity
between the MSEL and the DAS-II (Bishop et al., 2011;
Farmer et al., 2016). Although individuals with ASD
were not included in the standardization sample, studies
have explored its utility in this population (e.g.,
Kuriakose, 2014).

Intellectual Assessment

Wechsler Intelligence Scales. The Wechsler Intelligence
Scales are some of the most widely used IQ tests, includ-
ing the WPPSI-IV (Wechsler, 2011, 2012, 2014), the
Wechsler Intelligence Scale for Children—Fifth Edition
(WISC-V; Wechsler, 2014), and the Wechsler
Abbreviated Scale of Intelligence—Second edition
(WASI-II; Wechsler, 2011). They differ by age range
and subtests: The age range for WPPSI is 2 years, 6
months to 7 years, 7 months, and takes 30 to 60 min to
complete, while the age range for WISC is 6 years to 16
years, 11 months and takes about 60 min to complete.
Both tests include scales measuring verbal comprehen-
sion, visual–spatial skills, working memory, fluid rea-
soning, and processing speed. These tests also provide a
comprehensive IQ score, in addition to the subscale
scores, and individuals with ASD were included in the
standardized samples. The WASI-II is an abbreviated
intelligence measure for individuals ages 6 years to 90
years, and 11 months. The WASI-II includes only the
verbal comprehension and perceptual reasoning compo-
sites and provides an estimated IQ score (either 2-subtest
or 4-subtest) rather than a comprehensive IQ score. It
takes about 30 min to complete and can be used in clini-
cal and research settings. Individuals with ASD were not
included in the standardization sample. The Weschler
Intelligence tests have been shown to have acceptable to
good internal consistency reliability (WPPSI-IV: 0.86–
0.96; WISC-V: 0.77–0.93; WASI-II: 0.87–0.97), test–
retest reliability (WPPSI-IV: 0.75–0.87; WISC-V: 0.80–
0.91; WASI-II: 0.79–0.96), interrater reliability (WPPSI-
IV: 0.98–0.99; WISC-V: 0.97–0.99; WASI-II: 0.94–0.99),
and adequate to strong correlations with other measures
of intelligence (WPPSI-IV: 0.65–0.86 with WPPSI-III;
WISC-V: 0.74–0.81 with WISC-IV and WPPSI-IV;
WASI-II: 0.71–0.92 with WASI, WISC-IV, and WAIS-
IV; Wechsler, 2011, 2012, 2014).

Stanford-Binet - 5th Edition (SB-5). The Stanford-Binet - 5th

Edition (SB-5; Roid, 2003) is used to assess intellectual
abilities in individuals ages 2 to 85. It generates five-
factor scores in Fluid Reasoning, Knowledge,
Quantitative Reasoning, Visual-Spatial Process, and
Working Memory. The SB-5 provides both verbal and
nonverbal IQ scores, which are especially useful in test-
ing autistic individuals who are non-speaking or have
limited language abilities. It takes 45 to 75 min to com-
plete. Individuals with ASD were included in the stan-
dardization sample. The SB-5 has good internal
consistency reliability (0.98; DiStefano & Dombrowski,
2006), test–retest reliability (0.86; DiStefano &
Dombrowski, 2006), median interrater reliability (0.90;
Roid, 2003), and concurrent validity (0.90 with SB-4,
and 0.78 with Woodcock-Johnson III; Roid, 2003). The
SB-5 also provides an Abbreviated Battery IQ (ABIQ),
which is based on two routing subtests: One nonverbal
(Object Series/Matrices) and one verbal (Vocabulary).
Correlations between the ABIQ and full-scale IQ are
strong (Twomey et al., 2018).

