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Autism is a neurodevelopmental condition characterized by 
differences in social communication along with restricted, 
repetitive, and stereotyped patterns of behavior (American 
Psychiatric Association, 2013). The pervasive nature of the 
unique learning needs associated with autism, in conjunc-
tion with increasing rates of autism identification, presents 
public school systems with significant challenges in provid-
ing intensive, individualized programming. Delivery of 
high-quality educational services requires contextual sup-
ports, skilled providers, and effective use of evidence-based 
autism intervention and instructional strategies. A lack of 
evidence-based autism interventions designed specifically 
for use in school programs further complicates the process 
of educating children with autism (Kasari & Smith, 2013; 
McGee & Morrier, 2005; Stahmer, 2007).

Systematic reviews have identified evidence-based prac-
tices (EBPs) for autistic individuals (Steinbrenner et  al., 
2020; C. Wong et al., 2015); however, most practices were 
designed for, and tested in, one-on-one or highly controlled 
settings. Teachers attempting to use these programs in class-
rooms report barriers related to staffing, training, and the fit 
of the model for their setting and a broad range of students 
with heterogeneous learning needs (Stahmer et  al., 2005, 
2012; Suhrheinrich et  al., 2021; Wilson & Landa, 2019). 
Only a few research trials examining autism EBPs have 

taken place in the school context (Odom et al., 2022), and 
randomized trials of EBPs implemented by teachers indi-
cate varying success in student outcomes. In the few con-
trolled trials examining autism intervention in schools, 
students tend to make progress across both experimental 
and control groups on standardized tests with more positive 
or mixed results regarding the advantage of specific EBPs 
when more proximal measures are examined (Mandell 
et al., 2013; Sam et al., 2021; Young et al., 2016). School 
research suggests that teacher fidelity to the intervention 
(the degree to which the intervention is being applied as 
specified in the treatment manual) has some relationship 
with student outcomes (Boyd et al., 2014; Mandell et al., 
2013; Strain & Bovey, 2011; V. Wong et  al., 2018). 
Additionally, high classroom quality overall may support 
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Abstract
Classroom Pivotal Response Teaching (CPRT) is a community-partnered adaptation of a naturalistic developmental 
behavioral intervention identified as an evidence-based practice for autistic children. The current study evaluated student 
outcomes in a randomized, wait-list controlled implementation trial across classrooms. Participants included teachers (n = 
126) and students with autism (n = 308). Teachers participated in 12 hours of didactic, interactive training and additional 
in-classroom coaching. Generalized Estimating Equations accounted for clustering. Adjusted models evaluated the relative 
effects of training group, CPRT fidelity, and classroom quality on student outcomes. Results indicate higher CPRT fidelity 
was associated with greater increases in student learning. Having received CPRT training predicted increased student 
engagement and greater decreases in reported approach/withdrawal problems. These differences may be linked to the 
theoretical foundations of CPRT of increasing student motivation and engagement and collaborative adaptation to increase 
feasibility in schools. Overall, results suggest CPRT may be a beneficial approach for supporting autistic students.
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improved fidelity in the specific practice (Boyd et  al., 
2014). More research on the use of EBPs in classrooms with 
school-age children during academically focused activities 
is needed.

Decades of research in child psychotherapy and more 
recent autism studies indicate outcomes may not be as posi-
tive when EBPs developed in research settings are trans-
lated to the community (Kurtines et  al., 2004; Nahmias 
et  al., 2019; Shelton et  al., 2018). Therefore, researchers 
have suggested limiting the development and testing of new 
autism interventions that may not translate well to the com-
munity (Boyd et al., 2021). Rather, EBPs need to be adapted 
in collaboration with the community to fit the context. 
Evidence-based practices can be systematically adapted to 
improve fit with student and classroom characteristics while 
maintaining the active ingredients of the EBPs (Stahmer 
et  al., 2019). Such adaptations should improve teachers’ 
fidelity of the intervention and thus facilitate better out-
comes for students (e.g., Brookman-Frazee et  al., 2020; 
Durlak & DuPre, 2008; Sanetti & Kratochwill, 2009; 
Stahmer et al., 2020). However, adapted EBPs need to be 
tested in community settings to determine effectiveness.

One identified autism EBP is Pivotal Response Training 
(PRT; Steinbrenner et  al., 2020). The PRT was designed 
based on a series of studies identifying treatment compo-
nents that increase motivation to learn in autistic children 
and is one of several Naturalistic Developmental Behavioral 
Interventions (Schreibman et  al., 2015) considered best 
practice for autism. Several systematic reviews have found 
PRT to be effective for improving multiple skills, most con-
sistently language and social skills (Bozkus Genc & Vuran, 
2013; Bozkus Genc & Yucesoy-Ozkan, 2016). A recent sys-
tematic review of randomized controlled trials of PRT 
found only five qualifying studies, three assessing PRT 
effectiveness in a parent training model and two using 
expert therapists in a clinic (Ona et al., 2020).

The limited evidence of how teachers implement PRT 
indicates significant modification (Stahmer, 2005) and low 
fidelity (Suhrheinrich et al., 2007). Observational studies of 
teachers using PRT have identified specific areas of strength 
and difficulty across training methods and settings (Stahmer 
et al., 2015). However, data from community studies also 
support the importance of PRT for improving student out-
comes (Pellecchia et al., 2015).

