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Objective: This study evaluated the efﬁcacy of a targeted
social skills training group in school-aged children with
autism spectrum disorder (ASD). The intervention, Seaver-NETT (Nonverbal communication, Emotion recognition, and Theory of mind Training), is a 12-session
cognitive-behavioral intervention (CBI) for verbal,
school-aged children targeting ASD-speciﬁc social
behavioral impairments.
Method: Sixty-nine children with ASD, 8 to 11 years of
age, with verbal IQs greater than 70, participated in a
randomized comparative trial to examine the efﬁcacy of
NETT relative to a facilitated play group. Treatment outcomes included caregiver reports of social behavior and
neuropsychological assessments of social cognition conducted by blinded raters. Outcomes were collected at
baseline, endpoint, and 3 months posttreatment.
Results: Signiﬁcant improvements were found on social
behavior outcomes such as nonverbal communication,
empathic responding, and social relations in the NETT
condition relative to the active control at endpoint. Verbal
IQ moderated the interaction effect on social behavior,

S

ocialization groups are a widely used modality for
addressing core social impairments in verbal, schoolaged and older individuals with autism spectrum
disorder (ASD). Socialization groups hold appeal as a costeffective method to facilitate social contact for individuals
at increased risk for social isolation and rejection.1,2 In
addition, empirical support is building for cognitivebehavioral intervention (CBI) approaches, such as social
skills training (SST) groups for verbally ﬂuent, school-aged
children with ASD.3 Notable methodological advances are
represented in a few recent studies, including the use of
randomized controlled trials (RCTs), manualized interventions, standardized outcomes, and ﬁdelity checks.4
However, several reviews3-5 point to methodological limitations that question recent practice recommendations,
which suggest that SST groups are evidence-based
interventions in ASD.6,7 Speciﬁcally, existing research fails
to meet core design criteria for evaluating treatment efﬁcacy
such as use of adequate sample sizes, active treatment
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with higher verbal IQ associated with improvements in
the CBI condition. No signiﬁcant improvements were
found on social cognitive outcomes. No signiﬁcant group
differences were found at 3-month follow-up conducted
with approximately half the sample (n ¼ 34).
Conclusion: These data indicate that targeted CBI social
skills groups such as NETT improve social communication
deﬁcits in verbal, school-aged children with ASD. The
moderating effects of high verbal IQ suggest a need to
consider participant and treatment characteristics associated with outcomes in future studies.
Clinical trial registration information—Neural and
Behavioral Outcomes of Social Skills Groups in Children
With Autism Spectrum Disorder; https://clinicaltrials.
gov; NCT01190917.
Key Words: social skills groups, autism, social cognition,
cognitive behavioral intervention, social communication
J Am Acad Child Adolesc Psychiatry 2015;-(-):-–-.

