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1.

INTRODUCTION

This RCT is testing the efficacy of an outpatient comprehensive psychosocial treatment
(MAXout) on the ASD symptoms and social-communicative functioning of 7-12 year olds with
HFASD. The manualized treatment targets social/social-communication skills, interpretation of
non-literal language skills, emotion-decoding skills, and interest expansion. Treatment is
delivered over 18 weeks (two 90 min. sessions/wk.) with each treatment group consisting of 4
children with HFASD and 2 staff clinicians. The protocol utilizes direct instruction, modeling,
role-play (rehearsal), performance feedback (reinforcement), transfer of learning, and repeated
practice to foster skills acquisition and maintenance and reduce ASD symptoms. Treatment
efficacy is assessed immediately following the 18-week treatment and 4-6 weeks post-
treatment.

KEYWORDS

High-functioning children with ASD, outpatient treatment, comprehensive psychosocial
treatment, MAXout, group-based treatment

. ACCOMPLISHMENTS

Major goals of the project

Per the approved SOW, this single-site RCT is being conducted to evaluate the efficacy of the
innovative outpatient comprehensive psychosocial treatment (MAXout) on the ASD symptoms
and social-communicative functioning of 7-12 year olds with HFASD compared to control
(waitlist) children with HFASD.

Accomplishments under the goals

Per the SOW, the year 4 objectives were from Major Task 1: Randomized Controlled Trial and
Major Task 2: Data Analysis. For Major Task 1, the objectives included the following: (1) closure
of IRB protocol and completion of the regulatory review; (2) implementation of the treatment
for sampling wave 6; (3) completion of pretest, posttest, and follow-up measures for sampling
wave 6; (4) recruitment and training of staff clinicians and research assistants for waitlist
controls (sampling wave 6); and (5) implementation of the treatment for waitlist controls
(sampling wave 6). For Major Task 2, the objectives included the following: (1) completion of
the data compilation and quality check; (2) completion of the data analyses; and (3)
dissemination of the findings. The following is a description of progress per each of the
objectives.

Closure of IRB protocol and completion of the regulatory review



The Completed Project Study Report and Closure Notice was submitted to the local IRB prior to
the expiration date of the project. The local IRB completed its review and closed the study protocol. The
approved closure letter and the Completed Project Study Report and Closure Notice were provided to
the HRPO on July 22, 2019 with a request for the HRPO to also close the protocol. The HRPO
subsequently closed the IRB protocol (email from S.G. Mancha-Wright dated July 30, 2019). Per the
SOW, the IRB protocols and regulatory reviews were completed as proposed.

Implementation of the treatment for sampling wave 6

As proposed, the children with HFASD randomly assigned to the treatment group
completed the 18-week treatment protocol. The treatment groups consisted of 4 children with
HFASD and 2 staff clinicians. Treatment was delivered during two 90-minute sessions per week,
with each 90-minute session consisting of two 45-minute treatment cycles. Each treatment
cycle included 15-minutes of skills instruction followed by a 30-minute therapeutic activity
designed to practice the skills learned in the skills instruction. The treatment cycles targeted
social/social-communication skills, facial emotion recognition skills, non-literal language skills,
and interest expansion using direct instruction, modeling, role-play/rehearsal, performance
feedback/reinforcement, and transfer of learning. A structured response-cost point system and
individualized daily note (IDN) were also used to promote and strengthen skills acquisition and
maintenance and reduce ASD symptoms and problem behaviors. Response-cost and IDN
feedback were provided throughout the sessions by the staff clinicians and each child could
earn an on-site reward, as well as a reinforcer at home for reaching an individualized target
level of performance.

Fidelity was monitored during randomly selected sessions by research assistants
uninvolved with treatment delivery, through one-way-mirrored observation rooms; fidelity was
95% for skills groups and 96% for the therapeutic activities. Information was also collected from
parents of children on the waitlist during the period that the treatment children were receiving
treatment (parent reported support services/therapeutic programming, traumatic events, and
medication status/changes). Per the SOW, the treatment protocol for sampling wave 6 was
implemented and completed.

Completion of pretest, posttest, and follow-up measures for sampling wave 6

Pretest, posttest, and follow-up measures were completed for the children that
completed wave 6. One child from the control group completed pretesting but withdrew from
the study and did not complete posttest or follow-up. One child from the control group did not
complete the direct child testing or videotaped social interactions at follow-up due to physical
aggression (but parent ratings were obtained). Per the SOW, the pretest, posttest, and follow-
up measures were completed for sampling wave 6.

Recruitment and training of staff clinicians and research assistants for waitlist controls
(sampling wave 6)

As proposed, 1 clinical supervisor was recruited, 4 staff clinicians were recruited and
trained to implement the protocol, and 1 research assistant was recruited to assess fidelity and
support data processing. Each of the staff clinicians passed a written exam testing her/his
mastery of the treatment manual (score of 100% required), completed the training, and



demonstrated > 90% accuracy (fidelity) administering the protocol prior to initiation of
treatment. In addition to assisting with data management, the research assistant was trained in
the use of the standardized fidelity forms and required to demonstrate > 90% reliability (inter-
observer agreement [IOA]) using the fidelity forms prior to conducting fidelity observations as
part of the study. Lastly, 2 behavioral coders were recruited to code the video-recordings of the
children’s interactions. Each was required to establish IOA prior to the initiation of actual
coding and each remained naive to the treatment condition of the children in the recordings.
Per the SOW, the recruitment and training of staff clinicians and research assistants for
waitlist controls (sampling wave 6) was completed as proposed.

Implementation of the treatment for waitlist controls (sampling wave 6)

As proposed, children with HFASD randomly assigned to the waitlist control completed
the 18-week treatment protocol. The groups consisted of 4 children with HFASD and 2 staff
clinicians. Treatment was delivered during two 90-minute sessions per week, with each 90-
minute session consisting of two 45-minute treatment cycles. Each cycle included 15-minutes of
skills instruction followed by a 30-minute therapeutic activity designed to practice the skills
learned in the skills instruction. The treatment cycles targeted social/social-communication
skills, facial emotion recognition skills, non-literal language skills, and interest expansion using
direct instruction, modeling, role-play/rehearsal, performance feedback/reinforcement, and
transfer of learning. A structured response-cost point system and individualized daily note (IDN)
were also used to promote and strengthen skills acquisition and maintenance and reduce ASD
symptoms and problem behaviors. Response-cost and IDN feedback were provided throughout
the sessions by the staff clinicians and each child could earn an on-site reward, as well as a
reinforcer at home for reaching an individualized target level of performance. Per the SOW, the
treatment protocol for waitlist controls (sampling wave 6) was implemented and completed.

Completion of the data compilation and quality check

This objective was based on the complete scoring of all measures, data compilation, and
quality check for accuracy. This objective is ongoing due to the time consuming nature of
coding the videotapes of the children’s social behaviors (outcome measure) which took longer
than anticipated. We have completed the scoring of the measures and coding of videotapes,
and entered the data. We are currently working to complete the data quality check, which will
allow for initiation of the data analyses. This was described in our Extension without Funds
request that was approved; we will complete this objective in the next 2-4 weeks.

Completion of the data analyses

As indicated in the previous section, the data analyses will be initiated in the next 2-4
weeks, once the data quality check is complete. The study statistician will conduct the analyses
and share the findings with the study investigators. The results will be used to develop
manuscripts and presentations to disseminate the findings. This was described in our Extension
without Funds request that was approved.

Dissemination of the findings



Most dissemination activities will be initiated once the analyses are completed. We
anticipate that the analyses will be completed within 2 weeks of their initiation and the findings
will be used for preparation of manuscripts and presentations. In addition to manuscripts and
presentations, we have already begun finalization of the treatment manual for dissemination,
as well as creation of a comprehensive set of training videos that accompany the manual.
Lastly, we will initiate discussions with publishers in an effort to identify potential avenues to
distribute the treatment manual and training videos and we will complete submission of the
final data to the NDAR. These dissemination activities were described in our Extension without
Funds request that was approved.

Opportunities for training and professional development provided by project

Although this project is not intended to provide training and professional development
opportunities, a number of opportunities are inherent in the project activities including the
enhancement of knowledge, skills, and proficiency of undergraduate and graduate students, as
well as parents of children with HFASD participating in the trial. These opportunities were
afforded to these individuals as a function of their involvement in the evaluation of the
outpatient treatment (MAXout) (e.g., intervention implementation, fidelity monitoring,
assessment, data management, parent training).

In this study, undergraduate and graduate students serve as staff clinicians (delivering the
manualized treatment), research assistants, behavioral coders, and research clinician
supervisors. These students receive extensive training in autism spectrum disorder/HFASD, the
current state of treatments for HFASD, the empirical basis of the MAXout framework,
administration of the MAXout protocol, and effective fidelity monitoring. Depending on their
position/role, they spend considerable time prior to the intervention practicing and
demonstrating proficiency (> 90% fidelity) implementing all components of the treatment, or
establishing IOA measuring fidelity or coding behaviors. The undergraduate and graduate
students also receive training in the administration and scoring of several outcome measures,
as well as in data management and monitoring of data accuracy. Lastly, parents of children with
HFASD in the active treatment condition participate in parent training. These parent training
sessions educate parents on the components of the program, and strategies for reducing ASD
symptoms and promoting skills and generalization. All of these training opportunities were
provided and/or supported by the study coordinator, developers of the MAXout protocol,
and/or data manager.

Dissemination of results to communities of interest

Nothing to report involving dissemination of results (i.e., outcomes). Outreach activities were
undertaken mainly to share information about the project with clinical practitioners and school
administrators/staff who would not ordinarily be aware of such research activities. Sharing
information about the project has increased public knowledge of the project, as well as assisted
with recruitment of participants.



Plans for accomplishing project goals in next reporting period

For the next reporting period, we will be working on the objectives (subtasks) according to the
approved Extension without Funds plan. As previously noted, the time consuming nature of the
coding of the videotaped social interactions hindered completion of the Major Task 2 (Data
Analysis) objectives that included 3 subtasks (i.e., subtask 1 — data compilation/quality check;
subtask 2 — data analyses; and subtask 3 — dissemination). The videotapes have been coded and
we are currently conducting the final data quality check; we will then initiate the data analyses.
As such, we anticipate completing the data quality check and will be conducting the data
analyses during the next reporting period. Regarding subtask 3 (dissemination), we have begun
finalization of the treatment manual for dissemination and creation of a comprehensive set of
training videos that accompany the manual; this subtask will be ongoing during the next and
subsequent reporting periods. Once the data analyses are completed, we will generate
manuscripts and presentations; this subtask will be accomplished during subsequent reporting
periods.

IMPACT
Impact of the project on development of the principal discipline(s)

Nothing to report at this point on treatment efficacy. The study is evaluating the efficacy of a
comprehensive outpatient psychosocial treatment (MAXout) for children with HFASD. At
present, little is known about how to effectively and robustly increase the social and
communication skills, and reduce the ASD symptoms of these children in an outpatient format.
This subgroup of children with ASD has received limited treatment research attention and their
impairments pose a significant challenge to clinical and educational professionals, and parents.
Findings from this study will likely impact the fields of psychology and psychiatry. Empirical
support for the MAXout program will provide clinical professionals with a clearly-defined and
manualized treatment protocol (instructional techniques, content, and progress monitoring
measures) for use in clinical outpatient settings. In addition, the comprehensive intervention in
this study (MAXout) is an adaptation of other evidence-based psychosocial treatments for
children with HFASD that are delivered in a summer program (summerMAX) or school
(schoolMAX) format. Support for the MAXout, summerMAX, and schoolMAX programs will
allow flexibility in the manner in which public resources may be directed or the delivery format
of the critical elements in the programs (outpatient, summer, or school program delivery).

Impact on other disciplines. Nothing to report
Impact on technology transfer. Nothing to report

Impact on society beyond science and technology



No conclusions on efficacy are yet available; however, preliminary results (from the pilot study)
suggested positive effects of the treatment on several targeted areas (e.g., social-
communication skills, ASD symptoms, etc.). Although final results are not yet available, support
for the MAXout treatment protocol may impact the social conditions and outcomes for
individuals with HFASD. Findings of other studies have indicated that individuals with HFASD
experience long-term challenges that limit their independence and ability to maintain
employment, leading to prolonged dependence on family members and societal resources.
Improving the social-communication skills and ASD symptoms of children with HFASD may
impact future adaptive functioning, and allow career- and vocational-development programs to
yield greater successes.

