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Abstract

Aim: To describe the development and initial psychometric evaluation of a new,
freely available measure, the Autism Symptom Dimensions Questionnaire (ASDQ).

Method: After development and revision of an initial 33-item version, informants
completed a revised 39-item version of the ASDQ on 1467 children and adolescents
(aged 2-17 years), including 104 with autism spectrum disorder (ASD).

Results: The initial 33-item version of the ASDQ had good reliability and construct
validity. However, only four specific symptom factors were identified, potentially due
to an insufficient number of items. Factor analyses of the expanded instrument iden-
tified a general ASD factor and nine specific symptom factors with good measure-
ment invariance across demographic groups. Scales showed good-to-excellent overall
and conditional reliability. Exploratory analyses of predictive validity for ASD versus
neurotypical and other developmental disability diagnoses indicated good accuracy
for population and at-risk contexts.

Interpretation: The ASDQ is a free and psychometrically sound informant report
instrument with good reliability of measurement across a continuous range of scores
and preliminary evidence of predictive validity. The measure may be a useful alter-
native to existing autism symptom measures but further studies with comparison of
clinical diagnoses using criterion-standard instruments are needed.

Abbreviations: ASD, autism spectrum disorder; ASDQ, Autism Symptom Dimensions Questionnaire; CFA, confirmatory factor analysis; ESEM, exploratory structural
equation model; SCQ, Social Communication Questionnaire.
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Autism spectrum disorder (ASD) is a heterogeneous set
of conditions characterized by qualitative impairment
in social interaction and communication and the pres-
ence of restricted and repetitive behaviors and interests."
Comprehensive and reliable measurement of autism symp-
toms is crucial for early identification, entry into clinical
services, and ongoing longitudinal tracking, including
evaluation of response to intervention. Informant report
measures are also a key component of longitudinal track-
ing in many clinical and research settings.”* However,
the available informant report instruments measuring
core autism symptoms are either commercial measures
(e.g. Social Responsiveness Scale, Second Edition; Autism
Impact Measure),”” intended for screening within a narrow
age band (e.g. Modified Checklist for Autism in Toddlers),®
or focus only on one symptom domain (e.g. Repetitive
Behavior Scale-Revised).” Commercial measures can add
significant expense in clinical and research applications and
are therefore ill-suited for frequent longitudinal tracking
or the development of large sample cohorts. This problem
specifically disadvantages research and clinical practice in
low- and middle-income countries.® Measures such as the
Autism Spectrum Quotient,”> which is only applicable to
cognitively able individuals, are difficult to implement in
practice settings in which pre-appointment completion of
informant measures is desired and estimates of the cogni-
tive level of the child are not available. Finally, many ex-
isting informant-completed measures often have unclear
construct validity,”'® require responses to a large numbers
of items, which can be burdensome for parent caregiv-
ers (e.g. the Pervasive Developmental Disorder Behavior
Inventory has 124 items in the standard set), use dichoto-
mous responses (e.g. Social Communication Questionnaire
[SCQ]), or were not expressly designed to assess Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) symptom criteria, which results in limited cover-
age of sensory symptoms.

This article describes the development and psychomet-
ric evaluation of a new open-source, freely available infor-
mant report measure, the Autism Symptom Dimensions
Questionnaire (ASDQ). The ASDQ was created to address
the limitations of existing measures, covering core autism
symptoms in children and adolescents based on the DSM-5
symptom criteria. Initial work focused on the development
and factor structure of a 33-item version. Using results
from this initial work, the ASDQ was expanded to include
39 items, with the goal of identifying specific social com-
munication/interaction and restricted/repetitive behavior
factors corresponding to DSM-5 criteria and recent fac-
tor analyses of other measures.'”'? Using the revised 39-
item ASDQ version, the present psychometric evaluation
aimed to (1) examine factor structure and (2) evaluate the
psychometric properties of the revised scales, including
measurement invariance, overall and conditional reliabil-
ity, and convergent and discriminant validity. These anal-
yses also explored the screening efficiency of the revised
ASDQ compared with parent-reported ASD diagnoses, to

What this paper adds

o The Autism Symptom Dimensions Questionnaire
(ASDQ) is a new, freely available measure of au-
tism symptoms.

o The ASDQ showed reliable and accurate meas-
urement of autism symptoms.

o The measure had good screening efficiency for
autism spectrum disorder relative to other devel-
opmental conditions.

determine the potential value of the measure in screening
and diagnostic contexts.

