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Objective: This cluster randomized trial (CRT) evaluated the efficacy of the Classroom Social, Com-
munication, Emotional Regulation, and Transactional Support (SCERTS) Intervention (CSI) compared
with usual school-based education with autism training modules (ATM). Method: Sixty schools with 197
students with autism spectrum disorder (ASD) in 129 classrooms were randomly assigned to CSI or
ATM. Mean student age was 6.79 years (SD 1.05) and 81.2% were male. CSI teachers were trained on
the model and provided coaching throughout the school year to assist with implementation. A CRT, with
students nested within general and special education classrooms nested within schools, was used to
evaluate student outcomes. Results: The CSI group showed significantly better outcomes than the ATM
group on observed measures of classroom active engagement with respect to social interaction. The CSI
group also had significantly better outcomes on measures of adaptive communication, social skills, and
executive functioning with Cohen’s d effect sizes ranging from 0.31 to 0.45. Conclusion: These findings
support the preliminary efficacy of CSI, a classroom-based, teacher-implemented intervention for
improving active engagement, adaptive communication, social skills, executive functioning, and problem
behavior within a heterogeneous sample of students with ASD. This makes a significant contribution to
the literature by demonstrating efficacy of a classroom-based teacher-implemented intervention with a
heterogeneous group of students with ASD using both observed and reported measures.

What is the public health significance of this article?
This study highlights the potential of a teacher-mediated, classroom-based intervention for young
students with ASD. Findings suggest that classroom teachers can effectively implement a compre-
hensive educational program for elementary students with ASD that results in better outcomes
relative to standard educational programming. This study demonstrates that a teacher-implemented
intervention can have positive effects on a diverse population of students with ASD in a variety of
placements.
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The landscape of educating students with autism spectrum dis-
order (ASD) has changed over the past two decades with an overall
increase in the number of students with ASD, a significant pro-
portion of whom do not have concurrent intellectual disability and

receive the majority of their educational programming in main-
stream settings. The most recent Centers for Disease Control and
Prevention report (Baio et al., 2018) estimates that ASD affects
1:59 children in the United States. The number of students in the
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United States between the ages of 6 to 21 identified with ASD is
estimated to be 498,000, representing an increase of more than
435% since 2001 (Snyder, de Brey, & Dillow, 2016). The propor-
tion of students with ASD who do not have intellectual disability
is 69% (Baio et al., 2018). The larger proportion of students with
ASD who are high functioning dovetails with recent reports that as
of 2013, more than 39% of children with ASD in public schools
are spending 80% or more of their school day in general education
classrooms (Snyder et al., 2016). Thus, the educational system is
charged with meeting the needs of increasing numbers of students
with heterogeneous cognitive and behavioral skills within a range
of educational placements. Further, school systems are required by
law to implement evidence-based practices (Individuals with Dis-
abilities Education Act, 2004), and yet few evidence-based inter-
vention models are available to address the diverse educational
needs of school-age students with ASD. Of the intervention evi-
dence that does exist, there is limited applicability to real-world
classroom implementation.

Although efficacy research has been conducted in clinical set-
tings with several treatment models for young children with ASD,
implementation in public school classrooms has been limited.
Barriers to implementation include the fact that many efficacy
studies require extensive training to implement with sufficient
fidelity, high staff-to-child ratios, and levels of intensity that are
not feasible in school settings (Kasari & Smith, 2013; Mandell et
al., 2013). As a result, when such practices are delivered in school
settings they are often not implemented in the way that they were
designed and studied (Stahmer et al., 2015). Further implementa-
tion challenges arising in the school setting include incongruent
school policies, lack of adequate staffing and resources, and com-
peting school priorities (Locke, Shih, Kretzmann, & Kasari, 2016).
Interventions implemented by school systems may require modi-
fication from their original form in order to create a better fit with
the school context, which may jeopardize the integrity of the
treatment and diminish treatment effects. Thus, it is not surprising
that classroom interventions for children with ASD have not
reported main effects on child outcomes (Boyd et al., 2014; Man-
dell et al., 2013).

Although there have been several intervention studies conducted
in preschool settings that report significant outcomes for children
with ASD (e.g., Strain & Bovey, 2011; Young, Falco, & Hanita,
2016), there continues to be a critical need for evidence-based
intervention models for children with ASD that can be imple-
mented by teachers in elementary classrooms. The need for inter-
ventions to be tested in the settings in which they are intended to
be delivered, in this case public schools with teachers as agents of
delivery, has been discussed widely in recent literature (Cook &
Odom, 2013; Dingfelder & Mandell, 2011; Kasari & Smith, 2013)
and has been identified as a key area of need for research (Inter-
agency Autism Coordinating Committee, 2014). In the first pub-
lished randomized controlled trial (RCT) for children with ASD
implemented in public elementary school classrooms, Mandell and
colleagues (2013) compared the effects of two comprehensive
teacher-implemented interventions in elementary special education
classrooms. In this study, 33 classrooms with 119 participant
students were randomized to either Strategies for Teaching based
on Autism Research (STAR; Arick, Loos, Falco, & Krug, 2004) or
Structured Teaching (Mesibov, Shea, & Schopler, 2005). In both
conditions, teachers received a combination of workshop training,

observation, and coaching throughout the school year. While chil-
dren in both groups demonstrated significant gains in IQ with
children in the STAR program increasing from an average IQ of
61.00 to an average of 69.80 and the Structured Teaching increas-
ing from an average of 57.60 to an average of 67.10, significant
main effects of treatment were not detected. In this study, as well
as other teacher-implemented interventions, challenges with meet-
ing fidelity may contribute to the lack of main effects.

Although Mandell and colleagues (2013) were rigorous in their
methodology to evaluate a teacher-delivered intervention in the
school setting, the significance of this work is curtailed by the use
of IQ as the single outcome measure. Though objective, valuable,
and critical for unbiased student comparisons, use of standardized
measures alone may result in the assessment of behaviors distal to
classroom performance and may miss other important and clini-
cally significant gains (Kasari & Smith, 2013; Rogers & Vismara,
2008). Multiple measures, including teacher report and direct
observation, can provide contextually rich information on student
improvement (Gordon et al., 2011). Demonstration of change in
more specific areas such as adaptive behavior, executive function-
ing, and social skills, provides more information on how the
intervention is working (Kazdin & Nock, 2003). In addition to
measures using survey and interview techniques, perhaps the most
meaningful source of classroom measurement is gleaned from
direct observation.

