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RESEARCH ARTICLE

Web-based Assessment of Social–Emotional Skills in School-Aged
Youth with Autism Spectrum Disorder
Nicole M. Russo-Ponsaran , Matthew D. Lerner , Clark McKown, Rebecca J. Weber, Ashley Karls,
Erin Kang, and Samantha L. Sommer

Few tools are available to comprehensively describe the unique social–emotional skill profiles of youth with autism spec-
trum disorder (ASD). The present study describes the usability, reliability, and validity of SELweb, a normed, web-based
assessment designed to measure four core social–emotional domains, when used to measure these skills in a sample of
57 well-characterized youth with ASD (ages 6–10 years with IQ ≥ 80). SELweb measures facial emotion recognition, the-
ory of mind, social problem solving, and self-control. SELweb was well tolerated and yielded scores with reliabilities com-
parable to those found in normative samples. SELweb scores showed good evidence of convergent and discriminant
validity for three of the four skills it was designed to assess. Mean deficits were found for theory of mind, social prob-
lem solving, and self-control, whereas no mean deficits were found for emotion recognition. Individual profiles varied
considerably, suggesting the sensitivity of SELweb to the within- and between-person individual differences among
youth with ASD. Findings support the usefulness and accessibility of SELweb as a tool for measuring complex social–
emotional skill profiles in youth with ASD. Autism Res 2019, 12: 1260–1271. © 2019 International Society for
Autism Research, Wiley Periodicals, Inc.

Lay Summary: No single, simple, high-quality test exists that measures multiple social thinking skills directly in children
with autism spectrum disorder (ASD). The present study suggests that SELweb, a web-based assessment system, is an effec-
tive and valid way to measure how children with ASD think about and understand social and emotional information,
and is able to capture strengths and weaknesses experienced by children with ASD.
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Introduction

Decades of research suggest that difficulties in social–
emotional skills (i.e., thinking about, understanding, and
responding to others) are broadly characteristic of youth
with autism spectrum disorder (ASD; Baron-Cohen, 2000).
Recent work indicates that substantial heterogeneity within
and across social–emotional domains may be the norm
rather than the exception in ASD (e.g., Lombardo et al.,
2016; Lozier, Vanmeter, & Marsh, 2014; Mendelson,
Gates, & Lerner, 2016; Rice, Moriuchi, Jones, & Klin, 2012).
As such, describing the unique social–emotional skill profiles
of youth with ASD has proven challenging. This challenge is
in large part due to the complex nature of the social deficits
themselves. Such deficits are often context-specific andmul-
tifaceted, involving multiple social–emotional domains
(e.g., perception and interpretation of social signals). Rela-
tively few studies evaluate multiple domains in their sam-
ples. Rather, most studies evaluate skills in isolation or in

broad heterogeneous samples of children with ASD. For this
reason, researchers and practitionersmust piece together dis-
parate data from different samples to try to describe social–
emotional skills in ASD. In order to effectively understand
the social–emotional skill profiles in ASD and better inform
treatment development, a simple, usable, feasible, and tech-
nically sound system that assesses multiple domains is
needed. To address this need, the present study evaluates
SELweb as a tool to offer insight into themultifaceted nature
of social–emotional skill profiles in youth with ASD.

SELweb

The web-based assessment SELweb (early elementary ver-
sion) was designed in the context of a social–emotional
learning framework (Lipton & Nowicki, 2009; McKown,
Gumbiner, Russo-Ponsaran, & Lipton, 2009). This frame-
work implicates emotion recognition, social perspective
taking or theory of mind, social problem solving, and
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self-control as central in social functioning (McKown, Allen,
Russo-Ponsaran, & Johnson, 2013). Accordingly, SELweb
contains assessment modules for each of these areas
(Table 1). It is a brief (35–40 min) assessment typically used
in school settings to measure the social–emotional skills of
general education (GenEd) students in kindergarten through
third grades. Because SELweb is web-based and self-adminis-
tered, it is scalable and easy to use. Although the skills mea-
sured by SELweb are not exhaustive of the challenges facing
youth with ASD, these are noted areas of difficulty for indi-
viduals with ASD.

Three studies including 8,881 kindergarten through
third grade GenEd students were conducted to establish
SELweb’s psychometric properties (McKown et al., 2013;
McKown, Russo-Ponsaran, Johnson, Russo, & Allen, 2016).
Score reliabilities for SELweb ranged from 0.78 to 0.85 in
its first validation field trial, from 0.78 to 0.88 in its second
validation field trial, and from 0.79 to 0.89 in its national
norming study. Six-month temporal stabilities ranged from
0.60 to 0.70 in the first field trial, from 0.52 to 0.69 in the
second field trial, and from 0.55 to 0.79 in the norming
study. Across those studies, scores on the assessment mod-
ules fit a hypothesized four-factor model that includes
emotion recognition, theory of mind, social problem solv-
ing, and self-control. Analyses also supported SELweb’s
criterion-related validity: controlling for age, IQ (in field
trial one), sex, and ethnicity; overall performance on
SELweb was positively associated with teacher-reported
social skill, peer acceptance, and academic competence;
and negatively associated with teacher-reported problem
behavior. Analyses also supported the convergent and dis-
criminant validity of SELweb’s social–emotional composite
score.