METHOD
Initial development

Initial development of the ASDQ focused on a 33-item ver-
sion (see Appendix S1 for an extensive description of this
work). The development process found that the 33-item
measure had good scale reliability and strong convergent
validity with an established autism symptom measure, but
that additional work was needed to update the factor struc-
ture and further examine key psychometric characteristics.
Based on the results of this work, the 33-item ASDQ was
revised by adding six items to identify separate factors cor-
responding to nine autism symptom dimensions identified
in previous analyses of other screening measures,'®'"'>!
including those shown in factor analyses to yield separate
factors within the DSM-5 criteria. Two of the newly added
items assessed relationships (items 15 and 17), one evaluated
sensory sensitivity (item 27), two focused on sensory inter-
ests (items 29 and 31), and one examined restricted interests
(item 34) (Appendix S2). Psychometric evaluation focused
on this revised instrument. Based on our initial factor analy-
ses and specific item content additions, a nine symptom fac-
tor plus a general bifactor model was hypothesized a priori
to provide optimal fit.

Participants

Informants were recruited using the Prolific online data col-
lection service (https://prolific.co/). Inclusion criteria for the
Prolific panel included: residence in the USA; having a de-
pendent child aged 2 to 17 years; and informant proficiency
in English. Adults were not included in this study because
the intention was to develop and validate a measure for chil-
dren and adolescents and a narrower age range was desired
for evaluating measurement invariance across age. Data were
collected from 23rd June 2021 to 7th July 2021. Additional
methodological details are included in Appendix S3.
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Measures
Demographic and health Information

Parent informants provided their age, sex, relationship to the
child, household income, US region of residence, and highest
level of education. Parents also reported the child's age, sex,
race (race was used following National Institutes of Health
definitions to provide a more comprehensive evaluation of
possible measurement differences across specific popula-
tions), ethnicity, level of speech/language, and all previous
clinical diagnoses.

ASDQ

The 39-item ASDQ is available online in Microsoft Word
and PDF file formats (https://osf.io/pyq8r/). The Flesch-
Kincaid reading level for the final measure was US grade 7.9.
All items were rated using a 5-point Likert frequency scale
(1, never; 2, rarely; 3, sometimes; 4, often; 5, very often). See
Appendix S2 for additional details.

The Stanford Social Dimensions Scale

The Stanford Social Dimensions Scale' was collected to
evaluate the convergent validity of the ASDQ using a meas-
ure of social communication/interaction behavior. The
Stanford Social Dimensions Scale is a 71-item informant re-
port questionnaire that captures different aspects of social
functioning. Items are rated on a 5-point Likert scale using
the following choices: never; rarely; sometimes; often; and
always. For the present study, a total score was used.

SCQ

The SCQ is a dichotomously keyed (yes/no) 40-item rat-
ing scale based on DSM, Fourth Edition, Text Revision
symptoms. Lifetime ratings referenced the child's behavior
throughout their developmental history, increasing diag-
nostic validity."”” For the present study, a subsample of cases
from our preliminary work using the Hartwell Foundation's
KidsFirst cohort (n = 175) were administered the revised 39-
item ASDQ and the SCQ. This was done to evaluate conver-
gent validity.

Strengths and Difficulties Questionnaire

The Strengths and Difficulties Questionnaire'® is a 25-item
informant report measure appropriate for use in children
aged 2 to 17years. Items are rated using a 3-point Likert
scale. The Strengths and Difficulties Questionnaire was ex-
pected to demonstrate moderate convergent validity based
on the observation that many individuals with ASD have

significant internalizing or externalizing behavior problems.
Total raw scores were evaluated.

Executive and adaptive functioning measures

Two additional measures were collected, which evaluate
daily living skills and executive functioning, that is, the
Daily Living Skills and the Executive Functioning Scale'’
respectively. The Daily Living Skills is based on review of
existing adaptive function measures. It includes 89 items
that evaluate multiple daily living content areas and is
strongly correlated with the Vineland Daily Living Skills
Scale (r = 0.93). The Executive Functioning Scale was based
on review of existing informant report executive function-
ing measures and the larger literature on executive function-
ing. The measure includes 70 items assessing five domains
of executive functioning and the total score shows a strong
correlation with the 24-item Behavior Rating Inventory of
Executive Functioning (r = 0.85). Total item average scores
were used for both measures.

Procedure

After completing informed consent electronically, caregiver
informants completed demographic information and all
questionnaires for the identified child. Compensation was
provided after study completion based on the average ex-
pected completion time (US$10).