The Leiter International Performance Scale- 3rd Edition (Leiter-
3). The Leiter International Performance Scale- 3rd

Edition (Roid et al., 2013) is designed to assess nonver-
bal intellectual ability, memory, and attention in individ-
uals aged 3 to 75 and above with two batteries: cognitive
and attention/memory. The Cognitive Battery consists
of five nonverbal subtests, four of which generate a
Nonverbal IQ. This battery takes approximately 45 min-
utes to administer. No verbal instructions or responses
are required, so this instrument can be used in testing
non-speaking individuals with or without ASD. There
was a small number of autistic individuals included in
the standardization sample. The Leiter has been shown
to have good reliability (0.91 - 0.93; Roid et al., 2009),
acceptable to good test–retest reliability (0.70 - 0.88;
Roid &Miller, 1997), and concurrent validity with other
nonverbal measures (0.72; Hooper & Bell, 2006).

Adaptive Behavior

In addition to examining cognitive functioning, it is also
important to assess adaptive behaviors, which typically
consist of conceptual (e.g., concept of money, time),
social (e.g., interpersonal skills), and practical skills (e.g.,
personal care, safety, transportation) that impact one’s
daily functioning (Schalock et al., 2010). Assessment of
adaptive behavior helps determine individual strengths
and challenges, inform treatment goals, and track
response to intervention (Klinger et al., 2018; Ozonoff
et al., 2005). In addition, to make a diagnosis of
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intellectual disability, the assessment of adaptive beha-
vior is required (APA, 2020). The two most commonly
used instruments assessing adaptive behaviors in autistic
individuals are the Vineland Adaptive Behavior Scales
(VABS; Sparrow et al., 2016) and Adaptive Behavior
Assessment system (ABAS; Harrison & Oakland, 2015),
which are both routinely used in clinical and research
practices.

Vineland Adaptive Behavior Scales-Third Edition. The VABS-3
(Sparrow et al., 2016) has several forms that can be used
to gather information from multiple sources (i.e., parent,
teacher) regarding an individual’s adaptive skills in the
areas of social interaction and communication skills,
personal living skills, community living skills, and motor
skills across the lifespan (birth to 90 years). These
include a survey interview form (administered by the
examiner in an interview format), a questionnaire-based
parent rating form, an expanded interview form, and a
teacher rating form. Individuals with ASD were
included in the standardization samples. The Vineland
has good internal consistency reliability (0.77 - 0.93; de
Bildt et al., 2005; Sparrow et al., 2005) with a test–retest
reliability ranging from 0.53 to 0.80 (Sparrow et al.,
2005) and good convergent validity (0.93; de Bildt et al.,
2005). The concurrent validity between the Vineland
and other adaptive scale is good (0.70 with ABAS; Perry
& Factor, 1989; Sparrow et al., 2005).

Adaptive Behavior Assessment System- Third Edition. The
ABAS-3 (Harrison & Oakland, 2015) consists of a col-
lection of rating scales that examine adaptive skills in
individuals 0 to 89 years of age. Different versions exist
for different informants, including caregivers, teachers,
or self-report. Autistic individuals were included in the
standardization samples. The internal consistency relia-
bility is good (0.85 - 0.99) with acceptable to good aver-
age test–retest reliability (0.70 - 0.89; Harrison &
Oakland, 2015). The average correlation between the
ABAS-3 parent form and Vineland-II parent form
across skill areas is 0.66 (Harrison & Oakland, 2015).
Similar to the considerations of choosing a measure in
other domains, factors such as areas of information cov-
ered by the measure, age range, normative sample, infor-
mant (caregiver, teacher, self), details of the information
needed (interview vs. checklist), and time of administra-
tion need to be considered when selecting a measure for
cognitive and adaptive skills.