Although it was designed for use with GenEd students,
the four distinct social–emotional domains SELweb mea-
sures are all often impaired in ASD (Baron-Cohen, 2000;
Dawson, Webb, & McPartland, 2005; Mendelson et al.,
2016). For example, many individuals with ASD demonstrate
deficits in facial emotion recognition (e.g., Klin et al., 1999).

Past (e.g., Baron-Cohen, 2000; Yirmiya, Erel, Shaked, &
Solomonica-Levi, 1998) and current (e.g., Livingston, Colvert,
Bolton, & Happé, 2018; Livingston & Happé, 2017) research
suggest that deficits in theory ofmind, ormakingmental rep-
resentations of others’ emotions or thoughts, may be a core
feature of a substantial proportion of the ASD population.
Impairments are also often seen in the ability to identify a
complex social problem, adapt to the social environments
accordingly, and generate and select socially appropriate
solutions (e.g., Channon, Crawford, Orlowska, Parikh, &
Thoma, 2014; Russo-Ponsaran et al., 2018; Shulman,
Guberman, Shiling, & Bauminger, 2012). Finally, individ-
uals with ASD frequently exhibit difficulties with self-
control, or self-regulation, such as the use of less adaptive
self-regulation strategies (e.g., Barnard-Brak, Ivey-Hatz,
Ward, &Wei, 2014; Cai, Richdale, Uljarevic, Dissanayake, &
Samson, 2018; Hepburn & Wolff, 2013; Loveland, 2005;
Mazefsky et al., 2013).

There are few well-validated direct assessment measures
that address multiple domains of social–emotional learning
and their relationship to social challenges in individuals
with ASD. Existing assessments address some of these
needs, but to date, none addresses all. Parent and teacher
rating scales are well-suited for measuring general behavior
but are not well-suited for measuring social–emotional
comprehension skills. By definition, these skills involve
mental events that do not have direct behavioral correlates
and therefore require a high level of inference for an
observer to rate (Epkins, 1994; van der Valk, van den Oord,
Verhulst, & Boomsma, 2001). Furthermore, the most popu-
lar and well-validated rating scales for measuring social
behavior in this population either do not capture social dif-
ficulties most relevant to ASD (Gresham & Elliott, 2008) or
conform to a model of ASD symptomology rather than a
broader theoretical framework for understanding social
behavior (Bellini & Hopf, 2007; Constantino & Gruber,
2012). Behavior observation systems can measure specific
actions but may not be treatment-sensitive or may have
limited generalizability across contexts (Murphy, Martin, &

Table 1. SELweb Modules, Domains, and Descriptions

Module Domain Description of task

Facial Emotion
Recognition

Social Awareness Individual child faces are shown (n = 40). Subjects indicate whether each face looks Happy, Sad,
Angry, Scared, or Just Okay

Social Problem Solving Social Reasoning Illustrated and narrated vignettes of challenging social situations are presented (n = 6). Subjects
must imagine themselves in that situation and answer questions indicating Problem
Identification, Hostile Attribution, Goal Preference, and Solution Preference

Theory of Mind Social Meaning Illustrated and narrated vignettes are presented (n = 12). Subjects must infer a character’s mental
or emotional state (e.g., the reason they said something)

Delay of Gratification Self-Control Subjects send a total of 10 illustrated rockets to space. Subjects can choose between three rockets
each time that vary in speed, with slower rockets earning more points (Task was previously
referred to as Choice-Delay Task; McKown et al., 2016)

Frustration Tolerance Self-Control Pairs of shapes are shown, varying in both shape and color. Subjects must indicate whether the
shapes in each pair are the same, regardless of color, answering as many correctly as they can in
90 s. Several items are programmed to become “stuck”
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Garcia, 1982). Physiological indicators may measure neural
or hormonal metrics of change, but they often do not reli-
ably correlate with the behaviors they are meant to indicate
(De Los Reyes et al., 2012; Nelson, Perlman, Hajcak, Klein, &
Kotov, 2015; Patriquin, Lorenzi, Scarpa, Calkins, & Bell,
2015). Finally, a growing array of computer-based tools offer
objective performance metrics of social, cognitive, or percep-
tual abilities (e.g., Canty, Neumann, Fleming, & Shum, 2017;
Dadds, Hawes, & Merz, 2004; Dziobek et al., 2006; Golan,
Baron-Cohen, & Golan, 2008; Klin, 2000; Sivaratnam,
Cornish, Gray, Howlin, & Rinehart, 2012; Tanaka et al., 2012;
Wirth & Klieme, 2003). Most of these either target a single
construct, must be administered in a highly structured labora-
tory setting with a proctor’s support, or lack broader popula-
tion norms to which performance may be compared. The
limitations of different methods and theoretical frameworks
for assessing social processes have been of similar concern in
application to other unique populations, such as in schizo-
phrenia (Yager & Ehmann, 2006). Without the availability of
a single assessment that addresses these gaps, previous studies
seeking to measure social–emotional learning have often
required lengthy batteries of assessments of varying formats
(e.g., Demopoulos, Hopkins, & Davis, 2013; Denham et al.,
2012; Didehbani, Allen, Kandalaft, Krawczyk, & Chapman,
2016; Sasson, Nowlin, & Pinkham, 2012; Stichter et al., 2010),
which can limit comparability across studies andmaybemore
likely to yield incomplete data. SELweb addressesmany of the
limitations of other assessments.
Despite its potential, no study to date has evaluated the

