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Abstract
Logistic regression was used to examine the use of Autism Spectrum diagnostic categories from pre-COVID-19 in-person 
evaluations and COVID-19 telehealth evaluations at a specialist community mental health clinic. The diagnostic classifi-
cation for children 0–5 (DC: 0–5) affords a wider range of diagnoses that allowed for inferences of clinician certainty of 
diagnosis. Use of full criteria diagnoses was significantly lower from telehealth evaluations during the pandemic, and was 
less certain for younger children, some non-English speakers, and children reporting Native American/Alaska Native race. 
Higher Child Behavior Checklist (CBCL) ASD subscale scores, lower CBCL total scores, and global developmental delay 
diagnoses predicted greater use of full ASD diagnoses. Findings suggest factors that could identify children appropriate for 
telehealth evaluations.

Keywords Autism spectrum disorder · Telehealth · COVID-19 · DC: 0–5 · Logistic regression · Diagnostic decision 
making

There are many obstacles to diagnosing autism spectrum dis-
order (ASD) in young children. Factors related to geographic 
location, the limited availability of skilled providers, socio-
economic impacts, and reduced awareness of developmental 
disorders can impede identification that, in turn, can cause 
delays in the receipt of early intervention services (Antezana 
et al., 2017; Bluming et al., 2019). In addition, changes in 
the observable symptoms of ASD are seen throughout the 
developmental period as age expectations for social abilities 

and complexity of movement and play increase (Jones et al., 
2014). The COVID-19 pandemic social distancing require-
ments have created additional barriers to the early identifi-
cation of ASD and put a spotlight on the growing body of 
research examining the efficacy of telehealth assessment for 
young children. The research regarding in-person assess-
ment of ASD has stressed the importance of including meas-
ures that evaluate language, cognitive functioning, adaptive 
skills, and direct-observation, combined with a thorough 
clinical interview (Huerta & Lord, 2012; Hyman et al., 
2020). While some of these measures remain available via 
telehealth, many are not.

Emerging research suggests the utility of streamlined 
approaches to the evaluation of ASD that may be applica-
ble to the difficulties of telehealth evaluations (Alfuraydan 
et al., 2020; Corona et al., 2020; Juarez et al., 2018; Nar-
zisi, 2020; Wagner et al., 2021a, 2021b) and also suggests 
reducing the burden of comprehensive evaluations may 
increase access to services. Use of technological advances 
such as parent recorded video samples combined with 
developmental history yielded results commensurate with 
that of more comprehensive in-person evaluations consist-
ing of the Autism Diagnostic Observation Schedule-2nd 
Edition (ADOS-2), Autism Diagnostic Interview-Revised 

 * Sara Julsrud Holtman 
 sara.holtman@northwestu.edu

 Katherine Skillestad Winans 
 katherine.winans@northwestu.eduu

 John D. Hoch 
 john.hoch@fraser.org

1 College of Social and Behavioral Sciences, Northwest 
University, 6710 108th Ave NE, Kirkland, WA 98033, USA

2 Fraser, 3333 University Ave SE, Minneapolis, MN 55414, 
USA

3 Department of Educational Psychology, University 
of Minnesota, Twin Cities, 3333 University Ave SE, 
Minneapolis, MN 55414, USA

http://orcid.org/0000-0003-3211-3205
http://crossmark.crossref.org/dialog/?doi=10.1007/s10803-022-05606-y&domain=pdf


 Journal of Autism and Developmental Disorders

1 3

(ADI-R), and intelligence testing (i.e., the Mullen Scales 
of Early Learning, Kaufman Brief Intelligence Test; Smith 
et al., 2017). Other work has supported the reliability of 
expedited assessment protocols, Sanchez and Constantino 
(2020) demonstrated that an adaptation of the Childhood 
Autism Rating Scales-2 (CARS-2) completed by clinicians 
based only on observations were found to result in reliable 
diagnoses of ASD when compared to comprehensive evalu-
ations that incorporated the ADOS-2, SRS-2, and clinical 
interview.

Telehealth evaluations provide for interviews, adaptive 
skills evaluation, and direct observations. Advances in 
symptom rating tools suggest possibilities for the future, 
but as these advances are further validated, clinicians were 
faced with diagnostic decision making with a new set of con-
straints at the onset of the COVID-19 pandemic. Research 
on telehealth ASD evaluations suggests that many parents 
are comfortable with a telehealth ASD evaluation for their 
child (Corona et al., 2020; Juarez et al., 2018). Research-
ers have rapidly deployed telehealth compatible measures 
of ASD symptoms due to the demands of the COVID-19 
pandemic (e.g. TELE ASD PEDS, Wagner et al., 2021a,  
2021b; BOSA, Dow et al., 2021). Wagner et al. (2021a) 
examined provider perceptions of the TELE-ASD-PEDS 
(TAP), and notably, all providers (n = 9) reported feeling it 
was appropriate or very appropriate for toddlers to receive 
a diagnosis of ASD over telehealth. Juarez and colleagues 
(2018) examined the correspondence of TAP assessments 
via telehealth with subsequent confirmatory in-clinic ASD 
evaluations and found that 20% of children that were not 
diagnosed with ASD over telehealth were identified dur-
ing in-person evaluations. These false negative cases were 
predicted by clinician’s self ratings of their confidence in 
diagnosis.

Telehealth assessment may be a better fit for specific 
cases. Goldstein and colleagues (2017) conducted a litera-
ture review to examine the utility of telehealth assessment 
related to ASD and found that children with more conven-
tional symptoms of ASD were most suitable for evaluation 
over telehealth, with more nuanced presentations requiring 
face-to-face evaluation. Factors that influence the reliability 
and validity of telehealth psychological assessment included 
both acceptance and comfort with telehealth for both the 
patient and provider (Luxton et al., 2014).

Despite these advances in tool development, telehealth 
solutions are still lacking for many areas of ASD evalua-
tion. Cognitive assessments have been particularly lacking, 
along with validated replacements for standardized in-clinic 
measures such as the ADOS-2. This may lead clinicians to 
use diagnostic categories that reflect less certainty about 
long-term diagnoses.

Diagnostic Systems

Diagnostic systems impact how clinicians make sense of 
interview information and diagnostic tools to arrive at a 
diagnosis. The Diagnostic and Statistical Manual of Men-
tal Disorders, Fifth Edition (DSM-5; American Psychiatric 
Association, 2013) requires deficits in both social commu-
nication as well as the presence of restricted and repetitive 
behaviors for the full diagnostic criteria for ASD to be met. 
The current study evaluates data from a system of care that 
utilizes the Diagnostic Classification of Mental Health and 
Developmental Disorders of Infancy and Early Childhood 
(DC: 0–5; ZERO TO THREE, 2016) in the evaluation of 
children aged under 6 years of age.