Statistical analyses
Factor structure

To identify the factor structure of the revised 39-item ASDQ,
the sample was randomly divided into approximately equal
exploratory (n = 734) and confirmatory (n = 733) subsam-
ples. A series of exploratory structural equation models
(ESEMs) were estimated.'® The first model was a single-
factor model. The second model included four specific fac-
tors and a general ASD bifactor, consistent with the initial
analyses of the 33-item ASDQ. The next three models were
8-, 9-, and 10-factor ESEMs corresponding to variations in
the a priori hypothesized model based on item content. The
nine-factor model (model 9a) included nine specific factors,
one for each item content area and a general ASD bifactor
and was hypothesized a priori based on the content of items
added to the revised instrument. Once the best-fitting ESEM
was identified in the exploratory subsample and replicated
in the confirmatory subsample, an equivalent confirma-
tory factor analysis (CFA) model for ordinal data® (model
9b) was estimated in both subsamples and the total sample.
For this CFA model, item-factor correspondence was deter-
mined by assigning each item to the factor with its largest
loading. Items 36 to 39 were only assigned to the general
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ASD factor because these items did not have a clear loading
pattern in our preliminary analyses of the 33-item version;
these items emphasize symptoms that are most relevant for
older children with average or above cognitive ability and
they have the highest rates of nonresponse. Models were
estimated and fitted using standard structural model fit
statistics and consideration of model interpretability and
parsimony (Appendix S4).

Measurement invariance

The CFA model derived from the best-fitting ESEM was
used as the basis for the evaluation of measurement invari-
ance across age groups (ages 2-4years, 5-7 years, 8-12 years,
and 13-17 years), sex (male, female), race (White, other), and
ethnicity (Hispanic, non-Hispanic). Standard procedures
were followed to evaluate fitting across successively restric-
tive models (see Appendix S4 for additional information).*’

Reliability

Using the optimal factor solution, classical test theory reli-
ability (internal consistency),” factor reliability,”* and item
response, theory analyses® were conducted for each scale
(Appendix S4). Reliability estimates falling in the ranges
0.70 to 0.79, 0.80 to 0.89, and greater than 0.90 were con-
sidered fair, good, and excellent.?* Test-retest reliability and
sensitivity to change data were not available.

Convergent and discriminant validity

Convergent and discriminant validity was computed using
bivariate correlations. Specific predictions for strong and
weak convergent and discriminant validity are presented in
Appendix S4.

Preliminary screening efficiency

To explore possible screening efficiency, the sample was split
into training (approximately 60% of the sample, n = 880) and
testing (approximately 40% of the sample, n = 587) subsam-
ples;* two criteria were evaluated: ASD versus neurotypical
plus other developmental disability (total sample) and ASD
versus other developmental disability (at-risk-only sample).
The first criterion estimates potential screening accuracy in
primary care or population settings and the second criterion
estimates potential screening accuracy in tertiary care set-
tings where only at-risk cases are evaluated. These criteria
were derived from informant-reported diagnoses, which
showed very good correspondence (80.0% overall accuracy)
with classifications based on an SCQ cut score of 12, which
has previously been shown to have good sensitivity and
specificity.?®

To estimate potential screening value, nonparametric es-
timates of the area under the curve from receiver operating
characteristic analyses quantified screening efficiency using
the ASDQ total item average score as the predictor. The pre-
dictive validity of the ASDQ total item average scores was
also evaluated by identifying the optimal cut score in the ex-
ploratory subsample using Youden's J. The cut scores were
applied to the testing subsample to determine whether va-
lidity was maintained in a holdout sample. The total sample
cut score was also examined in the relevant subgroups (ages
2-4years, female, other race, and Hispanic ethnicity) to ex-
amine whether predictive accuracy was maintained.

A rough guideline for evaluating area under the curve
values is: less than 0.60, poor; 0.60 to 0.69, fair; 0.70 to 0.79,
good; 0.80 to 0.89, excellent if the comparison group is clin-
ically meaningful; and 0.90 to 1.00, exceptional only if the
design and comparison are appropriate. 7

Statistical power

The exploratory and confirmatory sample sizes (n = 734 and
733) were expected to be adequate for factor analyses with
up to 39 indicators (>18 cases per indicator)*® and for item
response theory analyses of the total score and subscales.”’
For convergent and discriminant validity analyses, the total
sample was expected to have excellent power (1-£>0.96)
for detecting at least small Pearson bivariate correlations
(r 20.10, a = 0.05, two-tailed) and statistical power was ex-
pected to be excellent (1->0.94) for detecting differences in
dependent correlations as small as Ar = 0.09. Analyses esti-
mating screening efficiency had excellent power (1-£>0.95)
for detecting areas under the curve>0.660.