usability, sensitivity, and psychometric properties of SELweb
in youth with ASD. To address these gaps, we conducted a
multisite study to evaluate the psychometric properties of
SELweb in a well-characterized sample of verbal youth with
ASD (ages 6–10 years). This study tested four main hypothe-
ses: (a) SELweb would be usable by a sample of youth with
ASD; (b) SELweb module scores would demonstrate evidence
of internal consistency reliability; (c) SELweb would demon-
strate criterion-related validity as reflected in expected associa-
tions between performance on SELweb with other measures
of the same social–emotional skills, and with ASD symptoms;
and (d) youth with ASD would exhibit overall lower perfor-
mance on SELweb in comparison to established normative
data fromGenEd students.

Methods

University Institutional Review Boards at two sites
approved all procedures. Participants were made aware of
the second site and its investigators and were informed
that only coded data without names or contact informa-
tion would be shared with the other site to facilitate
inclusive data analyses. After eligibility was established,
participating youth completed SELweb and alternate
measures of the same domains as SELweb that were also

used in our prior validation of SELweb in GenEd students
(McKown et al., 2016).

Eligibility, Recruitment, and Informed Consent

Six- to 10-year old boys and girls who were verbal, met
autism spectrum cutoffs on the Autism Diagnostic Obser-
vation Schedule-2 (ADOS-2; Lord et al., 2012), had a score
≥11 on parent-report on the Lifetime Social Communica-
tion Questionnaire (Norris & Lecavalier, 2010), and had
average intellectual ability (≥80 on standardized test)
were eligible for the study. The original assessment was
designed for and validated in kindergarten through third
grade GenEd students or roughly 5–8 year olds. Within
the ASD population, the extant literature indicates greater
variability in social–emotional skills up to higher ages
and delayed mastery of skills relative to nonclinical
populations (see Baron-Cohen, 2001; Happé, 1995, for
reviews). Because of the expected developmental delay
coincident with a diagnosis of ASD and to capture the
variance in measures of social–emotional skills in this
population, we extended our age range to 10 years old.

One hundred fifteen youth were recruited from site
clinics, institutional review board–approved research regis-
tries, local schools and agencies in the Chicagoland and
Stony Brook areas, word-of-mouth referrals, and through
the use of electronic media, parent magazines, and infor-
mation tables at area events. Research staff followed up on
leads with parent phone calls to complete pre-enrollment.

After an initial phone call, verbal consent was obtained
and parents were invited to complete the Social Communi-
cation Questionnaire online via Research Electronic Data
Capture (Harris et al., 2009) as a preliminary eligibility
screener. In instances where a parent preferred an alternate
format or did not have access to the screening questionnaire
electronically, the parent either completed a paper copy
or was administered the questionnaire through a semi-
structured interview over the phone or in personwith a staff
member. One hundred four youth whose score on the
Social Communication Questionnaire was ≥11 (Norris &
Lecavalier, 2010) were invited to complete further testing.
Ninety-two families subsequently consented and assented
to participate in the full study. Testing included both eligi-
bility and experimental components (approximately
3 hours). Testing was offered in one or two sessions held
either at university offices or at community partner facili-
ties, according to the family’s preference.

Procedures

The ADOS-2 was only administered by certified, indepen-
dently research-reliable administrators (masters-level staff,
doctoral candidates, and doctorate-level faculty) associated
with the study. All other aspects of the study were adminis-
tered by bachelors- and masters-level research staff and
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university students who have experience working with
clinical and pediatric populations.

At the first in-person eligibility session, the ADOS-2
(Module 2 or 3; Lord et al., 2012) and the Kaufman Brief
Intelligence Test-2 (Kaufman & Kaufman, 2004) were
administered to youth. The ADOS-2 is the gold standard
instrument for characterizing symptoms of ASD. It involves
administering and scoring a sequence of “social presses” to
elicit normative social responses, if capacity is present in the
participant. Eligible participants had an overall score ≥7 on
Module 3 or ≥8 on Module 2 which is consistent with an
autism spectrum classification (Lord et al., 2012). In addi-
tion, the ADOS-2-calibrated severity score was calculated to
provide a standardized severity metric of autism symptom-
atology for other analyses. The Kaufman Brief Intelligence
Test-2 provides standard scores of crystallized (verbal)
and fluid (nonverbal) IQ for a range of individuals aged
4–90 years. (One child had scores from the Wechsler Pre-
school and Primary Scale of Intelligence—Fourth Edition
(Wechsler, 2012), completed within the past year, and these
scores were allowed in lieu of completing an additional IQ
assessment.) Youth who met criteria for an ASD as deter-
mined by their scores on both the Social Communication
Questionnaire and the ADOS-2 and who scored ≥80 on the
intelligence test were invited to complete the experimental
portion of testing (n = 59). Of those 59, two youth dropped
out before completing the study, yielding a total of
57 participants.