Classroom Pivotal Response Teaching (CPRT) is an 
adaptation of PRT for classroom use (Stahmer et al., 2016) 
developed using systematic mixed-methods, community-
partnered approach evaluating intervention components 
and teacher use of strategies in the classroom coupled with 
input from teachers and a community advisory board (see 
Suhrheinrich et al., 2020 and Stahmer et al., 2012 for fur-
ther description). Like its predecessor, CPRT focuses on 
increasing student motivation, initiation, and responsivity 

(Suhrheinrich et  al., 2020) with the idea that dedicating 
effort toward improving these areas will result in positive 
change for other skills. By increasing overall student 
engagement in the learning environment through enhanced 
motivation, students will be able to access more learning 
opportunities. Thus, motivation supports should increase 
engagement and skill development. Rather than being a cur-
riculum with a scope and sequence, CPRT is a framework 
by which to target educational goals in a way that is moti-
vating to students at both individual and class-wide levels. 
Thus, teachers using CPRT are encouraged to integrate the 
intervention into their existing classroom activities.

The CPRT has several components to be implemented in 
each lesson (see Table 1). The primary components are the 
same as PRT components, and most adaptations provide 
examples of how to use these components in group settings 
and to meet Individualized Education Program (IEP) goals. 
Adaptations included simplifying complex components 
based on student developmental level, adapting direct rein-
forcement for use in group activities (e.g., using a group 
reward related to the activity), differential use of turn taking 
based on student language level and target skills, and pro-
viding examples of group implementation to meet educa-
tional goals (see Stahmer et  al., 2012 for description of 
adaptations). For example, teachers indicated the use of 
conditional discrimination (red pen vs. red pencil or blue 
pen) was not developmentally appropriate for many of their 
students, which experimental studies confirmed (Reed 
et al., 2013). Therefore, CPRT provides recommendations 
for when to implement this component based on student 
characteristics.

Initial pilot data of the adapted protocol indicated posi-
tive outcomes for both teachers and students with partici-
pating teachers demonstrating fidelity to CPRT and use of 
CPRT associated with improved student engagement 
(Stahmer et al., 2016). More recently, as part of the random-
ized trial reported here, the majority (70%) of teachers met 
mastery criteria for CPRT fidelity and reported using CPRT 
3 days a week for 50 min, on average (Suhrheinrich et al., 
2020). These encouraging findings support further investi-
gation of how CPRT impacts autistic students.

The current study evaluated the effectiveness of CPRT 
implemented in public schools on student outcomes. 
Specifically, the aims of the current study were to examine

1.	 the effects of teacher CPRT training on social and 
communication skills, adaptive behavior, educa-
tional goals, and classroom engagement during the 
training and follow-up year;

2.	 the relationship between teacher fidelity to CPRT 
and student outcomes; and

3.	 the role of overall classroom quality on student 
outcomes.
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Method

Design

The study tested the effectiveness of CPRT implementation 
on student outcomes in a hybrid Type 1, randomized, wait-
list controlled trial across classrooms (Registry of 
Effectiveness Trials ID: 430.1). Classrooms were random-
ized to one of three training cohorts: Cohort A received 
CPRT training in Year 1. Cohort B was observed in Year 1 
and received CPRT training in Year 2. Cohort C was 
observed in Year 2 and received CPRT training in Year 3. 
Serving as comparison groups, Cohorts B and C represented 
current autism services as usual during the years they were 
observed (Years 1 and 2, respectively). As recommended by 
Rhoads (2010), an independent consultant randomized par-
ticipants (to reduce selection bias) at the classroom level to 
increase efficiency and statistical power. Teachers in each 
classroom identified two students being served under the 
educational classification of autism for enrollment. Students 
participated for the duration of their time in the participat-
ing classroom. Teachers identified new students if needed 
during subsequent school years.

Participants

The research team contacted eligible public school districts 
in Southern California. Inclusion criteria for districts speci-
fied they serve at least 15 students, ages 3 to 12 years with an 
educational classification of autism. Of the 35 school districts 
in San Diego County, 21 districts were eligible; administra-
tors from 17 (81%) districts agreed to participate.

Teachers.  Inclusion criteria specified that teachers had not 
received prior CPRT training and had at least two students 
with autism in their classroom. School district staff shared 
study information with eligible teachers. Research staff met 
with interested teachers to explain the study. A total of 126 
teachers consented to participation. After initial enrollment 
during Year 1, each teacher was randomly assigned to 
Cohort A (n = 36), B (n = 34), or C (n = 33). Due to addi-
tional teacher interest and to meet project enrollment goals, 
an additional 23 teachers enrolled in Year 2 and were ran-
domly assigned to Cohort B (n = 9) or C (n = 14). Teachers 
were primarily female (93%) and White (86%; 18% report-
ing Hispanic ethnicity), held a master’s (61%) or bachelor’s 
(38%) degree, and had a wide range of special education 

Table 1.  CPRT Components and Descriptions.

Type CPRT component Description

Antecedent components Incorporates choice • � The teacher provides specific choices to the student, either 
within or between activities.

Follows student interest • �� The teacher responds to student interest within the 
context of the lesson, activity, or learning objective and 
adjusts activities accordingly.

Incorporates preferred materials • � The teacher sets up appealing activities or uses 
personalized, interesting, or unusual materials in the 
learning activities.

Takes or facilitates turns • � The teacher or a student models a related play, academic, 
or communication skill at or just above the students’ level.