CHANGES/PROBLEMS
Changes in approach and reasons for change. Nothing to report

Problems or delays and actions or plans to resolve them. As previously described, the only
delay involved the coding of the videotapes that hindered completion of the final 3 subtasks
(i.e., subtask 1 — data compilation/quality check; subtask 2 — data analyses; and subtask 3 —
dissemination). These 3 subtasks will be completed per the approved Extension without Funds
plan (described in detail in a previous section).

Changes that significantly impacted expenditures. Nothing to report

Significant changes in use or care of human subjects. Nothing to report (all research involving
human subjects is completed and the IRB protocol has been closed by the local IRB and HRPO).
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Abstract

Prior studies of sex-based differences in autism spectrum disorder (ASD) have yielded mixed findings. This study exam-
ined ASD symptom severity and functional correlates in a sample of 34 high-functioning females with ASD (HFASD; M
age=_8.93; M IQ =104.64) compared to 34 matched males (M age =8.96; M 1Q = 104.44) using the Social Responsiveness
Scale-Second Edition (SRS-2). Results identified non-significant and minimal differences (negligible-to-small) on the SRS-2
total, DSM-5 symptom subscale, and treatment subscale scores. Significant negative (moderate) correlations were found
between the SRS-2 Social Cognition subscale and IQ and language scores and between the SRS-2 Social Motivation subscale
and receptive language scores for females only; no significant correlations were found for males.

Keywords Autism spectrum disorder - High-functioning - Sex-based differences - Social Communication and Interaction -

Social Responsiveness Scale-Second Edition

Autism spectrum disorder (ASD) is defined by two symptom
dimensions (deficits in social interaction/communication
and restricted and repetitive behaviors, interests, and activi-
ties; American Psychiatric Association 2013). According to
the most recent CDC estimates, high-functioning children
with ASD (HFASD, i.e., without cognitive impairment)
now account for a majority of those diagnosed (Christensen
et al. 2016). For children with HFASD, the ratio of males-
to-females in epidemiological research ranges from 5-to-1
to 16-to-1 (Baird et al. 2006; Christensen et al. 2016). This
substantial discrepancy in prevalence makes studies of sex-
based differences of clinical phenomenon/presentation dif-
ficult due to challenges in securing a sufficient number of
comparable female participants (Hull et al. 2017; Kirkovski
et al. 2013; Van Wijngaarden-Cremers et al. 2014).
Differences in ASD symptom severity between female
and male children is a significant area of research interest.

< Jonathan D. Rodgers
rodgers1 @canisius.edu

Canisius College, Institute for Autism Research, Science
Hall 1016B, 2001 Main St., Buffalo, NY 14208, USA

Center for Autism Spectrum Disorders, Nationwide
Children’s Hospital, 187 West Schrock Road, Westerville,
OH 43081, USA

A difference in the severity of core symptoms could indicate
sex-based variability in the manifestation of ASD in females
versus males and a differential need for supportive services
and resources. However, research specifically on individuals
with HFASD is very limited. Most past research has focused
on broad samples of individuals with ASD across the range
of 1Q. In this broader literature, past reviews (including
meta-analyses) have not identified a consistent difference in
the area of social impairment/communication across studies,
but do frequently identify differences in the restricted and
repetitive behaviors and interests of females versus males
(see Kreiser and White 2014; Van Wijngaarden-Cremers
et al. 2014), with females showing less identified charac-
teristics in this area. Additionally, much of the past research
included in these reviews has not controlled (by design or
statistically) for age or I1Q, despite these being important
considerations in exploring variability in ASD symptoms
(Hull et al. 2017; Hus et al. 2013).

In studies specifically about children with HFASD cur-
rent results are mixed. The available research tends to com-
pare groups using the gold-standard diagnostic measures
(the Autism Diagnostic Interview-Revised [ADI-R; Rutter
et al. 2003] or Autism Diagnostic Observation Schedule
[ADOS; Lord et al. 2000]) which are comprised of symp-
tom counts versus scaled ratings. For example, research
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using the ADI-R found no sex-based differences in a sam-
ple of 23 age and 1Q matched pairs of children and adoles-
cents with HFASD (Holtmann et al. 2007). However, this
same study identified a higher degree of severity in social
problems for females using the Child Behavior Checklist
(Achenbach 1991), though this rating form is not specific
to the social interaction and communication problems of
ASD. Research on the ADOS in a sample of IQ equivalent
groups (52 females, 273 males) reported a higher degree of
restricted and repetitive behaviors, interests, and activities
in males than females but no sex-based difference in social
interaction/social communication problems (Mandy et al.
2012). Two studies in HFASD have used a measure indica-
tive of symptom severity specifically for ASD (the Social
Responsiveness Scale [Constantino and Gruber 2005]) and
in these studies a more consistent lack of sex-based dif-
ferences has been found. In samples of 28 and 20 age and
IQ matched pairs no differences on overall ASD symptom
severity were identified (May et al. 2014; Solomon et al.
2012). The scarcity and limitations of the previous studies
in sex-based symptom differences in children with HFASD
support a need for continued examination of this topic.

Current Study

This study was conducted to provide additional informa-
tion on sex-based differences in ASD symptom severity for
children with HFASD. Specifically, this study examines dif-
ferences in ASD symptom severity for a sample of age- and
IQ-matched children with HFASD using the Social Respon-
siveness Scale-Second Edition (SRS-2; Constantino and
Gruber 2012). It also conceptually replicated past work on
sex-based differences in ASD symptom severity, a critical
need in the social sciences (Tackett et al. 2017). In addition,
the association between 1Q and language levels and ASD
symptom severity were examined within each group. Fur-
ther, we examined the correlates of the SRS-2 total, DSM-5
and treatment subscale scores with demographic (age and
parent education) and functional (cognitive and language)
characteristics in order to further explore possible factors
related to sex-based differences.

Methods
Participants

A total of 68 children (34 females and 34 males), ages
6-12 years with HFASD comprised the sample. The chil-
dren were participants in one of several prior psychosocial
intervention studies for children with HFASD. Inclusion
criteria for those studies were: a prior clinical diagnosis of

@ Springer

ASD (with diagnostic confirmation using the ADI-R [Rut-
ter et al. 2003]), Wechsler Intelligence Scales for Children-
Fourth Edition (WISC-IV; Wechsler 2003) short-form
1Q > 70 (with a verbal comprehension or perceptual reason-
ing index composite > 80), and Comprehensive Assessment
of Spoken Language (CASL; Carrow-Woolfolk 1999) short-
form receptive or expressive language composite > 80. The
WISC-1V short-form consisted of the Block Design, Simi-
larities, Vocabulary, and Matrix Reasoning subtests and the
CASL short-form consisted of the Antonyms, Synonyms,
Syntax Construction, and Paragraph Comprehension sub-
tests. The only exclusion criterion for the prior studies was
severe physical aggression because the psychosocial inter-
ventions being examined target primarily social interaction
and social-communication skills.

The sample was 92.65% Caucasian with an average parent
education of 15.12 years. Some participants had comorbid
diagnoses of or received pharmacological treatment for anxi-
ety, depression, or attention-deficit/hyperactivity disorder
(ADHD), based on parent report. See Table 1 for a summary
of the sample characteristics by group.

Procedures

The study was conducted using screening and pre-test scores
from children participating in multiple clinical intervention
trials at a university research center. The intervention stud-
ies from which the data were drawn were approved by an
Institutional Review Board and completed according to the
approved protocol. Parent informed consent and child assent
were obtained. Recruitment for these trials was through pub-
lic advertisements including announcements from commu-
nity partners and school districts. All female participants
meeting inclusion criteria from these trials were included in
the current sample (n=34). Matching was then conducted
individually using the available pool of males (n=307) who
had also met inclusion criteria as part of their participation in
the prior intervention studies. Participants were matched on
age and IQ, as these are critical considerations in the interac-
tion of sex and ASD characteristics (Hull et al. 2017; Hus
et al. 2013). Male-matches were identified within 12 months
of age and 10 short-form IQ points for each female. These
criteria were selected because 12 months of age is a specific
yet feasible (for matching purposes) developmental window
and 10 standard score points of IQ is the basis for clinical
ranges on the WISC-IV. If multiple matches were identified,
an individual male match was randomly selected using the
randomized list generator available from http://www.rando
m.org (Haahr 1998). Matching was also attempted for major-
ity (Caucasian) and minority (non-Caucasian or mixed-race)
status however one minority female could not be matched to
a minority male on age and cognitive function. In this case,
a Caucasian male was matched with the minority female.


http://www.random.org
http://www.random.org
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Eab!e 1 Sample characteristics Females Males (n=34) Gender contrast
Y sex (n=34)
Mean SD Mean SD t (66) P d
Matched variables
Age 8.93 1.78  8.96 1.72  —-0.08 0.939 -0.019
WISC-1V
Short-form IQ 104.64 16.04 10444 1399 0.06 0.956 0.013
Short-form VCI 104.03 16.09 104.10 14.15 -0.02 0.986 —0.004
Short-form PRI 104.74 1640 103.84 1653 0.23 0.822  0.055
% Caucasian 91.18% 94.12% Fisher’s exact test p=0.500
Non-matched variables
Parent education 1532 213 14091 1.70  0.88 0.382 0.214
ADI-R
RSI 1835 492 19.03 583 -052 0.607 —0.125
SC 1394 464 1541 385 —-142 0.160 —0.345
RRSB 5.21 2.00 5.65 242 -0.82 0416 —0.199
CASL
Expressive language 99.64 17.21 99.81 17.18 —-0.04 0.968 -0.010
Receptive language  101.84 15.81 106.76 14.03 -1.36 0.180 —-0.329
Comorbid diagnoses
Anxiety 8.82% 5.88% Fisher’s exact test p=0.500
Depression 5.88% 5.88% Fisher’s exact test p=0.693
ADHD 35.29% 41.18% Fisher’s exact test p =0.402
WISC-1V Wechsler Intelligence Scale for Children-4th Edition, VCI Verbal Comprehension Index, PRI Per-
ceptual Reasoning Index, ADI-R autism diagnostic interview-revised, RS/ reciprocal social interaction, SC
social communication, RRSB restricted, repetitive, and stereotyped behaviors, CASL comprehensive assess-
ment of spoken language, ADHD attention-deficit/hyperactivity disorder
Measure allow for the use of standard scores to compare sex-based

Social Responsiveness Scale, Second Edition, School Age
Form (SRS-2)

The SRS-2 (Constantino and Gruber 2012) was completed
by a parent or caregiver and was used to assess ASD symp-
tom severity. The SRS-2 is a 65-item measure of ASD-
related behaviors to assist in diagnosis, treatment planning,
and progress monitoring. The SRS-2 items use a Likert
scale with item values of 1 =Not True, 2 =Sometimes True,
3=0ften True, and 4 = Almost Always True. Item values are
combined into subscales to provide a gradient of continuous
values to measure symptom severity and frequency.

The current study used the raw scores from the total,
DSM-5 symptom scales, and treatment subscales. Constan-
tino and Gruber (2012) recommended that raw scores be
used when examining group characteristics and differences
in research studies. This is especially warranted in studies
of sex-based differences because SRS-2 standard scores are
derived based on sex-specific norm-reference groups (i.e.,
separate normative samples and standard scores for females
and for males). The use of sex-specific normative samples
and derivation of standard scores based on sex does not

differences in symptom severity; the use of untransformed
raw scores allows for a direct comparison of ASD symptom
severity using the SRS-2. The total score includes all 65
items with a raw score range of 0-195. The two DSM-5
symptom subscales measure the primary symptom dimen-
sions of ASD including Social Communication and Interac-
tion (SCI; 53 items) and Restricted Interests and Repetitive
Behavior (RIRB; 12 items). The SRS-2 also yields five treat-
ment subscale scores including Social Awareness (8 items;
representing the ability to pick up social cues), Social Cog-
nition (12 items; representing the interpretation of social
cues), Social Communication (22 items; representing the
expressive aspects of social interaction), Social Motivation
(11 items; representing the willingness to engage in social
interaction), and Restricted Interests and Repetitive Behavior
(12 items; representing stereotyped and/or repetitive inter-
ests and behaviors). The first four treatment subscales com-
bined comprise the DSM-5 SCI symptom subscale and the
RIRB treatment subscale is identical to the DSM-5 RIRB
symptom scale.