controls, independent outcome evaluations, and data on
maintenance and generalization.
The use of waitlist controls in RCTs8-13 is a particular
hurdle for evaluating treatment efﬁcacy of SST groups.
Parents report high levels of satisfaction across models
including interest-based social clubs, leisure activities
groups, supportive play (e.g., board games), as well as
CBI-based SST groups.11,14 In addition to methodological
and ethical concerns associated with waitlist controls, the
efﬁcacy of therapeutic SST group models must be demonstrated against less costly recreational social group models.
From an implementation perspective, the use of active
treatment controls will inform the selection of optimal
modalities (e.g., skills-based, recreational) and providers
(e.g., clinicians, paraprofessionals, peers). From a treatment
development perspective, active treatment controls are
needed to guide research on mechanisms and common
factors associated with outcomes.
To date, 3 randomized comparative trials have been
reported in the literature.15-17 Small samples (n < 14) and
limited effects in 2 comparative trials limit interpretation due
to underlying assumptions of randomization and statistical
models.16,17 DeRosier et al. conducted the largest comparative trial in 55 youths with ASD between the ages of 8 and
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12 years.15 The study evaluated the efﬁcacy of S.S.GRIN, a
15-session CBI curriculum with empirical support for youth
with emotional and learning disorders, relative to a modiﬁed
version for children with “high-functioning autism”
(S.S.GRIN-HFA). Signiﬁcant group differences were found
on the Social Responsiveness Scale (SRS) and measures of
perceived self-efﬁcacy. However, caregivers in the unmodiﬁed S.S.GRIN group reported an exacerbation of ASD
symptoms and reduced feelings of self-efﬁcacy, which requires further exploration, given the high parental satisfaction reported in other SST studies.11,12
Comparison across SST group studies in ASD is also
complicated by variability in outcome measures and treatment targets. Social communication impairments in ASD are
developmentally speciﬁc and may be associated with
cascading effects on other social and mental health domains.
Published curricula target social impairments found across
social-emotional learning disabilities such as listening skills,
friendship skills, and assertiveness training.9,10 Other studies
emphasize ASD-speciﬁc impairments in social communication and social cognition,8,12-14,16-21 whereas still others take
a broad-based approach including both general and ASDspeciﬁc impairments, such as S.S.GRIN-HFA.15
Targeted interventions for core social-communication
impairments are of particular interest given the dearth of
treatments for core deﬁcits in older children and individuals
with ASD. Baghdadli et al. conducted a randomized
comparative trial of a 20-session social cognitive intervention
targeting nonverbal communication, emotion recognition,
stress management, and theory of mind in 14 children with
ASD.17 Although no differences were found in total face
recognition scores on the Diagnostic Analysis of Nonverbal
Accuracy 2 (DANVA2),22 the targeted social cognitive
intervention was associated with improvements in identiﬁcation of low-intensity (i.e., difﬁcult-to-identify) adult emotions and quality of life outcomes relative to the active
treatment control. However, as previously noted, small
sample sizes limit the interpretation of ﬁndings from this
trial.
This study builds upon prior research by addressing
methodological weaknesses limiting interpretation of efﬁcacy of targeted, social cognitive skills training groups.
In this study, we evaluated the efﬁcacy of a targeted,
12-session, CBI SST group curriculum: Seaver-NETT
(Nonverbal communication, Emotion recognition, and Theory of mind Training). NETT uses targeted and top-down
processing approaches characteristic of CBI similar to
recently published reports of targeted social cognitive
curricula.12,17,20 The current study uses a randomized
comparative design, manualized interventions, ﬁdelity
checks, and theoretically based outcomes to evaluate treatment efﬁcacy. The study evaluated dual treatment targets
associated with ASD and social learning, speciﬁcally, social
cognition and social behavior. Treatment moderators were
evaluated to help inform a more personalized approach to
social skills interventions in ASD. Baseline participant
characteristics including verbal abilities, age, and psychiatric
comorbidities were evaluated as potential variables associated with treatment response. Moderator analyses may also

inform sample selection for future studies seeking to
constrain heterogeneity in this treatment area.23 Given that
maintenance data is rarely reported but greatly needed,4 this
study includes a 3-month follow-up evaluation in a subset of
participants to estimate durability of treatment effects.

METHOD
Randomization and Study Procedures
This study used a randomized parallel group design comparing
NETT and facilitated play (control condition). Participants were
recruited in 7 phases between January 2008 and March 2012. Allocation to conditions was determined by computer-generated
randomization in blocks of 10 to 12 for each recruitment phase.
Assessments were conducted at baseline and endpoint (12 weeks).
Funding to collect maintenance data was obtained during the trial
and was available for cycles 4 to 7. Outcomes included blinded
neuropsychological assessments of social cognition and caregiver
reports of social behavior. A subset of children also participated
in additional outcome evaluations, including functional magnetic
resonance imaging (fMRI) tasks of emotion processing and
perspective taking, direct observation during unstructured playtime,
and generalization probes with unfamiliar peers. Data from these
additional measures will be presented in subsequent reports.

Participants
Potential participants were recruited from community agencies,
local practitioners, and advertisements. A total of 87 families provided signed consent between January 2008 and March 2012 to
participate in the trial. Inclusion criteria were as follows: 8- to 11year-old children with a diagnosis of ASD and a verbal IQ score
of greater than 70. Diagnosis was established using DSM-IV24
criteria (clinical interview), Autism Diagnostic Observation
Schedule (ADOS, Module 3),25 and the Autism Diagnostic Interview–Revised (ADI-R).26 A clinical history, diagnostic testing, and
standardized IQ tests were undertaken at screening. Exclusion
criteria were as follows: initiation of new psychiatric medication
within 30 days before screening, known gross structural abnormalities in the brain, active seizure disorder, and aggression toward
others. Of 87 families who signed consent, 18 were not randomized
for the following reasons: failure to meet study inclusion criteria,
group scheduling conﬂicts, or inability to complete the ﬁrst fMRI
scan. Informed consent was obtained from all caregivers, and assent
was obtained from all child participants. This study was approved
by the Mount Sinai Program for the Protection of Human Subjects.
Figure 1 provides a ﬂowchart illustrating participant movement
through the trial. A total of 69 participants were randomized, and 66
participants completed the study. From the total sample (N ¼ 69), 38
participants enrolled in cycles 4 to 7 were eligible to participate in
the 3-month maintenance evaluation, and 34 participants completed
the maintenance evaluation.
Participant characteristics are presented in Table 1. For demographic and outcome variables, t tests were used. There were no
signiﬁcant differences between treatment groups on outcome variables or moderators at baseline. Ethnicity data from caregiver reports highlight enrollment of an ethnically diverse sample: 43%
white, 21% black, 26% Hispanic, 1% Asian, and 9% other.