It has been recommended that students with ASD spend a
minimum of 25 hr per week actively engaged in learning activities
to promote positive educational outcomes (National Research
Council, 2001; Odom, Boyd, Hall, & Hume, 2014; Wong et al.,
2015). Active engagement (AE) has been designated as a key
component of effective programming for students with ASD (Io-
vannone, Dunlap, Huber, & Kincaid, 2003; National Research
Council, 2001; Ruble & Robson, 2007), with conceptualizations
focused on school-based observation of either academically fo-
cused behavior (e.g., on task and on schedule; Ruble & Robson,
2007) or on social interaction (e.g., playground joint engagement;
Locke et al., 2016). Regardless of how it has been operationalized,
research has described consistently low rates of classroom AE in
students with ASD (Locke et al., 2016; Nicholson, Kehle, Bray, &
Van Heest, 2011; Ruble & Robson, 2007; Sparapani, Morgan,
Reinhardt, Schatschneider, & Wetherby, 2016). Very few studies
have examined change in AE in students with ASD as a result of
intervention. Single-subject research has provided some evidence
to support the malleability of aspects of AE in students with ASD
(Bryan & Gast, 2000; Nicholson et al., 2011), though these studies
are limited to a narrow set of behaviors that are not specifically
tied to the core deficits of ASD. We have examined the construct
of AE (Sparapani et al., 2016) by incorporating behaviors relevant
to both academic and social participation.

Classroom Social Communication, Emotional Regulation, and
Transactional Support (SCERTS) Intervention (CSI) was devel-
oped for implementation by classroom personnel in the elementary
setting to address the challenges of engaging children with ASD in
social interaction and learning activities. The foundation of CSI is
the SCERTS Model, a manualized intervention approach aimed at
addressing the most significant challenges faced by children with
ASD (Prizant, Wetherby, Rubin, Laurent, & Rydell, 2006). The
curriculum targets individualized intervention goals and objectives
for students in the domains of social communication (SC) and
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emotional regulation (ER). Transactional supports (TS) are inter-
vention or teaching strategies embedded within everyday activities
by teachers, parents, or peers to support child learning and AE
across settings. SCERTS is characterized as a Naturalistic Devel-
opmental Behavioral Intervention (NDBI; Schreibman et al., 2015)
and is used in conjunction with the school’s existing curriculum to
target the unique needs of students with ASD. CSI incorporates a
collection of evidence-based practices in that each of the three
SCERTS domains (SC, ER, and TS) and each objective within the
curriculum are derived from research evidence. This evidence
comes from a combination of treatment studies (both group and
single subject) that have examined focused intervention strategies
(e.g., Aldred, Green, & Adams, 2004; Wetherby & Woods, 2006) and
descriptive group research designs documenting core deficits of ASD
or predictors of outcomes for children with ASD (Siller & Sigman,
2002; Wetherby et al., 2004). The fundamental tenets of CSI are
consistent with recommendations of the NRC (2001) and the practices
identified in the recent Autism Evidence-Based Practice Review
(Wong et al., 2015) on providing educational interventions to children
with ASD.

An RCT with SCERTS has been implemented with toddlers in
the Early Social Interaction (ESI) Project by coaching parents
(Wetherby et al., 2014). This RCT compared the effects of two
parent-implemented interventions, individual and group, with 82
toddlers with ASD. Both conditions used SCERTS to identify
child goals and objectives and to monitor treatment progress. The
individual condition resulted in significantly greater improvements
in social communication, adaptive behavior, and developmental
level. While the context and intervention targets of ESI are differ-
ent than CSI, both interventions utilize the SCERTS curriculum,
implement a common coaching model to change TS in everyday
activities, and focus on improving child AE.

Prior to the present study, we conducted a 1-year pilot test of
CSI to assess feasibility of implementation. Twenty schools in four
school districts participated with 41 teachers and 82 students.
Schools were randomly assigned to either SCERTS or Autism
Training Modules (ATM). ATM was a control condition com-
prised of web-based training modules designed to provide infor-
mation about evidence-based practice to teachers providing usual
school-based education to students with ASD. Teachers in the
SCERTS condition received an intensive 3-day workshop at the
beginning of the year and tailored coaching sessions throughout
the year including feedback individualized to their needs. The pilot
study allowed us to deliver our initial manualized version of CSI
and make minor adjustments in training procedures and interven-
tion materials prior to engaging in the 3-year cluster randomized
trial (CRT) presented in this study.

Given the immediate challenges of educating children with ASD
in this country as well as lack of evidence-based models applied at
the elementary school level, this study aimed to contribute to and
extend the very limited body of research on school-based treat-
ments for students with ASD by evaluating the efficacy of CSI as
a teacher-implemented, classroom-based intervention for elemen-
tary students with ASD in both general and special education
classrooms. This study addressed student outcomes in classroom
settings for children diagnosed with ASD, with classroom person-
nel as implementation agents. The primary research objective of
this study was to evaluate whether, after eight months of treatment,
kindergarten—second-grade students with ASD whose teachers

received CSI training and coaching demonstrated significant im-
provement across a variety of measures based on observed and
reported information by teachers and parents compared with
students whose teachers received ATM. It was hypothesized
that CSI would show differential effects for students with ASD
evidenced by greater improvement on measures of AE, adaptive
behavior, executive functioning, and social outcomes compared
with students in the usual school-based education with ATM
group.

Method

This study used a CRT with schools randomly assigned to either
CSI or ATM groups. Schools were matched pairwise on demo-
graphic features (i.e., school size, proportion of students receiving
free or a reduced lunch, and ethnic composition) and one school
from each pair was randomly assigned to either CSI or ATM using
a computer-generated list created by the first author. A CRT design
was used because of the possibility of contamination of treatment
effects if teachers working in the same school were randomly
assigned. This study was approved by the Florida State University
Institutional Review Board as well as the review boards for each
participating school district.

Data for this CRT were collected over a period of three school
years between 2011 and 2014. Initially, letters were sent to each
district’s director of special education or primary ASD contact
requesting recommendations of potential school sites for the study.
Principals of the suggested schools were then sent a letter ex-
plaining the study. As needed, individual meetings were held
with principals and/or teachers to describe the study and to
clarify participant expectations. Once a principal agreed to
support school participation, interested teachers were provided
an information packet and contacted research staff to complete
the consent process. Once consented, teachers were provided with
packets to send home with students where ASD was suspected or
had been disclosed by the family in addition to those formally
identified as having ASD. Families that returned initial study
forms were then contacted and provided a choice of completing the
consent process either via mail or through an individual meeting
(face-to-face, phone, or video conference). Once consent was
attained, baseline assessments were conducted.

Each year, two waves of data were collected. Baseline assess-
ments were conducted near the beginning of the school year to
confirm study eligibility and to provide baseline characteristics of
the sample. The Stanford-Binet Intelligence Scale (fifth ed. [SB-
5]; Roid, 2003) was conducted to assess cognitive functioning
using the verbal and nonverbal routing subtests to derive an
abbreviated IQ score. The Autism Diagnostic Observation Sched-
ule (ADOS; Lord, Rutter, DiLavore, & Risi, 2002) was used to
confirm diagnosis of ASD and to further characterize the sample.
At each site an experienced diagnostician with research-level re-
liability on the ADOS completed the evaluations. Baseline and
end-of-treatment assessments included measures of classroom AE,
vocabulary, adaptive behavior, social skills, and executive func-
tioning. All research staff involved in administering assessments or
coding observations were kept unaware of participants’ treatment
group.
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Participants

School sample. A total of 70 elementary schools from school
districts in California (27 schools, one school district), Florida (35
schools, seven school districts), and Georgia (eight schools, two
school districts) were recruited to participate. Schools and teachers
were distinct from those who participated in the initial CSI pilot
study. A total of 34 schools were randomized to CSI and 36 were
randomized to ATM. Ten schools dropped out of the study due to
low recruitment. Three were unable to recruit target students, five
had students withdraw or change schools, and two had teachers
withdraw prior to the start of the study (one decided not to
participate and the target student moved to a nonparticipating
classroom for the other teacher), resulting in a total of 60 partic-
ipating schools.