Primary Measure

SELweb. SELweb is web-based, self-administered, auto-
scored direct assessment. It is easy to use with built-in,
narrated instructions delivered by an animated talking

dog. SELweb modules are presented in the following
order: emotion recognition (Fig. 1), self-control #1 (delay
of gratification; Fig. 2), theory of mind (Fig. 3), social
problem solving (Fig. 4), and self-control #2 (frustration
tolerance; Fig. 5). Details about each module are pres-
ented in Table 1. All items are narrated and answer
choices are repeated when the user hovers the cursor over

Figure 1. A sample screenshot from SELweb’s emotion recogni-
tion module. For this module, users view individual faces and
indicate the emotion expressed.

Figure 2. A sample screenshot from SELweb’s self-control (delay
of gratification) module. For this module, users send animated
rocket ships to space and earn points for selecting different
rockets. More points are awarded when the user chooses the
slower and more tedious rockets.

Figure 3. A sample screenshot from SELweb’s theory of mind
module. For this module, users listen to illustrated, narrated
vignettes and answer questions about why the story character did
or said what he or she did.
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a response. There are no minimum reading level require-
ments, nor do any of the activities require a verbal or
written response. A comprehensive description of stimuli,
response options, and scoring for all modules are
described in McKown et al. (2016). SELweb raw scores
have been normed on large samples of youth and
converted to standard scores (M = 100, SD = 15).

Validation Measures

The selected validation measures were chosen because
they are widely used, have strong psychometric proper-
ties, and are designed to measure skills that parallel what
SELweb is designed to measure.

Emotion recognition. For emotion recognition, a stimu-
lus set from the University of California at Davis Set of
Emotion Expressions (UCDSEE; Tracy, Robins, & Schriber,
2009) was administered via computer. Participants viewed
four sets of 18 photographs of people and indicated
whether the emotion expressed in each photograph mat-
ched a target emotion (happy, sad, angry, and scared). Pho-
tographs were presented in random order for each of the
four target emotions. Final score was the number of correct
items. Cronbach’s α, an estimate of internal consistency,
was 0.90 for the UCDSEE in our sample.

Theory of mind. Participants completed five vignettes
from the Strange Stories (Happé, 1994). In each vignette, a
character states one thing but intends something else. Par-
ticipants listened to recordings of the stories while looking
at printouts of the stories with minimal accompanying
pictures. They were then asked why the character said
what he or she said. Participants received one point for
each correct inference of the speaker’s intention. The
final score on Strange Stories was the summed item
scores. Cronbach’s α was 0.81 for these Strange Stories
vignettes in our sample.

Social problem solving. Participants completed four
video-vignettes from the Social Information Processing
Application (SIP-AP; Kupersmidt, Stelter, & Dodge, 2011), a
web-based measure of social problem solving. Videos are
from a first-person perspective, and all the main actors are
males. Following each vignette, participants answered a
selection of questions assessing problem identification,
goals, and solution preference. These questions were
grouped into five different categories: hostile intent attribu-
tion (α = 0.50), aggressive goal (α = 0.84), prosocial goal
(α = 0.69), overtly aggressive solution (α = 0.92), and rela-
tionally aggressive solution (α = 0.87). Total score for each
category was the average of scores across vignettes. The
average score across all categories was also examined;
Cronbach’s α was 0.89 for the overall average score on the
SIP-AP in our sample.

Self-control. Participants completed the Distractibility and
Go/No Go subtests from the computer-based Test of Atten-
tional Performance for Children (KiTAP; Zimmermann,
Gondan, & Fimm, 2005). Scores for Distractibility were
based on the number of misses with (0.69–0.80) and with-
out (0.66–0.72) a distractor, and scores for Go/No Go were
based on the number of false reactions (0.65–0.66) and the

Figure 4. A sample screenshot from SELweb’s social problem-
solving module. For this module, users are asked to pretend that
they are one of the story characters while they hear illustrated,
narrated vignettes involving either ambiguous provocation or
peer entry.

Figure 5. A sample screenshot from SELweb’s self-control (frus-
tration tolerance) module. For this module, users view pairs of
shapes and indicate whether they are the same or different shapes.
Several items are programmed to get stuck and induce frustration.
Total score is the number correct and represents the ability of the
user to stay focused and perform well despite frustration.
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median reaction time (0.77). The total number of correct
responses was also considered for each subtest. Because
individual item-level data were unavailable, published
split-half reliabilities were reviewed, which ranged from
0.66 to 0.74.

Data Analytic Plan

To test the first hypothesis that SELweb is usable in our
target population of 6- to 10-year-old youth with ASD
who do not have an intellectual deficit, we collected tes-
ter records and observations of each SELweb administra-
tion and assessed the data qualitatively.