Therapists and Treatment Fidelity
Intervention groups were led by licensed clinical psychologists with
a minimum of 3 years of experience working with children with
ASD. Each group also included 2 therapy assistants trained in the
respective treatment model by lead therapists. Therapists delivered
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FIGURE 1 Consolidated Standards of Reporting Trials (CONSORT) diagram. Note: NETT ¼ Nonverbal communication, Emotion
recognition, and Theory of mind Training.

either the CBI or control treatment and were not shared between
conditions. In addition, weekly supervision was provided for each
treatment team led by the lead therapist. A total of 3 lead therapists
and 16 assistant therapists provided interventions across the 7 group
cycles.
Treatment ﬁdelity ratings were conducted by 3 sequential, independent raters blinded to study hypotheses and not involved in
treatment delivery. Treatment ﬁdelity checklists were developed
from each treatment manual. Fidelity was measured using dichotomous ratings (yes/no) reﬂecting implementation of critical treatment components. In addition, nonspeciﬁc therapeutic factors were
measured including therapist use of positive affect, children’s
comfort level, and therapeutic alliance. Raters achieved 80% reliability before coding. Reliability was collected on live or videotaped
sessions for approximately 40% of sessions, with feedback provided
to lead therapists during the intervention. Fidelity was maintained
in both groups with an average of 97.4% and 97.9% of program
elements followed in the Seaver-NETT and control condition,
respectively. Ratings for nonspeciﬁc or common factors ranged from
1 ¼ poor to 4 ¼ excellent. Average scores reﬂected good to excellent
ratings on common factors (range ¼ 3.4–3.6) and did not differ
between conditions.

Interventions
Children in both groups received the same course of intervention
consisting of twelve 90-minute weekly sessions, which included
a child therapy group and a concurrent parent group. Both
child therapy groups included a 15-minute free-play/snack time,
60-minute instruction, and 15-minute wrap-up/circle time.
Groups consisted of 4 to 6 children with ASD and 2 to 3 therapists
to maintain a 2:1 child-to-therapist ratio. For both treatments,
session 1 was an introductory group (e.g., ice-breaker games,
orientation to the group rules/structure), and session 12 was a
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wrap-up/party. Sessions 2 to 11 differed based on treatment
condition.
Seaver-NETT. A modular CBI-based social skills curriculum for
children with ASD ages 4 to 12 years was developed in an outpatient
autism treatment program over a 5-year period. Open-label data
were collected on ﬁdelity, outcomes, and therapist satisfaction,
which led to modiﬁcations of the study protocols and manuals
during the development phase. Three developmentally progressive
modules targeting autism-speciﬁc social cognitive impairments were
selected for NETT: nonverbal communication, emotion recognition,
and theory of mind. The CBI curriculum drew from a variety of
sources to structure approach and activities, including Skillstreaming,27 social skills training,28 Relationship Development Intervention,29 and thought bubbles.30 Table 2 provides a detailed overview
of sessions and activities outlined in the NETT treatment manual.
Each of the 3 target skills (nonverbal communication, emotion
recognition, and theory of mind) was described in the treatment
manual with instructions for therapists, outlines for child and parent
group activities, and suggestions for individualization. Instructional
strategies included visual supports, didactic instruction, activities
to reinforce target skills (e.g., role-playing, games), weekly skills
practice (2 to 3 times/week), and a token economy system to reinforce target skills and group participation. The 30-minute parent
education group provided the rationale for target skills, homework
review, and discussion of challenges and barriers.
Control Condition: Facilitated Play. A treatment manual for the
control condition was developed to provide a supportive environment for children with ASD participating in a social group
setting. The treatment manual described methods to tailor childdirected play based on the interests and abilities of group members. Therapists established “stations” to support object play
(e.g., LEGO, board games), motor/tactile (e.g., drawing), and
dramatic play. The treatment manual also provided instruction
on use of reﬂective statements to foster communication with the
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TABLE 1