Demographic information on schools in each condition is sum-
marized in Table 1. School size ranged from 46 to 1,256 total
students. Assessment at baseline demonstrated that participating
schools were demographically diverse in their representation of
students with free or reduced lunch status (range � 0%–99%,).
Independent sample t tests revealed no significant differences
between CSI and ATM schools regarding size, ethnic/racial break-
down, gender distribution, or free/reduced lunch (p � .259–.914).

Teacher sample. Within the 60 schools, 129 teachers (75 CSI,
54 ATM) participated in the study. Although a team was often
centered on the student, a single teacher was identified as the lead
educator for each child participating in the study. Teacher demo-
graphic characteristics are presented in Table 2. Of participating
teachers, 96% were women. Examination of these demographic
characteristics showed no significant differences between CSI and
ATM teachers. Treatment condition was not significantly associ-
ated with distributions of teacher race, ethnicity, gender, or grad-
uate education.

Student sample. Inclusion criteria for students included the
following (1) enrollment in kindergarten, first, or second grade at
the beginning of the school year in either a general education or
special education classroom; (2) a diagnosis, either clinical or
educational, of Autistic Disorder, PDD-NOS, or Asperger Syn-
drome as defined by the DSM–IV (American Psychiatric Associ-
ation, 2000); and (3) no presence of severe motor delay/impair-
ment, dual sensory impairment, or history of traumatic brain
injury. There were 235 students initially assessed for eligibility. Of

these, 38 students were excluded: 21 did not meet inclusion crite-
ria, 6 did not complete diagnostic testing, 4 had teachers who
withdrew from the study prior to baseline, and 7 were withdrawn
by a parent prior to the start of the study. There were 197 students
enrolled in the present study (see the CONSORT flow diagram in
Figure 1). All families and teachers gave written informed consent
for participation.

Baseline demographics and developmental characteristics of the
student sample are presented in Table 3. Students enrolled in the
study participated in general and special education classrooms,
with 40% participating in general education classroom as their
primary placement at the beginning of the school year. Primary
classroom placement was identified as general education for stu-
dents who spent 80% or more of their day with peers in a main-
stream education classroom. This sample represented the diversity
of the population. Student participants were predominately male
(81%), which is consistent with the observed 4:1 prevalence ratio
for the ASD population (Baio et al., 2018). Distributional differ-

Table 1
School Demographics

Characteristic CSI (n � 34) ATM (n � 26) p d

Number of students 601.74 (237.04) 628.12 (230.95) .667 .11
Race/ethnicity (%)

White 46.33% (28.95) 45.00% (27.12) .857 .05
Black 13.87% (11.65) 15.45% (17.46) .676 .12
Asian or Pacific Islander 8.87% (14.01) 8.51% (10.96) .914 .02
Native American .24% (.29) .18% (.21) .405 .24
Hispanica 25.00% (28.90) 26.14% (26.06) .875 .04
Multiracial 5.69% (3.21) 4.71% (3.23) .249 .30

Male (%) 52.35% (2.29) 52.66% (5.64) .777 .07
Free–reduced lunch (%) 59.47% (25.56) 51.04% (28.07) .250 .31

Note. CSI � Classroom SCERTS Intervention; ATM � Autism Training Modules.
a Hispanic is not categorized separately from race categories according to National Center for Education
Statistics.

Table 2
Teacher Demographics

Characteristic
CSI

(n � 75)
ATM

(n � 54) p d

Age 41.86 (11.13) 42.98 (9.67) .559 �.11
Race (%) .564

White 82.70% 88.90%
Asian 5.30% 5.60%
Black 4.00% 1.90%
Multiracial 2.70% .00%
Not reported 5.30% 3.70%

Ethnicity
Hispanic 1.30% 5.60% .393

Gender (% female) 94.70% 96.30% .665
Years teaching 13.20 (8.54) 15.07 (9.88) .385 �.21
Classroom .071

General education 58.7% 42.6%
Specialized 41.3% 57.4%

Number of classroom support
staff 1.14 (.94) 1.28 (1.03) .460 �.14

Education (% with master’s
degree or higher) 46.67% 62.96% .100

Note. CSI � Classroom SCERTS Intervention; ATM � Autism Training
Modules; d � Cohen’s measure of effect size.
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ences of demographic variables were nonsignificant (p � .113–
.842). The sample showed variability in regard to intellectual
functioning and severity of ASD. No significant differences were
observed on any of the measures collected at baseline between
students in CSI and ATM. Student race, ethnicity, gender, grade
and classroom type were also not significantly associated with
treatment condition.

Intervention Conditions

CSI condition. Teachers completed an initial training and
received ongoing, direct coaching throughout the school year to
support implementation of CSI within the classroom. While lead
teachers, or teachers primarily responsible for students’ attainment
of curricular standards, were the primary focus of training and
implementation, all members of each student’s educational support
team were invited to participate in the 3-day (18-hr) training held
near the beginning of the school year. Coaching was provided a
minimum of twice monthly and was increased as needed to a
maximum of weekly to facilitate successful implementation. Coach-
ing observations were provided both directly and via video. The

intervention consisted of an 8-month (school year) test of the appli-
cation of this model to each student’s classroom setting.

The coaching model used in this study was a classroom adap-
tation of the Continuum of Adult Learning Supports developed for
the ESI Project (Wetherby et al., 2014). The following four-step
coaching model was used: (1) identify what is working with direct
teaching as needed, (2) guided practice with feedback, (3) teacher
practice and reflection with feedback, and (4) teacher indepen-
dence. Coaches attended the 3-day CSI training as well as a
coaching orientation session aimed at sharing the CSI coaching
model and operational research procedures. In addition, district
coaches held videoconferences two times per month with research
staff and project consultants to guide implementation of their
coaching.

Three main intervention steps were included in CSI. First was
assessment and selection of goals. The teacher conducted an initial
assessment informed by the SCERTS Assessment Process to de-
termine student language stage and to identify student objectives.
The child’s profile in SC and ER were used to select priority goals
and objectives. Second, the CSI Educational Planning Grid was

Figure 1. CONSORT flow diagram for school and student assignment. CSI � classroom SCERTS interven-
tion; ATM � Autism Training Modules; CONSORT � consolidated standards of reporting trials.
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used to integrate goals and supports with target activities. The
teacher was guided in these processes as needed by the CSI coach.
Third, coaching was provided in order to guide teachers to imple-
ment CSI for 25 hr per week across classroom activities with the
primary aim of improving students’ AE and social communication.
Once initial activities were selected, the teacher and coach com-
pleted the SCERTS Practice Principles for Success Checklist for
two activities. The teacher practiced implementing the plan during
these activities and reviewed the plan with the coach. As imple-
mentation in each activity was mastered, additional activities were
identified and the process was repeated until CSI was implemented
for throughout activities across the school day with the CSI coach
reducing support over the course of the year as the teacher dem-
onstrated greater independence in implementation.