To test the second hypothesis that SELweb maintains
internal consistency reliability in our target population, two
methods were used. For single-module scores, Cronbach’s
alpha values were calculated. For composite scores made up
of individual scores, internal consistency reliabilities were
calculated using a formula described by Nunnally and Bern-
stein (1994). This calculation estimates the reliability of
composite scores using an algorithm that takes into account
the internal consistency of each component score, the
strength of the factor loadings, and the covariance between
the component scores. The current sample was too small to
estimate factor loading with confirmatory factor analysis.
Instead, estimated factor loadings from the SELweb nor-
ming sample were used (McKown, 2018).

To test the third hypothesis that SELweb is a valid assess-
ment tool of social–emotional skills in our target population,
we examined the association between SELweb performance
and performance on alternate measures of the same con-
structs (criterion measures). For these analyses, as well as
hypothesis 2, a multitrait–multimethod matrix is presented
to visualize aspects of convergent and discriminant validity.
To show evidence of criterion-related validity, we ran regres-
sion models with the SELweb score as the predictor, the
score on the alternate measure of the same construct as the
criterion, and with age and estimated IQ entered as
covariates. (We calculated regressions with and without site
as a covariate. Themagnitude did not vary greatly and signif-
icance did not change; therefore, wemaintained the simpler
model in our presentation of methods and results.) This
method provides a stricter test of convergent validity as it
controls for potential confounding by developmental and
cognitive factors.

To test the fourth hypothesis that performance on
SELweb among our target population indicates social–
emotional deficits compared to the normative sample as
expected for youth with ASD, we ran one-sample t-tests,
comparing the standard scores on SELweb and its sub-
scales to the normative mean of 100.

Finally, we calculated bivariate correlations between all
SELweb scores and the ADOS-2 calibrated symptom sever-
ity indices.

Results

Fifty-seven rigorously characterized youth (Mage = 8.67,
SDage = 1.32; 44 male) who met eligibility cutoffs based on
the ADOS-2 (M = 7.46, SD = 1.93), Social Communication
Questionnaire (M = 21.18, SD = 5.81), and intelligence test-
ing (IQ ≥ 80;M = 103.72, SD = 14.33) completed study pro-
cedures. Demographic data are provided in Table 2.

Usability

Overall, SELweb was well received and easily completed
by participants. On average, participants needed 33.7 �
4.36 min to complete SELweb. Seven participants required
one short break of less than 5 min. The majority (82.5%) of
participants completed SELweb without needing assistance.

Qualitative observations of usability. Behavioral
observations and comments during testing suggested that
participants were actively engaged with and largely
enjoyed SELweb throughout testing. More than half of
the participants verbally expressed engagement or enjoy-
ment at some point during testing (e.g., “This part is

Table 2. Participant Demographics by Site and Combined

Site 1
(Stony Brook) Site 2 (Rush) Total

Measure n (%) n (%) n (%)

Age, M (SD) 6.5 (1.2) 6.1 (1.5) 6.1 (1.3)
IQ, M (SD) 81 (14.5) 80 (12.2) 80 (14.1)
Sex: male 26 (76.5) 18 (78.3) 44 (77.2)
Income

<$30,000 2 (5.9) 1 (4.3) 3 (5.3)
$30,000–$60,000 2 (5.9) 2 (8.7) 4 (7.0)
$60,000–$90,000 1 (2.9) 5 (21.7) 6 (10.5)
$90,000–$120,000 7 (20.6) 5 (21.7) 12 (21.1)
>$120,000 21 (61.8) 9 (39.1) 30 (52.6)
Unknown 1 (2.9) 1 (4.3) 2 (3.5)

Caregiver 1 education
HS graduate or GED 3 (8.8) 0 3 (5.3)
Some college or post-HS 7 (20.6) 3 (13) 10 (17.5)
College graduate 8 (23.5) 13 (56.5) 21 (36.8)
Advanced degree 16 (47.1) 7 (30.4) 23 (40.4)

Caregiver 2 education
HS graduate or GED 4 (11.5) 3 (13) 7 (12.3)
Some college or post-HS 7 (20.6) 4 (17.4) 11 (19.3)
College graduate 10 (29.4) 6 (26.1) 16 (28.1)
Advanced degree 10 (29.4) 8 (34.8) 18 (31.6)
Unknown 3 (8.8) 2 (8.7) 5 (8.8)

Ethnicity
White 30 (88.2) 14 (60.9) 44 (77.2)
Black 1 (2.9) 0 1 (1.8)
Asian 0 1 (4.3) 1 (1.8)
Mixed 3 (8.8) 6 (26.1) 9 (15.8)
Unknown 0 2 (8.7) 2 (3.5)

Total 34 23 57

HS, High School; GED, General Education Diploma.
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awesome!”; “I’m getting so many right”; “It has to be one
of these two”). Six participants requested task-specific clar-
ification during the delay of gratification task (e.g., “Is this
what we’re supposed to do?”) and the social problem-
solving and theory of mind modules (e.g., “This is my
opinion?”; “What are these? Things I can do?”). Two par-
ticipants asked for basic clarification during the emotion
recognition module, including asking research staff to
read the emotion words aloud (despite availability of
voiceover for an item whenever the computer cursor
hovers over it) and asking research staff to define the
phrase “just okay.” Thirteen participants received some
level of redirection. For example, participants became fix-
ated on aspects of the activities or the computer itself
(e.g., the order of answer options, the computer mouse,
etc.) or became distracted by objects in the room. Two par-
ticipants utilized “fidget” objects periodically to maintain
focus and manage behavior. Fifteen participants expressed
fatigue or boredom through either verbal or nonverbal
indications, particularly during the emotion recognition
module.