Statistical significance was set at a = 0.05, two-tailed; effect
size magnitude was emphasized. Data preparation, descriptive
analyses, internal consistency reliability used Cronbach's a,
model reliability used MacDonald's omega (w), and bivariate
correlations used SPSS v28 (IBM Corp., Armonk, NY, USA).>°
Factor, measurement invariance, and item response analyses
were computed in MPlus v8.7.>' Receiver operating character-
istic analyses were computed using the R package pROC. All
R packages (R Foundation for Statistical Computing, Vienna,
Austria) and procedures were implemented in v4.1.2,** using
RStudio v2021.09.1 (Posit, Boston, MA, USA).

RESULTS
Participant characteristics

The sample included 1467 children (aged 2-17 years; Table 1).
Biological mothers predominated as informants. Informants
were older and slightly less educated in the groups with devel-
opmental disability and ASD. Household income was lower
in the group with developmental disability and lowest in the
group with ASD relative to neurotypical children. Children
were older in the groups with developmental disability and
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TABLE 1 Demographic and clinical characteristics across ASD, developmental disability, and neurotypical controls in the revised 39-item ASDQ
sample

Non-ASD developmental

Neurotypical disability ASD x*/F (p)
n=1012 n=351 n =104

Informant 58.5 (<0.001)
Biological mother 548 (54.2) 237 (67.5) 80 (76.9)

Biological father 434 (42.9) 97 (27.6) 19 (18.3)
Other/not reported 30 (2.9) 17 (4.9) 5(4.8)

Informant age in years:months, mean (SD) 37:6 (7:11) 39:8 (8:6) 40:6 (7:2) 13.7 (<0.001)

Highest parental education 26.8 (0.003)
Less than high school 6 (0.6) 2(0.6) 1(1.0)

High school or general equivalency 90 (8.9) 38 (10.8) 11 (10.6)
diploma

Some college 178 (17.6) 94 (26.8) 32 (30.8)

College graduate 427 (42.2) 132 (37.6) 40 (38.5)

Graduate degree or higher 295 (29.2) 80 (22.8) 18 (17.3)

Unknown 16 (1.6) 5(1.4) 2(1.9)

US region 10.9 (0.205)
Northeast 188 (18.6) 51 (14.5) 16 (15.4)

Midwest 215 (21.3) 69 (19.7) 23 (22.1)
South 402 (39.8) 168 (47.9) 50 (48.1)
West 203 (20.1) 62 (17.7) 15 (14.4)
Other/chose not to provide 4(0.4) 1(0.3) 0 (0)

Household income 43.1 (<0.001)

<US$25000 70 (6.9) 36 (10.3) 17 (16.3)
US$25000-34999 65 (6.4) 31 (8.8) 15 (14.4)
US$35000-49 999 105 (10.4) 50 (14.4) 14 (13.5)
US$50000-74999 224 (22.1) 80 (22.8) 23 (22.1)
US$75000-99999 178 (17.6) 55 (15.7) 14 (13.5)
US$100000-149999 238(23.5) 58 (16.5) 12 (11.5)
US$150000-199999 80 (7.9) 29 (8.3) 7(6.7)
>US$200000 48 (4.7) 9(2.6) 2(1.9)

Unknown 4(0.4) 3(0.9) 0(0)

Child age in years:months, mean (SD) 8:1 (4:7) 10:11 (4:7) 9:10 (4:8) 49.4 (<0.001)
2-4years 315 (31.1) 47 (13.4) 21 (20.2) 84.0 (<0.001)
5-8years 322 (32.0) 89 (25.4) 30 (28.8)
9-11years 134 (13.3) 53 (15.1) 14 (13.5)

12-17 years 236 (23.4) 161 (46.0) 39 (37.5)

Child biological sex (male) 546 (54.0) 194 (55.3) 79 (76.0) 21.6 (<0.001)

Ethnicity
White 849 (83.9) 311 (88.6) 87 (83.7) 4.7 (0.096)
Black/African American 124 (12.3) 36 (10.3) 20 (19.2) 6.0 (0.050)
Middle Eastern 5(0.5) 3(0.9) 0 (0) 1.2 (0.538)
East Asian 43 (4.2) 15 (4.3) 2(1.9) 1.3 (0.512)
South Asian 28 (2.8) 4(1.1) 0(0) 5.7 (0.057)
Pacific Islander 7 (0.7) 4(1.1) 0 (0) 1.5 (0.461)