Validation studies reported in the test manual have indi-
cated that the SRS-2 total score accurately detects ASD
characteristics and discriminates ASD from other clinical
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disorders (see Constantino and Gruber 2012). Internal con-
sistency of the total raw score reportedly ranges from 0.91 to
0.97 across a range of studies and samples (see Constantino
and Gruber 2012). While independent reliability and validity
on the DSM-5 and treatment subscales of the SRS-2 have
not been established, we use these scales for exploratory
purposes.

Analyses

There were no missing data. The studies that generated the
data instituted specific protocols for data processing and
quality checks. All SRS-2 protocols were reviewed for com-
pleteness upon return and any errors in completion (e.g.,
omitted items) were immediately reviewed with the respond-
ent and corrected. Each protocol was scored independently
by two research assistants using the SRS-2 computer scor-
ing software program and the resulting scores (along with
other study data) were entered into the study database and
independently checked by another research assistant. Any
scoring or entry discrepancies were resolved by a third team
member. Analyses were conducted in SPSS and R. Between-
group comparability based on demographic and screening
data was tested using independent samples # tests for contin-
uous variables and Fisher’s exact tests for categorical vari-
ables. Between-group differences in ASD symptom severity
(SRS-2 scores) were tested using independent samples ¢ tests
and effect size estimates (Cohen’s d) were provided. Lev-
ene’s test confirmed homogeneity of variance for all study
variables. Tukey’s test was used to identify outliers outside
the 1.5 interquartile range. Three potential outliers were
identified in the SRS-2 subscales. These were confirmed as
valid data points and retained for analyses. Anderson—Dar-
ling tests of normality confirmed that all SRS-2 variables
were normally distributed. The associations between 1Q and
language scores and ASD symptom severity scores were
calculated using Pearson’s r for each group separately. The
sample of 68 has sufficient power to detect an effect size (d)

of 0.69 with power of 0.80 (two-tailed alpha set to 0.05).
Within the female and male subgroups, a correlation of 0.33
can be detected in each group of 34 cases with power of 0.80
(two-tailed alpha=0.05). Significance levels are reported
alongside effect sizes for all analyses.

Results

Initial tests supported the comparability of the male and
female samples on major demographic characteristics and
screening measures scores (see Table 1). Overall, the male
and female samples did not significantly differ on age, 1Q,
ethnicity, parent education, ADI-R scores, language level,
or proportion of comorbid diagnoses. Given the high level
of comparability on these variables, statistical adjustment
was not warranted for the comparison of symptom severity
between groups.

Between-group tests of ASD symptom severity yielded
no statistically significant differences between female and
male children with HFASD (Table 2). The lack of difference
in symptom severity between groups was also evident in
the effect sizes which were negligible for the total, DSM-5
symptom scales, and all but one of the treatment subscales
(ds from 0.07 to 0.10); only the Social Motivation subscale
had an effect size that reached the small range (d=0.28).

Correlations between the children’s demographic and
functional variables and SRS-2 total, DSM-5 subscales, and
treatment subscales scores were also examined (Table 3).
No significant correlations were found for males between
any of the WISC-IV scores and CASL language scores
and ASD symptom severity scores, and the magnitudes of
the correlations were negligible (r<0.19) for all but one
scale. For females, significant negative correlations were
found between the SRS-2 Social Cognition treatment sub-
scale and WISC-1IV full-scale and verbal comprehension IQ
scores and CASL receptive and expressive language scores;
these correlations were of moderate magnitude (rs ranging

Table2 SRS-2 scales by sex

Females (n=34)

Males (n=34)

Sex-based contrast

Mean SD Mean SD t (66) P Cohen’s d

SRS-2 total 99.44 26.51 97.56 29.34 0.28 0.782 0.067
SCI 81.12 22.76 78.74 23.34 0.43 0.671 0.103
SA 12.68 4.04 12.32 3.14 0.40 0.689 0.098
SCOG 18.18 5.98 18.65 6.89 —0.30 0.765 -0.073
SCOM 34.15 10.68 33.21 11.04 0.36 0.722 0.087
SMOT 16.12 5.80 14.56 5.54 1.13 0.262 0.275
RIRB 18.32 6.13 18.82 6.63 —-0.32 0.748 —-0.078

SRS-2 Social Responsiveness Scale-2nd Edition, SCI Social Communication and Interaction, SA Social
Awareness, SCOG Social Cognition, SCOM Social Communication, SMOT Social Motivation, RIRB
Restricted Interests and Repetitive Behaviors
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Table 3 Correlations of sample characteristics with SRS-2 raw scores by sex
Total SCI SA SCOG SCOM SMOT RIRB
r P r P r P r P r P r P r P
Females (n=34)
Age 0.13 0.464 0.10 0.574 0.01 0955 -0.12 0.499 0.19 0.282 0.15 0.397 0.18 0.308
Parent education  —0.03 0.866 —0.03 0.866 —-0.02 0911 -0.26 0.138 0.07 0.694 0.02 0911 -0.03 0.866
WISC-1V
Short-formIQ  —-0.18 0308 -0.23 0.191 -0.04 0.822 -036 0036 -0.16 0366 -023 0.191 0.09 0.613
Short-form VCI  —-0.16 0366 -0.21 0233 -0.12 0499 -038 0.027 -0.08 0.653 -0.21 0.233 0.09 0.613
Short-form PRI —0.15 0.397 -0.18 0.308 0.05 0.779 -023 0.191 -0.18 0308 -0.19 0.282 0.05 0.779
CASL
Expressive -0.17 0336 -022 0211 -0.10 0573 -036 0.036 -0.08 0.653 -0.25 0.154 0.05 0.779
Receptive -0.29 0.096 -034 0.049 -0.11 0536 -049 0.003 -022 0211 -0.35 0.042 0.00 0.999
Males (n=34)
Age 0.02 0911 0.00 0999 -0.11 0536 -0.03 0.866 0.03 0.866 0.03  0.866 0.08 0.653
Parent education 0.20 0.257 0.23 0.191 0.10 0.574 0.33  0.057 0.18 0.308 0.14 0.430 0.09 0.613
WISC-IV
Short-formIQ  —-0.07 0.694 -0.06 0.736 0.09 0.613 -0.09 0613 -0.08 0.653 -0.03 0.866 —-0.10 0574
Short-form VCI  —0.04 0.822 -0.03 0.866 0.16 0366 -0.02 0911 -0.11 0.536 0.03 0.866 —0.08 0.653
Short-form PRI —0.07 0.694 -0.07 0.694 -0.01 0955 -0.12 0499 -0.03 0.866 -0.07 0.694 -0.09 0.613
CASL
Expressive -0.19 0282 -0.15 0.397 0.12 0499 -0.15 0397 -0.19 0282 -0.16 0366 -0.28 0.109
Receptive 0.00 0.999 0.03 0.866 0.18 0.308 —-0.04 0.822 0.01 0.955 0.03 0.866 —0.11 0.536

SRS-2 Social Responsiveness Scale-2nd Edition, SCI Social Communication and Interaction, SA Social Awareness, SCOG Social Cognition,
SCOM Social Communication, SMOT Social Motivation, RIRB Restricted Interests and Repetitive Behaviors, WISC-IV Wechsler Intelligence
Scale for Children-4th Edition, VCI Verbal Comprehension Index, PRI Perceptual Reasoning Index, CASL comprehensive assessment of spoken

language

from —0.36 to —0.49). A significant negative correlation of
moderate magnitude (r=—0.35) was also observed between
the SRS-2 Social Motivation treatment subscale scores and
CASL receptive language scores for females. All other cor-
relations were non-significant and generally of weak/neg-
ligible strength for the female sample. Figure 1 illustrates
the differential relationships in females and males using the
strongest of these differences, receptive language to Social
Cognition.

Discussion

The current study compared ASD symptom severity (i.e.,
SRS-2 total, DSM-5 symptom scales, and treatment sub-
scales) scores for a well-characterized sample of females
with HFASD to a sample of males with HFASD matched
on age and IQ. Findings suggested no meaningful differ-
ences between female and male children with HFASD
on the severity of symptoms or on the DSM-V symptom
subscales/treatment subscales. Thus, the overall pattern of
results suggests equivalence of female and male children
with HFASD for the severity of the core symptom areas of

ASD. This is generally consistent with past research explor-
ing sex-based differences in symptom severity for children
with HFASD, and thus conceptually replicates and extends
previous findings (May et al. 2014; Solomon et al. 2012).
Of particular note is the lack of differences in restricted,
repetitive and stereotyped behaviors between male and
female children with HFASD. This null finding is consist-
ent with some (Solomon et al. 2012) but not all literature
in this area (Kreiser and White 2014; Mandy et al. 2012;
Van Wijngaarden-Cremers et al. 2014). Future research in a
well-characterized and matched sample should consider this
area using a more detailed measure of these behaviors. The
current findings also do not specifically support the presence
of a female-specific autism phenotype that may differ from
the more commonly understood male phenotype (see Van
Wijngaarden-Cremers et al. 2014), as expressed in symptom
severity on the SRS-2. It is important to note that, while
absolute severity of symptoms do not appear to be differ-
ent, there is the possibility that male and female individuals
respond differently to interventions and services and thus
future studies should consider this point.

A unique finding of the current study was the differen-
tial relationships found between functional level variables
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Fig.1 Correlation of SRS-2 Female ‘ Male
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(IQ and language) and ASD symptom severity for females
with HFASD compared to males with HFASD. For male
children with HFASD, IQ and receptive and expressive lan-
guage levels were not associated with parent rated overall
ASD symptom severity or with the DSM-5 symptom scales
or treatment subscales. For female children with HFASD,
IQ and receptive and expressive language were also unre-
lated to symptom severity, the DSM-5 symptom scales, and
the Social Awareness and Social Communication treatment
subscales. However, correlations on four of the five cogni-
tive/language measures and the Social Cognition subscale
were statistically significant and moderate in magnitude and
receptive language and Social Motivation were significantly
and moderately associated. More specifically, higher verbal
ability and/or language skills were associated with lower
Social Cognition and Social Motivation symptom severity.
These results suggest that language abilities and receptive
language skills in particular may play a unique role in the
understanding and interpretation of social cues in females.
However, further work is needed to explore these relation-
ships and identify if this relationship is specific to HFASD,
replicates in more nuanced symptom measures, and is pre-
sent in the general population or unique to HFASD.

Strengths and Limitations
This is the largest study to date to examine sex-based dif-

ferences in ASD symptom severity for matched children
with HFASD using a continuous measure, and the only to
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use the SRS-2, a common and well-validated measure of
ASD symptom severity. It included a relatively large and
well-characterized sample of female children with HFASD
that was individually and carefully matched to male chil-
dren with HFASD. Another strength was the examination
of sex-based differences using a measure that employs
continuous scaling; this allows for a better assessment of
the severity of ASD symptoms/impairments (vs a categori-
cal or symptom count metric; Achenbach 2011; Constan-
tino and Gruber 2012).

Despite the study’s relatively large sample and contri-
bution to the research on sex-based differences in ASD
symptom severity for children with HFASD, the sample
was none-the-less limited in both representativeness and
size. Specifically, the sample was predominantly Cauca-
sian, from well-educated families, and all of the children
were high-functioning (IQ and language) and excluded if
they showed severe physical aggression; this limits the
generalizability of the findings to the broader ASD popu-
lation. The present sample only had sufficient power to
detect large but not small effects and thus may have been
underpowered to identify more subtle group differences.
In addition, the number of analyses conducted was large
for the sample size, particularly without correction for
multiple comparisons. Because of this attention should be
paid to effect size estimates rather than significance values
and, in particular, the findings related to the correlations
between functional variables and Social Cognition and
Social Motivation should be considered tentative.
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Abstract

This study examined sex differences in externalizing and internalizing symptoms of children with ASD without intellectual
disability (ID). The sample (n=_80) included 40 girls and 40 boys, ages 6—12 years, with ASD (without ID) matched on
age and IQ. Externalizing and internalizing symptoms were significantly elevated for this sample (girls and boys) relative
to normative estimates for all the scales (hyperactivity, aggression, anxiety, and depression) except conduct problems. No
significant differences were found between girls and boys for either externalizing symptoms or internalizing symptoms (based
on standard score and raw score analyses). Implications for clinical practice and future research are discussed.