Reliability

There were notes from staff suggesting possible persevera-
tive response patterns for six participants on one of the
self-control modules. These participants appeared overly
focused on the ordering or numbering of response
options (1, 2, 3, 1, 2, 3, etc.). Whether these cases were
truly perseverative or merely coincidental could not be
confirmed, and hence internal consistency was evaluated
with and without the questionable data. Analyses yielded
largely equivalent results, so all data from that module
were included.
Cronbach’s α for SELweb’s social–emotional composite

score was 0.89. Individual modules demonstrated Cronbach’s
alphas between 0.73 and 0.88 and were similar in magnitude
to internal consistency reliabilities found in two large studies

with GenEd students (McKown, 2018; McKown et al., 2016;
Table 3).

Validity

Associations with alternate measures of the same
constructs. Evidence of convergent and discriminant
validity is presented in Tables 4 and 5. Table 4 presents
the multitrait–multimethod matrix, which demonstrates
that, with the exception of self-control, monotrait–
heteromethod correlations for each SELweb scale (a) were
significant, denoting convergent validity; (b) were greater
than heterotrait–heteromethod correlations in the same
row or column, denoting discriminant validity, in that
SELweb scores were indeed less correlated with measures
of other social–emotional skills than with measures of
the same skill; and (c) were greater than heterotrait–
monomethod correlations, such that the variance shared
by common SEL constructs was greater than shared
method variance. Table 5 summarizes the relationship
between SELweb scores and scores on alternate measures
of the same constructs after controlling for age and
IQ. The overall SELweb score was associated with scores
on alternate measures of emotion recognition, theory of
mind, and social problem solving, but not self-control.
Performance on the SELweb emotion recognition module
was significantly associated with performance on the
UCDSEE, the alternate measure of emotion recognition.
Similarly, performance on the SELweb theory of mind
module was significantly and robustly associated with
performance on Strange Stories, the alternate measure of
theory of mind. Performance on the SELweb social
problem-solving module was significantly and robustly
associated with performance on the SIP-AP, the alternate
measure of social problem solving. Performance on the
SELweb self-control modules was not associated with the
KiTAP, the alternate measure of self-control. Performance
on SELweb emotion recognition, theory of mind, and

Table 3. SELweb Internal Consistency in the ASD and GenEd Samples

ASD vs. Mean GenEd GenEd samples

SELweb module and score ASD sample Mean GenEd samples Field trial 1 Field trial 2 Norming study

Emotion Recognition 0.74 0.84 0.78 0.84 0.86
Theory of Mind 0.78 0.79 0.80 0.78 0.79
Social Problem Solving 0.93 0.86 0.82 0.88 0.88
Positive Attribution 0.81 0.73 — 0.72 0.73
Positive Social Goal 0.84 0.72 0.71 0.72 0.72
Positive Solution Selection 0.88 0.82 0.81 0.83 0.82

Self-Control 0.82 0.83 0.85 0.80 0.86
Delay of Gratification 0.73 0.73 0.71 0.74 0.74
Frustration Tolerance 0.76 0.85 0.92 0.77 0.85

Cronbach’s alphas are reported for all modules, with the exception of social problem-solving and self-control composite scores. Methods for these
values are in accordance with a strategy outlined by Nunnally and Bernstein.
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social problem-solving modules was generally not associ-
ated, or only weakly associated, with alternate measures
of dissimilar constructs.

Associations with autism severity. A moderate, yet
significant, correlation existed between the overall SELweb
standard score and the ADOS-2 calibrated severity score
(r = −0.36, p = 0.01). Further analysis examined the associ-
ation between the four SELweb scores reflecting different
skill areas. These analyses revealed a significant correlation
between theory of mind (r = −0.30, p = 0.02) and ADOS-2
severity scores; associations between the other three
SELweb domain scores and the ADOS-2 severity score were
nonsignificant (r = −0.26 – −0.12, p = 0.06–0.36). This pat-
tern of associations was also observed in correlations
between the ADOS-2 severity scores and performance on
validation measures.

Comparison to GenEd youth. Youth with ASD scored
significantly lower (p < 0.006) than the GenEd normative
sample on the SELweb social–emotional composite score
(MSS = 89), theory of mind (MSS = 87), social problem
solving (MSS = 92), and self-control (MSS = 91), but not
emotion recognition (MSS = 99; p = 0.41).