(Continues)
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TABLE 1 (Continued)
Non-ASD developmental
Neurotypical disability ASD X*/F (p)
n=1012 n=351 n=104

Native American 18 (1.8) 8(2.3) 1(1.0) 0.8 (0.657)
Unknown ethnicity 2(0.2) 1(0.3) 0 (0) 0.3 (0.849)
Chose not to provide 12 (1.2) 3(0.9) 1(1.0) 0.3 (0.868)

Hispanic or Latino 117 (11.6) 40 (11.4) 11 (10.6) 1.5 (0.824)

Level of speech 116.5 (<0.001)
Nonspeaking 3(0.3) 5(1.4) 10 (9.7)
Minimal speech 94 (9.3) 31 (8.8) 31 (30.1)
Fluent speech 912 (90.4) 315 (89.7) 62 (60.2)

Non-ASD diagnoses
Intellectual disability/GDD - 10 (2.8) 6 (5.8) 2.1 (0.150)
Speech/language disorder - 75 (21.4) 16 (15.5) 1.7 (0.193)
ADHD - 146 (41.6) 29 (27.9) 6.1 (0.014)
ODD/conduct disorder - 25 (7.1) 5(4.9) 0.7 (0.415)
Anxiety disorder - 111 (31.6) 19 (18.4) 6.8 (0.009)
Specific learning disorder - 33(9.4) 3(2.9) 4.6 (0.032)
Motor/coordination disorder - 16 (4.6) 2(1.9) 1.4 (0.231)
Depressive disorder - 50 (14.2) 8 (1.8) 3.0 (0.083)
Bipolar disorder/mania - 7 (2.0) 1(1.0) 0.5 (0.488)
Obsessive compulsive disorder - 11 (3.1) 5(4.9) 0.7 (0.405)
Tic disorder - 6 (1.7) 1(1.0) 0.3 (0.593)
Feeding/eating disorder - 16 (4.6) 0 (0) 4.9 (0.029)

Data are n (%) unless otherwise stated. Non-ASD diagnoses do not sum to 100% because children could be diagnosed with more than one condition. Cognitive level
information was only completed for n = 886. Continuous variables (parent informant and child age) were tested using univariate analysis of variance using the F statistic and
associated statistical significance (p). Abbreviations: ASD, autism spectrum disorder; ADHD, attention-deficit/hyperactivity disorder; GDD, global developmental delay;

ODD, oppositional defiant disorder.

ASD and, consistent with ASD prevalence, the sex ratio was
approximately 3:1 in the group with ASD but more balanced
in the neurotypical and developmental disability groups.
The sample was predominantly White (85%), but Black
(12.0%) and Hispanic (11.5%) groups were well represented.
The most frequently reported non-ASD diagnoses in the
groups with ASD and developmental disability were speech/
language disorder, attention-deficit/hyperactivity disorder
(ADHD), and anxiety. Depression and specific learning dis-
ability were also common in the group with developmental
disability. Details on the age and language level distribution
and missing data handling are provided in Appendix S5.

Factor structure

In the exploratory and confirmatory samples, optimal
fit was identified for the a priori hypothesized nine spe-
cific symptom factor plus a general bifactor ESEM solu-
tion (Table S1). Specific factors were readily interpreted as
basic social communication (seven items), affiliation (three
items), perspective taking (four items), peer relationships
(three items), repetitive motor behavior (four items), sensory

interests (three items), insistence on sameness (four items),
sensory sensitivity (three items), and restricted interests
(four items) (Table 2 and Figure S1). For this model, the nine
specific symptom factors had primary loadings that were
consistent with the model hypothesized a priori (Table S2).
All items had significant loadings on the general ASD fac-
tor. Factor correlations indicated small-to-medium residual
relationships, with the strongest relationships being between
repetitive motor behavior and sensory interests (r = 0.59)
and between insistence on sameness and sensory sensitivity
(r = 0.48). Correlations based on scale scores followed the
same pattern but were larger in magnitude because these re-
flect relationships without partitioning variance due to the
general ASD factor (Table S3).