Presents opportunities 
(maintenance/acquisition)

• � The teacher clearly intersperses tasks that are easy with 
tasks that are difficult for the students.

Gains attention before cue • � The student is attending to the teacher before the teacher 
presents a cue.

Provide clear cues • � A clear cue indicates to the students how they should 
respond and is at or slightly above the students’ response 
level.

Provides varied cues • � The teacher alters the type or form of the instruction or 
opportunity to respond related to each learning goal.

Consequence components Provides contingent consequences • � The teacher provides immediate, appropriate feedback to 
the student based on their response (correct, incorrect, or 
attempt).

Provides reinforcement • � The teacher rewards the student for appropriate 
responding and behavior with something other than praise.

Provides direct reinforcement • � The teacher uses rewards that are directly related to the 
teaching activity and/or the behaviors required.

Reinforces goal-directed attempts • � The teacher should provide reinforcement after most of the 
students’ reasonable, goal-directed attempts.

Note. CPRT = Classroom Pivotal Response Trial.
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and autism experience. A total of 31 (25%) teachers reported 
receiving any prior training in PRT, with only 6 of those 
teachers reporting receiving coaching with feedback. Addi-
tional detail and description of participating teachers can be 
found in Suhrheinrich et al. (2020).

Students.  Each participating teacher enrolled two students 
with whom they would practice CPRT during the training 
period and for data collection. Inclusion criteria for students 
included being between 3 and 12 years of age, enrollment in 
a participating teacher’s classroom, and receiving services 
under the educational classification of autism. A total of 308 
students participated for as long as they remained enrolled 
in a participating teacher’s classroom (see Table 2). Partici-
pating students had a mean age of 5.94 (r = 3–2 years) and 
were predominantly male (76.62%). Parents reported stu-
dent race/ethnicity that reflects the diversity of the large, 
urban, Southern California region of the study (38.96% 
Hispanic/Latino, 51.30% Non-Hispanic/Latino White, 
9.74% Not Reported). Upon enrollment, the research team 
conducted a student assessment to confirm autism using the 
Autism Diagnostic Observation Schedule–2 (ADOS-2; 
Lord et al., 2012) and characterized student cognitive skills 
using the Mullen Scales for Early Learning (MSEL; Mul-
len, 1995) or Differential Ability Scales–II (DAS-II; Elliot, 
2007) based on age and developmental level (see Assess-
ment section). The mean ADOS severity score (1–10 scale) 
was 7.27 (SD = 1.83). The mean nonverbal standard score 
(M = 100, SD = 15) across both cognitive assessments was 
59.49 (SD = 34.26).

Figure 1 presents a consort diagram of participants with 
a focus on students. A teacher consort diagram is available 
in Suhrheinrich (2020).

Procedures

CPRT Training.  Detailed information on CPRT training for 
teachers is available in Suhrheinrich et al. (2020). Briefly, 
the training involved active learning and practice-based 
instructional strategies, modeling of CPRT components, 
and ongoing coaching throughout the school year with data-
based feedback on CPRT fidelity. Within each training 
Cohort (A, B, and C), teachers received training in small, 
collaborative groups within a district or by combining dis-
tricts in close proximity. Training involved 12 hr of didac-
tic, interactive lecture, delivered 2 hr per week over 6 weeks 
(with slight variability based on district schedules). Teach-
ers watched video examples of each CPRT component and 
several longer lessons, participated in role-playing, prac-
ticed fidelity recording, and data collection during the 
didactic sessions. After the first three sessions, teachers 
began to receive individual, in-classroom CPRT coaching 
weekly. Coaches evaluated CPRT fidelity using the CPRT 
Assessment (see Teacher CPRT Fidelity section) and pro-
vided structured feedback using a standardized format. 
Upon successfully maintaining mastery criteria over two 
sequential visits, coaching was faded from weekly, to 
biweekly, and then monthly for the duration of the school 
year. Teachers were aware of the fading contingencies and 
sessions were not increased based on teacher performance. 

Table 2.  Characteristics of the Students in the Classroom Pivotal Response Trial Study (n = 308).

Characteristic/clinical data Measure

Sex (n = 277 reported): n (%)
  Female 41 (13.31)
  Male 236 (76.62)
Average age at study entry (in years): x (SD) 5.94 (2.28)
Ethnicity (n = 178 reported): (SD)
  Hispanic/Latino 120 (38.96)
  Non-Hispanic/Latino 158 (51.30)
Race: x (SD)
  African American x 22 (7.14)
  Asian /Pacific Islander 18 (5.84)
  Caucasian/White 133 (43.18)
  Native American 5 (1.62)
  Filipino/a American 2 (0.65)
  Other 52 (16.88)
  Mixed 29 (9.42)
  Not reported 44 (14.29)
Clinical data: n, x  (SD)
  Nonverbal IQ (Standard Score) 286 59.49 (34.26)
Autism Diagnostic Observation Schedule, Second Edition 

Severity
292 7.27 (1.83)
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During the follow-up year, teachers received two coaching 
sessions scheduled at their convenience.