The diagnostic criteria for the full criteria diagnosis of 
ASD is the same in both systems, however the DC: 0–5 pro-
vides options for other diagnoses within the ASD spectrum 
that are not available in the DSM-5. Also unique to DC: 0–5 
is the integration of systemic factors that influence develop-
ment and perceived psychopathology in young children. This 
includes use of multiaxial assessment that includes clinical 
disorders, relational context, physical health conditions and 
considerations, psychosocial stressors, and developmental 
competence. This multiaxial assessment may incorporate 
relevant pandemic-related circumstances and their influ-
ences on child symptomatology.

Specific to ASD, the DC: 0–5 system provides the cat-
egories of “other neurodevelopmental disorders” (OND), 
and “early atypical autism” (EA-ASD), which correspond 
approximately to the DSM-5 categories of “unspecified 
neurodevelopmental disorder” and the prior DSM-IV 
diagnosis of “pervasive developmental disorder”. These 
diagnoses require significant, but subthreshold symptoms, 
of ASD and thus represent another category on the con-
tinuum of ASD spectrum diagnoses. The diagnosis of EA-
ASD was developed to allow for the early identification 
of children who are too young to show complex social 
communication behaviors, or who have age-typical ste-
reotyped or routinized play (Soto et al., 2016). EA-ASD 
symptom criteria are the same as those for a diagnosis of 
full scale ASD under both DSM-5 and DC: 0–5 diagnos-
tic systems, but the DC: 0–5 EA-ASD diagnosis requires 
fewer qualifying symptoms than full scale ASD diagno-
sis under either DC: 0–5 or DSM-5. EA-ASD is used 
for children that meet criteria for at least two deficits in 
social-communication, one restricted repetitive behavior, 
and show problems related to their noted symptoms. The 
DC: 0–5 diagnosis of OND can encompass a range of 
subthreshold neurodevelopmental deficits in early child-
hood and is used similarly to the Other Neurodevelop-
mental Disorders diagnosis in the DSM-5. EA-ASD and 
OND may be used to mark risk factors that have not yet 
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developed into full ASD, or to mark a lack of clinician 
ability to observe the symptoms during an evaluation.

The provider data examined here were collected in a 
state where access to a range of early intervention ser-
vices can be obtained with private or public insurance 
with OND, EA-ASD, or ASD diagnoses. While previ-
ous research has measured clinician certainty through the 
identification or dismissal of an ASD diagnosis (McDon-
nell et al., 2019), OND and EA-ASD describe a middle 
ground similar to that of the categories of ASD, non-
ASD (i.e., PDD-NOS and Aspergers), and non-spectrum 
as described in Gotham et al. (2007). These diagnoses 
allow for clinicians to express a degree of uncertainty 
around diagnoses while being sufficient to access care. 
In the current study, these diagnoses are conceptualized 
as measures of clinician certainty or expressions of prag-
matic utility of diagnoses to allow for continued treatment 
or monitoring.

Confidence and Certainty

Due to the limited test batteries accessible for telehealth 
testing as compared to in-clinic testing, it may be more 
difficult to differentially diagnose clients over telehealth 
and thus affect the use of diagnoses by clinicians. Juarez 
and colleagues (2018) directly measured clinician confi-
dence in telehealth diagnoses using the clinician confi-
dence scale included in the TAP and found that clinicians 
were not confident in their ratings for 13% of children 
evaluated over telehealth. Accuracy of diagnosis and 
its relationship to confidence was further examined by 
Hedley and colleagues (2016), who examined clinician 
confidence and accuracy of diagnosis in the context of 
telehealth evaluations. Results showed that clinician con-
fidence was predictive of levels of accuracy in the remote 
assessment of ASD in toddlers with the only significant 
independent predictor of an ASD diagnosis being par-
ent report of atypical behavior. It is unknown how the 
ability to observe specific behaviors during telehealth 
sessions might influence clinician certainty in assigning 
diagnoses.

Predictors of Diagnostic Confidence

Although many factors might drive the selection of full 
criteria ASD compared to partial criteria diagnoses (e.g. 
EA-ASD or OND), one driving factor might be clinician 
confidence. McDonnell and colleagues (2019) exam-
ined predictors of clinician-rated confidence in diagno-
sis from in-person ASD evaluations of young children in 

university-based clinics. The authors used logistic regres-
sion to evaluate the relative influence of age, use of private 
insurance, Vineland Adaptive Behavior Scales,  3rd Edition 
(VABS-3), IQ scores, ADOS-2 and the CBCL ASD scale. 
They found that increased child age at the time of evalua-
tion and IQ were associated with reduced diagnostic cer-
tainty. The use of private insurance (which was a proxy for 
increased economic status) was related to increased diag-
nostic certainty. The authors found other factors related 
to increased diagnostic certainty, such as the CBCL ASD 
scale and the ADOS-2 classification of “spectrum” was 
associated with greater diagnostic certainty. Overall, the 
findings suggest demographics and rating scale tools are 
associated with greater clinician confidence in diagnoses.

Present Study

Much of the existing and emerging research has been pro-
duced from university-based research centers with chil-
dren at high risk of ASD who were specifically referred 
for an autism evaluation. The present study evaluates the 
diagnostic decisions of skilled community-based providers 
trained in the evaluation of early childhood developmen-
tal disorders. Prior to the COVID-19, pandemic providers 
conducted all evaluations in-person, but with the mandated 
restrictions of the pandemic, the provider conducted all 
evaluations for children under 6-years old via telehealth. 
This provided a natural experiment to look at changes in 
how clinicians used diagnostic categories as an indicator 
of diagnostic sufficiency and/or diagnostic certainty.

When the provider examined frequencies of diagnos-
tic outcomes in the clinical data, we noted that the rates 
of EA-ASD and OND diagnoses increased during tele-
health use. This led to a research hypothesis that the shift 
in diagnostic category use might be a proxy for clinician 
certainty, rather than a reflection of developmental expec-
tations for child behavior. The purpose of this study is to 
examine predictors of the use of EA-ASD/OND diagno-
sis compared to full ASD diagnoses in early childhood 
evaluations from telehealth (pre-COVID) and telehealth 
(COVID) evaluations. These predictors include demo-
graphic categories as well as the use of specific rating 
scales that were available to the clinicians prior to and 
during the pandemic.
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Methods

Procedure

Institutional review board approval was obtained from Insti-
tutional review board approval was attained from Northwest 
University (IRB# 2013) and included the sharing of de-
identified data from Fraser Child and Family Center. Data 
analyzed in this study included all psychological evaluations 
from children under 6 years of age from January 2018 to 
March 2021 at Fraser Child and Family Center, a community 
mental health provider with clinics in the Minneapolis/St. 
Paul urban core, and the greater metropolitan area. Clients 
are provided opportunities to opt-out of research use of their 
data at intake and annually.