Baseline Participant Characteristics

Characteristic, mean (SD)a
Age, y
Full Scale IQ
Verbal IQ
Nonverbal IQ
Sex, male, n (%)
Vineland Adaptive Behavior Composite
ADOS Module 3 Overall Total
SRS Total Score
BASC-2 Behavior Symptoms Index
BASC-2 Hyperactivity T-score
BASC-2 Anxiety T-score
Social cognition composite
Social behavior composite

NETT (n ¼ 35)
10.05
94.86
97.91
100.5
30
80.25
12.25
94.62
68.15
63.85
57.21
0.15
0.04

Facilitated Play (n ¼ 34)

(1.27)
(17.34)
(16.70)
(18.22)
(85.7)
(11.28)
(4.36)
(24.31)
(9.79)
(13.90)
(10.48)
(.84)
(1.01)

9.87
93.72
96.44
98.97
27
79.63
10.41
96.41
70.90
67.00
58.74
0.18
0.05

(1.32)
(16.79)
(15.20)
(16.11)
(84.38)
(9.14)
(4.67)
(25.93)
(10.74)
(12.21)
(12.19)
(.79)
(.70)

p
.57
.79
.70
.71
.88
.81
.12
.77
.28
.34
.59
.10
.67

Note: ADOS ¼ Autism Diagnostic Observation Schedule; BASC-2 ¼ Behavior Assessment System for Children, Second Edition; NETT ¼ Nonverbal communication,
Emotion recognition, and Theory of mind Training; SRS ¼ Social Responsiveness Scale.
a
Except where noted.

child and between peers. Each group session began with a review
of a posted visual schedule, a check-in circle, activity time, and
wrap-up. The 30-minute concurrent parent group was supportive
in nature and facilitated by the lead therapist.

Measures
This study sought to measure effects from NETT on the dual treatment outcomes of social cognition and social behavior at study
endpoint. In addition, maintenance of treatment effects was assessed
in approximately half of the sample at a 3-month follow-up interval.
Treatment Outcomes: Social Behavior. Caregiver report measures
of social behavior impairments associated with ASD were collected
on the following measures: Social Responsiveness Scale (SRS),31
Grifﬁth Empathy Measure,32 and Children’s Communication
Checklist–2 (CCC-2).33 Each treatment condition required caregiver
participation, and thus ratings were unblinded. The Social Responsiveness Scale31 is a 65-item rating scale that is used to evaluate the
presence and extent of social impairment associated with ASD. The
caregiver version of the SRS was used in this study to measure the
presence of social symptoms in natural settings. The Grifﬁth
Empathy Measure32 is a 23-item caregiver rating scale that assesses
both affective and cognitive empathy in children and adolescents.
The measure was adapted from Bryant’s Index of Empathy34 by
Dadds et al. The CCC-233 is a 70-item caregiver rating scale that
includes language scales (e.g., speech, syntax) and pragmatic scales
(e.g., scripted language, nonverbal communication, social relations).
Treatment Outcomes: Social Cognition. Direct neuropsychological
assessments of social cognition were conducted by blinded, trained
raters at baseline, endpoint, and maintenance (3-month follow-up).
Assessments included the Diagnostic Analysis of Nonverbal
Accuracy-2 (DANVA2),22 Strange Stories Task,35 and the Reading
the Mind in the Eyes Test (RMET).36 The DANVA2 examines
emotion recognition using both visual and auditory stimuli. Participants were administered all subtests of the DANVA2. The Strange
Stories test37 is a measure of social understanding that assesses an
individual’s ability to understand nonliteral statements within
stories. This study used the revised version of the test as developed
by Brent et al.35 The RMET36 examines an individual’s ability to
determine what a person is thinking or feeling based on photographs of the eye region of male and female faces. The child and
adolescent version of the Eyes Test was used in this study.