ATM. The ATM condition was a usual school-based educa-
tion condition. The ATM comprised a wiki-site housing links to
collections of training modules developed by the Florida Centers
for Autism and Related Disabilities. Modules were designed to
support teachers educating students with ASD. Content in the
ATM included overview of ASD, a guide to educational program-
ming for students with ASD, and a tutorial on visual supports.
Access to these training modules was made available to ATM
teachers at the start of the study; however, accessing the site was
not required for participation. Beyond providing access to the
ATM materials, teachers in this condition were not provided any
additional education or coaching.

Treatment Integrity

Measures of treatment fidelity for comprehensive treatments are
critical to account for differences between treatment and control
groups as well as to ensure the relationship between implementa-
tion and intervention outcomes (Odom, Boyd, Hall, & Hume,
2010). Implementation fidelity was assessed using the CSI Teacher
Fidelity Measure. This tool was developed by operationalizing 12
transactional supports described in the SCERTS Model (Prizant et
al., 2006) that are core components of the CSI treatment. Teaching
strategies were categorized under either General, which included
common strategies used by NDBIs (e.g., planning for transitions,
fostering independence, maintaining student attention) or
SCERTS, which included supports for SC (e.g., visual supports,
increasing demands, following student focus of attention). Items
specified under SCERTS included supports implemented uniquely
as part of the CSI intervention, while General supports were
considered more typical supports to promote student success in the
classroom that are hypothesized as necessary for response to the
CSI intervention. Instructor fidelity was scored for both conditions
from monthly classroom observation videos that were captured as
part of the larger data collection procedures for this study as
described below. Dichotomous scoring was used for each item for
a maximum of three points across three to five classroom activi-
ties, resulting in a total possible score of 15 for the General
teaching strategies and 21 for the SCERTS teaching strategies.
Teachers were scored on all items. A score of 70% or greater on
each, as well as the total score, indicated a teacher was implement-
ing the program with acceptable levels of fidelity. Because there is
no consensus on acceptable levels of treatment fidelity in
classroom-based interventions (Smith, Daunic, & Taylor, 2007),
this level of fidelity was selected as our benchmark given that
research on teacher-implemented interventions for students with
ASD similar in structure to SCERTS have reported fidelity aver-
ages ranging from 48% to 73% (Mandell et al., 2013; Strain &
Bovey, 2011; Young et al., 2016). Trained research assistants and
project staff unaware of treatment condition conducted all video
coding. Interobserver agreement on the CSI Teacher Fidelity Mea-
sure was calculated for 35% of the total observations. Mean
agreement was 87% and ranged from 75% to 95%.

Outcome Measures

This study utilized a combination of observed and reported mea-
sures. The primary outcome measure for this study was a classroom
observation of student AE. Reported outcome measures included
standardized measures of vocabulary, parent report of adaptive be-
havior, and teacher report of social skills and executive functioning.
Examiners conducting the standardized measures were unaware of
treatment condition. All outcome measures were collected at baseline
and at the end of treatment.

Active engagement. The Classroom Measure of Active En-
gagement (CMAE; Morgan, Wetherby, & Holland, 2010) assesses
student AE in the classroom using video-recorded observations.
The CMAE components and their operational definitions were
adapted from the research version of the CMAE as reported in
Sparapani and colleagues (2016). The CMAE rates six AE com-
ponents: emotion regulation, productivity, social connectedness,
directed communication, generative language production, and ac-
ademic independence that are combined to form two composites:

Table 3
Student Demographics and Baseline Only Measures

Characteristic
CSI

(n � 118)
ATM

(n � 79) p d

Age 6.82 (1.07) 6.77 (1.02) .722 .05
Race .649

White 62.70% 64.60%
Black 11.90% 12.70%
Asian 9.30% 10.10%
Multiracial 8.50% 3.80%
Not reported 7.60% 8.90%

Ethnicity .562
Hispanic 19.50% 22.80%

Gender (% male) 78.80% 84.80% .291
Caregiver age 31.19 (7.73) 30.14 (6.28) .340 .15
Caregiver education 15.67 (2.48) 15.78 (2.36) .778 �.05
Grade (%) .842

Kindergarten 36.40% 36.70%
First 31.40% 27.80%
Second 32.20% 35.40%

Primary classroom placement .133
General education 44.90% 34.20%
Specialized classroom 55.10% 65.80%

Pretest measures
SB-5 Nonverbal scales 7.38 (4.27) 6.23 (4.30) .065 .27
SB-5 Verbal scales 4.55 (3.35) 4.15 (3.37) .414 .12
SB Abbreviated IQ 75.98 (19.87) 71.37 (20.54) .117 .23
ADOS SA 11.46 (3.79) 11.57 (3.77) .839 �.03
ADOS RRB 3.65 (1.97) 3.70 (2.01) .880 �.03
ADOS Total 15.11 (4.52) 15.27 (4.58) .814 �.04

Note. CSI � Classroom SCERTS Intervention; ATM � Autism Training
Modules; SB-5 � Stanford Binet; ADOS � Autism Diagnostic Observa-
tion Schedule; SA � social affect; RRB � restricted and repetitive behav-
iors.
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Instructional Participation and Social Interaction. The first com-
posite comprises the emotion regulation, productivity, and aca-
demic independence components. The remaining components—
social connectedness, directed communication, and generative
language, form the Social Interaction composite. Operational def-
initions of each component include benchmarks for each rating
point and identify specific behaviors the student must display in
order to receive the specified rating. Each behavior is scored on a
four-point rating scale (ranging from zero to three) with higher
scores indicating the behavior was observed for a majority
(�75%) of the video segment.