Prior to the COVID-19 pandemic, in-clinic evaluations 
were conducted by a team consisting of a psychologist and 
a master’s-level clinician (e.g., LICSW, LPCC). Testing 
appointments were typically scheduled for 3 h. Psychologists 
generally completed a developmental/cognitive measure 
(e.g., Bayley-III, Differential Abilities Scales-II, Wechsler 
Preschool and Primary Scale of Intelligence-IV), observa-
tional measure of ASD (e.g., ADOS-2), and caregiver-rating 
scale of social and interactional skills. Diagnostic assess-
ment/clinical interview was often completed by the mas-
ter’s level mental health provider. Rating scales, such as the 
CBCL (Achenbach & Rescorla, 2000), the Autism Spectrum 
Rating Scale (Goldstein & Naglieri, 2009), and the Strengths 
and Difficulties Questionnaire (Goodman, 2001) were com-
pleted by caregivers.

During the COVID-19 pandemic, telehealth evaluation 
appointments were scheduled for 3 h with a licensed psy-
chologist. They were conducted using the secure/HIPAA 
compliant version of the Zoom® video-conferencing soft-
ware. Families participated from their homes. Psychologists 
conducted a clinical interview and usually coached parents 
to complete the TAP (for children under 36 months of age) 
or adapted situations from the TAP and coached other play-
based activities in unscored play-based interactions for chil-
dren over 36 months of age. These reports and observations 
were most commonly used to help inform provider ratings on 
the CARS-2 (Schopler et al., 2010). Psychologists adminis-
tered behavior rating scales within the telehealth platform, or 
by securely emailing the link to the caregiver. Rating scales 
used by the psychologist over telehealth included the VABS-
3, ASRS or the Social Responsiveness Scale-2nd Edition 
(SRS-2), CBCL, and the Developmental Profile-4 (DP-4). 
Psychologists are trained to clinical reliability in the use of 
the ADOS-2 and have completed training in the assessment 
of Autism and other neurodevelopmental disorders, as well 
as certification in the DC: 0–5 system.

For both in-person and telehealth evaluations, interpreters 
were provided for families who needed them. For in-person 
evaluations, 5% of clients required and were provided a 
licensed interpreter; for telehealth evaluations 7.2% of evalu-
ations used interpreters who joined the telehealth session 
from a third location.

The diagnostic assessment/clinical interview for all 
evaluations was guided by a template form in the EMR that 
requires specific fields of information be entered prior to 
being finalized. Diagnostic information gathered from these 
evaluations included DC: 0–5 and ICD-10 descriptors/codes.

Participants

The sample for this study consisted of 660 participants that 
met the inclusion criteria based on age (under 6 years) and 
having scores reported for the ASRS and CBCL. The pre-
COVID-19 group consisted of 551 participants, with 109 
participants included in the COVID-19 group. The sample 
was largely male, white, and English speaking. Demographic 
categories used as predictor variables include child primary 
language, race, and sex. The demographics of the sample are 
broadly reflective of the racial and language demographics 
of the Minneapolis/St. Paul metropolitan area. See Table 1 
for details.

Table 1  Participant demographics by group and COVID pandemic 
phase

A child primary language of “other” is used to identify additional 
primary languages spoken in the home that are not captured by more 
a specific language as identified by the client’s self-selection upon 
intake. For example, Cameroonian Pidgin English would be catego-
rized as “other.”

Demographic variables During COVID
N (%)

Pre-COVID
N (%)

Child primary language
 English 99 (90.8) 503 (91.3)
 Other 1 (0.9) 26 (4.7)
 Somali 5 (4.6) 10 (1.8)
 Spanish 4 (3.7) 12 (2.2)

Race
 American Indian or Alaska Native NA (NA) 11 (2.0)
 Asian 1 (0.9) 39 (7.1)
 Black or African American 15 (13.8) 62 (11.3)
 Other Multiple 11 (10.1) 78 (14.2)
 Undisclosed 17 (15.6) 57 (10.3)
 White 65 (59.6) 304 (55.2)

Sex
 Female/other 25 (22.9) 106 (19.2)
 Male 84 (77.1) 445 (80.8)
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Assessment Instruments

Due to the clinical context in which this data was collected, 
the use of instruments varied across in-person as well as 
telehealth evaluation contexts. The measures used with high 
enough frequency across COVID-19 and pre-COVID-19 
evaluations are described further below.

Child Behavior Checklist (CBCL)

The CBCL for ages 1.5–5 years is a 99-item caregiver report 
questionnaire that measures a broad range of behavioral 
and emotional concerns. Items are rated on a Likert scale 
(0 = Not true, 1 = Somewhat or Sometimes True, 2 = Very 
True or Often True; Achenbach & Rescorla, 2000). The 
measure yields three broad domain scores, seven syndrome 
scales, and five DSM-5 oriented scales. Notably, there is 
a DSM-5 scale measuring symptoms of ASD. Use of the 
CBCL in all mental health evaluations for children under the 
age of 5 years is mandated by state regulations in Minnesota.

Autism Spectrum Rating Scale (ASRS)

The ASRS is a caregiver questionnaire that measures behav-
iors commonly associated with ASD (Goldstein & Naglieri, 
2009). The form for children ages two to five years consists 
of 70 questions rated on a 5-point Likert scale (0 = Never, 
4 = Very Frequently) and yield a Total Score, ASRS Scores 
for Social Communication and Unusual Behaviors, as well 
as a DSM-5 score. The ASRS DSM-5 score was created to 
align with symptoms in the DSM-5 manual ASD criteria.

Other assessment instruments used by clinicians, but 
not analyzed here due to insufficient use include the TAP, 
VABS-3, DP-4, SRS-2, and the CARS-2. Data for these 
instruments are summarized in Supplemental Materi-
als Table  S1 to provide more description of the study 
participants.

Data Analysis Methods

Data extraction and cleaning was performed using the open-
source R statistical software (R core team, 2021) and the 
data.table (Dowle & Arun Srinivasan, 2021), tidyverse 
(Wickham et al., 2019) packages using the methods pre-
viously described in Hoch and Youssef, (2020). The first 
author extracted ASRS scores from text fields in the medical 
records and transcribed them into tabular data for analysis. 
Fifty percent of this tabular data was randomly checked for 
reliability in data entry, and table joins against the medical 
records by other staff; no incorrect data was found in this 
process. If clients had multiple CBCL measures within the 
study period, only CBCLs completed within 60 days of the 
evaluation date were used. If clients had multiple evaluations 

in the study period, only the first evaluation for each client 
was included in the data set.

Diagnoses were categorized as follows; (a) ASD con-
sisted of any diagnosis of ASD during the evaluation, and (b) 
subthreshold ASD was any diagnoses of EA-ASD. OND was 
considered a subthreshold ASD diagnosis if it was provided 
in the presence of a global developmental delay (GDD) due 
to the OND category most frequently being used for GDD 
if ASD was given as a diagnosis. All OND diagnoses were 
reviewed to verify the text of the clinical summary described 
the OND diagnosis as being associated with uncertainty 
around ASD rather than uncertainty about another neurode-
velopmental disorder (e.g., ADHD). Clients with other DC: 
05 diagnoses were removed from the regression analysis to 
focus on the differences between full criteria and partial cri-
teria ASD diagnoses.