Keywords Sex differences - Externalizing symptoms - Internalizing symptoms - Children with ASD (without intellectual

disability)

Introduction

There has been a significant increase in the number of chil-
dren with autism spectrum disorder (ASD) including among
children with ASD without intellectual disability (ID) who
currently constitute approximately two-thirds of those diag-
nosed (Baio et al. 2018). Disparities in the prevalence of
ASD by sex have long been documented, with the most
recent data indicating a 4:1 male-to-female ratio for the
broad ASD population and an even greater disparity among
those with ASD without ID (Baio et al. 2018). The substan-
tial prevalence discrepancy has led researchers to examine
sex differences for a range of phenotypic variables (e.g.,
diagnostic symptoms, adaptive skills, etc.; Giarelli et al.
2010; Harrop et al. 2015; Rodgers et al. 2019). These studies
have sought to inform assessment and treatment practices, as
well as identify potential causal mechanisms for ASD and
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the male—female prevalence discrepancy (Kuusikko et al.
2008; May et al. 2014, 2016).

Beyond the core diagnostic symptoms, individuals with
ASD have been found to exhibit a range of comorbid psychi-
atric symptoms that can further interfere with daily function-
ing (e.g., Gadow et al. 2005; Volker et al. 2010). Elevations
in comorbid symptoms including ADHD-related symptoms
have been reported in these studies despite the exclusionary
parameters for a comorbid diagnosis of ADHD contained in
the DSM-IV and DSM-IV-TR (APA 1994, 2000) that were
frequently used to enroll participants. The common occur-
rence of comorbid symptoms in ASD has prompted studies
into potential sex differences in externalizing and internal-
izing symptoms. Although the research is somewhat limited,
the majority of studies have tested sex differences in these
symptoms using functionally-heterogeneous samples (vari-
able cognitive levels), with fewer studies using more func-
tionally-homogeneous samples (ASD without ID; Mandy
et al. 2012).

Studies of sex differences in externalizing symptoms
using functionally-heterogeneous samples with ASD have
yielded inconsistent results. For example, a large-scale
review of behavioral records found higher levels of parent-
rated externalizing symptoms (aggression, hyperactivity,
and inattention) for boys with ASD compared to girls with
ASD (Giarelli et al. 2010). In contrast, Frazier et al. (2014)
found higher levels of parent-rated externalizing behaviors
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for child and adolescent girls with ASD relative to affected
boys (total externalizing problems and irritability). Still oth-
ers have found no sex differences on a range of externaliz-
ing symptoms in children and adolescents with ASD (e.g.,
oppositional behaviors, disruptive behaviors, conduct prob-
lems, hyperactivity/inattention, aggression; Brereton et al.
2006; Mandy et al. 2012; Postorino et al. 2015). Contradic-
tory findings have also been reported for sex difference in
internalizing symptoms, with some data indicating higher
levels of parent-rated emotional problems for female youth
with ASD compared to male youth with ASD (Mandy et al.
2012) and other data indicating no internalizing symptom
(depression, anxious/depressed, withdrawn) sex differences
for youth with ASD (Brereton et al. 2006; Postorino et al.
2015). Several authors have asserted that the contradictory
findings are likely associated with the wide and variable
range of cognitive/functional levels in samples that can mask
important differences, and that studies are needed using
functionally-homogeneous ASD samples (Lai et al. 2011;
Mandy et al. 2012).

Given the potential effect(s) of cognitive level on results,
some researchers have begun to test sex differences in
comorbid symptoms in more homogeneous samples con-
sisting of youth specifically with ASD without ID. These
studies have also produced inconsistent findings (Oswald
et al. 2016). For example, when examining sex differences
in parent-rated externalizing symptoms, Worley and Mat-
son (2011) reported no differences in tantrum behaviors or
conduct problems for children and adolescents with ASD
without ID. Holtmann et al. (2007) found female children
and adolescents with ASD without ID had higher parent-
rated inattention problems than males with ASD without ID;
however, females and males did not differ on delinquent or
aggressive behaviors. May et al. (2014) found no sex differ-
ences in ratings of inattention or aggression symptoms for
children with ASD without ID but males had more symp-
toms of hyperactivity. In a subsequent study, May et al.
(2016) also found more symptoms of hyperactivity/impul-
sivity, as well as inattention for boys with ASD without ID
than girls with ASD without ID. Studies of internalizing
symptoms have also produced inconsistent findings how-
ever no studies were identified indicating more internaliz-
ing symptoms for male youth than female youth with ASD
without ID. To illustrate, several studies found no sex differ-
ences in parent-rated anxiety, depression, and/or withdrawal
symptoms for children and adolescents with ASD without
ID (Holtmann et al. 2007; Kuusikko et al. 2008; Solomon
et al. 2012; Worley and Matson 2011); however, Solomon
et al. (2012) also reported that when they examined only the
subgroup of adolescents in their sample (ages 12—18 years),
the females had higher levels of anxiety than males (no dif-
ferences were reported for depression symptoms among the
adolescents). May et al. (2014) also found higher parent
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ratings of social anxiety in girls with ASD without ID than
affected boys and Oswald et al. (2016) reported higher par-
ent-rated depression symptoms for adolescent females than
adolescent males with ASD without ID (anxiety symptoms
were comparable).

Although these studies provide important information on
potential sex differences in comorbid symptoms in youth
with ASD without ID, the findings have yet to render clear
conclusions and a number of variables and limitations have
likely contributed to the disparate results (Solomon et al.
2012). For example, the studies of youth with ASD without
ID described had very small samples of females (ranging
from 12 to 32) and many included both children and ado-
lescents. The small samples and inclusion of youth from
broad age ranges were likely associated with significant
difficulty recruiting sufficient numbers of females due to
the male—female prevalence disparity which is even greater
among youth with ASD without ID (Harrop et al. 2015; May
et al. 2016). However, broad age ranges can obscure sex
differences (Worley and Matson 2011). Many studies also
failed to control the statistical error rate despite conducting
numerous comparisons, although some applied corrections
to control family-wise error rates. A number of studies uti-
lized matched samples (age and/or 1Q) which is important
given the significant challenges in enrolling females with
ASD without ID (Frazier et al. 2014; Lai et al. 2011; Oswald
et al. 2016). Lastly, some of the variability in results may
be related to the scores used in the analyses as some studies
used norm-referenced standard scores and others used raw
scores. Although standard scores may assist in determining
severity and/or the clinical range of those in the sample,
they may also mask potential sex differences (Solomon et al.
2012); studies should include both types of scores (Frazier
et al. 2014). This study addressed these limitations and was
conducted to contribute to the research by testing sex dif-
ferences in comorbid symptoms using a relatively large and
matched sample of girls and boys with ASD without ID
and a narrower age range. The study utilized a multivariate
approach and statistical corrections to control experiment-
wise error and the analyses were conducted for both standard
scores and raw scores. Given the highly discrepant findings
in the existing studies, no specific hypothesis was evident
for externalizing symptom levels but it was anticipated that
boys in the sample would not receive significantly higher
ratings of internalizing symptoms than girls in the sample.

Method
Participants

The total sample was comprised of 80 children, ages
6-12 years, with ASD without ID including 40 girls and
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40 boys matched on age and IQ. Data for this study were
derived from databases of prior clinical studies testing vari-
ous psychosocial treatments for children with ASD with-
out ID. Recruitment for those trials was done via public
announcements. Specifically, recruitment flyers were dis-
tributed by public school personnel and local clinicians
(counselors, psychologists, etc.) to parents of potential par-
ticipants in the community. Interested parents then contacted
a study coordinator to learn about the studies and eligibility
requirements.

Eligibility for the studies was determined using a mul-
tiple-gate screening procedure. Initially, parents submitted
documentation of a prior clinical diagnosis of autism, Asper-
ger’s, or Pervasive Developmental Disorder-Not Otherwise
Specified (PDDNOS), as well as prior psychological and
special education reports. All the children received their
diagnoses from 2002 to 2012 per the DSM-IV-TR (APA
2000). Next, the documentation and reports were indepen-
dently reviewed by two senior members of the research
team using a standardized checklist documenting prior 1Q
scores (if available; minimum IQ score of 70) and evidence
of social/social-communication impairments and circum-
scribed and repetitive behaviors and interests; consensus
between the two reviewers indicating that the criteria were
met was required. Children meeting criteria then participated
in a formal assessment session that included cognitive test-
ing using a 4-subtest short-form of the Wechsler Intelligence
Scale for Children — Fourth Edition (WISC-1V; Wechsler
2003) and informal observations of their symptoms, skills,
and behaviors. The WISC-IV 4-subtest short-form consisted
of the Vocabulary, Similarities, Block Design, and Matrix
Reasoning subtests. The short-form composite score had an
internal consistency reliability of 0.95 and correlated 0.92
with the Full Scale IQ of the complete test. The methods
described by Tellegen and Briggs (1967) were used to cal-
culate the composite reliability, correlation with the full test,
and deviation quotient formula based on standardization
information in the test manual. Following the formal assess-
ment session, each complete file was again independently

Table 1 Demographic characteristics of the study samples

reviewed by two senior research team members using the
standardized checklist and consensus was required that the
child met inclusion criteria (i.e., ages 6—12 years, WISC-IV
short-form IQ > 70, and clinical consensus supporting the
prior diagnosis) to be enrolled in the trials. One of the stud-
ies included an additional exclusionary criterion involving
a history of psychosis (per parent report). Other comorbid
diagnoses were not assessed as part of the original studies,
no specific data were collected on those, and there were no
specific exclusionary criteria for other comorbid diagnoses.

The matched-samples for this study were predominately
Caucasian, had mean IQ scores in the average range, and had
comparable parent education levels. No significant differ-
ences were found between the girl and boy samples on major
demographic characteristics (see Table 1 for demographics
and results of between-groups demographic comparisons).
The number of girls and boys taking a psychotropic medica-
tion was also very similar across the groups (15 of 40 girls
and 17 of 40 boys) with ADHD medication by far the most
common in both groups (11 of the 15 girls and 12 of the
17 boys). Data on comorbid symptoms used in this study
were collected between 2008 and 2017 and, as noted, all
the children received their diagnoses per the DSM-IV-TR,
were recruited from the community, and were enrolled in a
psychosocial (clinical) treatment study.

Measure

Behavior Assessment System for Children, Second Edition,
Parent Rating Scales (BASC-2 PRS)

The BASC-2 PRS (Reynolds and Kamphaus 2004) is a
standardized multidimensional rating scale used to assess a
range of clinical symptoms in order to assist with differential
diagnosis, intervention planning, and outcome monitoring.
The BASC-2 PRS is available for three age groups, with this
study utilizing the Child (6-to-11 years; PRS-C) and Adoles-
cent (12-to-21 years; PRS-A) forms to assess externalizing
and internalizing symptoms. The BASC-2 has consistent

Characteristic Boys (n=40) Girls (n=40) t value p value
Mean (SD) Mean (SD)

Age (years) 9.03 (1.76) 8.95 (1.80) -0.19 0.85

1Q 103.35 (13.75) 103.25 (15.93) -0.03 0.98

Parent education (years) 15.10 (1.70) 15.33 (2.22) 0.51 0.66

n (% of total) n (% of total) Fisher’s

exact
(02

Ethnicity Caucasian =36 (90.0%) Caucasian =35 (87.5%) 1.00

Minority =4 (10.0%)

Minority=5 (12.5%)
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scales across age levels which, “provides a basis for con-
sistent interpretation of scales” (Reynolds and Kamphaus
2004, p. 2). Both forms include nine clinical behavior scales
(i.e., Aggression, Anxiety, Attention Problems, Atypicality,
Conduct Problems, Depression, Hyperactivity, Somatiza-
tion, and Withdrawal); this study used the Hyperactivity,
Conduct Problems, and Aggression scales to assess external-
izing symptoms and Depression and Anxiety scales to assess
internalizing symptoms. Parents rate each item on a 4-point
frequency scale from O (Never) to 3 (Almost always) and
item scores are summed and converted to standard 7-scores
(M =50, SD=10). Higher scores on the clinical scales indi-
cate more problematic symptoms/behaviors. Clinical scale
T-scores between 41and 59 are considered average, scores
between 60 and 69 are classified as at-risk, and scores > 70
are classified as clinically significant (Reynolds and Kam-
phaus 2004).