Moderators of Treatment Effects. Participant characteristics used in
the moderator analysis included chronological age, verbal abilities,
ASD symptoms, and comorbid mental health conditions. Verbal
abilities were measured by verbal IQ composite scores, and ASD
severity was measured by the SRS total. Moderating effects of
anxiety and attention-deﬁcit/hyperactivity disorder (ADHD)38 were
evaluated using subscales from the Behavior Assessment System for
Children, Second Edition (BASC-2)39 parent rating scales.
Social Validity. A 10-item parent satisfaction measure was developed for the study and collected on participants enrolled in cycles 4
to 7. The parent satisfaction measure included 7 questions answered
on a 7-point Likert scale, with higher numbers associated with more
positive ratings. Questions in the satisfaction survey probed parent/
caregivers about their overall satisfaction with their child’s improvement, therapists, therapy, and research experience, as well as 3
open-ended questions about experiences in the intervention study.

Statistical Analysis
Principal Components Analysis: Treatment Outcome Measures. The
primary aim of this study was to assess change in 2 targeted social
learning constructs: social cognition and social behavior. Principal
components analyses (PCA) were used to create composite scores
for each construct and to reduce the number of type I errors associated with modeling many tests separately. In addition, composite
scores provide means for reducing measurement errors related to
ﬂoor/ceiling artifacts and variability in response. The analytic
approach was adapted from neurocognitive research in Alzheimer’s
disease and provides a method for establishing empirically and
theoretically based summary indices from multiple measures when
commonly accepted measures are not available.40,41 Composites
were developed in a 3-step process. First, missing, invalid, and/or
incomplete data (i.e., more than 30% items missing when not predeﬁned by scale) were excluded. Second, we entered raw scores for
the subscales of each measure to develop empirically based groupings. Third, variables with high (>0.50) and single, positive, significant loadings (i.e., >0.3 on no more than 1 factor) were retained.
The ﬁnal analysis retained 99% and 93% of participants for the social
cognition and social behavior composite analysis, respectively.
Social Behavior Composite. The PCA for the social behavior composite included 16 scales from the SRS, CCC-2, and the Grifﬁth
Empathy Measure. Promax rotation was conducted and yielded 4
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TABLE 2

Nonverbal Communication, Emotion Recognition, and Theory of Mind Training (NETT) Curriculum Overview

Topic

Sessions

Introductions, rules, format
Nonverbal communication: “Talking without words”

Session 1
Sessions 2e5

Emotion identiﬁcation: “Feelings”

Sessions 6e8

Theory of mind: “I think, you think”
End of group party

Sessions 9e11
Session 12

factors (Table S1, available online). Factor 1, social behavior impairments, explained 46% of the variance in scores. After omitting
subscales loading onto more than 1 factor, the top 3 subscales
loading on factor 1 remained. The resulting composite included the
following tests/subscales: CCC-2 social relations, CCC-2 nonverbal,
and Grifﬁth Empathy Scale total.
Social Cognition Composite. The social cognition composite
included raw score totals from the DANVA2, RMET, and Strange
Stories mentalizing scale. The 3 scales were maintained in a single
factor structure, and thus no rotations were conducted. The ﬁnal
social cognition composite used total scores from the 3 scales and
explained 52% of the variance.
Treatment Effects. Separate general linear mixed models (SAS/
STAT software, version 9.4) were conducted on social cognition and
social behavior composite scores derived from the factor analysis.
Mixed models were used to examine the longitudinal effect of
treatment conditions on outcome variables and the moderation
analysis. Analyses included data for all participants who had at least
2 time points with valid data. Variables examined for moderation
effects included: chronological age; verbal IQ; SRS total; BASC-2
anxiety subscale raw score; and BASC-2 hyperactivity subscale
raw score. Each moderator was entered separately into models as a
continuous variable. Evaluation of moderation effects on maintenance of treatment gains was limited because of the reduced sample
size at the 3-month follow-up.

RESULTS
Treatment Effects: Social Behavior and Social Cognition
at Endpoint
Table 3 shows the results of the linear mixed models analysis
for the outcome measures. NETT resulted in signiﬁcant improvements on the social behavior composite compared to
the active control condition (p ¼ .04) (see Figure 2A and
Table S2, available online). Effect size calculations indicate a
large effect of NETT (Cohen’s d ¼ 0.88) relative to control
(Cohen’s d ¼ 0.12) at week 12. However, these effect sizes
should be interpreted with caution, given the potential to
overestimate effects in small studies with large standard
errors.23
There was no signiﬁcant interaction effect on the social
cognition composite at endpoint (week 12). Based on previous ﬁndings,17 post hoc analyses were conducted on lowintensity (i.e., difﬁcult) items on the DANVA2 to evaluate
potential signals of effects within the social cognitive
domain. Post hoc analyses suggest greater improvements
for NETT on identifying low-intensity emotions in child
JOURNAL OF THE AMERICAN ACADEMY OF C HILD & ADOLESCENT PSYCHIATRY
VOLUME - NUMBER - - 2015