Data Collection Procedures.  Data were collected for teachers 
and students at study enrollment and throughout observation, 
training, and follow-up years. Teacher-completed measures 
were distributed via email with survey links. Teachers also 
had the option to complete measures using paper forms or by 
a phone interview. Parents received a packet with instruc-
tions, surveys, and a prepaid, preaddressed envelope from 
their child’s teacher. Parents were asked to complete the sur-
veys and return them to their child’s teacher or mail them 
back to the research team. If the parents did not complete the 
paperwork, a member of the research team scheduled an 
interview to complete measures over the phone. Standardized 
student characterization measures were completed in school 
by the research team. At the beginning of the school year, 
teachers selected two classroom activities to be followed 
throughout the school year. Video recordings of these two 
activities were recorded 4 times during the control and train-
ing years and 2 times during the follow-up year by the 
research team. Activities recorded included a range of typical 
classroom tasks, including small group academics (e.g., 
math, reading, and language arts), individual instruction, 
play-based activities (e.g., puzzles, choice time), and whole 
group lessons (e.g., Circle time). Observation videos were, 
on average, 25.23 (SD = 5.64) min long. A total of 957 (77%) 
videos were group activities and 288 (23%) were 1:1 activi-
ties. These videos were used to code CPRT fidelity and stu-
dent engagement.

Measures

Trained research staff naive to project hypotheses and con-
dition completed standardized assessments.

Characterization Measures—Students
Autism Diagnostic Observation Schedule, Second Edition.  

The ADOS-2 is a semi-structured observational assess-
ment of autism characteristics that includes four modules 
to evaluate social interactions, play, communication and 
stereotyped behaviors, and restricted interests based on the 
child language level (Lord et al., 2012). ADOS-2 has high 
reliability and validity (Gotham et al., 2008; Kamp-Becker 
et  al., 2011). The research team administered ADOS-2 at 
enrollment. The majority of students received Module 1 
(47.60%) with 31.85% of students receiving Module 2 and 
20.55% of students receiving Module 3. The severity score 
was used to characterize the sample.

Mullen Scales of Early Learning / Differential Ability Scales-
II.  Each student received a cognitive measure based on age 
and developmental functioning and the hierarchy of use 
recommended by the Autism RUPP network (Arnold et al., 
2000) and convergent validity of the measures (Bishop 
et al., 2011). Most students (n = 161) received the DAS-II. 
The DAS-II can be administered to students from age 30 
months to 17 years 11 months. Four scales (Verbal, Nonver-
bal Reasoning, Spatial Reasoning, and Special Nonverbal 
Composite) are used to compute a composite score (Gen-
eral Conceptual Ability [GCA]; M = 100, SD = 10). For 

Figure 1.  Consort Diagram of Study Participants With a Focus on Students.
Note. Teacher randomized to training group (see Suhrheinrich et al., 2020, for teacher consort diagram) and enrolled 2 students (with replacement).
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students unable to obtain a basal score on one of the core 
subtests on the DAS, the examiner administered the MSEL. 
A total of 125 students received the MSEL, which can be 
administered to students from birth to 68 months of age. 
Five scales (Gross Motor, Visual Reception, Fine Motor, 
Expressive Language, and Receptive Language) are used 
to compute an overall standard score, the Early Learning 
Composite (ELC; M = 100, SD = 15). Construct, concur-
rent, and criterion validity are all verified by independent 
studies. The MSEL ELC standard score and the DAS GCA 
standard score were used to characterize the sample (Elliot, 
2007; Mullen, 1995).

Dependent Measures
PDD Behavior Inventory.  Teachers and parents completed 

the PDD Behavior Inventory (PDDBI; Cohen et al., 2003) 
rating scale at the beginning and end of the observation, 
training, and follow-up years to assess characteristics of 
autism and examine presentation over time. However, par-
ent response rates for the PDDBI and the Vineland were 
quite low (30.08% and 27.27%, respectively); therefore, 
only teacher assessments were analyzed to ensure adequate 
power. The PDDBI is appropriate for children ages 2 to 12 
years. Subscales measure maladaptive (sensory/perceptual 
approach behaviors; fears; arousal problems; aggressive-
ness /behavior problems; social pragmatic problems) and 
adaptive behaviors (social approach; learning, memory and 
receptive language; phonological skills; pragmatic ability). 
A summary “autism score” is provided. The PDDBI has 
good internal consistency (α coefficients range = .73–.97) 
for both the parent and the teacher versions. The measure 
has good construct, developmental, and criterion-related 
validity (Cohen, 2003). The Autism Composite, Approach/ 
Withdrawal Problems Composite, and Receptive/Expres-
sive Social Communication Abilities Composite T scores 
were used to examine student change over time.

Vineland Adaptive Behavior Scales, Second Edition.  The 
Vineland Adaptive Behavior Scales, Second Edition 
(VABS-II; Sparrow et  al., 2005) measures personal and 
social skills and has been validated in children with devel-
opmental disabilities and is applicable to children from birth 
through 18 years 11 months of age. The VABS-II assesses 
four domains: Communication, Daily Living Skills, Social-
ization, and Motor Skills. An Adaptive Behavior Compos-
ite (ABC) summarizes across the four adaptive behavior 
domains. Internal consistency for the ABC is 0.94. Test–
retest reliability is .88 and interrater reliability is .74. Teach-
ers completed the Teacher Rating Form for each student at 
the beginning and end of each school year. The ABC stan-
dard score was used to examine student change over time.