Coefficient alpha reliabilities for the PRS-C clinical scales
used in this study reportedly ranged from 0.83 to 0.88 and
for the PRS-A ranged from 0.81 to 0.87. Validity evidence
supporting the grouping of externalizing or internalizing
scales is reflected in moderate intercorrelations between
scales within each grouping. Intercorrelations between the
externalizing behavior scales (i.e., Hyperactivity, Aggres-
sion, and Conduct Problems) ranged from 0.67 to 0.76 for
the PRS-C and 0.72 to 0.78 for the PRS-A and between
the two internalizing behavior scales (i.e., Depression and
Anxiety) was 0.54 for the PRS-C and 0.59 for the PRS-A.
Concurrent validity was supported in moderate-to-high cor-
relations between the BASC-2 scales used in this study and
comparable clinical scales on other established rating scales
(Reynolds and Kamphaus 2004). Additionally, studies have
shown that the BASC-2 is sensitive to externalizing and
internalizing symptoms in children and adolescents with
ASD without ID when compared to typically-developing
peers (Lopata et al. 2010; Volker et al. 2010).

Procedures
The treatment trials that generated the data used in this

study were approved by the Institutional Review Board and
conducted according to the approved procedures (including

attainment of written parental consent and child assent).
For each trial, parents completed a battery of pretreatment
(baseline) measures that included the BASC-2 PRS. Once
completed and returned, each protocol was immediately
examined for any errors (e.g., items with multiple responses,
omitted items, etc.) and promptly reviewed with the parent
to correct the error(s). All protocols were scored by research
assistants using the BASC-2 ASSIST Plus computer scoring
software, which includes a second entry check for accuracy.
Protocol and demographic data were initially entered into
the study database by a research assistant and independently
checked by a second research assistant, with any discrepancy
resolved by a third member of the team.

Data Analysis Plan

Several statistical procedures were used to examine the
externalizing and internalizing symptoms of girls and boys
in the sample. Initially, descriptive statistics were calcu-
lated for the girl and boy samples including demographic
data (Table 1) and scores on each of the externalizing and
internalizing scales (both standard 7-scores and raw scores;
Table 2). Next, one-sample #-tests were calculated using the
standard scores to compare the symptom levels of girls and
boys separately against the BASC-2 normative estimates.
These comparisons were conducted to characterize the
symptom levels and assist with subsequent interpretation
of the principle tests of sex differences in symptoms. A
Bonferroni correction was applied for each sex-based set of
comparisons (girl sample adjusted alpha <0.01 [i.e., 0.05/5
comparisons] and boy sample adjusted alpha <0.01 [i.e.,
0.05/5 comparisons]). Effect size estimates (Cohen’s d) were
also calculated.

The primary research questions involving sex differences
in externalizing and internalizing symptoms were tested
using Multivariate Analysis of Variance (MANOVA). Two
separate MANOVAs were calculated for the standard scores
(one for externalizing symptoms and one for internalizing
symptoms) and two for the raw scores (one for externaliz-
ing symptoms and one for internalizing symptoms). In this
study, the Hyperactivity, Aggression, and Conduct Prob-
lems scales comprised the externalizing behavior sets and

Table2 BASC-2 PRS means

e Scale Boys T-score Girls T-score Boys raw score Girls raw score

and standard deviations for

standard scores and raw scores Mean (SD) Mean (SD) Mean (SD) Mean (SD)

by group Hyperactivity 64.73 (13.80) 64.80 (11.42) 13.95 (6.35) 14.00 (5.15)
Aggression 57.35 (12.15) 54.63 (9.99) 9.28 (5.28) 7.90 (4.59)
Conduct problems 50.88 (12.44) 52.28 (11.19) 5.30 (4.64) 5.70 (3.96)
Anxiety 57.73 (16.23) 58.30 (14.32) 16.68 (9.62) 16.80 (8.25)
Depression 62.75 (15.80) 62.35 (16.50) 13.03 (8.01) 12.65 (8.12)

All values based on n=40 boys and n=40 girls
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the Anxiety and Depression scales comprised the internal-
izing behavior sets. To control the experiment-wise error
rate at 0.05, each MANOVA was tested at the adjusted alpha
<0.0125 (i.e., 0.05/4 MANOVA tests). Assumptions of the
MANOVA models (outliers, normality, linearity, and homo-
geneity of variance—covariance matrices) were assessed and
all were met. Linear correlations among the externalizing
scales and among the internalizing scales were all of moder-
ate magnitude (Table 3). MANOVA tests were done using
Pillai-Bartlett trace, and follow-up univariate F tests were
calculated. Partial eta squared effect sizes were also calcu-
lated (Table 4).

Results

Initial tests compared the externalizing and internalizing
symptom levels of girls and boys in the sample separately
against the BASC-2 normative estimates. Results of the
one-sample t-tests yielded significantly higher external-
izing symptom levels for girls and boys in the sample on
the Hyperactivity (girls r=8.20, p <0.01, d=1.38 and boys
t=6.75, p<0.01, d=1.22) and Aggression (girls r=2.93,
p=0.01, d=0.46 and boys t=3.83, p<0.01, d=0.66) scales

but no differences on the Conduct Problems (girls #r=1.29,
p=0.21, d=0.22 and boys r=0.45, p=0.66, d=0.08) scale.
Results also indicated significantly higher internalizing
symptoms for girls and boys in the sample for the Anxiety
(girls 1=3.67, p=0.01, d=0.67 and boys r=3.01, p=0.01,
d=0.57) and Depression (girls r=4.73, p<0.01, d=0.91
and boys t=5.11, p<0.01, d=0.96) scales. For the four
scales on which significant differences were found, the effect
sizes were generally medium-to-large in magnitude.
Potential sex differences for the externalizing and inter-
nalizing symptom scales were first tested using the standard
scores. Results of the separate MANOVA analyses revealed
no significant multivariate effect of sex for externalizing or
internalizing symptoms, indicating similar levels of parent-
reported symptoms across the sex groups (Table 4). Given
the absence of a significant multivariate effect for either the
externalizing symptoms or internalizing symptoms tests,
the univariate F tests are reported but the significance tests
are not interpreted. A review of the univariate effect sizes,
however indicated small-to-negligible effects for each of
the individual externalizing and internalizing scales. For
the same tests using the raw scores, the MANOVA analyses
also indicated no significant multivariate effect of sex for
either externalizing symptoms or internalizing symptoms.

Table 3 BASC-2 PRS scale

. Clinical scale Hyperactivity Aggression Conduct problems Anxiety Depression
correlations for standard scores
and raw scores Hyperactivity - 0.66%* 0.51%* 0.22%* 0.46%*
Aggression 0.63** - 0.78%%* 0.18 0.56%%*
Conduct problems 0.45%* 0.78*%* - 0.12 0.55%%*
Anxiety 0.25% 0.17 0.06 - 0.60%*
Depression 0.40* 0.56%* 0.53%%* 0.58%* -

Upper off correlations based on standard 7-scores and lower off based on raw scores

p<0.05; **p<0.01

Table 4 Multivariate and univariate results for sex comparisons for externalizing and internalizing symptoms

Effect T-score comparisons

Raw score comparisons

Pillai’s trace F (df)

P value Partial eta squared Pillai’s trace F (df)

P value Partial eta squared

Multivariate test

Externalizing behavior 0.09 2.54 (3,78) 0.06 0.09
Univariate tests

Hyperactivity <0.01 (1,78) 0.98 <0.01

Aggression 1.20 (1,78) 0.28 0.02

Conduct problems 0.28 (1,78) 0.60 <0.01
Multivariate test

Internalizing behavior <0.01 0.05 (2,78) 0.95 <0.01
Univariate tests

Anxiety 0.03 (1,78) 0.87 <0.01

Depression 0.01 (1,78) 0.91 <0.01

0.10 2.81(3,78) 0.05 0.10
<0.01 (1,78) 0.97 <0.01

1.55(1,78) 0.22 0.02

0.17 (1,78) 0.68 <0.01

<0.01 0.05 (2,78) 0.96 <0.01
<0.01 (1,78) 0.95 <0.01

0.04 (1,78) 0.84 <0.01

Comparisons based on n=40 boys and n=40 girls and all tests were two-tailed
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As such, the univariate F tests are reported but the signifi-
cance tests are not interpreted. Consistent with results based
on the standard scores, the raw score univariate effect sizes
were small-to-negligible.

Discussion

Prior research has suggested that children with ASD expe-
rience a range of comorbid symptoms. Investigations into
sex differences in these symptoms have yielded contra-
dictory results both within and between studies (Solomon
et al. 2012). A number of factors may have contributed to
the inconsistent findings such as the testing of comorbid
symptoms in cognitively-/functionally-heterogeneous and/
or broad age-range samples which can mask important sex
differences (Mandy et al. 2012; May et al. 2016; Worley and
Matson 2011). Significantly fewer females with the diag-
nosis, especially among those with ASD without ID has
also resulted in small female samples in the existing stud-
ies (Harrop et al. 2015; May et al. 2016). This study aimed
to contribute to the research by testing sex differences in a
relatively large sample of girls (ages 6—12 years) specifically
with ASD without ID compared to age- and 1Q-matched
boys with ASD without ID.

To assist with the interpretation of the sex-based com-
parisons, the externalizing and internalizing symptom levels
of the girls and boys in the sample were initially compared
to population estimates. Results reflected significantly ele-
vated comorbid symptoms in two of the three externaliz-
ing symptom areas (hyperactivity and aggression) and both
internalizing areas (anxiety and depression). These findings
are largely consistent with results of prior studies of par-
ent-rated externalizing and internalizing symptoms in chil-
dren with ASD without ID (e.g., Gadow et al. 2005; May
et al. 2016; Oswald et al. 2016) including studies using the
BASC-2 (Lopata et al. 2010; McDonald et al. 2016; Solo-
mon et al. 2012; Volker et al. 2010). These results continue
to suggest increased vulnerability for externalizing and
internalizing symptoms, however the elevations were not
uniform across the scales. Specifically, the mean Hyperactiv-
ity and Depression scores fell in the at-risk range, whereas
Aggression and Anxiety scores fell in the mid-upper aver-
age range. Although the normative comparisons suggested
vulnerability for these symptoms, the clinical interpretive
ranges suggest that the risk might be somewhat greater for
hyperactivity and depression symptoms among children with
ASD without ID.

The primary purpose of this study was to assess sex dif-
ferences in parent-rated comorbid symptoms and results
revealed similar levels of overall externalizing and internal-
izing symptoms between girls and boys with ASD without
ID in the sample. The lack of overall differences was found
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for both the standard and raw score comparisons, and was
also indicated in the small-to-negligible effect sizes at the
individual scale level. This reflects a consistent pattern of
similarity in symptom levels for girls and boys in the sample.
Interpreting the current findings relative to other studies is
a challenge due to a range of methodological differences
and/or mixed findings within a given symptom category in
other studies (e.g., differences between individual external-
izing symptom scales). Despite these challenges, the current
findings are consistent with those of Holtmann et al. (2007)
and Worley and Matson (2011) who found similar levels of
parent-reported aggression and conduct problems in females
and males (ranging from 4 to 20 years) with ASD without
ID, as well as with May et al. (2014) who reported no sex
differences in aggression among 7—12 year olds with ASD
without ID. In contrast, May et al. (2014, 2016) found ele-
vated symptoms of hyperactivity in 7-12 year old boys com-
pared to girls with ASD without ID. Although the reason(s)
for the differences in results between the current study and
May et al. (2014, 2016) are unknown given the similarity in
age and functional level of the samples, their studies were
conducted with Australian samples and used a hyperactivity
measure that more directly tested ADHD symptoms.