Binomial regression models testing the influence of 
demographic variables, evaluation during the COVID-
19 pandemic or pre-COVID-19 pandemic, and scores on 
ASRS and CBCL on certainty of diagnosis were created 
and tested. Models were selected based on those with the 
lowest Akaike Information Criteria (AIC; Akaike, 1974). 
Models with interaction terms (e.g., the interaction of pan-
demic phase by other tested variables) were rejected due to 
having higher AIC values. Some measures (CARS-2, TAP) 
were only available during the pandemic and could not be 
modeled. VABS-3 scores were extracted but were not avail-
able from enough clients during the pandemic to allow the 
models to converge. Analyzed variables are summarized in 
Tables 2 and 3.

Log Odds Ratios, the increase or decrease in probability 
of a certain diagnosis are used to represent the results of 
regression analysis. For example, an odds ratio of two would 

Table 2  Diagnoses use COVID-19 and Pre-COVID-19

Diagnoses During 
COVID N 
(%)

Pre-COVID N (%)

Developmental delay
 Global developmental delay 31 (28.4) 283 (51.4)
 No global developmental delay 78 (71.6) 268 (48.6)

Language delay
 Language delay NA (NA) 66 (12.0)
 No language delay 109 (100) 485 (88.0)

ASD clear/unclear
 ASD 71 (71) 340 (81.1)
 EA-ASD/OND 29 (29) 79 (18.9)

ASD ordinal
 ASD 71 (55.5) 340 (57.1)
 EA-ASD/OND 29 (22.7) 79 (13.3)
 NoASD 28 (21.9) 176 (29.6)
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indicate a twofold increase in the probability of a certain 
ASD diagnosis for each unit increase in the predictor vari-
able (e.g., moving from pre-COVID-19 to COVID-19). Neg-
ative odds ratios index a decreased likelihood of full ASD 
diagnoses. The most prevalent values: White, English, Male, 
were used as comparison categories to describe the relative 
likelihood of a full ASD vs. OND/EA-ASD diagnoses.

Logistic regression was used to test the hypothesis of 
the study, that the use of diagnoses reflecting certainty of 
diagnosis of ASD differed between COVID-19 and pre-
COVID-19 evaluations. The secondary hypothesis tested in 
the regression models was that certainty would be related to 
the use of diagnostic rating scales (e.g. CBCL, ASRS). To 
control for possible changes in demographics of the clients 
who attended evaluations prior to COVID-19 and during 
COVID-19 time periods, we entered demographic variables 
including, child age, race, other diagnoses, and primary lan-
guage. We also used the analysis of demographic variables 
to reveal subgroups for whom clinicians show greater or 
reduced diagnostic certainty.

Results

Descriptive Results

When examined together, rates of ASD and OND/EA-
ASD diagnoses increased slightly during the COVID-19 
Pandemic. Pre-COVID 70% of clients evaluated received 
an ASD or OND/EA-ASD diagnosis compared to 77.6% 
during the pandemic. This difference was not significant 
in a Pearson Chi Squared test that tested the probability 
of any ASD diagnosis compared to no ASD diagnosis 
between pre-COVID-19 and COVID-19 pandemic evalu-
ations (Chi Squared = 3.41, SE(COVID) = 1.28, SE(Pre-
COVID) = 1.83, p < 0.07). However, the use of full ASD 

compared to OND/EA-ASD reduced greatly during the 
pandemic. Diagnostic variables by pandemic phase are 
shown in Table 2 below.

Scores on parent and clinician completed rating scales 
during the pandemic and prior to the pandemic are shown 
in Table 3 below.

Diagnostic Certainty and Demographics

Use of logistic regression indicates that the use of telehealth 
during COVID-19 compared to Pre-COVID-19 in person 
assessments was a significant predictor of certainty of diag-
nosis as indexed by use of full criteria compared to partial 
criteria diagnostic categories. Pre-COVID-19 evaluations 
were more likely to result in full criteria diagnoses (Log 
Odds Ratio (OR) 1.81, Standard Error (SE) = 0.3, t = 2, 
p < 0.05, 95% Confidence Interval (CI) [1.01, 3.25]).

The most important demographic variables to predict 
diagnostic certainty were age at diagnosis, global develop-
mental delay, and race. A greater child age at the time of 
diagnosis (OR 1.03, SE = 0.01, t = 2.57, p < 0.05, CI [1.01, 
1.05]) was associated with greater likelihood of full criteria 
diagnosis. The presence of Global Developmental Delay 
diagnosis (OR 2.46, SE = 0.28, t = 3.21, p < 0.001, CI [1.42, 
4.25]) was associated with increased use of full ASD diagno-
ses. Having a primary language categorized as “Other” was 
associated with a full ASD diagnosis (OR 5.48, SE = 0.86, 
t = 1.97, p < 0.05, CI [1.01, 29.62]). Other demographic cat-
egories were associated with reduced certainty of diagnosis; 
having a race of Native American/Alaska Native (NA/AN) 
was associated with reduced use of full ASD diagnoses (OR 
0.09, SE = 0.96, t = -2.54, p < 0.05, CI [0.01, 0.57]). Lan-
guage delay diagnoses, other languages, and races were not 
associated with differences in likelihood of assigning full 
criteria vs. partial criteria diagnoses.

Table 3  Rating scale measures 
by diagnosis and COVID-19 
pandemic phase

Measure Subthreshold
m (SD)

Subthreshold
N

ASD
m (SD)

ASD
N

Pre-COVID-19
 ASRS DSM-5 66.13 (11.69) 79 72.13 (9.51) 339
 ASRS Social Comm 64.89 (9.36) 79 70.19 (7.27) 340
 ASRS Unusual Beh 60.34 (11.94) 79 63.33 (10.63) 340
 CBCL ASD DSM-5 68.92 (11) 79 73.16 (9.83) 340
 CBCL total 63.68 (14.29) 79 63.99 (12.02) 340

During COVID-19
 ASRS DSM-5 68.93 (9.67) 29 74.22 (6.44) 71
 ASRS Social Comm 67.55 (8.21) 29 70.14 (5.18) 71
 ASRS Unusual Beh 61.66 (8.75) 29 66.77 (9.67) 71
 CBCL ASD DSM-5 69.17 (9.58) 29 74.75 (7.90) 71
 CBCL total 64.41 (10.78) 29 67.04 (10.10) 71
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Diagnostic Certainty and Clinical Scales

Rating scales that were associated with differences in use 
of full ASD compared to EA-ASD/OND diagnosis were 
the CBCL ASD DSM-5 subscale (OR 1.06, SE = 0.02, 
t = 2.65, p < 0.01, CI [1.02, 1.11]). The CBCL Total score 

was associated with use of partial criteria diagnoses (OR 
0.93, SE = 0.02, t = − 3.78, p < 0.001, CI [0.9,0.97]); such 
that higher CBCL total scores corresponded to more likeli-
hood of use of EA-ASD/OND diagnoses. The ASRS DSM-5 
score, and Unusual Behavior and Social Communication 
subscales were not significantly associated with use of full 