Goal Attainment Scaling.  Goal Attainment Scaling 
(GAS) was used to assess progress toward IEP objec-

tives. The GAS is an evaluation technique for developing 
individualized, scaled descriptions for outcome measures 
(e.g., Oren & Ogletree, 2000). The GAS provides a scal-
able assessment of IEP goals to allow comparison across 
goals, students, and classrooms. Based on procedures for 
autistic students (Ruble et  al., 2012), each teacher identi-
fied two IEP goals to target for each student. The research 
team and teacher developed objective, behavioral descrip-
tors delineating observable estimates of degrees of progress 
toward the goal to help ensure consistency and that data 
were completed prior to training. Goals were scaled along a 
5-point scale (–2 = student’s present levels of performance, 
–1 = less than expected progress, 0 = expected level of 
outcome, 1 = somewhat more than expected, 2 = much 
more than expected). Teachers identified present levels of 
performance (−2), estimated the expected level of progress 
for the end of the year (0), and what to expect if the student 
greatly exceeded expectations (+2). Research staff then 
determined equidistant expectations for the –1 and +1. The 
principal investigator and a consulting researcher who is a 
developer of the GAS coding system (Ruble et al., 2012) 
rated each goal along a 3-point Likert-type scale in terms 
of equality, difficulty, and measurability. Goals that did not 
meet standards (average of 2.5) were updated by the teacher 
until they met standards.

At the end of each school year, teachers described the 
student’s level of performance. Research staff naive to the 
training condition then determined the GAS Score to reduce 
bias. Prior studies have found a difference between teacher 
and research GAS ratings (Ruble et  al., 2012). Research 
staff reviewed any data that supported the teacher’s report 
(e.g., IEP progress reports; anecdotal notes; and data sheets). 
Teacher-supplied supplemental data were available for 28% 
of goals. Additionally, research staff observed the child 
completing the skill for 50.47% of goals. Of these observed 
goals, teacher reports matched the research staff observa-
tion 84.76% of the time. Two GAS goals were used in the 
analyses and classified as either primary (goal with the 
most progress) or secondary.

Classroom engagement.  Classroom videos were continu-
ously coded for student engagement using “The Observer 
Video-Pro” software (Noldus Information Technology, 
Inc.). Engagement codes included off-task (e.g., student 
demonstrates behavior that disrupts the activity lasting 
longer than 3 s, such as tantrums, leaving the table) and 
an active composite (e.g., student is engaged in the activ-
ity appropriately such as working independently or with a 
peer or passively observing the teacher). Complete codes 
are available from the authors.

Teacher CPRT fidelity.  The CPRT fidelity evaluation form 
included 12 items (see Table 1 for CPRT components; Stah-
mer et al., 2012, 2016) rated on a 1 to 5 Likert-type scale 
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(1 = teacher correctly implements the component less than 
30% of the observation through 5 = teacher implements the 
component correctly through the entire observation [100% 
of opportunities]), where a 4 or 5 was considered “correct.” 
The measure addresses both adherence to (i.e., the degree to 
which proscribed procedures are utilized) and quality (i.e., 
skill used in delivery) of teachers’ CPRT use (Sanetti & 
Kratochwill, 2009). Contact the authors for the full coding 
definitions. The percentage of components teachers used 
correctly (scored 4 or 5) were used in analyses. In analy-
ses examining student change across the school year, the 
teacher’s best fidelity score for that year was used. For stu-
dent engagement analyses, teacher fidelity for the specific 
session was used.

Coding Procedures
Coders.  Research assistants naive to the condition coded 

CPRT Fidelity or student engagement. Coders were trained 
to a reliability criterion of 80% agreement across two con-
secutive videos. Following initial training, interrater reli-
ability was examined on an ongoing basis to reduce coder 
drift. If coders had two consecutive videos below 80% 
agreement, they retrained to the original criterion across 
two consecutive videos before further independent coding.

Interrater reliability.  For child engagement, a total of 41% 
of videos (n = 508) were randomly selected for evaluation 
by two independent coders, and the percentage of agree-
ment was calculated by the Observer Video-Pro software 
to assess interrater reliability. The average percentage of 
agreement across all videos was 79%, with a range of 60% 
to 95%. For teacher fidelity, 33% of videos (n = 354) was 
evaluated by two independent coders. Intraclass correla-
tion coefficients (ICCs) were calculated to assess interra-
ter reliability. The ICC mean was .81 (range = .67–.89). 
Contingent consequences and varied cues were below 0.7 
and were not considered reliable and dropped from analysis 
(Cicchetti, 1994).

Classroom Moderators
Classroom quality.  The quality of the classroom for sup-

porting autistic students was evaluated using the Profes-
sional Development Assessment (PDA; Boyd et al., 2014). 
The PDA includes a 2-hr observation, a 30-min teacher 
interview, and a record review (i.e., review of IEPs and 
lesson planning documents). The PDA was completed by 
research staff naïve to training condition in the fall and 
spring of each school year. Detailed information on PDA 
training is available in Suhrheinrich et al. (2020); however, 
reliability was attained for each assessor across one video-
recorded observation and one in vivo PDA prior to indepen-
dent administration as per developer instructions. The PDA 
includes 50 items across seven domains. Item ratings were 

completed on a Likert-type scale (1 = minimal/no imple-
mentation to 5 = full implementation). Only the Classroom 
Environment scale was utilized in the current analyses, as 
items in this scale were most closely aligned with the com-
ponents of CPRT and with teacher fidelity (Suhrheinrich 
et al., 2020). These included the use of clear and develop-
mentally appropriate instructions, varied types of opportu-
nities to respond, the use of natural/direct reinforcement, 
opportunities for students to make choices, provision of 
contingent consequences, opportunities to generalize skills, 
the use of individualized reinforcers, and incorporation of 
student interests and strengths in learning activities.