Consistent with the larger research base, the current
study did not find males with ASD without ID had elevated
internalizing symptoms (anxiety and depression) relative to
females with ASD without ID. In fact, the current findings
are in line with many studies that found no sex differences
for children and/or adolescents with ASD without ID (e.g.,
Holtmann et al. 2007; Kuusikko et al. 2008; Solomon et al.
2012; Worley and Matson 2011). Despite this consistency,
two studies found adolescent females exhibited elevations in
a specific internalizing symptom (e.g., depression, Oswald
et al. 2016; anxiety, Solomon et al. 2012) and May et al.
(2014) found elevated social anxiety in girls with ASD with-
out ID compared to boys. Again, some of the differences in
results might be a function of differences in study charac-
teristics (e.g., the age of the samples, country of origin of
the samples, use of different measures and specificity of the
measures [social anxiety], etc.).

Given the methodological strengths and consistent pattern
of findings in this study, the results may have some practi-
cal implications. One possible implication derives from the
finding that the comorbid externalizing and internalizing
symptom levels did not differ significantly between girls and
boys with ASD without ID in the sample. This suggests that
clinicians might not necessarily have to enter the assessment
process anticipating different patterns of elevations based
on sex. Further, the lack of sex differences should not be
misconstrued as a lack of vulnerability for comorbid symp-
toms for these children. In this study, both girls and boys
with ASD without ID showed significantly elevated symp-
toms of hyperactivity, aggression, anxiety, and depression
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when compared to population estimates. This suggests that
clinicians, parents, and teachers should be cognizant of the
susceptibility to externalizing and internalizing symptoms
for many children with ASD without ID (Brereton et al.
2006; May et al. 2014). As such, it may be advisable for
clinicians to include a broad screening measure of comor-
bid symptoms as part of any assessment of children with
ASD without ID. Significant elevations in symptoms might
then warrant a more in-depth diagnostic assessment to deter-
mine the presence of a comorbid diagnosis. In addition to
assessment implications, results suggest that supplemental
treatment (e.g., cognitive-behavioral, behavioral) might be
needed to address the comorbid symptoms (Kuusikko et al.
2008; Oswald et al. 2016). This is often not the primary
focus of interventions given the severe impairment caused
by the ASD diagnostic symptoms and the need to enhance
social functioning; however, these comorbid symptoms can
further impair daily functioning and hinder other interven-
tion efforts. Although both girls and boys appeared equally
susceptible to comorbid symptoms, it is important to inter-
pret those findings within the context of the sample. Specifi-
cally, the lack of sex differences found in this study could be
characteristic of this particular sample, which was enrolled
in psychosocial treatment studies and/or due to the overall
elevated symptoms for this particular sample and therefore
might not be representative of the larger ASD population.
The current findings represent an important step in under-
standing comorbid symptoms specifically in children with
ASD without ID. Although this study had several strengths
(e.g., relatively large matched sample with ASD without ID,
narrow age and cognitive inclusion parameters, testing of sex
differences using both standard and raw scores, statistical
adjustments to control experiment-wise error, etc.), several
limitations warrant mention. A primary limitation involved
the characteristics of the sample. While utilizing narrow age
(6-12 years) and cognitive inclusion parameters was consid-
ered a methodological improvement over prior studies (May
et al. 2016; Worley and Matson 2011), those criteria limit
the generalizability of the findings to others outside those
parameters. The sample was also predominantly Caucasian
which further restricts generalizability. This study was also
limited by the use of parent raters only. Teacher reports may
provide additional insight into potential sex differences in
externalizing and internalizing symptoms within struc-
tured educational settings. Beyond these, there are limita-
tions inherent in the use of rating scales to assess comorbid
symptoms. For example, rating scales are based on parents’
perceptions and their ratings may be influenced by potential
biases. In addition, rating scales only yield information on
symptom levels/severity and are not sufficient for a diagnosis
of a comorbid disorder. As such, it is unknown how many of
the girls and boys in the sample would have met full criteria

for a comorbid diagnosis. It is also important to note that the
participants in this study were diagnosed using the DSM-
IV-TR which precluded a comorbid diagnosis of ADHD for
those with autism (APA 2000). The DSM-V (APA 2013) has
removed this restriction and encourages the identification of
comorbid diagnoses (including ADHD) when present, and
included autism, Asperger’s, and PDDNOS under the head-
ing of ASD, which could affect the results and make-up of
samples in future comorbidity studies. Another limitation
involved the fact that all the children were participants in
specific psychosocial treatment studies, which might affect
the generalizability of the findings. The study also utilized
existing data (retrospective) and future prospective studies
may want to use the effects found in this study to inform
their sample sizes. Further, although this study had one of
the largest samples of girls with ASD without ID, it was
nonetheless limited. Considering these limitations, future
research should seek to replicate the current findings using
larger and more racially/culturally diverse samples. Given
the need to study such phenomenon in functionally-homo-
geneous samples, future research might also examine sex
differences in symptoms for younger and/or older youth with
ASD without ID. Longitudinal studies will also be useful in
documenting sex differences in the developmental trajectory
of comorbid symptoms from childhood through adolescence.
Finally, studies might benefit from the use of a diagnostic
measure to determine the presence of a comorbid diagnosis
(not simply symptom levels). It is clear that ongoing studies
are needed as comorbid symptoms constitute a significant
barrier to daily functioning of youth with ASD without ID.
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Abstract

The Adapted Skillstreaming Checklist measures social/social-communication skills and behavioral flexibility/regulation of
children with autism spectrum disorder without intellectual disability. Prior studies provided support for the reliability
and criterion-related validity of the Adapted Skillstreaming Checklist total score for these children; however, no studies
have examined the Adapted Skillstreaming Checklist factor structure. This exploratory factor analysis examined the
factor structure and internal consistency of parent ratings on the Adapted Skillstreaming Checklist for a sample of 331
children, ages 6—12years, with autism spectrum disorder without intellectual disability. Results yielded a correlated
three-factor solution. The individual factors and total score demonstrated very good internal consistency reliability.
Findings supported the presence and interpretability of three subscales, as well as derivation of a total composite
reflecting overall prosocial and adaptive skills and behaviors. Implications for assessment and research are discussed.

Keywords

Adapted Skillstreaming Checklist, exploratory factor analysis, parent ratings, children with ASD without ID

Significant social/social-communication impairments and
circumscribed and repetitive behaviors and interests define
autism spectrum disorder (ASD; American Psychiatric
Association, 2013). The multi-symptom nature of the dis-
order, along with significant heterogeneity in symptom
expression and functional levels of those diagnosed, poses
a major assessment challenge. Factors such as cognitive
and language abilities and developmental level influence
the manifestation of skills and symptoms and can affect
the psychometric properties of measures (Koenig, De Los
Reyes, Cicchetti, Scahill, & Klin, 2009; Lord, Corsello, &
Grzadzinski, 2014). This suggests the need for develop-
ment and evaluation of measures for more homogeneous
(narrower) subgroups with ASD (Lord et al., 2014).
Assessment of clinical features and performance of chil-
dren with ASD also requires consideration of the manner
in which the symptom, skill, and/or behavior is measured.
For example, diagnostic observations yield accurate diag-
noses; however, they often rely on dichotomous measure-
ment of symptoms (absent or present) which provides little
information on the degree to which the skill, symptom, or
behavior is exhibited or degree of impairment (Achenbach,
2011; Davis & Carter, 2014).

Rating scales are also used to measure the clinical fea-
tures and skills of children with ASD (Davis & Carter,
2014; Lopata et al., 2017b). In contrast to diagnostic obser-
vations which can be time and labor intensive and require
extensive training (Norris & Lecavalier, 2010), rating
scales are easily administered, brief, and can assess a range
of skills and symptoms based on informants in authentic
environments (Constantino & Gruber, 2012; Lord &
Corsello, 2005; Norris & Lecavalier, 2010). Continuous
scaling of most rating scales is useful as the skills and
symptoms of these children are not dichotomous (absent or
present) and they exist on a continuum (Ibanez, Stone, &
Coonrod, 2014). As such, rating scales can provide impor-
tant information on the extent, frequency, or severity of the
trait (Achenbach, 2011). Continuous scaling is also useful
in measuring treatment outcomes (Achenbach, 2011;
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Reynolds & Kamphaus, 2015) including for ASD studies
(Constantino & Gruber, 2012). There is widespread recog-
nition of the need for treatment sensitive measures in ASD
intervention studies and the negative impact of this issue
on efficacy determinations (Bellini, Gardner, & Markoff,
2014; Stichter, Herzog, Owens, & Malugen, 2016; White,
Keonig, & Scahill, 2007). Poor alignment of scale items
with treatment targets can reduce a scale’s sensitivity
(Koenig et al., 2009; McMahon, Lerner, & Britton, 2013;
Stichter et al., 2016) so developing interventions and
scales that are keyed to the clinical features of ASD may
improve sensitivity (White et al, 2007). Although
researchers have developed study-specific measures to
increase treatment sensitivity (e.g. DeRosier, Swick,
Davis, McMillen, & Matthews, 2011), few have been rig-
orously tested for their psychometric properties. This led
Lopata et al. (2017b) and White et al. (2007) to recom-
mend that researcher-developed measures be tested for
their psychometric properties (and ease of use and cost),
especially those that exhibit good treatment sensitivity.

One segment of the ASD population that has increased
is children with ASD without intellectual disability (ID);
this subgroup currently comprises more than two thirds of
those diagnosed (Christensen et al., 2016). The increase in
prevalence among this subgroup indicates the need for
measures that yield valid information on the skills and
clinical features of these children, can be easily completed,
and are treatment sensitive (Lopata et al., 2017b; McMahon
et al., 2013). Assessing skills and performance on a con-
tinuum (continuous scaling) is particularly important for
children with ASD without ID as there are few social/
social-communication behaviors that are completely
absent, which warrants a different type of scale item and
assessment approach (Lord et al.,, 2014). Dichotomous
measurement may also be limited as it fails to recognize
that skills and symptoms can be observed in contradictory
ways. For example, some children may exhibit limited
social initiations or interactions, whereas others exhibit
excessive, odd, or inappropriate initiations or interactions
(Bellini et al., 2014; Davis & Carter, 2014). In addition to
social functioning, measures should also assess behavioral
performance related to circumscribed and repetitive behav-
iors and interests as these can interfere with the social and
adaptive skills of children with ASD without ID
(Bauminger-Zviely, 2014).

The Adapted Skillstreaming Checklist (ASC; Lopata,
Thomeer, Volker, Nida, & Lee, 2008) is a rating scale spe-
cifically designed to assess the functioning of children
with ASD without ID. In contrast to most measures that
assess the absence of social-communication skills or
behaviors and the presence of unusual interests or behav-
iors (Lord et al., 2014), the ASC assesses these two dimen-
sions from an adaptive perspective (i.e. prosocial skills and
behavioral flexibility and regulation). The ASC was origi-
nally developed as a study-specific measure to assess

outcomes of a psychosocial treatment for children with
ASD without ID, with the treatment targets keyed to the
diagnostic elements (social/social-communication skills
and circumscribed and repetitive behaviors and interests).
Scale items measure prosocial skills and behaviors aligned
with the treatment targets and diagnostic features. A num-
ber of psychosocial intervention studies for children with
ASD without ID have found the ASC to be treatment sen-
sitive (e.g. within-group pre-posttest effect sizes from
medium-to-large for parent ratings; Lopata et al., 2017a;
Lopata et al., 2008) Sample-specific psychometric data
were only presented for two of the interventions studies;
these indicated good internal consistency (0.94) and mod-
erate-to-high correlations with related scales on estab-
lished measures of adaptive and clinical functioning
(Lopata et al., 2010; Lopata et al., 2008). Despite the initial
support, the data were based on very small samples (i.e.
N=54 and N=306).