Sample Strategies, Games, and Activities
Icebreakers, introduction to schedules, token economy
Receptive and expressive gestural communication; charades,
miming, “I spy,” “buddy walkers”29
Visual discrimination (pictures, videos, in vivo), charades,
intensity ratings, emotion words, role-plays (e.g., ID and
reactions)
Thought bubbles,30 picture books, idioms, metaphors
Homework review, summary of activities, awards ceremony,
party

faces on the DANVA2 compared to controls (estimate ¼ 1.1,
p < .01, Cohen’s d ¼ 0.56).

3-Month Follow-Up
Table 3 also presents results from the 34 participants with
data at the 3-month follow-up interval. Linear mixed-model
analyses indicate no signiﬁcant interaction effect at followup on social behavior (p ¼ .38) or social cognition composites (p ¼ .79).

Moderators of Treatment Effects
Figure 2B shows the moderating effect of verbal IQ on social
behavior impairments at endpoint (week 12). Higher verbal
IQ scores were associated with greater change in the social
behavior composite for the NETT condition but not the
control condition. Verbal IQ did not moderate group  time
effects on the social cognition composite (Table 3). Age
approached signiﬁcance as a moderator of social behavior,
with older age associated with improvement in social
behavior impairments in the NETT group (p ¼ .053). SRS
total, and the anxiety and ADHD subscales from the BASC2, were not signiﬁcantly associated with change for either
social cognition or social behavior composites.

Social Validity
In all, 24 parents of 38 eligible participants completed ratings on the survey measure of parental satisfaction with
intervention. The mean total satisfaction rating was 5.66
(SD ¼ 1.36, range ¼ 2), which indicates a moderate to high
level of satisfaction with allotted interventions. A t test was
conducted to evaluate group differences in overall satisfaction ratings. No group differences were found on a total
satisfaction score, a reﬂection of parental satisfaction with
improvement in social skills, therapist qualities, and
research procedures (p ¼ .163).

DISCUSSION
This study was designed to evaluate the efﬁcacy of NETT, a
targeted SST group for nonverbal communication, emotion
recognition, and mentalizing impairments in verbally ﬂuent,
school-aged children with ASD. This study used a robust
trial design with controls for nonspeciﬁc therapy variables
including treatment duration, intensity, therapist variables,
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TABLE 3 Effects of Time, Group, and Participant Characteristics on Social Behavior and Social Cognition as Estimated From Mixed
Models
Social Behaviora

Time 1 (endpoint, N ¼ 67)
Group  time 1
Time 2 (3-month follow-up, n ¼ 34)
Group  time 2
Group  time 1  verbal IQc
Group  time 1  chronological Age
Group  time 1  SRS total
Group  time 1  ADHD index
Group  time 1  Anxiety index

Social Cognitionb

B

SE

p

B

SE

p

0.05
0.31
0.11
0.14
0.02
0.22
0.01
0.01
0.02

0.11
0.14
0.14
0.19
0.01
0.11
0.01
0.03
0.02

.62
.04*
.45
.47
.03*
.05
.25
.60
.33

0.12
0.00
0.15
0.17
0.00
0.03
0.00
0.03
0.03

0.09
0.13
0.12
0.17
0.01
0.10
0.01
0.02
0.02

.22
.98
.21
.31
.82
.73
.45
.25
.21

Note: ADHD ¼ attention-deficit/hyperactivity disorder; SE ¼ standard error; SRS ¼ Social Responsiveness Scale.
a
Social behavior impairment composite related to improvements in social relationships, nonverbal communication, and empathy.
b
Higher social cognition composite scores indicate improvement in neuropsychological assessments of emotion recognition and perspective taking.
c
Each moderator was entered into separate analyses.
*Indicates statistically significant findings from linear mixed models (p < .05).