Other Assessment Considerations. The results of a compre-
hensive evaluation can help identify appropriate inter-
vention goals and individualize treatment accordingly

to provide patient- and family-centered care
(Zwaigenbaum, Bishop, et al., 2021). A needs assess-
ment is important as part of the diagnostic evaluation
and treatment planning process to inform support and
resources necessary for the individual to reach their full
potential (Brian et al., 2019; Whitehouse et al., 2018).
Other countries suggest other approaches. For example,
the Australian national guidelines recommend conduct-
ing a comprehensive needs assessment as the first step in
the process (Whitehouse et al., 2018), before the diag-
nostic evaluation. There are also other assessment con-
siderations in the course of interventions to measure and
assure progress toward goals. Instruments specifically
designed for ongoing intervention planning and evalua-
tion and to assess treatment progress and efficacy exist
and have been validated, such as the Early Start Denver
Model (ESDM) curriculum checklist (Rogers &
Dawson, 2009), which assesses ASD-specific social and
preverbal communication development and can be used
to construct individualized treatment objectives
(Contaldo et al., 2020; Rogers et al., 2014) and to track
intervention progress (Contaldo et al., 2020).

Assessment of Co-Occurring Conditions in
Autism

Co-occurring conditions (i.e., comorbidity) are common
in autistic individuals. In an epidemiological,
population-derived sample, more than 70% of autistic
individuals had at least one co-occurring psychiatric
condition, and more than 40% had two or more
(Simonoff et al., 2008). Common comorbidities include
anxiety disorders (20% vs. 7.3% in the general popula-
tion), attention-deficit/hyperactivity disorder (ADHD,
28% vs. 7.2%), and depression (11% vs. 4.7%), accord-
ing to a recent meta-analysis (Lai et al., 2019).
According to large, community-based studies, the rate
of intellectual disability in autism is estimated to be
35.2% (Maenner et al., 2021).

The potential for co-occurring conditions adds com-
plexity to autism assessment. For example, avoidance
and irritability are found in both autism and anxiety
(Mayes et al., 2011). Diminished eye contact and low
social initiative can be seen in autism and depression (J.
A. Kim et al., 2000). Autism and ADHD are both asso-
ciated with social challenges, language difficulties, sen-
sory issues, and attention problems (Mayes et al., 2012).
In addition, many psychiatric diagnostic instruments’
standardization samples have failed to include autistic
individuals or individuals with various levels of cognitive
abilities (Deprey & Ozonoff, 2018). This makes the
interpretation of assessment results a challenge.
Furthermore, diagnosis of psychiatric conditions (e.g.,
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anxiety, depression, obsessive–compulsive disorder)
often relies on self-report of internal experience, which
can be more challenging for autistic individuals, espe-
cially those with intellectual disabilities and/or limited
language (Mazefsky et al., 2011).

Accurate assessment of behavioral and psychiatric
concerns in individuals with autism allows for specific
and individualized treatment planning and management
of additional symptoms and in turn optimal treatment
outcomes. When making differential diagnoses between
autism and other conditions, and when considering
comorbid diagnoses, it is important to evaluate the tra-
jectory of symptom development (onset, duration,
course). Co-occurring conditions should be considered
when there are symptoms present which are not
explained by autism, when there are changes in function-
ing from baseline, or when the individual is not respond-
ing to interventions (Deprey & Ozonoff, 2018).
Additional assessment measures are often needed when
concerns regarding co-occurring conditions are present,
such as the Child Behavior Checklist (CBCL;
Achenbach, 2001) and Behavioral Assessment System
for Children-3 (Reynolds et al., 2015), which are two
commonly used broadband measures of psychopathol-
ogy, both of which have been used in samples of children
with autism (e.g., Grondhuis & Aman, 2012; Guerrera
et al., 2019; Stratis & Lecavalier, 2017). Notably, for the
CBCL, reliability values have been smaller on average
for autistic individuals than the original norming sample
(Guerrera et al., 2019).