Only one psychometric study tested the reliability and
validity of ASC parent ratings for a large sample of chil-
dren with ASD without ID (N=275; Lopata et al., 2017b).
Internal consistency was very good (0.92) and test—retest
reliability was very good at 6 weeks (Pearson r=0.81,
ICC=0.78) and good at 9 months (Pearson r=0.63,
ICC=0.64). Strong negative correlations were found
between the ASC total score and ratings of ASD symptom
severity (r=—0.69; Constantino & Gruber, 2012).
Criterion-related validity was also supported in significant
positive correlations between the ASC total and ratings of
adaptive skills (including social skills »=0.64) and signifi-
cant negative correlations with ratings of externalizing
behavior problems (composite 7=-0.45) on a broad clini-
cal measure (Reynolds & Kamphaus, 2004, 2015). Based
on these positive findings, the authors recommended
exploratory factor analyses to assess the possible presence
of subscales within the ASC. Given its treatment sensitiv-
ity, documenting the ASC factor structure may provide
researchers with a more refined measure for testing
efficacy.

This study assessed the factor structure of ASC parent
ratings for a large sample of children with ASD without
ID. It addressed the need for studies of standardized
measures used to assess the skills and performance of
these children, particularly those used to monitor
changes over time or treatment outcomes (Davis &
Carter, 2014; McMahon et al., 2013). It also addressed
the need for studies of measures that assess skills on a
continuous scale and testing for the presence of factors
that parallel the primary symptom dimensions
(Constantino et al., 2004; Fernandopulle, 2011). Finally,
it met the need for studies using a well-characterized but
narrowly defined subgroup with ASD (without ID) as
cognitive and language abilities can affect a measure’s
properties including its factor profile (Fernandopulle,
2011; Lord et al., 2014).
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Table I. Demographic characteristics of child sample and
parent raters.

Characteristic Child participants

(N=331)
M (SD)
Age (years) 9.31 (1.65)
Parent education (years) 15.66 (2.24)
WISC-IV Short-Form 1Q 104.91 (14.38)
CASL
Short-Form Expressive Language 99.84 (15.92)
Short-Form Receptive Language 105.15 (15.78)
ADI-R
Impairment in Social Interaction 18.51 (5.33)2
Impairment in Communication 15.01 (4.31)2
Restricted Repetitive Behavior 5.78 (2.09)*
SCQ Total Score 21.54 (5.28)°

n (% of total)

Gender
Male 294 (88.8)
Female 37 (11.2)
Ethnicity
White 289 (87.3)
African American 8 (24)
Latino 5(1.5)
Asian American 7 (2.1)
Mixed race/ethnicity 22 (6.6)

WISC-IV: Wechsler Intelligence Scale for Children-4th Edition;
CASL: Comprehensive Assessment of Spoken Language; ADI-R:
Autism Diagnostic Interview-Revised; SCQ: Social Communication
Questionnaire.

The WISC-IV 4-subtest short-form consisted of the Block Design,
Similarities, Vocabulary, and Matrix Reasoning subtests and the CASL
4-subtest short-form consisted of the Antonyms, Synonyms, Syntax
Construction, and Paragraph Comprehension subtests.

2ADI-R scores based on a sample size of n=262.

5SCQ Total Score based on a sample size of n=69.

Method

Participants

Parent ratings of 331 children, ages 6—12 years, with ASD
without ID were included in the analyses. All children had
participated in one of multiple prior trials testing the effec-
tiveness of various psychosocial treatments for this popu-
lation, and they were recruited for those trials via school
and public announcements. Each child had a prior clinical
diagnosis of ASD (or autism, Asperger’s, or Pervasive
Developmental Disorder—Not Otherwise Specified),
Wechsler Intelligence Scale for Children—4th Edition
(WISC-IV; Wechsler, 2003) short-form 1Q>70, and
Comprehensive Assessment of Spoken Language (CASL;
Carrow-Woolfolk, 1999) short-form expressive or recep-
tive language score > 70. Each child also met criteria on
the Autism Diagnostic Interview—Revised (Rutter,
LeCouteur, & Lord, 2003) or Social Communication

Questionnaire (Rutter, Bailey, & Lord, 2003) which was
completed to confirm her or his diagnosis. The child sam-
ple was predominantly male (89%) and White (87%) and
had a mean IQ and language level in the average range.
Parents reported an average parent education level of
15.7years (Table 1). Demographic data were compiled
from the various treatment trial databases.

Measure

ASC. The ASC (Lopata et al., 2008) is a 38-item rating scale
developed to measure the social/social-communication
skills and behavioral and interest flexibility and regulation
of children with ASD without ID. Each item measures a
specific skill or behavior that is keyed to a clinical feature of
ASD. As noted, the ASC items assess these skills from a
prosocial and adaptive perspective (i.e. extent to which the
skill or adaptive behavior is exhibited). Parents rate each
item on a scale from 1 (almost never) to 5 (almost always).
The ASC includes 30 items (including adapted items) from
the Skillstreaming curriculum (Goldstein, McGinnis,
Sprafkin, Gershaw, & Klein, 1997; McGinnis & Goldstein,
1997) and 8 researcher-created items. Individual item scores
are summed to yield a total composite score, and higher
scores indicate greater use of the prosocial and adaptive skill
or behavior. (Data on the psychometric properties of the
ASC were described in the introduction.)

Procedures

Institutional Review Board (IRB) approval was obtained
for each of the treatment trials from which the cases
were compiled, along with informed consent and assent
(Canisius College IRB). For each treatment trial, parents
completed a battery of baseline (pretreatment) measures
that included the ASC. Upon completion and return,
each protocol was immediately reviewed to ensure it
was complete. Incomplete protocols or protocols con-
taining errors (e.g. omitted items, multiple responses to
an item, etc.) were immediately reviewed with the parent
to correct the error(s). Each treatment trial also instituted
a structured scoring and data entry protocol to ensure
accuracy. Each ASC was scored independently by two
research assistants, with any discrepancies in scoring
resolved by a third scorer. Following a similar proce-
dure, all demographic and protocol data were initially
entered into the study database by a research assistant
and independently checked by a second research assis-
tant, with any discrepancy corrected by a third member
of the team.

Data diagnostics and analysis plan

Exploratory factor analysis (EFA) was selected as no prior
studies have tested for the presence of factors within the
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ASC. This exploratory analytic method is useful in exami-
nation of latent constructs in a set of items or measures in
the absence of prior theory or research (Floyd & Widaman,
1995). Prior to conducting the EFA, data quality, com-
pleteness, and suitability for factor analysis were exam-
ined. Complete data were available for all 331 cases, with
no out-of-range values. The sample of 331 was considered
adequate for EFA based on the study goal of conducting
the first structural study of the measure, the homogeneous
sample, and preliminary analysis (item analysis and matrix
tests including the Kaiser-Meyer—Olkin and Bartlett’s
tests), as well as guidelines and empirical studies of sam-
ple size issues in the factor analysis literature. Individual
item analysis was conducted to examine distributions of
the items. Skewness, kurtosis, and item-total correlations
were examined for all items; the range of skewness values
was —0.38 to 0.51 and kurtosis values was —0.70 to 0.41,
and the mean item-total correlation was 0.46 with a range
0f 0.27 to 0.63.

With regard to sample size guidelines for EFA, many
recommendations have focused on total sample size or
item/participant ratio, which may be set in study planning.
However, the quality of the data also affects the quality of
the analysis, knowable only once the data are obtained
(Bandalos & Finney, 2010). In terms of guidelines, Tinsley
and Tinsley (1987) recommended 5-10 participants per
item up to samples of 300 (in the present study the ratio
was 8.7 participants/item). Comrey (1988) recommended
that a sample size of 200 is “reasonably good” (p. 759) for
40 or fewer variables (the present study included 38 with
331 participants). In summarizing the guidelines, DeVellis
(2017) concluded that, while not capturing the full com-
plexity of validity issues in factor analysis, the guidelines
generally suffice in study planning. Costello and Osborne
(2005) reviewed a wide array of guidelines and simula-
tions that went beyond consideration of sample size and
item/participant ratios. These simulations illustrated the
impact of interactions between communality, sample size,
item number, and factorial complexity on the accuracy of
reproduced results. Costello and Osborne (2005) con-
cluded that larger communality values in the context of
relatively small numbers of factors will improve reproduc-
ibility of factor structures. In the present study, initial com-
munality ranged from 0.265 to 0.714 with a mean of 0.450.
Costello and Osborne (2005) also emphasized the impor-
tance of the exploratory context (not hypothesis testing or
confirmatory analysis) in evaluating data for EFA. SPSS
25 (item and reliability analysis, EFA) and Stata 15.1 (par-
allel analysis) were used in the current analyses.

For the current data set, the Kaiser-Meyer—Olkin meas-
ure of sampling adequacy was 0.88, indicating that most of
the variance in the data was attributable to underlying fac-
tors. Similarly, Bartlett’s test of sphericity indicated that
the correlation matrix was suitable for structural analysis
(»<<0.001). Given the goal of identification of latent

Eigenvalues
6
|

4
|

T T T
0 10 20 30 40
Factor

—®— Factor Analysis ————- Parallel Analysis

Figure |. Scree plot with parallel analysis.

structure and expectation of correlated factors, principal
axis factoring with oblimin rotation was utilized. Following
examination of the communalities, scree plot, and eigen-
values, an optimal initial solution was identified. Follow-up
analyses examined alternative solutions. Parallel analysis
was also used in determining the optimal number of fac-
tors. The pattern and structure coefficients were reviewed
and reported to facilitate interpretation of the final solution
(Bandalos & Finney, 2010).

Results

The scree plot with results of the parallel analysis is dis-
played in Figure 1. The break in the eigenvalues appears at
approximately 2, following the third factor. The eigenval-
ues and percent of variance for the first three factors were
9.72 (25.6%), 2.88 (7.6%), and 2.57 (6.8%). The parallel
analysis also supports the viability of a three-factor solu-
tion, with the parallel eigenvalues well below the first
three factors. The next step limited the analysis to three
factors, followed by oblimin rotation. The pattern and
structure coefficients from this analysis are presented in
Table 2. The values in Table 2 further support the three-
factor solution as both simple and interpretable. All three
factors are represented by substantial numbers of items (19
for Factor 1, 9 for Factor 2, and 10 for Factor 3). The coef-
ficients for each factor are generally moderate, and the pat-
tern and structure coefficients correspond well overall in
terms of relative position and at the item level in terms of
magnitude. Table 3 presents the factor intercorrelations
which are low to moderate (0.20-0.39). Coefficient alpha
reliabilities for the three factors are 0.90 (Factor 1), 0.80
(Factor 2), and 0.79 (Factor 3), and 0.92 for the full scale.

The items that comprised the first factor were examined
to determine the underlying construct (skill or behavioral
feature). Factor 1 was labeled Social Communication Skills
(SCS) as all 19 items were assessing prosocial interper-
sonal skills related to social-communication and
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Table 2. (Continued)

Structure coefficients

Pattern coefficients

Item

Factor 2 Factor 3 Factor | Factor 2 Factor 3

Factor |

0.606
0.528
0.452

0.369

0.551

3. Does your child talk to others about things of interest to both of them??

0.318

0.483

9. Does your child carry out instructions from others quickly and correctly??

0.470

13. Does your child end conversations before leaving or beginning a new topic?®

35. Does your child wait his or her turn to talk (without interrupting)?<

0.501

0.312

0.460

0.520
0.483

0.407
0.362
0.342

0.438

10. Does your child contribute to discussions occurring in the environment?®
34. Does your child maintain eye contact when talking with others?¢
|. Does your child listen when you or others talk to him or her??

0.401

0.474

0.341

0.376
0.337

0.359

12. Does your child ignore distractions and remain focused on the task at hand?¢

Highest loadings per factor bolded. Coefficients < 0.30 are not displayed. Items reproduced with permission from Research Press and Lopata and Thomeer-.

2Exact item from Skillstreaming curriculum (Goldstein, McGinnis, Sprafkin, Gershaw, & Klein, 1997; McGinnis & Goldstein, 1997).

bltem adapted from the Skillstreaming curriculum (Goldstein et al., 1997; McGinnis & Goldstein, 1997).

‘ltem created by Lopata and Thomeer (Lopata, Thomeer, Volker, Nida, & Lee, 2008).

Table 3. Factor correlations.