Fig. 1  Binomial model. 
* = p<.05, ** = p<.01, 
*** = p<.001. Panel A 
Categorical Variables: 
DD=Developmental Delay, 
GDD=Global Developmental 
Delay, Pre-Covid = Evaluation 
conducted prior to 3/15/2020, 
Sex Female Other= any sex 
identification that was not Male, 
Lang delay=Language Delay, 
Race Other Multi= Race that 
included Multi-racial, client 
entered race, or categories 
with too few clients to analyze, 
Primary Language [Other]= 
Language categories with too 
few clients to analyze. Panel B 
Quantitative Variables: CBCL 
ASD DSM=Child Behavior 
Checklist Autism Spectrum 
Diagnostic and Statistical 
Manual Subscale, ASRS 
socialcomm=Autism Spectrum 
Rating Scale Social Com-
munication Subscale, ASRS 
unusual= Autism Spectrum 
Rating Scale Unusual Behav-
iors Subscale, ASRS DSM5= 
Autism Spectrum Rating Scale 
Diagnostic and Statistical 
Manual 5 Subscale, age mos 
eval date= child age in months 
at date of evaluation, CBCL 
Total=Child Behavior Checklist 
Total Score
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ASD diagnoses compared to partial criteria diagnoses. See 
Fig. 1 for outcome of the Logistic Regression model.

Discussion

We found a number of factors to be associated with an 
increased likelihood of receiving a full criteria ASD diag-
nosis. Because we conceptualized full criteria ASD diag-
noses as reflecting greater clinician confidence within the 
affordances of the DC: 0–5 diagnostic system, we are able 
to examine the relative influence of the pandemic, demo-
graphic categories, and rating scale variables on clinician 
certainty of ASD diagnoses within a community provider.

In this sample, use of full criteria diagnoses dropped 
during the COVID-19 pandemic with the use of telehealth 
as evidenced by the increased application of EA-ASD and 
OND diagnoses as compared to that of full criteria ASD. 
This suggests that clinicians responded to the pandemic 
and changes to telehealth by adapting the diagnoses they 
used.

Other factors remained important to diagnostic decision 
making both pre-COVID-19 in-person evaluations and 
during the COVID-19 pandemic telehealth evaluations. 
Age at evaluation was an important predictor of use of 
full criteria diagnoses within the age range of the DC: 05 
system studied here, with older children being more likely 
to show full criteria of ASD diagnoses. This may be due 
to these children showing symptoms that are more easily 
observed over telehealth, or might be due to the increased 
availability of collateral reporters such as early childhood 
educators in this age range. This finding contrasts with the 
findings of McDonnell and colleagues (2019), who found 
that increased age predicted reduced clinician confidence. 
The age range of the present study and that of the children 
evaluated in the McDonnell study overlap, with a similar 
mean age in the sample. It is unclear whether clinician 
ratings of confidence captured as used in the McDonnel 
et al. study captured different aspects of confidence than 
the use of subthreshold diagnoses which was hypothesized 
as a possible proxy for confidence in the current study.

The CBCL DSM-ASD scale was the best measure for 
predicting use of full criteria ASD diagnosis, and the 
CBCL Total Score was a good negative predictor of full 
criteria diagnostic confidence. This finding suggests that 
clinicians are less confident in providing ASD diagnoses 
in the presence of high levels of other internalizing or 
externalizing behavior reports. The predictive value of 
the CBCL-ASD scale was higher than that of the ASRS 
summary score or subscales in this data set, a finding that 
should be further examined in non-clinical populations. 
The predictive value of the CBCL-ASD subscale is coher-
ent with the findings of McDonnell and colleagues (2019) 

and appears to be highly associated with confidence in 
diagnosis across both in-person and telehealth evalua-
tions. This measure remained robust against statistically 
controlled differences in demographic categories and pre-
COVID compared to COVID evaluations were included 
in the model.

Other diagnoses were important in predicting the use of 
full criteria ASD diagnoses. The presence of GDD increased 
clinician confidence in ASD diagnosis, but confidence was 
unaffected by the presence or absence of a language delay 
diagnoses.

Demographic categories such as speaking non-English 
primary languages, or having a race of NA/AN predicted 
lower clinician certainty of diagnosis. Child primary use 
of Spanish and Somali language were reported at sufficient 
numbers to allow analysis and were not found to significantly 
predict clinician confidence in diagnosis. However, the cat-
egory that included less common, or multiple non-English 
languages was associated with reduced confidence compared 
to English speakers. This finding may relate to the lack of 
available skilled interpreters in less common languages, or 
due to the lack of translated rating scales available for use 
or could be due to other factors. The finding that confidence 
was lower for the NA/AN group bears future investigation. It 
is based on the results of n = 11 participants which suggests 
further study and replication. This difference may reflect 
differences in cultural expectations for children compared to 
the diagnostic criteria for ASD, or may reflect other social 
or clinician/family cultural differences. Although there is 
limited literature specific to ASD in this population, these 
results are in line with Dyches et al. (2004) findings that 
NA/AN children were two-times less likely to be provided 
services for ASD under IDEA than that of their Black and 
Asian/Pacific Islander counterparts. Evidence suggests that 
NA/AN children are also underrepresented in access to med-
ical and mental health based ASD services (Bilaver et al, 
2021). Our findings add to a very small empirical literature 
base on Native American/Alaska Native experiences in ASD 
evaluations.

Strengths

The use of extant data from a community provider allows 
for an understanding of real-world decision making out-
side the confines of university affiliated clinics or research 
studies where assessment development often occurs. The 
study takes advantage of the natural experiment brought on 
by COVID-19 restrictions and the availability of DC: 0–5 
diagnoses that allow for access to services despite varying 
degrees of diagnostic information sources at the time of 
diagnosis. Additionally, the use of DC: 0–5 allows for inte-
grated conceptualization of pandemic-related factors such 
as parent stress levels and the quality of the parent–child 
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relationship. The use of logistic regression models allows for 
a mix of categorical and quantitative predictors and prevents 
the issues of multiple hypothesis testing false positive find-
ings associated with creating multiple separate regression 
models.

Limitations

The current research was completed based on extant data 
from a clinical evaluation. As such, it is unknown the degree 
to which various measures informed actual clinical deci-
sion making. For example, in some cases, the results of the 
CBCL may have been immediately available to clinicians, or 
this may have been provided after the clinician had already 
provided diagnostic feedback to a client.

The association of GDD diagnosis with certainty around 
ASD diagnosis may be due to the need for additional meas-
ures to diagnose GDD rather than the presence of the disor-
der itself. Children diagnosed with GDD under the DC: 05 
system require an adaptive behavior and cognitive assess-
ment delivered as part of the evaluation or reviewed from 
prior testing. As the pandemic continued, both school dis-
tricts and the provider were unable to conduct in-person cog-
nitive testing, possibly resulting in reduced use of GDD. In 
terms of the current study, the presence of GDD may have 
been a proxy for a greater breadth of records and testing 
available for review which may have led to greater use of 
full criteria diagnoses.