Video-recorded observations to assess student AE were con-
ducted at baseline and the end of treatment. A project videogra-
pher, blind to treatment condition, recorded a 60-min observation
of each target student engaging in typical classroom activity.
Video release forms were obtained for all students in the class-
room. In the event a student’s parent did not give permission for
videography, the teacher and videographer were instructed to
avoid videoing that particular student. Because of limited re-
sources, the entire video observation could not be coded. Each AE
component was rated for the first and last 20% of the video sample
(i.e., first and last 12 min of a 60-min observation) to obtain two
scores across each component which were summed for each AE
component, for a possible score range of zero to six. This segmen-
tation of the video observations was chosen in order to capture at
least one start of an activity and one transition between activities.
Teachers were instructed to select observation periods each month
that would capture the student engaging in at least three usual
classroom activities. Activity type was not controlled for, as the
CSI intervention was designed to be delivered across all daily
events and routines within the school day. Possible activity cate-
gories included academics, meals and snacks, transitions, jobs and
chores, and so forth. Three undergraduate coders blind to treatment
condition, were trained on a separate set of video observations to
establish reliability using percent agreement, with a criterion of at
least 85% agreement across 10 observation segments of 12 min
each. Interrater reliability between coders was calculated using
intraclass correlation coefficients (ICCs) for 20% of the total
observations. Analyses indicated high agreement for the Instruc-
tional Participation (0.78) and moderate agreement for the Social
Interaction (0.60). Differences in the ICCs between the two com-
posites were most likely due to differences in the complexity of
behaviors being observed, with Social Interaction items being
more difficult to score. For example, the academic independence
item under Instructional Participation measures the extent to which
students are completing tasks with independence while the gener-
ative language item under Social Interaction attempts to measure
students’ use of novel and increasingly complex language. Both
subscales demonstrated preliminary concurrent validity with re-
lated measures. Small to large correlations were observed between
Instruction Participation and measures of executive functioning,
academic competence, and language (r � .22–.53). Small to mod-
erate correlations were observed between Social Interaction and
measures of adaptive behavior, social skills, and language (r �
.26–.33). A moderate correlation (r � .48) between the two
subscales at baseline was observed.

Standardized assessments of language. The Peabody Picture
Vocabulary Test, Fourth Edition (PPVT-4; Dunn & Dunn, 2007)
and the Expressive One-Word Vocabulary Picture Test, Fourth

Edition (EOWVPT-4; Brownell, 2000) were used to assess general
vocabulary development. The PPVT-4 is a norm-referenced mea-
sure of receptive vocabulary and the EOWPT-4 is a norm-
referenced measure of expressive vocabulary.

Parent report of adaptive behavior. The Vineland Adaptive
Behavior Scales, 2nd Edition (VABS-II; Sparrow, Cichetti, &
Balla, 2005) is designed to evaluate skills required for independent
living. It is a structured caregiver interview assessing adaptive
functioning with standard scores in four domains: Daily Living
Skills, Communication, Socialization, and Motor Skills. In addi-
tion, the VABS-II includes an Adaptive Behavior Composite
(ABC) score, which provides an overall estimate of an individual’s
adaptive behavior. The VABS-II has good reported reliability,
with alpha coefficients ranging between .80–.89. For this study,
the Communication, Daily Living, and Socialization subscales
were administered. This measure was previously normed on a
large sample of individuals with ASD (Carter et al., 1998) and has
been included in studies with school-age samples (e.g., Young et
al., 2016).

Teacher report of social skills and executive functioning.
Two measures of social skills and one measure of executive
functioning were completed by teacher report. The Social Respon-
siveness Scale (SRS; Constantino & Gruber, 2005) identifies the
presence and extent of social impairment that is typically related to
ASD, with higher scores indicating greater severity of social
impairment. The SRS has been previously examined in a large
sample of school-age children with ASD (Constantino et al.,
2007). The Social Skills Rating System (SSRS; Gresham & Elliott,
1990) is a norm-referenced rating scale that assesses student be-
haviors across three social domains to form three scales: Social
Skills, Problem Behaviors, and Academic Competence and has
been previously examined in school-age samples of children with
ASD (e.g., Macintosh & Dissanayake, 2006). The Behavior Rating
Inventory of Executive Function (BRIEF [Teacher form]; Gioia,
Isquith, Guy, & Kenworthy, 2000) assesses executive functioning
in the school environment and contains 86 items in eight nonover-
lapping clinical scales, two validity scales, and an overall com-
posite with higher scores indicating greater impairment in execu-
tive functioning. For the purposes of this study, the BRIEF Global
Executive Composite scores were analyzed. The BRIEF has also
been previously examined in a large sample of children with ASD
(Pugliese et al., 2015).

Data Analyses

Analyses were conducted using the statistical program SPSS
(IBM SPSS Statistics, IBM Corporation, Version 23). Baseline
equivalency was examined through a series of one-way ANOVAs.
Distributional differences in proportional demographics were ex-
amined using chi-square tests of independence. A series of linear
mixed models were fit to examine whether children in the CSI and
ATM treatment conditions differed at posttest on standardized
measures of AE, language, adaptive behavior, social skills, and
executive functioning, after controlling for baseline levels of each
construct. Using the SPSS MIXED procedure, models were devel-
oped with baseline scores and intervention condition as fixed
effects and school as a random effect to account for the nesting of
students within schools. In following the intent-to-treat approach,
data for all participants was analyzed, regardless of dropout status,
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using the maximum likelihood estimator, which is appropriate for
handling missing data. To examine the relatedness of clustering at
the school level, an intraclass correlation coefficient was computed
using the following formula:

ICC �
�̂00

�̂00 � �̂2

where �̂00 represents the variance due to schools and �̂2 represents
the variance due to individuals. Given the large number of sec-
ondary analyses, the Benjamini-Hochberg linear step-up procedure
was implemented to control for the false discovery rate (Benjamini
& Hochberg, 1995).

Results

Preliminary Analyses

Distribution properties were examined using statistical indicators of
skewness and kurtosis as well as visual inspection of scatterplots.
Both CSI and ATM groups demonstrated normal distribution of
residuals across all measures. No outliers were identified. Equiva-
lency at baseline was observed across all measures, indicated by
nonsignificant differences between groups (p � .05; see Table 3 and
Table 4) with one exception. On the Social Skills subscale of the
SSRS, the ATM condition exhibited significantly higher scores at
baseline compared with the CSI condition, F(1, 184) � 7.23, p � .008
with an on observed effect size of d � �.40. See Table 4 for
descriptive statistics and group equivalence on each of the outcome
measures for the CSI and ATM groups at baseline.

Attrition Summary

Of schools randomized to a treatment condition, 10 dropped out of
the study due to low recruitment. Of particular concern is all 10 of the
schools that dropped out of the study were in the ATM condition. We
conducted an analysis of differential attrition comparing the ATM

schools that dropped out to completers in order to ensure that there
were no significant differences between these two groups on school
demographic variables. The two groups did not differ on any variable
(all p � .05), thus we did not identify any systematic differences
between the schools dropping out of the study and those that contin-
ued to participate.

At the end of the study, the attrition rate for students not
completing the study was 5% (n � 10 of 197) overall, 6% (n � 7
of 118) in CSI and 4% (n � 3 of 79) in ATM. All of these students
moved during the school year. Examination of differences between
study completers and noncompleters did not indicate statistically
significant differences on any baseline measures (p � .06 – 1.0,
d � 0.00–0.65). Medium effect sizes of differences between these
two groups were observed for the SSRS Academic Competence
(d � 0.65), SSRS Problem Behaviors (d � 0.56), and small effects
for the VABS-II Socialization (d � 0.44), with the students who
did not complete the study having a higher average score for the
SSRS Problem Behaviors and VABS-II Socialization at baseline.
Nonattriting students scored higher on average for the SSRS
Academic Competence scale compared with those who attrited.
Potential systematic differences between those who completed the
study and those who did not were not expected to bias the results
of the study as attrition rates fell within the acceptable range
determined by the attrition standards of the What Works Clear-
inghouse (U.S. Department of Education, Institute of Education
Sciences, What Works Clearinghouse, 2017). Attrition for teachers
was less than 1% (1/129), with one teacher from the CSI condition
withdrawing from the study after retiring during the school year.