The CFA model (model 9b) fitted adequately in spite of
not estimating minor item cross-loadings (Table S1). This
model was used to evaluate measurement invariance, model
reliability, and variance accounted for by the specific and
general ASD factors. Using this model, the general ASD
factor explained 42% of the common variance, whereas
the specific factors accounted for smaller amounts of com-
mon variance (basic social communication = 6%, affilia-
tion = 6%, perspective talking = 2%, peer relationships = 5%,
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TABLE 2 ASDQ factor-item mapping and relationship to the DSM-5 criteria

Factor Equivalent DSM-5 symptom criteria

Social communication and interaction domain

Basic social communication A2: nonverbal communication®

Affiliation® Mixed between Al and A3

Al - initiate or respond to social interactions

A3 - absence of interest in peers

Perspective taking A1l: Reciprocity®

Peer relationships A3: Relationships

Restricted and repetitive behaviors domain®

Repetitive motor behavior

Sensory interests

Insistence on sameness B2: Insistence on sameness

Sensory sensitivities

Restricted interests B3: Restricted, fixated interests

B4: Sensory sensitivities and interests

B4: Sensory sensitivities and interests

Items and descriptions

1. Start interactions

4. Eye contact

5. Use gestures

6. Communicate clearly
8. Share enjoyment

10. Respond appropriately
11. Converse about others

2. Be with family/friends
3. Stay connected
15. Relationships are important

7. Offer comfort

12. Read social cues

13. Expected behavior by situation
14. Understand others

9. Peer play
16. Seek out interactions
17. Close friends

B1: Repetitive motor, object use, and speech 18. Flap hands

19. Repetitive body movements
20. Repeat sounds or words
21. Play repetitively

—_

29. Engage with parts of objects
30. Fascinated by sensory
31. Preoccupied with patterns

—

22. Consistent schedule

23. Difficulty transitioning

24. Follow strict rules or rituals
25. Trouble being flexible

26. Sensitive to noise
27. Upset in crowds
28. Dislike certain stimuli

32. Think about same topic
33. Fixated on one activity

34. Too much time on interest
35. Narrow interest

“The ASDQ factor basic social communication includes both verbal and nonverbal elements of communication but is consistent with previous factor analyses suggesting that

this DSM-5 symptom criterion (A2) may be too narrow.

®Affiliation item content is consistent with previous factor analyses identifying a social motivation factor.

“The perspective taking factor includes some overlap in content with the DSM-5 A1 reciprocity criterion, such as the back and forth of interaction/offering comfort, but also
focuses more on the underlying cognitive problem that likely drives problems with reciprocity.

dPeer relationships are more narrow than the DSM-5 A3 relationships criterion by focusing mostly on peer relationships and interactions, although item 16 also includes

content regarding seeking any playful interactions.

“ASDQ restricted/repetitive behavior factors tend to show strong correspondence with the DSM-5 restricted/repetitive behavior symptom criteria with the notable exception

that the DSM-5 B4 is split into the two types of sensory symptoms.

Abbreviations: ASDQ, Autism Symptom Dimensions Questionnaire; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

repetitive motor behavior = 9%, sensory interests = 7%,
insistence on sameness = 7%, sensory sensitivity = 6%, re-
stricted interests = 10%).

Measurement invariance
The nine specific symptom factors hypothesized a priori

with a general bifactor CFA model® showed evidence of
measurement invariance of factor loadings, thresholds, and

residual variance (strict invariance) across sex, age, race, and
ethnicity (Table S4).

Reliability

Model reliability was high for the general ASD factor (w = 0.97)
and specific factors (w>0.85). Internal consistency reliability
was excellent for the total scale (@ = 0.95) and at least adequate
for all subscale scores (@ >0.75; Table S5). Conditional reliability
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TABLE 3 Convergent and discriminant validity of the revised
39-item ASDQ total item average score

Revised 39-item ASDQ

i p
SCQ total 0.85 <0.001
Stanford Social Dimensions Scale -0.53 <0.001
ASD diagnosis 0.62 <0.001
Executive functioning 0.47 <0.001
Strengths and Difficulties 0.46 <0.001
Questionnaire-internalizing
Strengths and Difficulties 0.50 <0.001
Questionnaire-externalizing
Daily living skills -0.39 <0.001
Sex 0.12 <0.001
Intellectual disability/global delay 0.13 <0.001
Speech/language disorder 0.16 <0.001
Attention-deficit/hyperactivity disorder 0.22 <0.001
Anxiety disorder 0.16 <0.001
Obsessive compulsive disorder 0.12 <0.001
Age -0.10 <0.001
Sex (ASD subsample only) 0.04 0.655
Race: White vs other 0.08 0.002
Ethnicity: Hispanic vs other 0.04 0.161
Oppositional defiant/conduct disorder 0.14 <0.001
Specific learning disorder 0.05 0.040
Motor/coordination disorder 0.07 0.005
Depressive disorder 0.07 0.004
Bipolar disorder/mania 0.08 0.003
Tic disorder 0.04 0.127
Feeding/eating disorder 0.06 0.026

Abbreviations: ASD, autism spectrum disorder; ASDQ, Autism Symptom
Dimensions Questionnaire; SCQ, Social Communication Questionnaire.

scale reliability and item response theory conditional reli-
ability, convergent and discriminant validity, and explora-
tion of potential screening validity.