Ethics Approval.  This research was approved by the Institu-
tional Review Board at the University of California, San 
Diego with reliance from Rady Children’s Hospital, and the 
University of California, Davis.

Data Analyses.  To assess the impact of the CPRT training on 
student outcomes, we initially planned to use hierarchical 
linear modeling (HLM; Raudenbush & Bryk, 2002) due to 
the nested structure of the data: repeated measures (time: 
Fall, Spring) [Level 1], nested within students [Level 2], 
nested within teachers [Level 3], nested within districts 
[Level 4]. However, the HLM models did not converge, so 
Generalized Estimating Equations were used instead to 
account for clustering. First, we assessed for the effect of 
time (Fall vs. Spring) on GAS scores, communication, and 
social behaviors (PDDBI), and adaptive behavior (VABS). 
To assess the impact of CPRT training group (planned com-
parisons: observation vs. training, observation vs. follow-
up), CPRT fidelity, and classroom quality on the change in 
student outcomes over the course of the academic year, we 
calculated change scores (Spring minus Fall) for all mea-
sures of interest. We then ran preliminary unadjusted mod-
els for CPRT training group, CPRT fidelity, and classroom 
quality (without covariates). For the final adjusted models, 
time since Fall assessment was used as a Level 1 predictor, 
and teacher fidelity to CPRT strategies and classroom qual-
ity were included as Level 2 predictors. For the observa-
tional measure of student engagement, all available 
observations were included in the model, and teacher fidel-
ity to CPRT strategies and classroom quality were included 
as predictors.

Results

Time Effects

Significant effects for time (Fall vs. Spring assessment) 
were found for GAS, PDDBI Autism Composite, PDDBI 
Receptive/Expressive Social Communication Abilities 
Composite, and VABS Adaptive Behavior Composite (all p 
values <.027).
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Unadjusted Nested Models

CPRT Training Group.  Appropriate Student Engagement was 
significantly higher in training (M = 91.29%) and follow-
up years (M = 92.98%) compared with the observation year 
(M = 89.29%, p-values < .05). Off-task engagement was 
lower in the follow-up year (M = 5.33%) compared with 
the observation year (M = 6.90%) at a marginal level of 
significance (p < .07). Group differences were nonsignifi-
cant (p > .07) for GAS, VABS Adaptive Behavior Com-
posite, and all PDDBI composite scores.

CPRT Fidelity.  Higher teacher CPRT fidelity was associated 
with higher appropriate student engagement (B = 0.18, p < 
.0001) and lower off-task engagement (B = -0.12, p < 
.001). Higher teacher CPRT fidelity was also associated 
with greater increases in GAS scores (B = 1.64, p =.02, 
secondary GAS score: B = 1.59, p =.01). The CPRT fidelity 
did not significantly predict (p > .07) changes on the VABS 
Adaptive Behavior Composite or any PDDBI composite 
scores.

Classroom Quality.  Higher classroom quality was associated 
with higher appropriate student engagement (B = 0.03, p < 
.01) and lower off-task engagement (B = −0.023, p < .01). 
Higher classroom quality was associated with greater 
increase in secondary GAS goal scores (B = 0.41, p =.02). 
Classroom quality was not significantly associated (p val-
ues > .07) with changes in the VABS Adaptive Behavior 
Composite or any PDDBI composites.

Adjusted Models

This section describes the relative effects of CPRT training 
group, CPRT fidelity, and classroom quality, adjusting for 
time between assessments.

Goal Attainment Scaling.  Change in GAS score did not sig-
nificantly differ by group. However, higher observed 
teacher fidelity to CPRT strategies was associated with 
greater increases in both GAS scores (B = 1.64, p = .02), 
controlling for time between assessments, group, and class-
room quality.

PDDBI (Teacher Report).  Changes in the PDDBI Approach/
Withdrawal Problems Composite significantly differed by 
group (see Table 3) such that students whose teachers were 
in the training group demonstrated a greater decrease in 
approach/withdrawal problems compared to students whose 
teachers were in the observation group (–2.79 points vs. 
–0.10 points, B = –2.69, p < .05) when controlling for time 
between assessments, teacher fidelity, and classroom qual-
ity. Changes in PDDBI Autism Composite differed by 
group at a marginal level of significance. Students whose 
teachers were in the training group demonstrated a greater 
decrease in Autism Composite scores when compared to 
students whose teachers were in the observation group 
(−3.70 points vs. –1.51 points, B = –2.19, p < .06), control-
ling for time between assessments, teacher fidelity, and 
classroom quality. No other PDDBI composite scores had 
significant predictors of change (all p values > .1).

Adaptive Behavior.  There were no significant predictors of 
change on the teacher report VABS.

Student Engagement.  When controlling for other factors, 
appropriate student engagement was higher in students 
whose teachers were in follow up compared with observa-
tion (see Table 4; 92.48% vs. 89.77%, B = 0.03, p < .01). 
Higher appropriate engagement was also predicted by 
higher classroom quality (B = 0.02, p < .04) and higher 
CPRT fidelity (B = 0.14, p < .0001). Off-task engagement 

Table 3.  Adjusted Models: Change in Teacher Report Composite Scores.