Future Directions in Autism Assessment

Telehealth and Beyond

In response to the COVID-19 pandemic, a number of
adaptations were made to standard diagnostic assess-
ment processes to meet family needs while also respond-
ing to physical distancing requirements present
throughout the world. A shift to telehealth challenged
providers in implementing comprehensive diagnostic
assessment, necessitating modifications to standardized
testing. This was particularly difficult for autism
researchers and providers given that many of the gold-
standard tools for evaluation rely on, among other
things, the ability to communicate nonverbally, to
observe eye contact and facial expressions, and to share
affect. The use of personal protective equipment, such as
face masks, raised many questions about the validity of
these widely used tools, resulting in the development of
modified or novel measures designed in response to
these challenges. The impact of these modifications on
the validity of the assessments remains to be fully deter-
mined, but efforts in that regard are underway.

One such tool, developed during the pandemic, is the
Brief Observation of Symptoms of Autism (BOSA; Lord
et al., 2020). This measure was developed to evaluate
autism-related characteristics in a naturalistic social con-
text without direct face-to-face contact between an indi-
vidual and a clinician. Adapted from the Brief
Observation of Social Communication Change
(Grzadzinski et al., 2016) and ADOS-2 (Lord et al.,
2012), the BOSA consists of a 12 to 14-minute interac-
tion between a child and a caregiver, both unmasked.
Providers observe behind an observation window and
provide directions remotely to the caregiver using stan-
dardized materials and a series of standardized activities.
The BOSA has four versions: Minimally Verbal (MV),
Phrase Speech-Young Fluent (PSYF), Fluent Speech 1
(F1, 6 – 10 years), and Fluent Speech 2 (F2, 11-years
and older). The BOSA-MV is for individuals who are
nonverbal at any age, while the PSYF is for individuals
with flexible phrase speech at any age or those who are
verbally fluent under age 6. F1 and F2 are for younger
and older verbally fluent individuals. Clinicians observe
the caregiver-child interactions and then code the obser-
vation using ADOS-2 protocols, based on the individu-
als’ age and language level (similar to the ADOS-2; e.g.,
for BOSA-PSYF, a Module 2 or 3 should be used). The
scores then are transferred to a DSM-5 checklist specific
to that module and converted to binary BOSA scores,
some of which contribute to a total algorithm score.
Each module has a specified algorithm cutoff score for
autism risk (to ensure around 90% sensitivity while
maintaining adequate specificity).

The BOSA has been shown to have good discriminate
validity between autism and non-spectrum groups, with
acceptable-to-good sensitivity and specificity (sensitivity
above 0.86 and specificity above 0.80, Dow et al., 2021).
Good convergent validity was found between the BOSA
and ADOS-2 in the Toddler Module and Module 3
(Dow et al., 2021). Interrater reliability was high, with
intraclass correlation coefficients ranging from 0.90 to
0.95. Test–retest reliability was .95. Because it is a brief
behavioral observation, to be able to make an autism
diagnosis, gathering additional information is even more
important (Lord et al., 2020). It is recommended by the
authors that the BOSA be used as a Level 2 screener to
determine whether a full evaluation is warranted, or a
diagnosis is clear, in combination with a caregiver inter-
view, developmental history, and any additional beha-
vioral observation (Lord et al., 2020).

Although the BOSA demonstrated its utility within
the context of a pandemic, it was developed out of neces-
sity and its accuracy remains to be fully examined and
replicated. It has been suggested that the BOSA may be
less accurate than the ADOS-2 (Dow et al., 2021), espe-
cially for adolescents and adults with more subtle
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symptoms who are referred for an autism evaluation for
the first time. In addition, while the ADOS-2 is adminis-
tered by trained clinicians who are skilled at eliciting
social initiations and other behaviors from the child, this
may not be the case when the BOSA is administered by
parents. Caregivers, who are well-versed in the needs of
their children, may be more inclined to scaffold for the
child. Therefore, there may be fewer opportunities dur-
ing the parent-administered BOSA to observe certain
behaviors and challenges (e.g., joint attention, restricted
and repetitive behaviors, conversation) both because of
caregivers’ tendency to accommodate to the child’s
needs and because of the limited time and activities
included in the BOSA. Finally, because the BOSA
requires a visit to a clinical setting and/or mailing a box
of materials to the family, its accessibility and feasibility
is limited.