Many changes to clinical practice occurred between the 
COVID-19 and pre-COVID-19 phases examined in this 
study. These included the change from in-person to tele-
health evaluations, but also a change from team evaluations 
to individual evaluations. Prior to COVID-19, clinicians 
conducted child observations in clinic, not in the home set-
ting. In addition, during the pandemic, combined speech, 
occupational therapy, and psychological evaluations were 
suspended resulting in reduced availability of language 
and motor delay information at the time of diagnosis com-
pared to pre-COVID-19. During the pandemic, the provider 
greatly increased the access to care for rural residents and 
it is unknown how this population may have affected diag-
nostic certainty.

Parent, child, and clinician stress levels are likely to 
be very different prior to COVID-19 compared to during 
COVID-19 and it is unknown how these other changes may 
have impacted clinical decision making. For example, Italian 
mothers' pandemic-realted stress level mediated the relation-
ship between their individual stress and that of sympoms of 
depression in their child (Babore et al., 2021). The American 
Psychological Association (2021) reports increased levels 
of parenting stress and difficulties with decision making 
which are higher than pre-COVID-19 levels. Of note, the 
best model fit for the current data did not show differences 

in the influence of measures during COVID-19 compared 
to pre-COVID-19, so it is likely that the relative value of 
these measures and demographic factors remained the same.

Diagnostic certainty assessed via categories of diagno-
ses is a blunt measure of a nuanced concept. The category 
of EA-ASD was not developed to reflect certainty of diag-
nosis, but rather to allow for increased sensitivity to allow 
identification of children who are showing some aspects of 
ASD. Because use of OND/EA-ASD diagnoses varied with 
the onset of the pandemic and use of telehealth, while total 
use of full ASD diagnoses and non-ASD diagnoses did not 
vary, it is most likely that the differences in use were due 
to clinician certainty rather than changes in child develop-
ment. The Clinician Confidence scale of the TAP provides 
one measure that may be useful in future research on clini-
cian confidence. McDonnell et al, (2019) used clinician self-
ratings of diagnostic confidence on a four-point scale during 
in-person evaluations which may provide another measure 
to apply to telehealth diagnostic evaluations.

There were limitations to the demographics available in 
this data set due to its analysis as an extant data set. There 
are no data available that describe household income as 
a demographic variable in this data set. Past analyses of 
home addresses against U.S. census data suggest poverty 
levels and household incomes at the provider are reflective 
of the general population of the service area. The finding 
that decreased certainty was associated with clients who 
self-selected their race as being NA/AN is important to 
assess further. Although this result was significant, it was 
a small effect and based on a small total sample. The sam-
ple included sufficient numbers of other language and racial 
groups to reliably estimate differences between these groups 
and the reference group (most common group) of English 
speaking, White males. The male/female skew of the sam-
ple is reflective of levels typically seen in clinics who see 
are large proportion of clients for whom ASD is suspected. 
The sample is otherwise demographically reflective of the 
Minneapolis urban area where the provider is located. The 
generalizability may be limited for areas with differing 
demographics.

Future Research

Direct evaluation of clinician confidence using scales such 
as the confidence scales in the TAPS or those in video-
based measures (e.g., Naturalistic Observation Diagnostic 
Assessment; Smith et al, 2017) may provide a direct test 
of the level of clinician confidence based on demographic 
categories, telehealth use, and information from diagnostic 
and screening tools. Experimental studies could be designed 
to determine which information allows clinicians to make 
confident and accurate diagnostic decisions. One example 
of a novel study was used clinician impression from the first 
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few minutes of a diagnostic in person encounter to deter-
mine whether first impressions held up to full evaluation 
results in the diagnosis of ASD (Wieckowski et al., 2021). 
These findings suggest that initial impressions may play an 
important role in diagnosis and may influence clinician con-
fidence. These findings should be examined in telehealth 
settings. Additionally, future research could review/compare 
telehealth evaluations results with children that are recom-
mended to participate in in-clinic testing. The significant 
association of the CBCL ASD DSM-5 subscale with full 
diagnoses as compared to the lengthier ASRS scales of 
DSM-5 scale, and its Social Communication, and Unusual 
Behaviors subscales warrants more detailed exploration in 
future work.

Clinical Implications

Based on this work, experienced clinicians should consider 
cultural and linguistic factors carefully when providing diag-
noses due to the finding that diagnostic certainty was lower 
for Native American/Alaska Native clients, and for native 
speakers of some non-English languages. The predictive 
value of the CBCL, both as an indication of possible other 
diagnostic needs in the presence of a high Total Score, as 
well as use of the DSM-5 ASD subscale as an indicator of 
ASD was supported by this study. While clinicians were 
less likely to give full ASD criteria diagnoses during the 
COVID-19 pandemic, they continued to provide diagnoses 
that indexed a concern for ASD that provided access to early 
intervention through the flexibility allowed in the DC: 05 
diagnostic framework.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10803- 022- 05606-y.

Acknowledgements The Fraser team would also like to recognize the 
vision of our CEO, Diane Cross, for supporting research within a clini-
cal setting. We would like to thank Fraser’s research team of Glenace 
Edwall, PhD, LP, Suma Jacob, MD, PhD, and Patricia Pulice, MA, 
LP, and Nancy Baldrica who provided edits and feedback on drafts 
of the manuscript. We would also like to recognize the contributions 
of Charles Woosley, Database Administrator for his work in data 
extraction.

Dedication This article is dedicated in memory of Richard Anderson 
(1963–2022). Richard was a Senior Data Analyst at Fraser and helped 
maintain the data that was used in the analyses. We remember Rich-
ard’s calm demeanor, the care he showed for his work and towards his 
coworkers, and his persistence in solving challenges. He was loved by 
his coworkers and is missed.

Author Contributions SJH, JDH, and KSW contributed to the study-
conception and design. Material preparation was completed by SJH. 
Data collection was compelted by SJH andJDH. Analysis was per-
formed by JDH. The introduction and literature review was written by 
SJH. Discussion waswritten by SJH and JDH. SJH, JDH, and KSW 

commented on previous versions of the manuscript. SJH and JDHread 
and approved the final manuscript.

Funding No funds, Grants, or other supports were received.

Declarations 

Conflict of Interest The authors have no conflicts of interest.

Ethical Approval This study used archival data from human subjects 
and was approved by the Institutional Review Board at Northwest 
University (#2013). This study was performed in accordance with the 
ethical standards as laid down in the 1964 Declaration of Helsinki and 
its later amendments or comparable ethical standards.

Informed Consent Informed consent was obtained from parents and/
or legal guardians.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Achenbach, T. M., & Rescorla, L. A. (2000). Manual for the ASEBA 
preschool forms & profiles: An integrated system of multi-inform-
ant assessment; child behavior checklist for ages 1 1/2–5. Uni-
versity of Vermont.