and settings. Results supported improvements on social
behavior impairments associated with ASD after the
12-session intervention.
Results of this study are consistent with a growing body
of literature indicating positive effects of SST groups on prosocial behavior in school-aged children with ASD. A
Cochrane review3 indicates a medium effect size for
SST groups compared to waitlist controls on measures of
social competency (e.g., Social Skills Rating System [SSRS])
and small effects on neuropsychological assessments of
emotional recognition. The impact of SST groups on social
competency is encouraging, considering the positive associations between social competency, adjustment, and mental
health in typically developing children.42
The role of developmental variables on outcomes in this
trial has implications for targeting subgroups who may
optimally respond to this treatment approach. Higher verbal
IQ was signiﬁcantly associated with improvements on social
behavior impairments, and older age approached signiﬁcance as a moderator of social behavior outcomes for NETT
only. Study inclusion criteria limited enrollment to children
with ASD and verbal IQ scores greater than 70, given the
role of verbal mediation in facilitating behavior change in
CBI. Results suggest a higher than predicted threshold for
verbal processing skills in this CBI-based SST curriculum.
In addition, other variables may also be considered, such as
developmental readiness (i.e., prerequisites) for target skills
and aspects of pragmatic communication not captured under the gross measure of verbal abilities used in this trial.
Behavioral improvements in the absence of signiﬁcant
change movement in social cognitive targets challenge assumptions behind treatment mechanisms in CBI-based
social cognitive skills groups. CBIs presume a ﬂuid relationship between cognitive, behavioral, and environmental
processes during socialization in typical development (i.e.,
social learning theory and reciprocal determination43). Data
from this and other studies suggest a need for further

research on social learning mechanisms in school-aged
children with ASD. Should CBI facilitate behavioral
rehearsal in the absence of cognitive effects, strategies to
enhance social cognitive targets (e.g., medication augmentation or computer training program) may be investigated as
a means to optimize learning and improve durability of
treatment effects.
Despite nonsigniﬁcant effects on global social cognitive
scores, post hoc analyses of difﬁcult items suggested improvements in low-intensity child facial expressions of
emotion on the DANVA2 in NETT relative to controls. Results from Baghdadli et al.17 and Thomeer et al.13 also suggest
improvements in identiﬁcation of subtle emotional expressions. Taken together, ﬁndings support a need to further
interrogate social cognitive outcomes in targeted CBI interventions. Future research may incorporate measures with
higher ceilings (e.g., dynamic faces) and reﬁne social cognitive targets (e.g., reward, saliency).
This study is the largest randomized, comparative trial of
a social cognitive skills training group in a wellcharacterized, ethnically diverse sample of school-aged
children with ASD. The study also contributes to data on
moderators and maintenance of treatment effects from targeted CBI social skills approaches. The study evaluated
2 treatment targets presumed to underlie effects of CBIbased socialization interventions. Results support prior
ﬁndings of effects on social behavior but not cognition. Our
approach was also limited by design and measurement
challenges including a potentially underpowered evaluation
of maintenance (n ¼ 34), which affects interpretation of
treatment durability. Data from this study indicate that
approximately half of the gains made in NETT were not
maintained at 3 months postintervention. Although larger
sample sizes are needed to further assess treatment durability, results support 2 published studies suggesting limited
maintenance of SST group treatment effects after active
treatment periods.19,44 Outcome measures reﬂecting
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FIGURE 2 (A) Improvement in social behavior impairments. Note: Interaction effect for Nonverbal communication, Emotion
recognition, and Theory of mind Training (NETT) relative to active treatment control showing mean social behavior composite score
and standard error (SE) at baseline, endpoint, and follow-up. (B) Verbal IQ moderates improvement for NETT. Note: Change in
social behavior composite (z score and SE) is shown at the 25th and 75th percentiles of verbal IQ (verbal IQ ¼ 85 and 106,
respectively).

generalization and clinically signiﬁcant markers of
improvement (e.g. friendships, social integration) were also
limited in this study. Exploratory, observational measures
were collected and may provide indications of generalization in subsequent analyses. In addition, the reliance on
unblinded parent report for measuring social behavior outcomes is a particular challenge for this trial and the ﬁeld.
Parents in both conditions reported moderate to high levels
of satisfaction. Furthermore, the trial used independent
raters to evaluate the ﬁdelity and quality of both intervention conditions. Data reﬂected positive ratings of therapist,
child, and alliance variables in both conditions. Nevertheless, unmeasured aspects of expectancy may play a role and
should be mitigated in future research through exploration
of objective, blinded assessments of behavioral outcomes.
The main ﬁndings from this study suggest promise for
prescriptive approaches to psychosocial interventions, such
as Seaver-NETT, to improve core social-communication
behaviors in verbal, school-aged children with ASD. Results also provide directions for future research on targeted
JOURNAL OF THE AMERICAN ACADEMY OF C HILD & ADOLESCENT PSYCHIATRY
VOLUME - NUMBER - - 2015