Rather than being developed in response to the pan-
demic, the TELE-ASD-PEDS (TAP; Corona et al.,
2020) is a tele-assessment instrument developed before
the pandemic to address the research-to-practice gap in
early diagnosis and resource burden in assessment ser-
vices. It is designed to evaluate autism-related symptoms
in young children younger than 36 months of age
through observations of caregiver and child interactions.
Caregivers use available toys and materials found in
their environment to interact with the child, following
instructions from the provider who observes via video-
based web-conferencing. Providers coach caregivers to
administer designated activities (e.g., interactive play,
snack routine) and score based on child’s behavior (e.g.,
socially directed speech and sounds, eye contact, repeti-
tive play) using both dichotomous (yes/no) and Likert-
type scales (3 = behaviors characteristic of ASD clearly
present; 2 = behaviors characteristic of ASD present at
subclinical levels; 1 = behaviors characteristic of ASD
not present). The Likert-type ratings are summed, with a
score of 12 or above indicative of autism risk. The TAP
takes 15 to 20 min to administer. Current psychometric
properties of the TAP are being investigated.
Preliminary data (Wagner et al., 2021) suggested that
most providers report feeling comfortable completing
tele-assessments and making diagnoses of ASD follow-
ing the TAP, and all providers reported the value of
observing children and families in their home environ-
ments, relieving the burden of travel and transportation
for families. Minor challenges, infrequently experienced,
included technological issues, dropped calls, inconsistent
audio, and distractions at home.

The Telehealth Evaluation of Development for
Infants (TEDI; Talbott et al., 2019; Talbott, Dufek, et
al., 2022) is a tele-assessment protocol adapted from
laboratory-based measures of early autism characteris-
tics (e.g., AOSI), communication, language, play, and

other related developmental domains. It was developed
prior to the pandemic to evaluate infants 6 to 12 months
of age. The protocol involves a combination of caregiver
questionnaires and a telehealth session, which consists
of semi-structured parent-child play interactions, admi-
nistered to the child by their primary caregiver under the
instruction of a provider observing and interacting via
telehealth platform. Providers score several measures
(e.g., AOSI, the ESDM curriculum checklist, the Early
Communication Indicator; Greenwood et al., 2010)
based on the interaction. The initial study suggested
acceptable interrater reliability (0.65; Talbott et al.,
2019) and positive caregiver feedback (Talbott, Lang,
et al., 2022).

The Parent-Administered Neurodevelopmental
Assessment (Kelleher et al., 2020) is a tele-assessment
instrument administered by caregivers that involves the
collection of a wide array of information (e.g., attention,
language, motor, stereotypical behaviors, physiological
data) about infants and toddlers to assess early develop-
mental concerns. Example tasks include passive viewing
of a video, independent play, prompts to elicit autism-
related symptoms, and parent–child interaction.
Additional autism-specific presses by caregivers are
under development. Preliminary data from a sample of
infants with Down syndrome suggested high caregiver
fidelity and satisfaction and infant engagement
(Kelleher et al., 2020).

Other remote assessments have been developed in an
effort to address the issues of long waiting times in
obtaining autism diagnosis and the lack of workforce,
and to improve equity in assessment access including the
Systematic Observation of Red Flags of ASD (Dow
et al., 2020), Naturalistic Observation Diagnostic
Assessment (C. J. Smith et al., 2017), and the adapta-
tions of the Childhood Autism Rating Scale (Schopler
et al., 2010) rated by providers observing an interaction
via telehealth platform. It is likely that some of these
developments will be carried forward into standard
practice and that there will be continued growth in this
realm. Some states and clinics have already adopted
hybrid assessment models allowing for combinations of
telehealth and in-person visits (Jang et al., 2022).