Akaike, H. (1974). A new look at the statistical model identification. 
IEEE Transactions on Automatic Control, 19(6), 716–723. https:// 
doi. org/ 10. 1109/ TAC. 1974. 11007 05

Alfuraydan, M., Croxall, J., Hurt, L., Kerr, M., & Brophy, S. (2020). 
Use of telehealth for facilitating the diagnostic assessment of 
autism spectrum disorder (ASD): A scoping review. PLoS ONE, 
15(7), 1–16. https:// doi. org/ 10. 1371/ journ al. pone. 02364 15

American Psychiatric Association. (2013). Diagnostic and statisti-
cal manual of mental disorders (5th ed.). American Psychiatric 
Association. https:// doi. org/ 10. 1176/ appi. books. 97808 90425 596

American Psychological Association. (2021). Stress in America 2021: 
Stress and decision-making during the pandemic. Retrieved 
December 1, 2021, from https:// www. apa. org/ news/ press/ relea 
ses/ stress/ 2021/ decis ion- making- octob er- 2021. pdf

Antezana, L., Scarpa, A., Valdespino, A., Albright, J., & Richey, J. A. 
(2017). Rural trends in diagnosis and services for autism spectrum 
disorder. Frontiers in Psychology, 8(590), 1–5. https:// doi. org/ 10. 
3389/ fpsyg. 2017. 00590

Babore, A., Trumello, C., Lombardi, L., Candelori, C., Chirumbolo, 
A., Catelino, E., Baiocco, R., Bramanti, S. M., Viceconti, M. 
L., Pignataro, S., & Morelli, M. (2021). Mothers’ and children’s 
mental health during the COVID-19 pandemic lockdown: The 

https://doi.org/10.1007/s10803-022-05606-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1371/journal.pone.0236415
https://doi.org/10.1176/appi.books.9780890425596
https://www.apa.org/news/press/releases/stress/2021/decision-making-october-2021.pdf
https://www.apa.org/news/press/releases/stress/2021/decision-making-october-2021.pdf
https://doi.org/10.3389/fpsyg.2017.00590
https://doi.org/10.3389/fpsyg.2017.00590


Journal of Autism and Developmental Disorders 

1 3

mediating role of parenting stress. Child Psychiatry and Human 
Development. https:// doi. org/ 10. 1007/ s10578- 021- 01230-6

Bilaver, L. A., Sobotka, S. A., & Mandell, D. S. (2021). Understanding 
racial and ethnic disparities in autism-related service use among 
medicaid-enrolled children. Journal of Autism and Developmental 
Disorders, 51(9), 3341–3355.

Bluming, A. A., Brasher, S., & Stapel-Wax, J. (2019). Engaging parents 
of children with autism spectrum disorder to identify rural health 
disparities and factors related to delayed diagnosis and treatment. 
International Journal of Child Health and Human Development, 
12(4), 379–389.

Corona, L. L., Weitlauf, A. S., Hine, J., Bernam, A., Miceli, A., Nichol-
son, A., Stone, C., Broderick, N., Francis, S., Pablo Juarez, A., 
Vehorn, A., Wagner, L., & Warren, Z. (2020). Parent perceptions 
of caregiver-mediated telemedicine tools for assessing autism 
risk in toddlers. Journal of Autism and Developmental Disorders. 
https:// doi. org/ 10. 1007/ s10803- 020- 04554-9

Dow, D., Holbrook, A., Toolan, C., McDonald, N., Sterrett, K., 
Rosen, N, Kim, S. H., & Lord, C. (2021). The brief observation 
of symptoms of autism (BOSA): Developoment of a new adapted 
assessment meausre for remote telehealth administration through 
COVID-19 and beyond. Journal of Autism and Developmental 
Disorders. https:// doi. org/ 10. 1007/ s10803- 021- 05395-w

Dowle, M., & Srinivasan, A. (2021). data.table: Extension of `data.
frame`. R package version 1.14.0. https:// CRAN.R- proje ct. org/ 
packa ge= data. table

Dyches, T. T., Wilder, L. K., Sudweeks, R. R., Obiakor, F. E., & 
Algozzine, B. (2004). Multicultural issues in autism. Journal of 
Autism and Developmental Disorders, 34(2), 211–222. https:// doi. 
org/ 10. 1023/b: jadd. 00000 22611. 80478. 73

Goldstein, F. P., Klaiman, C., & Willliams, S. (2017). Bridging care 
gaps: Using tele-health to provide care for people with autism 
spectrum disorder. International Journal of Developmental Dis-
abilities, 63(4), 190–194. https:// doi. org/ 10. 1080/ 20473 869. 2017. 
13223 42

Goldstein, S., & Naglieri, J. (2009). Autism spectrum rating scale 
(ASRS). Multi-Health Systems.

Goodman R. (2001). Psychometric properties of the strengths and dif-
ficulties questionnaire. Journal of the American Academy of Child 
& Adolescent Psychiatry, 40(11), 1337–1345. https:// doi. org/ 10. 
1097/ 00004 583- 20011 1000- 00015

Gotham, K., Risi, S., Pickles, A., & Lord, C. (2007). The autism diag-
nostic observation schedule: Revised algorithms for improved 
diagnostic validity. Journal of Autism and Developmental Disor-
ders, 37, 613. https:// doi. org/ 10. 1007/ s10803- 006- 0280-1

Hedley, D., Brewer, N., Nevill, R., Uljarević, M., Butter, E., & Mulick, 
J. A. (2016). The relationship between clinicians’ confidence and 
accuracy, and the influence of child characteristics, in the screen-
ing of autism spectrum disorder. Journal of Autism and Devel-
opmental Disorders, 46, 2340–2348. https:// doi. org/ 10. 1007/ 
s10803- 016- 2766-9

Hoch, J. D., & Youssef, A. M. (2020). Predictors of trauma exposure 
and trauma diagnoses for children with autism and developmental 
disorders served in a community mental health clinic. Journal of 
Autism and Developmental Disorders, 50, 634–649. https:// doi. 
org/ 10. 1007/ s10803- 019- 04331-3

Huerta, M., & Lord, C. (2012). Diagnostic evaluation of autism spec-
trum disorders. Pediatric Clinics of North America, 59(1), 103–
111. https:// doi. org/ 10. 1016/j. pcl. 2011. 10. 018

Hyman, S. L., Levy, S. E., Myers, S. M., Council on Children With 
Disabilities, Section on Developmental and Behavioral Pediatrics. 
(2020). Identification, evaluation, and management of children 
with autism spectrum disorder. Pediatrics, 145(1), e20193447. 
https:// doi. org/ 10. 1542/ peds. 2019- 3447

Jones, E. J., Gliga, T., Bedford, R., Charman, T., & Johnson, M. H. 
(2014). Developmental pathways to autism: A review of prospec-
tive studies of infants at risk. Neuroscience and Biobehavioral 
Reviews, 39(100), 1–33. https:// doi. org/ 10. 1016/j. neubi orev. 2013. 
12. 001