Results indicated that the 39-item ASDQ is a psycho-
metrically sound instrument, with evidence of several
positive psychometric properties, suggesting it is a highly
promising measure for use in both research and clinical
practice. Specifically, the ASDQ had a clear and replicable
factor structure, which is consistent with previous multi-
instrument analyses;'""! good measurement equivalence
across age, sex, race, and ethnicity; convergent validity with
established measures of autism symptoms and traits; and
discriminant validity evidence among ASDQ subscales and
with measures of related but distinct constructs and other
developmental diagnoses. The ASDQ also showed prelimi-
nary evidence of utility in informing the screening process.
If replicated in future work, the ASDQ would represent a
major advance for the measurement of autism symptoms be-
cause currently open-source informant report measures of
comparable coverage in terms of ages and cognitive levels

are not freely available. However, it is crucial that future
replication studies overrecruit at younger ages and include a
sufficient sample of individuals with cognitive and speech/
language impairment to ensure that factor structure and
screening efficiency are maintained in these subgroups.

The revised 39-item ASDQ had a highly differentiated
factor structure that replicated well across exploratory and
confirmatory subsamples. The final model included four
social communication/interaction symptom factors, five
restricted and repetitive behavior symptom factors, and a
general ASD factor. These factors represent specific types of
social communication/interaction and restricted and repet-
itive behavior symptoms and these distinctions have been
found in previous research.'®!*?*3°

To gain greater understanding of the well-recognized va-
riety and heterogeneity of autism presentations, it is crucial
to have a measure that can capture these subdomains. For
example, using the ASDQ, future etiological studies will be
better equipped to identify which etiological factors relate to
specific core ASD symptoms. Having nine specific symptom
factors that correspond to the DSM-5 criteria (with affilia-
tion and peer relationships assessing A3 and sensory inter-
ests and sensory sensitivities evaluating B4) is also useful for
helping clinicians understand whether a child might be ex-
hibiting symptoms that meet the diagnostic threshold. Fine-
grained measurement of specific symptom areas may also
facilitate identification of symptom subgroups, enable more
detailed longitudinal tracking, and provide useful second-
ary outcomes for clinical trials (see Appendix S6 for addi-
tional discussion of the ASDQ findings), although it will be
important to examine factor structure in more discrete ages
and functional levels to avoid inflation of inter-item correla-
tions that may occur in very broad samples.

Convergent and discriminant validity evidence indicates
that the ASDQ is measuring core autism symptoms, show-
ing lower correlations with measures of other psychopa-
thologies. This finding is important because it suggests that
ASDQ scores are only showing the anticipated influences
from other forms of psychopathology, an expected finding
given the level of comorbidity seen in ASD.*® Future research
is needed with other autism measures and with measures of
other types of psychopathology and clinical factors (e.g. IQ,
language) to better understand ASDQ measurement speci-
ficity, determine whether adjustment for other factors will
produce a more distinct measure of autism symptoms, and
turther explore convergent and discriminant validity.

Although an exploratory aspect of this study, the pres-
ent results suggest that the ASDQ has good potential to in-
form screening. Accuracy was maintained across relevant
subsamples, including young children (aged 2-4years),
females, other (non-White) races, and Hispanic ethnicity.
Intriguingly, the ASDQ item average also performed com-
parably to statistical learning methods, producing roughly
equivalent accuracy in most analyses. Although additional
work is needed in larger and more diverse samples of young
children, including children who are referred but not yet
diagnosed, these findings suggest that the ASDQ total item
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FIGURE 2 Receiver operating characteristic curves depicting the prediction of ASD diagnosis in the test subsample using the revised 39-item ASDQ
total item average score, in all cases (a) and in at-risk (b) cases. Abbreviations: ASD, autism spectrum disorder; ASDQ, Autism Symptom Dimensions

Questionnaire; AUC, area under the curve.

average may be a sufficient approach to inform screening
and diagnostic differentiation across demographic groups.