Discussion

Overall, this study suggests that SELweb is a usable and
feasible task for youth with ASD and shows promise as a
tool for measuring multiple social–emotional domains in
this population. Because social–emotional skills are not
directly observable and rating scales require a high level
of inference, SELweb’s direct assessment format provides
an ideal alternative to frequently used third-party reports.
The fact that the social domains SELweb assesses are
implicated in both contemporary and longstanding

Table 4. Multitrait–Multimethod Matrix for SELweb Overall Scale and Subscales
1SELweb 2Validation tasks

M (SD) SE1 ER1 ToM1 SPS1 SC1 ER2 ToM2 SPS2

SE1 89.1 (14.2)
ER1 98.7 (12) 0.50***
ToM1 87 (16.8) 0.72*** 0.08
SPS1 92.2 (20.4) 0.68*** 0.22 0.26*
SC1 90.6 (14.3) 0.58*** 0.17 0.41** 0.00
ER2 60.4 (8.7) 0.26 0.27* 0.08 0.09 0.27*
ToM2 2.4 (1.8) 0.45*** −0.06 0.59*** 0.12 0.46*** 0.26
SPS2 2.2 (0.9) −0.53*** −0.20 −0.16 −0.81*** 0.01 −0.02 −0.16
SC2 18 (5.2) −0.15 −0.10 −0.02 −0.20 −0.03 0.25 −0.06 0.12

Pearson correlation coefficients between convergent and discriminant constructs and methods. The matrix is formatted to reflect patterns of correlation
interpreted within a multitrait–multimethod matrix, wherein bold values denote the heterotrait–monomethod triangles, underlined values denote
monotrait–heteromethod correlations (i.e., validity coefficients), and italicized values denote heterotrait–heteromethod triangles. A pattern of correla-
tions in which validity coefficients are sufficiently high to warrant further investigation, of greater magnitude than heterotrait–heteromethod correlations
in the same row or column, and of greater magnitude than heterotrait–monomethod correlations provides evidence of convergent and discriminant valid-
ity for SELweb emotion recognition, theory of mind, and social problem solving.
* p < 0.05; ** p < 0.01; *** p < 0.001.
SE1, Social–Emotional/Overall SELweb standard score; ER1, SELweb emotion recognition standard score; ToM1, SELweb theory of mind standard score; SPS1, SELweb

social problem solving standard score; SC1, SELweb self-control standard score; ER2, University of California at Davis Set of Emotion Expressions (subset) Total Correct;
ToM2, Strange Stories (subset) Total Correct; SPS2, Social Information Processing-Application (subset) Overall score; SC2, KiTAP Go/NoGo Total Correct.

Table 5. Relationship between SELweb Domain Scores and
Validation Measures

Criterion

Variable UCDSEE
Strange
stories

SIP-AP
overall

KiTAP
Go/NoGo

Age 0.36* 0.46*** −0.34** 0.06
IQ −0.15 0.44*** 0.35* 0.09
SELweb Overall 0.45** 0.36** −0.83*** −0.18
Age 0.35* 0.36*** −0.13 0.10
IQ 0.10 0.65*** −0.12 −0.01
SELweb Emotion
Recognition

0.40** 0.08 −0.25 −0.06

Age 0.23 0.48*** −0.08 0.13
IQ 0.04 0.32** −0.02 −0.04
SELweb Theory
of Mind

0.10 0.50*** −0.16 0.03

Age 0.22 0.34*** −0.16* 0.10
IQ 0.10 0.64*** 0.01 0.02
SELweb Social
Problem Solving

0.10 0.07 −0.84*** −0.19

Age 0.25 0.36*** −0.02 0.12
IQ −0.09 0.53*** −0.20 −0.01
SELweb Self-Control 0.35* 0.20 0.13 −0.00

This table shows standardized regression coefficients; bold-face coeffi-
cients are associations between variables in the same SEL domain; the
SIP-AP is scored such that a higher score reflects lower functioning, which
accounts for the negative correlations.
* p < 0.05; ** p < 0.01; *** p < 0.001.
UCDSEE, University of California at Davis Set of Emotion Expressions;

SIP-AP, Social Information Processing Application; KiTAP, Test of Atten-
tional Performance for Children.

INSAR Russo-Ponsaran et al./Measuring social–emotional skills in ASD 1267



models of ASD also supports its use in this population
(Baron-Cohen, 2000; Beauchamp & Anderson, 2010; Cai
et al., 2018; Dawson et al., 2005; McMahon, Lerner, &
Britton, 2013; Mendelson et al., 2016). Because chal-
lenges in emotion recognition, theory of mind, social
problem solving, and self-control may be present early in
development and persistent over time, being able to eval-
uate performance with the same measure at different ages
is another benefit of SELweb. The usability of SELweb in
youth with ASD is likely augmented by its portability
across settings, as well as the fact that administration
does not require shifting across materials and modalities.
Generally, participants were interested in and engaged

with the activities within SELweb. Although some partici-
pants exhibited instances of distraction or off-task behav-
ior, this was not observed to be of especially greater
intensity or frequency than typically observed during
administration of comparable tasks. The emotion recog-
nition module was at times fatiguing for participants, but
this finding is consistent with what was observed in
GenEd populations.
Overall, our validation results suggest that most SELweb