CBI interventions for the growing population of children
with ASD without intellectual disability.45 In this partial
follow-up sample, group differences were no longer significant 3 months postintervention and suggest reduced
durability of treatment effects. Clinical best practices recommendations for educational interventions include planning for maintenance (e.g., booster sessions) and
generalization (e.g., instruction in multiple settings). Our
data suggest a role for planned maintenance and generalization in short-term, modular CBI-based social skills
groups as well. Data from this trial also suggest that social
cognition may represent an undertreated social learning
domain in available CBI-based interventions.13,17 Studies
designed to further interrogate treatment targets from CBI
are critical to better understanding potential mechanisms
and improving available treatments. If ﬁndings of reduced
impact on social cognition are replicated, next-stage interventions with the potential to impact multiple domains
contributing to social learning may also provide a means to
improve treatment durability. &
www.jaacap.org
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Rotated Component Matrix: Promax Rotation From Social Behavior Impairment Principal Components Analysis

TABLE S1
Subscale

Factor 1

Factor 2

Factor 3

Factor 4

Grifﬁth Empathy Scale
CCC social relations
CCC nonverbal
CCC context
CCC coherence
SRS social cognition
CCC interests
SRS mannerisms
CCC initiation
SRS social awareness
CCC syntax
CCC speech
CCC semantics
CCC scripted speech
SRS social motivation
SRS social communication

0.90
0.85
0.79
0.63
0.47
0.37
0.10
0.08
0.39
0.49
0.13
0.24
0.39
0.10
0.02
0.45

0.04
0.04
0.09
0.04
0.12
0.35
0.88
0.83
0.63
0.54
0.08
0.07
0.30
0.44
0.015
0.31

0.31
0.03
0.03
0.39
0.33
0.16
0.07
0.14
0.08
0.09
0.88
0.73
0.72
0.54
0.07
0.02

0.10
0.20
0.08
0.10
0.09
0.26
0.00
0.32
0.28
0.00
0.03
0.25
0.00
0.23
0.91
0.46

Note: CCC ¼ Children’s Communication Checklist; SRS ¼ Social Responsiveness Scale.

TABLE S2

Raw Score Changes on Scales Included in Composites
NETT (n ¼ 35)

Characteristic
Social cognition composite
DANVA
Children’s Reading Mind in Eyes Test
Strange Stories Mentalizing
Social behavior compositea
Grifﬁth Empathy Scaleb
CCC e social relations
CCC nonverbal

Facilitated Play (Control) (n ¼ 34)

Baseline

Endpoint

Baseline

Endpoint

Mean (SD)
Range

Mean (SD)
Range

Mean (SD)
Range

Mean (SD)
Range

0.15
(0.84)
1.44e1.39
84.53
(11.89)
53e100
17.03
(3.88)
10e25
6.00
(3.08)
0e11
0.04
(1.00)
1.86e2.28
129.67
(25.81)
65e180
9.34
(4.55)
0e19
10.03
(4.78)
1e18

0.27
(0.92)
1.93e1.67
87.58
(13.51)
52e107
17.58
(4.44)
6e26
6.06
(3.05)
0e12
0.34
(0.64)
2.05e0.71
132.72
(24.31)
72e180
7.69
(3.06)
2e14
8.88
(3.84)
0e15

0.14
(0.78)
1.6e1.25
80.08
(12.74)
49e96
16.08
(4.6)
7e25
5.17
(2.76)
0e9
0.05
(0.70)
1.06e1.5
123.62
(19.28)
84e155
9.58
(3.02)
4e16
10.07
(3.54)
5e17

0.02
(0.76)
1.41e1.61
81.97
(11.88)
63e103
16.03
(4.58)
5e25
5.76
(2.37)
0e10
0.01
(0.73)
1.2e1.63
123.96
(20.55)
97e185
9.22
(3.58)
2e18
9.96
(3.46)
5e16

Note: Social Responsiveness Scale (SRS) was included in the principal components analysis (PCA) but not included in the composite because of low factor loadings on
social behavior impairment factor. CCC ¼ Children’s Communication Checklist; DANVA ¼ Diagnostic Analysis of Nonverbal Accuracy; NETT ¼ Nonverbal
communication, Emotion recognition, and Theory of mind Training.
a
Lower scores reflect less impairment on social behavior.
b
Griffith Empathy Scale, which was rescaled for the PCA to correspond with direction Children’s Communication Checklist and SRS.
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