In recent years, various technologies, such as mobile
applications and artificial intelligence methods, have
been explored in screening for and diagnosing autism.
For example, ASDetect is a free mobile application for
caregivers of children aged 11 to 30 months that can be
used to assess the likelihood of autism based on
caregiver-reported behavioral markers (Barbaro &
Yaari, 2020). Other web or mobile applications have
been developed for the early detection of autism through
eye tracking (Chang et al., 2021) or caregiver-rated
videos (Young et al., 2020). In addition, studies have
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explored using machine learning and artificial intelli-
gence to aid in autism screening and diagnosis
(Megerian et al., 2022; Shahamiri & Thabtah, 2020;
Tariq et al., 2018). This is still a developing field, but
some findings have been promising in terms of sensitiv-
ity for early detection of autism, although specificity and
positive predictive value are often lower.

Equity in Autism Assessment

Recent events (pandemic, social injustices) have revealed
long-standing disparities in our tools and systems.
Although young children can be reliably diagnosed at
age 2, the median age of autism diagnosis in the United
States is still around age 4 (Maenner et al., 2021). Racial
and ethnic differences in ASD prevalence have long been
documented (Baio, 2014; Baio et al., 2018; Maenner
et al., 2021). Although recent findings indicate that over-
all ASD prevalence is similar across racial and ethnic
groups, in certain parts of the country (Maenner et al.,
2021), Hispanic children remain less likely to be identi-
fied with autism than White or Black children, and
Black autistic children are diagnosed with intellectual
disability at much higher rates than White autistic chil-
dren (Maenner et al., 2021). Studies have suggested vari-
ous factors that may relate to diagnostic disparities in
underrepresented groups or communities (e.g., less
access to and use of services, lack of providers, long
waiting list, stigma, and varied cultural interpretations
of symptoms; Angell et al., 2018; K. A. Smith et al.,
2020). However, the key among these barriers is the lack
of culturally and linguistically sensitive and appropriate
assessment instruments. Indeed, there is a great need to
develop evidence-based, standardized assessment tools
in languages other than English and with diverse stan-
dardization samples (and/or to adapt current instru-
ments; Angell et al., 2018). While some measures have
been translated into many other languages, many widely
used screening and diagnostic tools were originally
developed and validated using homogeneous standardi-
zation samples (i.e., predominately White and male;
Navarro-Pardo et al., 2021), potentially building bias
into the measures themselves. Culturally and linguisti-
cally responsive adaptations of ASD screening and diag-
nostic tools have been developed (Harris et al., 2014;
Magaña & Smith, 2013; Vanegas & Abdelrahim, 2016)
but additional efforts are needed, especially in terms of
representing greater diversity in assessment standardiza-
tion samples and in improving the validity of assessment
instruments in underrepresented populations. Likewise,
disparities with regard to sex have raised concerns (Fuss
et al., 2018; Halladay et al., 2015). For example, autistic
females are diagnosed later than males (Shattuck et al.,
2009), are more likely to be missed or misdiagnosed

(Bargiela et al., 2016; Fuss et al., 2018), and are more
likely to be diagnosed with co-occurring psychiatric con-
ditions (Jadav et al., 2022). As many autism assessment
tools have been developed validated on primarily male
samples, questions remain regarding whether the result-
ing norms apply to females.

Summary

Addressing the gap between initial signs of autism, refer-
ral for evaluation, and early diagnosis is critical for both
short- and long-term outcomes of families and children
and heavily relies on adequate assessment approaches.
While recent events have revealed that families may ben-
efit from telehealth options, further research is needed
to examine the reliability and validity of remote assess-
ment instruments. The acceptability, feasibility, and
accessibility of such approaches also require further
examination. Finally, the development of culturally and
linguistically informed assessments is a critical avenue
for future work with implications for both research and
practice. Involving stakeholders in this work (e.g., care-
givers, autistic adults, providers), especially those who
work with or are from marginalized communities, is
imperative.
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