Juárez, A. P., Weitlauf, A. S., Nicholson, A., Pasternak, A., Broderick, 
N., Hine, J., Stainbrook, J. A., & Warren, Z. (2018). Early identi-
fication of ASD through telemedicine: Potential value for under-
served populations. Journal of Autism Developmental Disorders, 
48(8), 2601–2610. https:// doi. org/ 10. 1007/ s10803- 018- 3524-y

Luxton, D. D., Pruitt, L. D., & Osenbach, J. E. (2014). Best practices 
for remote psychological assessment via telehealth technologies. 
Professional Psychology: Research and Practice, 45(1), 27–35. 
https:// doi. org/ 10. 1037/ a0034 547

McDonnell, C. G., Bradley, C. C., Kanne, S. M., Lajonchere, C., War-
ren, Z., & Carpenter, L. A. (2019). When are we sure? Predictors 
of clinician certainty in the diagnosis of autism spectrum disorder. 
Journal of Autism and Developmental Disorders, 49, 1391–1401. 
https:// doi. org/ 10. 1007/ s10803- 018- 3831-3

Narzisi, A. (2020). Phase 2 and later of COVID-19 lockdown: Is it 
possible to perform remote diagnosis and intervention for autism 
spectrum disorder? An online-mediated approach. Journal of 
Clinical Medicine, 9, 1–12. https:// doi. org/ 10. 3390/ jcm90 61850

R Core Team. (2021). R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https:// www.R- proje ct. org/

Sanchez, M. J., & Constantino, J. N. (2020). Expediting clinician 
assessment in the diagnosis of autism spectrum disorder. Devel-
opmental Medicine & Child Neurology, 62(7), 806–812.

Schopler, E., Van Bourgondien, M. E., Wellman, G. J., & Love, S. R. 
(2010). Childhood autism rating scale (2nd ed.). Western Psy-
chological Services.

Smith, C. J., Rozga, A., Matthews, N., Oberleitner, R., Nazneen, N., & 
Abowd, G. (2017). Investigating the accuracy of a novel telehealth 
diagnostic approach for autism spectrum disorder. Psychological 
Assessment, 29(3), 245–252. https:// doi. org/ 10. 1037/ pas00 00317

Soto, T., Giserman Kiss, I., & Carter, A. S. (2016). Symptom pres-
entations and classification of autism spectrum disorder in early 
childhood: Application to the diagnostic classification of mental 
health and developmental disorders of infancy and early childhood 
(DC: 0–5). Infant Mental Health Journal, 37(5), 486–497. https:// 
doi. org/ 10. 1002/ imhj. 21589

Wagner, L., Corona, L. L., Weitlauf, A. S., Marsh, K. L., Berman, A. 
F., Broderick, N. A., Francis, S., Hine, J., Nicholson, A., Stone, 
C., & Warren, Z. (2021a). Use of the TELE-ASD-PEDS for 
autism evaluations in response to COVID-19: Preliminary out-
comes and clinician acceptability. Journal of Autism and Devel-
opmental Disorders, 51, 3063–3073. https:// doi. org/ 10. 1007/ 
s10803- 020- 04767-y

Wagner, L., Weitlauf, A. S., Hine, J., Corona, L. L., Berman, A. F., 
Nicholson, A., Allen, W., Black, M., & Warren, Z. (2021b). 
Transitioning to telemedicine during COVID-19: Impact on per-
ceptions and use of telemedicine procedures for the diagnosis of 
autism in toddlers. Journal of Autism and Developmental Disor-
ders. https:// doi. org/ 10. 1007/ s10803- 021- 05112-7

Wickham, H., Averick, M., Bryan, J., Winston, C., D’Agostino 
McGowan, L., François, R., Grolemund, G., Hayes, A., Henry, L., 
Hester, J., Kuhn, M., Lin Pedersen, T., Miller, E., Milton Bache, 
S., Müller, K., Ooms, J., Robinson, D., Paige Seidel, D., Spinu, 
V., … Yutani, H. (2019). Welcome to the tidyverse. Journal of 
Open Source Software, 4(43), 1686.

Wieckowski, A. T., de Marchena, A., Algur, Y., Nichols, L., Fernandes, 
S., Thomas, R. P., McClure, L. A., Dufek, S., Fein, D., Adamson, 
L. B., Stahmer, A., & Robins, D. L. (2021). The first five minutes: 
Initial impressions during autism spectrum disorder diagnostic 

https://doi.org/10.1007/s10578-021-01230-6
https://doi.org/10.1007/s10803-020-04554-9
https://doi.org/10.1007/s10803-021-05395-w
https://CRAN.R-project.org/package=data.table
https://CRAN.R-project.org/package=data.table
https://doi.org/10.1023/b:jadd.0000022611.80478.73
https://doi.org/10.1023/b:jadd.0000022611.80478.73
https://doi.org/10.1080/20473869.2017.1322342
https://doi.org/10.1080/20473869.2017.1322342
https://doi.org/10.1097/00004583-200111000-00015
https://doi.org/10.1097/00004583-200111000-00015
https://doi.org/10.1007/s10803-006-0280-1
https://doi.org/10.1007/s10803-016-2766-9
https://doi.org/10.1007/s10803-016-2766-9
https://doi.org/10.1007/s10803-019-04331-3
https://doi.org/10.1007/s10803-019-04331-3
https://doi.org/10.1016/j.pcl.2011.10.018
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1016/j.neubiorev.2013.12.001
https://doi.org/10.1016/j.neubiorev.2013.12.001
https://doi.org/10.1007/s10803-018-3524-y
https://doi.org/10.1037/a0034547
https://doi.org/10.1007/s10803-018-3831-3
https://doi.org/10.3390/jcm9061850
https://www.R-project.org/
https://doi.org/10.1037/pas0000317
https://doi.org/10.1002/imhj.21589
https://doi.org/10.1002/imhj.21589
https://doi.org/10.1007/s10803-020-04767-y
https://doi.org/10.1007/s10803-020-04767-y
https://doi.org/10.1007/s10803-021-05112-7


 Journal of Autism and Developmental Disorders

1 3

evaluations in young children. Autism Research: Official Journal 
of the International Society for Autism Research. https:// doi. org/ 
10. 1002/ aur. 2536

ZERO TO THREE. (2016). DC: 0–5TM: Diagnostic classification of 
mental health and developmental disorders of infancy and early 
childhood. Author

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/aur.2536
https://doi.org/10.1002/aur.2536

	Utility of Diagnostic Classification for Children 0–5 to Assess Features of Autism: Comparing In-person and COVID-19 Telehealth Evaluations
	Abstract
	Diagnostic Systems
	Confidence and Certainty
	Predictors of Diagnostic Confidence
	Present Study
	Methods
	Procedure
	Participants
	Assessment Instruments
	Child Behavior Checklist (CBCL)
	Autism Spectrum Rating Scale (ASRS)

	Data Analysis Methods

	Results
	Descriptive Results
	Diagnostic Certainty and Demographics
	Diagnostic Certainty and Clinical Scales

	Discussion
	Strengths
	Limitations
	Future Research
	Clinical Implications

	Acknowledgements 
	References