scores are reliable and measure what they were designed to
measure in youth with ASD in a laboratory setting, and
they do so in an integrated instrument that assesses multi-
ple interrelated constructs on a straightforward, usable, and
scalable platform. Contrary to expectations, the SELweb
self-control module did not demonstrate expected conver-
gent and discriminant validity. The fact that performance
on the self-control modules was related to performance on
the both the emotion recognition and theory of mind vali-
dation measures suggests that this subscale may be captur-
ing a construct other than traditional impulse control.
Disentangling those data is of interest and represents a
future direction. A promising result from this study is the
moderate and significant association between overall
SELweb performance and the ADOS-2 calibrated severity
score. This finding supports the contention that social–
emotional skills may be related to symptom expression in
youth with ASD (Beauchamp & Anderson, 2010; Lipton &
Nowicki, 2009; Loveland, 2005; Rice et al., 2012; Russo-
Ponsaran et al., 2015). The fact that this effect was driven
largely by the psychometrically sound theory of mind sub-
scale is consistent with current thinking that this capacity
represents a vector vital to understanding and explaining
heterogeneity in ASD symptomatology (Livingston &
Happé, 2017; Lombardo et al., 2016; Rice et al., 2012).
The deficit levels in the various domains measured by

SELweb are consistent with literature showing heteroge-
neity in social–emotional impairment in ASD (Lozier
et al., 2014). Most of the standard scores are significantly
below GenEd population norms. Such scores do not
reflect severe levels of impairment or global impairment,
but they do reflect a wide range of functioning
(SDscore = 12.02–20.42). That performance on the emotion

recognition module was not significantly impaired is not
entirely surprising because the existence, magnitude, and
nature of facial emotional recognition deficits in ASD is
mixed and has not been fully established (e.g., Klin et al.,
1999; Tracy, Robins, Schriber, & Solomon, 2011). Recent
work has suggested that emotional deficits in ASD may
be attributable to alexithymia, rather than ASD per se
(e.g., Bird & Cook, 2013). Although the underlying mech-
anisms of these deficits require further exploration, the
fact that SELweb was sensitive to deficits in ASD is impor-
tant. Future studies should include measurement of
alexithymia as a means of understanding variability in
emotion recognition deficits.

Although exploring the specific phenotypic heterogene-
ity present in the social–emotional skill profiles of individ-
uals with ASD (Kim et al., 2018) is outside the scope of this
initial pilot study, informal analyses did reveal several dis-
tinct patterns of ability without demonstrating the sort of
floor effects, or range restriction, often seen in other mea-
sures that are also usable in non-ASD populations. For
example, some domain scores within individuals varied
by more than two SDs from each other—with strengths
in certain domains and challenges in others. Others
scored high or low on all domains, and others demon-
strated an area of strength or deficit in all but one
domain. Larger studies should evaluate these profiles
using latent class analyses.

Often, scientists and practitioners try to understand
the phenotypes in ASD by piecing together findings in
disparate heterogeneous samples across multiple studies.
SELweb offers a unique opportunity to describe complex
social–emotional skill profiles—both of clinically distinct
subgroups of youth with ASD (Lerner, De Los Reyes,
Drabick, Gerber, & Gadow, 2017) and of individuals—
with a single assessment tool. SELweb offers the opportu-
nity to potentially better characterize, and ultimately
understand, the subgroups of the ASD population.

This study is a first step in understanding the utility of
SELweb for assessment in verbal youth with ASD who
have average intellect. Although the present findings sup-
port the feasibility of SELweb for this population, future
work should examine feasibility in larger samples and in
youth with ASD with a wider range of cognitive and
attentional capabilities. It should also be noted that
language level was not explicitly tested as part of the
eligibility criteria or experimental battery. Receptive
language-level would be an important variable to con-
sider for future testing and to establish whether a
language-level cutoff should be implemented, over and
above an IQ cutoff. Although we consider SELweb as a
tool that reflects a wide range of skill and impairment
levels, we recognize that it may not be appropriate for
youth with ASD who, for example, have co-occurring
severe intellectual, social, or receptive language chal-
lenges or are unable to sit and attend during a structured
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computerized activity. Another important consideration
is that SELweb does not capture social–emotional abilities
via interactive activities or in real time (Mundy, 2018).
Although outside the scope of the present study, valida-
tion of SELweb with behavioral observations may con-
tribute to our understanding of the utility of SELweb as a
measurement tool. From a design perspective, developers
of future assessments should explore ways to better cap-
ture the ecological validity in interactive ways. Another
future direction to consider is exploring the sensitivity of
SELweb to behavioral or pharmacological interventions
in ASD and other populations.

Dissemination of tools for the assessment of social–
emotional skills in ASD has been hampered by administra-
tive and interpretive requirements of most contemporary
instruments. Because SELweb provides a total score and
modular scores, it increases the capacity to generate individ-
ualized performance profiles within ASD, providing a rich
picture of the autism spectrum. Thus, this study sheds light
on the presence of phenotypic heterogeneity in social–
emotional skill profiles in this population. Once further val-
idated in larger samples, SELweb may provide a platform to
standardize performance on social–emotional assessments
across research, educational, and clinical settings, effectively
bridging the research–practice assessment gap.
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