Factor | Factor 2 Factor 3
Factor | 1.00
Factor 2 0.27 1.00
Factor 3 0.39 0.20 1.00

social-cognition (social and emotion understanding and
expression, initiating interactions, responding to and inter-
acting with others, etc.). For example, Item 5 strongly
loaded on this factor and it focuses on the communication
of gratitude toward others. Items 22 and 25 also loaded
strongly and describe empathic interaction skills (under-
standing and expressing emotions). There are eight items
with pattern coefficient and seven items with structure
coefficient loadings greater than 0.60. The lowest loadings
were for Item 31, which assesses negotiation skills (pattern
coefficient=0.314, structure coefficient=0.457). Overall,
Factor 1 (SCS) accounted for approximately 26% of the
total variance prior to rotation.

Based on the content of the items, Factor 2 was labeled
Behavior Regulation Skills (BRS). The nine items on this
factor comprise about 8% of the total variance and assess
skills involving self-control and avoiding and responding
appropriately to challenging situations. The item loading
highest on this factor was Item 29 (avoiding trouble situa-
tions; pattern coefficient=0.622, structure coeffi-
cient=0.636) and the highest three items all had loadings
that exceeded 0.50 for both pattern and structure coeffi-
cients. The item with the lowest loading was Item 23
(expressing anger without aggression; pattern coeffi-
cient=0.334, structure coefficient=0.369).

After reviewing the content of the items in the third fac-
tor, Factor 3 was labeled Interest Regulation during
Discussions (IRD). The 10 items on this factor accounted
for approximately 7% of the variance and they reflect the
child’s skills in regulating her or his interests during dis-
cussions and the manner in which those interfere with
social conversations and interactions with others. The
highest loading items on this factor (Items 38, 37, and 3)
had pattern and structure coefficients above 0.50 and these
directly assess skills in refraining from running on about or
sharing unrelated information about a circumscribed inter-
est during discussions, and discussing topics of interest to
others. The lowest loading item was Item 12 (ignoring dis-
tractions and remaining focused; pattern coeffi-
cient=0.337, structure coefficient=0.359).

With regard to cross-loading, pattern coefficients for
Factor 1 included four items with some degree of cross-
loading, though all of these coefficients were less than
0.40. The higher loadings of these items on Factor 1, as
well as the content of the items, clearly indicate their
inclusion on Factor 1 (SCS). Factor 2 had one item that
cross-loaded with another factor (Item 24, pattern
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coefficient=0.335); however, that item had a higher
loading on Factor 2, and its content was clearly more
aligned with the content of Factor 2 items. There were no
cross-loading items for Factor 3 in the pattern coeffi-
cients. There were more cross-loaded items in the struc-
ture coefficients (the correlations of the item with the
factor). Although the differences in magnitude of the
structural coefficients and content of the individual items
clearly supported their inclusion in the primary-assigned
factor, the content of the cross-loaded items could be
seen to represent overlap with the additional factor or
factors. Given the relatively clear factor structure, impor-
tance of the items in terms of capturing important ASD-
related features, and fact that this was the first test of the
ASC factor structure, no items were dropped. Follow-up
analyses examining two-, four-, and five-factor models
showed that the three-factor model was superior in terms
of both interpretability and in producing lower factor
correlations.

Finally, because the ASC has been used to monitor
treatment outcomes in several psychosocial intervention
studies for children with ASD without ID, the relationship
between age and each ASC item was examined. To assess
the possibility of a correlation between age and each item,
distribution statistics and plots were examined. Age was
normally distributed (skewness=0.28, kurtosis=—0.94).
Next, 38 scatterplots with regression lines of the individual
items with age were examined for evidence of unusual pat-
terns (non-linearity, odd clustering, outliers). These analy-
ses showed no evidence of unusual patterns that might
influence correlations. Correlations of each item with age
were then calculated. The mean correlation was —0.007
(SD=0.060), median correlation was —0.008, and range
was from —0.15 to 0.14. These analyses indicate that age
was unrelated to ASC item ratings in these data. Lopata
et al. (2017b) also reported no significant association
between age and the ASC total score.

Discussion

Children with ASD without ID constitute a majority and
increasing proportion of children with ASD. This sub-
group is characterized by relative strengths in cognitive
and language abilities which can affect both the expression
of skills, behaviors, and symptoms and the properties of
assessment instruments including its factor profile
(Fernandopulle, 2011; Lord et al., 2014). As such, there is
a need for development and testing of measures for nar-
rower subgroups with ASD including those without ID. In
addition, there is widespread recognition of the need for
treatment sensitive measures (e.g. Bellini et al., 2014;
Stichter et al., 2016), as well as measures that utilize con-
tinuous scaling which yields important information on the
degree to which a trait is exhibited and/or responsive to
treatment (Achenbach, 2011; Constantino & Gruber,

2012). Continuous scaling is also important as the skills
and behaviors of children with ASD without ID exist on a
continuum and there are few skills and behaviors that are
completely absent (Lord et al., 2014). Given the problems
with treatment sensitivity, White et al. (2007) suggested
that this might be improved by aligning the measure items
and treatment targets to common features of ASD.

The ASC (Lopata et al., 2008) is a rating scale devel-
oped to assess the social/social-communication skills and
behavior and interest regulation and flexibility of children
with ASD without ID. Prior studies provided strong sup-
port for the reliability, criterion-related validity, and treat-
ment sensitivity of the ASC for these children; however,
no studies were identified that examined its factor struc-
ture; this study examined the factor structure and reliabil-
ity of the ASC for a large sample of children with ASD
without ID. Results yielded a three-factor correlated solu-
tion. The correlations among the three factors were low-to-
moderate supporting the derivation of a composite score
reflecting overall prosocial and behavioral skills, in addi-
tion to the three separate factor (subscale) scores. Internal
consistency estimates were high for the three individual
factors (0.79 to 0.90) and total score. Internal consistency
for the ASC total score in this study (0.92) is consistent
with that reported by Lopata et al. (2017b) for children
with ASD without ID.

The largest factor, Social Communication Skills (SCS),
consisted of 19 items assessing a range of social-commu-
nication and social-cognitive skills (e.g. begins conversa-
tions, asks questions of another, understands another’s
feelings, recognizes own emotions). The second factor,
Behavior Regulation Skills (BRS) consisted of 9 items.
This factor was comprised of items measuring behavioral
self-control skills such as appropriately responding to teas-
ing, accepting consequences, expressing anger without
aggression, dealing appropriately with being left out, and
so forth. The third factor, Interest Regulation during
Discussions (IRD), included 10 items. While many of
these items clearly depicted interest regulation skills dur-
ing conversations (e.g. talking without oversharing, talk-
ing about topics of interest to others, remaining on a topic),
several items appeared to be related to social skills associ-
ated with interest regulation skills. For example, a child’s
skills in transitioning to a new conversational topic, ignor-
ing distractions, and/or waiting her or his turn to talk would
be affected by her or his ability to self-regulate her or his
own interest and engage with/follow the interest(s) of oth-
ers. The correlations among the ASC factors provide some
additional support for the link between interest regulation
and social competencies as the association was highest
between the SCS and IRD factors. This association was
also reported by McDonald et al. (2015) who found cir-
cumscribed and repetitive interests and behaviors were
significantly associated with adaptive social skills.
Bauminger-Zviely (2014) similarly noted that restricted
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and repetitive interest and behaviors negatively impact
social and adaptive functioning.

Overall, results suggest that the ASC items are measur-
ing the skill areas identified by Lopata et al. (2017b, 2008);
however, the prior descriptions identified two broad catego-
ries (i.e. social/social-communication skills and behavioral
and interest regulation). The broad single area of behavioral
and interest regulation skills described by Lopata et al.
(2017b, 2008) appeared to consist of two factors in the cur-
rent study, with BRS reflecting appropriate behavioral regu-
lation and responses to negative events and IRD reflecting a
separate skill area involving effectively managing intrusive
circumscribed interests, especially during discussions, and
their associated impact on some social skills.

Despite this being the first study to examine the factor
structure of the ASC, the findings may have some clinical
implications. For example, the prior intervention studies
that used the ASC consisted of cognitive-behavioral treat-
ments targeting social-communication and social-cogni-
tive skills, as well as instructional techniques commonly
used for children with ASD without ID in clinical and
school settings (i.e. direct instruction, modeling, role-play/
rehearsal, and performance feedback; McMahon et al.,
2013; Reichow, Steiner, & Volkmar, 2012). Given the
increasing use of cognitive-behavioral treatments (Ho,
Stephenson, & Carter, 2018) and the common use of these
individual instructional techniques in social interventions
for children with ASD without ID, the ASC may provide
researchers with a treatment-sensitive and psychometri-
cally sound outcome measure. Findings of a correlated
three-factor solution might also allow researchers testing
interventions to examine treatment effects at a subscale
level, as well as the overall ASC composite score. This
might help more precisely measure treatment effects on
specific areas of prosocial and adaptive functioning asso-
ciated with ASD. Increased use of the ASC as part of social
intervention studies for children with ASD without ID is
needed to further assess its treatment sensitivity.

Although this study was the first to provide information
on the ASC factor structure and it had a number of strengths
(e.g. rigorous screening procedure, relatively large sample
of children with ASD without ID, testing of a treatment
sensitive measure, etc.), several limitations warrant men-
tion. One limitation involved the relatively homogeneous
and narrowly defined group of children in the sample
(ASD without ID). While this helped minimize confound-
ing of results (as child 1Q, language, and developmental
level can affect the properties of a measure), it limits the
generalizability to others with ASD outside the inclusion
parameters. The sample was also largely White and male,
which further restricts the generalizability of findings. The
current results were also limited to only parent ratings.
Teachers are considered a critical source of information on
the skills and symptoms of children with ASD (Norris &
Lecavalier, 2010) due to their advanced knowledge of

typical and atypical child development and observations of
the children in educational settings (Constantino & Gruber,
2012; Mayes & Lockridge, 2018). Furthermore, because
schools are the principal settings where psychosocial inter-
ventions are provided to these children (Kasari & Smith,
2013), teachers are often used to assess the children’s
treatment responsiveness. Another limitation involved the
fact that neither the current study nor the initial ASC study
by the scale developer (Lopata et al., 2017a) conducted or
reported any interviewing of the informar 's* nderstand-
ing of the items. A final cautionary note appears warranted
regarding Item 34 that assesses eye contact during discus-
sions. Although absent or reduced eye contact is a com-
mon clinical feature of ASD (APA, 2013), the expectation
of eye contact may be culturally oriented toward White
Western cultures and not necessarily expected or appropri-
ate in all cultures. Given these limitations, future studies
should consider testing the ASC with older and younger
youth with ASD without ID, as well as with youth with
ASD and ID to assess the potential impact of functional
level on the scale’s properties. Studies should also seek to
test the ASC properties in more racially and ethnically
diverse samples, as well as for other informants (e.g. teach-
ers) and clinical groups. In addition, future studies would
benefit from interviews to clarify informants’ understand-
ing of all the items; this includes studies with ASD and
non-ASD samples. Such interviews will provide valuable
information on the consistency with which informants
interpret the items for children with ASD, as well as pos-
sible differences for non-ASD groups. For example,
informants for typically developing children or children
with other clinical diagnoses may interpret the items on the
IRD factor as involving general conversational manage-
ment skills that are not related to a circumscribed (i.e. spe-
cial) interest. This may be in contrast to the core
circumscribed and repetitive interests captured by inform-
ants’ ratings of children with ASD without ID.

The current results, along with prior psychometric test-
ing, suggest that the ASC yields reliable and valid infor-
mation on the skills and behaviors of children with ASD
without ID. It also appears to be treatment sensitive to
social interventions which are commonly used to develop
the social and social-cognitive skills of these children. A
unique aspect of the ASC is its assessment of ASD-related
features (dimensions) from a prosocial and adaptive per-
spective using continuous scaling; this yields valuable
information on the extent to which the skill or behavior is
exhibited, which is important when tracking performance
over time. This approach is also considered useful as the
skills and behaviors of these children exist on a continuum
with few being non-existent. Ongoing testing and replica-
tion studies of the ASC are clearly warranted as the field
moves toward psychometrically sound measures that can
be completed quickly and efficiently and that are cost-
effective (Murray, Mayes, & Smith, 2011).
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