Limitations and future directions

The primary limitations of this study were having only one
validated measure of psychopathology for evaluating dis-
criminant validity, a limited number of items per ASD sub-
scale, reliance on informant-reported clinical diagnoses of
ASD and other developmental conditions from previously
diagnosed individuals, and small subsamples across age and
other demographic and clinical factors with a very limited
sample size below age 5years, thus precluding more detailed
exploration of the potential screening utility of the instru-
ment. Future work should include a larger sample of undi-
agnosed children aged 2 to 4years, including stratification
according to speech and language level and intellectual dis-
ability, to better assess the potential of the ASDQ as a screen-
ing tool. This will provide a more stringent test by focusing
on undiagnosed individuals and will assist in determining
whether modifications are needed to accurately differentiate
cases with and without ASD in younger and more impaired
samples. However, it is important to note that decreased reli-
ability of informant-reported ASD diagnoses is more likely
to attenuate validity estimates rather than inflate them. If
sufficiently validated in future investigations, the ASDQ
could be used in an evidence-based assessment capacity by
a developmental pediatrician or child neurologist to screen
for possible risk for ASD. For example, a clinician seeing a
4-year-old male child with no family history of ASD, but
with concerns of social deficits, could use the ASDQ to
inform the risk of ASD. A total item average score greater
than 3.2 would warrant priority referral for tertiary care

evaluation with the probability of ASD moving from 3.7%
(population estimate) to approximately 57% (elevated con-
cern). Additionally, assuming good test-retest reliability and
sensitivity to change are demonstrated in future research,
the ASDQ could also be used after diagnosis to monitor au-
tism symptom improvement during intervention.

The ASDQ factor structure requires replication in large
ASD and developmental disability samples; several specific
factors and scales had only a few items with high loadings.
Although the resulting scales showed good overall and
conditional reliability, content coverage of these domains
is limited. Future instrument revisions may consider add-
ing a small number of items to enhance content coverage
for the weakest scales, particularly affiliation and sensory
sensitivity. In the meantime, researchers investigating these
domains with the ASDQ may simply choose additional mea-
sures, such as the Strengths and Difficulties Questionnaire'*
and the Dimensional Assessment of Repetitive Behavior,?’
which enhance coverage of key symptom domains.

Additional studies of convergent and discriminant va-
lidity with established criterion standard autism diagnostic
instruments and informant report questionnaires are also
needed, as well as studies of test-retest reliability and sen-
sitivity to change. Investigations are also needed to examine
different time intervals for recall to assess whether specific,
shorter intervals maintain good validity for screening effi-
ciency while also maximizing sensitivity to change.

A few ASDQ items are applicable only to individuals who
use speech or older children. For example, items on restricted
interests and high-level perspective taking are often not rel-
evant for ages lower than 3years. The approach of allowing
informants to decide when a rating could not be provided
is useful because most items were responded to; when items
were rated not applicable, the instrument was still able to be
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scored for nearly all participants. Future large-sample studies
are needed to confirm this observation and identify whether
loss of validity occurs for the total score or specific subscales
due to nonresponse. Given the reading grade level of 7.9 and
the potential screening use of the ASDQ, future instrument
revisions may also consider attempting to decrease the read-
ing level to ensure that a broader swathe of parent informants
can interpret the items and provide accurate ratings.

Modestly sized developmental disability and neurotypical
control samples are a further limitation of this study. Future
studies with well-characterized neurotypical and developmen-
tal disability controls are needed to better understand ASDQ
score distributions in these groups and provide more accu-
rate estimates of screening and diagnostic validity. Another
important next step will be to collect normative data on the
ASDQ for computation of standard scores and inform clini-
cal interpretation. The present data suggest very few typically
developing and developmental disability controls with item
average scores above 3.2 and very few cases with ASD with
item average scores below 2.7 (5-point Likert scale), further
reinforcing the screening potential of the ASDQ. However,
large-sample normative data coupled with a large ASD sample
are needed to develop multilevel likelihood ratios and related
algorithms to use the ASDQ in an evidence-based medicine
fashion to inform screening and clinical diagnosis.

In summary, the present data provide preliminary ev-
idence that the ASDQ is a free, informant report measure
of core autism symptoms that may be useful for screen-
ing and treatment monitoring, particularly if validated
in larger at-risk and ASD samples, including those where
ASD has not yet been diagnosed or where concern for ASD
is not a predominant presenting problem. Despite rela-
tive brevity, the ASDQ offers comprehensive and reliable
assessment of key domains of the core ASD phenotype,
which is consistent with the DSM-5 ASD criteria. The in-
strument has potential to not only inform identification,
but also has sufficient measurement precision to track in-
dividual differences from very low to very high symptom
levels. If the present results are replicated, the ASDQ has
strong potential to be widely adopted in future research
and clinical practice.
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