Teacher Fidelity of Implementation

Fidelity of implementation data are summarized in Table 5.
Both conditions demonstrated variability in fidelity scores across
categories of teaching strategies at baseline and the end of treat-
ment, evidenced by the wide range in scores. While CSI and ATM
demonstrated an increase in mean fidelity scores for the General

Table 4
ANOVA Results for Baseline Means

CSI (n � 118) ATM (n � 79) ANOVA results

Measure M SD M SD F p d

CMAE Instructional Participation 10.81 04.47 11.46 03.88 1.05 .307 �.15
CMAE Social Interaction 06.40 03.51 06.31 03.36 .03 .865 .03
PPVT-4 76.13 22.99 73.29 22.38 .71 .399 .12
EOWPVT-4a 100.86 14.72 98.72 15.38 1.12 .291 �.14
VABS-II Communication 78.23 13.55 77.02 12.35 .33 .569 �.09
VABS-II Daily Living 78.77 13.92 77.57 12.21 .31 .577 �.09
VABS-II Socialization 73.09 10.37 73.07 09.70 .00 .991 .00
VABS-II ABC 75.08 11.22 74.43 09.96 .14 .713 �.06
SRS Total 68.91 10.86 66.49 09.25 2.42 .122 �.24
SSRS Social Skillsa 98.00 14.50 103.10 15.32 5.25 .023 �.34
SSRS Problem Behaviorsa 100.79 14.68 98.78 15.50 .79 .375 �.13
SSRS Academic Competencea 99.91 14.60 100.13 15.70 .01 .922 �.01
BRIEF GEC 70.74 13.20 66.97 11.98 3.87 .051 �.30

Note. CSI � Classroom SCERTS Intervention; ATM � Autism Training Modules; ANOVA � analysis of variance; CMAE � Classroom Measure of
Active Engagement; PPVT-4 � Peabody Picture Vocabulary Test; EOWPVT-4 � Expressive One Word Picture Vocabulary Test; VABS-II � Vineland
Adaptive Behavior Scales; ABC � adaptive behavior composite; SRS � Social Responsiveness Scale; SSRS � Social Skills Rating System; BRIEF �
Behavior Rating Inventory of Executive Functioning; GEC � global executive functioning.
a Standard score computed from sample’s z scores (controlling for age).
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teaching strategies at the end of the year, only the CSI condition
demonstrated an increase in the mean SCERTS fidelity score at the
end of the study (4.31 points). At the conclusion of treatment, a
majority of teachers in the CSI condition were implementing at
70% fidelity. For the General teaching strategies, a large portion of
teachers in both conditions were implementing these strategies
with fidelity.

Treatment Effects

Table 6 summarizes covariate-adjusted means, standard devia-
tions, and the mixed model results of differences between condi-

tions on outcome measures at the conclusion of treatment. Effect
sizes (Cohen’s d) were computed using the observed pooled post-
test standard deviations as the denominator and the covariate-
adjusted means in the numerator. Confidence intervals for the
effect sizes were computed for each outcome.

Active engagement. Results of the Instructional Participation
composite was nonsignificant, though the CSI group demonstrated an
increase in scores at the conclusion of the school year. Analysis of the
Social Interaction composite revealed the CSI group demonstrated
significantly higher scores at the end of treatment with a small to
moderate effect size, F(1, 49.57) � 6.24, p � .05, d � .34. Measures

Table 5
Fidelity of Implementation Measures

CSI ATM

CSI teacher fidelity Baseline End of treatment Baseline End of treatment

General teaching strategies
M 11.81 (2.94) 14.19 (1.20) 12.55 (2.46) 13.20 (2.16)
Range 2–15 10–15 5–15 5–15
M implementation (%) 78.76 (19.61) 94.57 (8.00) 83.64 (16.41) 87.98 (14.40)
Implementation range (%) 13–100 67–100 33–100 33–100
Teachers meeting � 70% fidelity 71.20% 93.20% 74.70% 83.50%
SCERTS teaching strategies
M 10.69 (3.84) 14.99 (3.40) 11.75 (3.80) 10.55 (3.55)
Range 2–19 5–21 4–20 1–17
M implementation (%) 50.93 (18.30) 71.39 (16.17) 55.94 (18.09) 50.25 (16.90)
Implementation range (%) 10–90 24–100 20–95 5–81
Teachers meeting � 70% fidelity 17.80% 60.20% 25.30% 15.20%

Total fidelity
M 22.51 (6.17) 29.18 (4.16) 24.29 (5.37) 23.75 (5.13)
Range 5–32 16–36 12–35 11–32
M implementation (%) 62.52 (17.15) 81.05 (11.54) 67.48 (14.92) 65.97 (14.25)
Implementation range (%) 14–89 44–100 33–97 31%–89%

Teachers meeting � 70% fidelity 37.30% 78.00% 45.60% 41.80%

Note. CSI � Classroom SCERTS Intervention; ATM � Autism Training Modules.

Table 6
Linear Mixed Model Results and Adjusted End of Treatment Means

CSI (n � 118) ATM (n � 79) Linear mixed model results

Measure Ma SD Ma SD F p db[CI] ICC

CMAE Instructional Participation 12.59 3.85 11.49 4.26 3.64 .062 .27 [�.02, .56] .13
CMAE Social Interaction 7.65 3.56 6.43 3.52 6.24 .016 .34 [.06, .63] .01
PPVT-4 79.16 20.77 79.25 25.81 .00 .948 .00 [�.29, .30] .04
EOWPVT-4d 82.90 14.04 81.57 16.15 .94 .334 .09 [�.20, .38] —
VABS-II Communication 78.66 13.48 74.70 11.95 6.63 .011 .31 [�.05, .67] —
VABS-II Daily Living 79.87 12.82 78.24 10.34 .90 .350 .14 [�.22, .49] .09
VABS-II Socialization 74.89 12.05 71.76 12.77 2.38 .131 .25 [–.10, .61] .34
VABS-II ABC 76.18 11.28 72.67 10.03 4.42 .042c .32 [.01, .75] .31
SRS Total 62.92 10.52 67.20 9.28 18.79 .000 .43 [.12, .74] —
SSRS Social Skillsd 102.90 15.76 96.22 13.80 11.93 .001 .45 [.14, .75] .02
SSRS Problem Behaviorsd 97.69 14.61 103.31 15.32 10.84 .002 .38 [.07, .68] .02
SSRS Academic Competenced 101.15 15.06 99.07 14.95 1.91 .169 .14 [–.16, .44] —
BRIEF GEC 64.44 14.17 69.86 12.82 11.96 .001 .40 [.09, .70] .06

Note. Dashes indicate that the intraclass correlation coefficient (ICC) could not be computed because of lack of variance. CSI � Classroom SCERTS
Intervention; ATM � Autism Training Modules; CI � confidence interval; CMAE � Classroom Measure of Active Engagement; PPVT-4 � Peabody
Picture Vocabulary Test; EOWPVT-4 � Expressive One Word Picture Vocabulary Test; VABS-II � Vineland Adaptive Behavior Scales; ABC � adaptive
behavior composite; SRS � Social Responsiveness Scale; SSRS � Social Skills Rating System; BRIEF � Behavior Rating Inventory of Executive
Functioning; GEC � global executive functioning.
a Means adjusted by pretest. b d � Cohen’s measure of effect size. c Nonsignificant after Benjamini-Hochberg procedure (critical p � .03). d Standard
score computed from sample’s z score.
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of ICC indicated little to no clustering effect across the subscales of
the CMAE.