Parameter

PDDBI composites

Autism
Approach/withdrawal 

problems

Receptive/expressive 
social communication 

abilities
VABS-II: Adaptive 

behavior composite

B SE p B SE p B SE p B SE p

Intercept 6.21 5.05 .22 6.53 5.72 .25 −1.23 2.50 .62 6.41 4.51 .16
Time btwn assessments 0.05 0.20 .79 0.06 0.22 .79 0.10 0.12 .40 −0.27 0.17 .12
PDA classroom environ. −1.37 1.14 .23 −1.49 1.34 .27 0.17 0.56 .76 −0.72 1.10 .52
CPRT fidelity (%) −4.87 3.24 .13 −1.90 4.01 .64 3.03 2.09 .15 0.95 3.26 .77
Group: Training vs. 

observation
−2.19 1.15 .06 −2.69 1.31 .04 0.60 0.65 .36 1.06 1.00 .29

Group: Follow-up vs. 
observation

0.63 1.25 .62 0.10 1.40 .94 −0.71 0.71 .32 −0.63 1.02 .54

Note. Bold text indicates p < .05. PDDBI = Pervasive Developmental Disorder Behavior Inventory; VABS = Vineland Adaptive Behavior Scales (2nd 
ed.); PDA = Professional Development Assessment (Boyd et al., 2014); CPRT = Classroom Pivotal Response Trial.
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was associated with lower CPRT fidelity (B = 0.10,  
p = .001), controlling for group and classroom quality.

Discussion

This is one of the first studies of a collaboratively adapted 
autism EBPs conducted in classrooms with teacher imple-
mentation. Teacher participation in CPRT training signifi-
cantly and positively affected student classroom engagement 
during CPRT lessons (proximal outcome) and the Approach/
Withdrawal Composite on the PDDBI (distal outcome) 
even when controlling for classroom quality and CPRT 
fidelity. In contrast, we found no significant overall effect 
of teacher participation in CPRT training on student adap-
tive behavior or educational goals. These findings are con-
sistent with the mixed outcomes from other classroom-based 
autism intervention effectiveness trials (e.g., Boyd et  al., 
2014; Mandell et al., 2013; Sam et al., 2021; Young et al., 
2016). In our study, student engagement data were collected 
through video recordings of student/teacher interactions in 
their regular learning environment. This may suggest proxi-
mal measures of student behavior are more sensitive to 
change related to teacher intervention delivery (Boyd et al., 
2014), especially when teachers are learning the interven-
tion during the measurement period or that students did not 
make significant enough gains in the domain areas assessed 
by our distal measures.

Both significant group findings may be linked to CPRT 
theoretical foundations: increasing student motivation and 
engagement. Teachers had better fidelity to the antecedent 
strategies (see Table 1) that aim to increase motivation and 
engagement (Suhrheinrich et al., 2020). In our early qualita-
tive studies, teachers reported that they do not typically use or 
have training in these strategies (Stahmer 2007). Therefore, 
increased use of these strategies may have encouraged stu-
dent motivation and engagement even if overall fidelity did 
not increase. The expectation is that student motivation and 
engagement will eventually lead to improved long-term 
learning. We did not see evidence of those types of changes 
in the current short-term study. Additionally, engagement 
results are tempered by measurement procedures and student 

baseline norms. We collected video lesson samples that 
reflected the variability of classroom reality. Although our 
findings related to the impact of student engagement are 
statistically significant, they also may have limited clini-
cal significance given the high level of engagement of stu-
dents overall. Therefore, future studies may consider a 
more fine-grained analysis of student participation in the 
lesson, which may require more sophisticated recording 
strategies.

Intervention fidelity has been identified as a driver of 
effective implementation and a key facilitator of student/
patient outcomes (e.g., Zitter et  al., 2021). In the current 
population, teachers exhibited substantial variability in 
CPRT fidelity (Suhrheinrich et al., 2019). This variability 
supported the evaluation of fidelity as a moderator of out-
comes. Results indicated that higher teacher CPRT fidelity 
predicted improvement in student progress toward individ-
ualized goals, suggesting that student access to CPRT strat-
egies improved learning. Additionally, higher CPRT fidelity 
was associated with better student engagement and reduced 
off-task behavior during the teaching activity. These asso-
ciations remained even when controlling for classroom 
quality. This suggests additional work to support teacher 
CPRT fidelity will effectively support autistic students in 
the classroom. While additional studies are needed, these 
results suggest that a focus of future research should be 
implementation strategies that improve teacher fidelity to 
CPRT more quickly during the school year to increase inter-
vention quality and dosage which may have a greater effect 
on academic outcomes.

Some data support the idea that improved classroom 
quality facilitates reaching fidelity for new EBPs more 
quickly in autism classrooms (Odom et al., 2013). This may 
be partially due to the overlap between high-quality class-
rooms and some key ingredients in many autism EBPs 
(Boyd et  al., 2014). For example, some of the strategies 
associated with autism EBPs (including CPRT) such as 
antecedent and reinforcement strategies have been found to 
be critical for classroom management and quality (Allday 
et  al., 2013). Therefore, we examined the relationship 
between classroom quality and child outcomes. In our 

Table 4.  Adjusted Models: Student Engagement.