Vocabulary. Eight students in the CSI condition were admin-
istered a different edition of the PPVT and the EOWPVT (third) at
the beginning of the school year. All of these students were
administered the current edition of each assessment at the end of
treatment. To examine possible effects of this, two models were
run: one in which these students were included and one in which
they were considered missing. Differences in output between the
models were minimal. Therefore, data from these eight students
were included in the final model. Analysis of the PPVT results at
the end of treatment revealed no significant differences between
treatment groups on change in receptive language scores. For the
EOWPVT, 39 students obtained raw scores below the standard
score range of the test at either baseline or end of treatment. To
address this, a standard score based on the sample raw score mean
and standard deviation was computed from their z-score. Because
the EOWPVT was normed based on age, student age was also
included in the model as a covariate. Linear mixed model results
indicated no difference between treatment groups at the conclusion
of the school year, F(1, 179) � .94, p � .33 and no clustering
effect due to schools.

Parent-reported measures. At the end of treatment, students
in CSI made significantly greater gains than students in ATM on
the Vineland Communication subscale, F(1, 116) � 6.63, p � .05,
d � .31. Differences between conditions on the Adaptive Behavior
Composite were initially significant; however, this difference was
no longer significant after application of the Benjamini-Hochberg
correction. No differences between treatment groups were ob-
served for the Daily Living and Socialization subscales of the
VABS-II. Potential clustering effects were observed for the VABS
Socialization subscale indicated by 34% of the variance in results
being explained by school. This pattern was not observed for the
other subscales of the VABS.

Teacher-reported measures. Similar to the EOWPVT, a
small number of students (n � 12) obtained raw scores on the
SSRS beyond the manual’s standard score scale. The same proto-
col was implemented for each subscale of the SSRS; however,
student age was not added as a covariate in the model because the
SSRS is standardized by grades K thru sixth together, not by age.
Students in the CSI treatment condition showed significantly
greater gains in social skills as measured by the SSRS-Social Skills
subscale and SRS Total Score while controlling for baseline equiv-
alency with small to moderate effect sizes (d � 0.45 and d � �0.43,
respectively) and remained significant after comparison to the ad-
justed p value. Additionally, students in the active treatment group
displayed significantly larger decreases in problematic behaviors on
the SSRS-Problem Behavior subscale at the end of treatment, F(1,
52.63) � 10.46, p � .01, d � �.36. Analyses also indicated signif-
icant differences in executive functioning between the two groups at
the conclusion of study as indicated by the Global Executive Com-
posite of the BRIEF, F(1, 57.11) � 11.96, p � .001, d � �.40 that
remained significant after multiple comparison correction. Students in
CSI exhibited a 6.3-point (with adjustment) decrease in executive
impairment scores compared with a 2.89-point increase in scores by
those in ATM.

Discussion

The primary aim of this study was to evaluate whether, after
eight months of treatment, kindergarten—second-grade students
with ASD whose teachers received CSI training and coaching
showed significant improvement across a variety of measures, both
observed and reported, compared with the outcomes of students
with ASD whose teachers were randomized to usual school-based
education with ATM as a control condition. Analyses revealed
significantly higher outcomes in social participation, adaptive
communication, social skills, reduction of problem behavior, and
executive functioning for students in CSI classrooms as compared
with students in ATM classrooms. Though effects are modest
across significant outcomes, the results provide initial efficacy of
a novel approach to address the unique needs of students with ASD
across multiple dimensions in the public education setting.

By demonstrating the effects of a manualized, comprehensive
intervention occurring in the context of the real-world classroom
setting implemented by classroom teachers, this study contributes
to the literature in three main ways. First, this is one of the largest
school-based teacher-implemented CRTs for students with ASD
that has been conducted to date. The breadth of schools, both
geographically and demographically, as well as the variability of
race, ethnicity, cognitive level, and presentation of ASD symptoms
that participated in this study adds to the generalizability of these
findings to the greater population of elementary students with ASD
(Dingfelder & Mandell, 2011).

Direct observation allows us the unique advantage of document-
ing whether change is occurring within the target context, in this
case the classroom (Kasari & Smith, 2013). Importantly, we were
able to use classroom video recordings to directly observe changes
in student active engagement specific to social interaction. With
this measure, we attempted to capture a representative snapshot of
students’ level of active engagement in the classroom. Our inter-
pretation of the finding that students in CSI improved in social
interaction is that teachers in CSI were able in increase classroom
social demands, while maintaining student productivity. Although
novel, the Social Participation subscale of the CMAE includes
dimensions of social communication identified as significant pre-
dictors of improved adult outcome in longitudinal studies including
increased social reciprocity (Howlin, Moss, Savage, & Rutter, 2013)
and language ability (Gillespie-Lynch et al., 2012; Sigman & McGov-
ern, 2005). Further, we observed small to moderate associations
between measures of verbal ability, adaptive behavior, and social
skills at baseline (see the preceding text). These relationships re-
mained at the end of the school year (not reported). Additional
research validating the CMAE is necessary; however, continued
growth in this domain may contribute to improving some of the poor
outcomes individuals with ASD continue to achieve in adulthood
(Howlin & Magiati, 2017).

Second, students receiving CSI performed better than their com-
parison peers on five different outcome measures used in this study.
In this CRT, we employed standardized assessments, teacher and
parent report, as well as direct observation of student behavior,
providing for an array of measures of intervention effects across
multiple domains that may contribute to students’ success within
the education setting. Further, to understand the promise of these
results, it is helpful to examine whether comparable effects have
been demonstrated in other community-based treatment research
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including children with ASD. While significant outcomes of
teacher-implemented interventions have been reported for pre-
school children with ASD (Strain & Bovey, 2011; Young et al.,
2016), teacher-implemented treatment studies for students with
ASD in elementary school have reported either no main effects
(e.g., Mandell et al., 2013) or small to medium effects on child
outcomes (e.g., Wong, 2013). Taken together, the results of this
study suggest a net effect of CSI as contributing to increases in
social skills and decreases in problem behavior compared with
usual school-based education.

Although it is reasonable to consider whether these effects are
meaningful enough to warrant the time and resources needed to
implement interventions of this nature in public school settings,
further research is needed to guide effect size expectations for
interventions focused on this population. In tandem to this, addi-
tional inquiry is needed to determine strategies for strengthening
intervention impact. Strategies that have the potential to enhance
intervention effects include evaluating treatment delivery across
multiple school years, focusing evaluation on students whose
teachers implement with high levels of fidelity, employing cost-
saving options such as web-based training, and bolstering teacher
implementation by focusing training more on challenging aspects
of fidelity.

Sixty percent of CSI teachers achieved acceptable levels of
implementation fidelity on SCERTS teaching strategies by the end
of the study. While this level of implementation is not ideal, it
should be considered in context of the challenges associated with
public school implementation, the amount of teacher training pro-
vided, and the nature of the intervention itself. First, challenges in
meeting fidelity have been reported in public school settings
(Mandell et al., 2013; Strain & Bovey, 2011). Mandell and col-
leagues reported that teachers averaged 57% and 48% program
fidelity across the two conditions being examined. Similarly, after
one year of a 2-year intervention of LEAP in preschool classrooms
serving children with ASD, Strain and Bovey (2011) reported
levels of fidelity averaging 53% for LEAP condition teachers;
though, teachers were able to reach an average fidelity of 83%
after 2 years. Because the measure of fidelity in both of these
studies focused on quality of implementation and our measure of
fidelity provided a gauge of intervention intensity, direct compar-
isons across studies is limited. Nonetheless, these rates speak to the
challenges of conducting research and achieving implementation
fidelity in school settings and supporting as well as demonstrating
the transfer of efficacious practice to the classroom.

Factors Impacting Intervention Implementation

Obtaining indicators of intervention quantity and quality is an
important first step in dismantling an intervention package. This
allows for future research to examine the role of individual inter-
vention components in explaining intervention outcomes and de-
termining the active ingredients of a comprehensive intervention.
Further, understanding of the active ingredients of an intervention
is important for investigating heterogeneity in treatment response
in this population. While optimal, this approach to examining
fidelity is costly and was beyond the scope of the current study.
Future research is needed to examine indicators of intervention
quality and quantity as well as the distinct role of individual
intervention components in explaining intervention outcomes.

Second, it is important to consider levels of implementation
fidelity relative to density of teacher training. Mandell and col-
leagues (2013) reported that teachers received 28 hr of intensive
workshops, assistance with classroom setup, and eight additional
days of coaching provided at the beginning and throughout the
school year (Mandell et al., 2013). Strain and Bovey (2011)
reported similar levels of training provided over a 2-year time
period. Teachers in the CSI condition received a 3-day (12-hr)
training at the beginning of the school year and ongoing coaching
for about 1 hr per week throughout the school year. Relative to the
training required for other models, our data suggest that CSI can be
effectively implemented with less hours of training and coaching
required for teachers. This piece is critical because it has implica-
tions not only for the actual effective implementation of the
intervention, but, in a practical sense, the amount of teacher
training that school systems are able to accommodate in order to
support implementation of evidence-based practices.

Finally, the complexity of an intervention as well as its structure
may affect teachers’ implementation success. For example, in an
examination of teacher implementation across three intervention
types, fidelity rates were highest for the most structured and
prescriptive intervention and were lowest in the intervention that
required skills in clinical judgment (Stahmer et al., 2015). Rather
than having prescribed activities with a specified set of procedures,
CSI is implemented within existing classroom activities so that
aspects of the intervention are infused as appropriate. One benefit
of this approach is that the regular classroom schedule and teach-
ing content do not have to be altered. It is possible, however, that
CSI’s embedded approach to intervention may create challenges
with respect to both implementation fidelity and its measurement.
Because there is not a prescribed list of intervention steps to complete,
an embedded approach requires in vivo focus and decision-making in
order to appropriately infuse intervention strategies. Flexibility in
using the right intervention strategies at the right time, creates
measurement challenges. For example, a teacher having expertise
in all of the CSI strategies may realize that certain strategies are
not a good fit during certain types of activities. As a result, all
strategies likely are not implemented in all activities throughout
the entire school day. Rather, intervention strategies are selected
and implemented as they fit best resulting in the possibility that the
teacher’s level of model implementation may be underestimated
by our approach to measurement. Thus, fidelity in an embedded
model is more complex than in a more structured approach in
terms of both implementation and measurement.

The need for interventions to be tested with teachers as agents of
delivery has been recently emphasized (Cook & Odom, 2013;
Dingfelder & Mandell, 2011; Kasari & Smith, 2013). This study
adds to the teacher-implementation literature by showing that
Kindergarten-second grade teachers, in both general and special
education, can learn to implement CSI that results in positive
change on a number of student outcomes. Further, we achieved
this as evidenced by the majority of teachers sufficiently meeting
fidelity at the end of the study, with levels of training and coaching
that are feasible for public school systems to implement.

Limitations and Future Directions

Although this study was implemented with rigor, there are a few
notable limitations. By comparing CSI to a usual school-based
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education, we may have limited the size of the between group
differences. Although direct observation of student behavior is
consistent with teacher and parent report, it is important to note
that parents and teachers were aware of student treatment condi-
tion and therefore the potential for bias cannot be ruled out. Data
were not collected on the access and usage rates of the training
modules provided for the ATM condition. This prevents a full
reporting of what training teachers in ATM actually received and
how that training may have impacted classroom practice. Further-
more, lack of information on class size prevents analysis of how
this variable may relate to levels of teacher implementation and
treatment effects. The number of students attaining standard scores
beyond the range of the EOWPVT and SSRS measures also limits
our ability to compare this sample to other study samples. Addi-
tionally, rates of interrater reliability were low for the Social
Interaction composite of our measure of AE. This reflects the
presence of noise in the measure and may be related to the modesty
of treatment effects observed. Finally, this study measured out-
comes at the end of treatment only. Lack of student assessment at
additional time points following treatment, limits our ability to
evaluate long-term effects of the intervention as well as sustain-
ability of model implementation. Future directions of this research
will include analysis of mediators and moderators of treatment
effects. It will be important to examine whether particular teacher
and student characteristics influenced treatment outcome and how
levels of treatment fidelity impacted student outcomes. Addition-
ally, future research should explore strategies for improving
teacher rates of implementation and for enhancing intervention
impact of CSI on student outcomes.

Conclusions

We are faced with a number of challenges in educating children
with ASD in public school settings. There is a lack of evidence-
based models applied at the elementary level. This study provides
evidence of the effectiveness of the CSI model, a teacher-
implemented, classroom-based intervention for elementary stu-
dents with ASD, contributing to the limited body of research on
school-based treatments for students with ASD. That is, compared
with ATM, students with ASD showed more growth on several
educationally relevant variables. In light of the amount of contact
time that teachers have with their students and the increased
likelihood of sustainability, teacher-implemented interventions
have the potential to lead to better outcomes for students with
ASD. There is a pressing need to change the landscape of educa-
tion for school-age students with ASD. This work has the potential
to contribute to this change by providing a feasible, comprehensive
model of intervention that can be implemented in a variety of
educational placements and settings.
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