Parameter

Active composite plus Off-task

B SE p B SE p

Intercept 0.74 0.04 .00 0.17 0.04 .00
PDA classroom environment 0.02 0.01 .04 −0.01 0.01 .08
Teacher fidelity to CPRT strategies (%) 0.14 0.04 .00 −0.10 0.03 .00
Group: Training vs. observation 0.02 0.01 .11 −0.01 0.01 .53
Group: Follow-up vs. observation 0.03 0.01 .01 −0.01 0.01 .29

Note. Bold text indicates p < .05. PDA = Professional Development Assessment (Boyd et al., 2014);  
CPRT = Classroom Pivotal Response Trial.
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sample, higher classroom quality predicted better student 
engagement in learning activities and greater progress on 
GAS goals even when controlling for CPRT fidelity and 
treatment group. This is important because disparities in 
classroom quality exist in both general education (Hirsch, 
2007) and special education (Billingsley & Bettini, 2017) in 
districts serving historically marginalized student popula-
tions. Teachers may benefit from training in developing and 
maintaining a high-quality classroom environment for 
autistic students prior to training in specific EBPs.

More broadly, outcomes indicated significant effects of 
time across a majority of student outcomes. This is encour-
aging and indicates that students in the public schools in our 
study receiving services for autism are making improve-
ments over time. These findings also align with other 
school-based randomized trials of autism interventions. For 
example, Young et al. (2016) found that preschool students 
in autism classrooms made improvements in all outcome 
areas regardless of being in the treatment or control group, 
with the treatment group making greater improvement in 
receptive language and social skills. Similarly, data from a 
randomized trial of the STAR program (Arick et al., 2004) 
indicate a limited association between intervention fidelity 
and student outcomes as measured by changes in overall 
cognitive ability, with a fidelity of only one of the three 
interventions (PRT) associated with student outcomes 
(Pellecchia et al., 2015). Of course, teachers in these studies 
across groups were motivated enough to participate in a 
research program. In a randomized trial of the Classroom 
Social, Communication, Emotional Regulation, and 
Transactional Support Intervention (Morgan et  al., 2018), 
the intervention group did show better outcomes on mea-
sures of classroom active engagement and more distal mea-
sures such as the VABS-II communication scale and the 
Social Responsiveness Scale, but differences were some-
what modest. Recently, a meta-analysis of intervention out-
comes for young children with autism indicated little to no 
positive associations when methodological concerns were 
accounted for (Sandbank et al., 2020). Interestingly, the one 
area measured in this study that did not show significant 
positive change across the school year for all groups, 
Approach/Withdrawal Problems on the PDDBI is a domain 
for which CPRT appeared to make a difference. Students in 
the training group demonstrated a significantly greater 
reduction than students in the observation group. This find-
ing suggests that CPRT may have beneficial impacts on 
areas that are not currently addressed by existing educa-
tional services.

Limitations

These limited positive results based on treatment group 
may be affected by several issues. Teachers were still learn-
ing the strategies throughout the school year, with some 

teachers not meeting CPRT fidelity until late in the school 
year. This may limit intervention dosage during the mea-
surement period as students may have received high-quality 
CPRT for only a month prior to completing post-assess-
ments, thus limiting the full impact of CPRT on student out-
comes as measured here. Efforts to track students for the 
year following CPRT training in each classroom were com-
plicated by changing classroom assignments. Additionally, 
CPRT fidelity decreased in the follow-up year (Suhrheinrich 
et al., 2020) which may mean changes to training and long-
term coaching are needed to maintain fidelity and maxi-
mally impact student outcomes. Significant changes in 
student adaptive and academic behavior may require greater 
intervention dosage in conjunction with a high level of 
fidelity, and future research should explore the question of 
dosage and quality relative to impact.

Additionally, this research took place in a large urban 
county that has generally high-quality educational services. 
Our student sample represents the diversity of the region, but 
the quality of educational programs for autistic students may 
not be reflective of school services more broadly across the 
United States. Future research should target broader geo-
graphic areas to include a more diverse participant sample.

Future research should also expand upon this work in sev-
eral ways with specific attention to measurement concerns. 
To more accurately evaluate student progress, it may be 
important to include additional proximal measures of student 
behavior. The measure of student engagement, while useful 
in revealing group differences, may be improved by includ-
ing additional categories of student behavior. Additionally, 
teacher CPRT fidelity may be better conceptualized as a com-
posite of accuracy and dosage of intervention delivery after 
initial fidelity criteria are met, thus accounting for varied 
rates of learning across teachers.

Conclusion

In summary, this trial contributes to the limited but growing 
body of research on the effectiveness of autism interven-
tions delivered in school programs. Based on the challenges 
of implementing EBPs in schools in a way that clearly dif-
ferentially impacts academic outcomes future research may 
need a greater focus on implementation strategies that sup-
port effective EBPs’ training and use. Based on the implica-
tions that improved student outcomes are more likely when 
teachers use CPRT strategies with fidelity in classroom 
activities, which is consistent with previous work, future 
effectiveness trials should focus on how to improve fidelity 
to EBPs. Implementation science provides a framework for 
addressing concerns such as increasing teacher release time 
for training, improving access to ongoing supervision and 
coaching, and increasing leadership support for EBPs’ use 
which has the potential to support school-based results 
(Boyd et al., 2021). The encouraging news is that our results 
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support the idea that autistic students are making significant 
gains throughout the school year which may point to a need 
for research focusing on key elements of school programs 
that lead to the best outcomes. An additional challenge with 
effectiveness research is understanding the validity and sen-
sitivity of measures that can detect clinically relevant 
changes during the intervention period. Overall, school pro-
viders may require significant support to develop high-
quality classrooms that facilitate EBPs’ use that leads to 
improved outcomes for autistic students.
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