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Abstract

There is increasing evidence supporting the effectiveness of the Early Start Denver Model (ESDM)
for children on the autism spectrum. However, substantial variability in response to the ESDM

has been reported across participants. We examined the plausible yet untested hypothesis that
variations in the fidelity level of therapists delivering the intervention contribute to variability in
children’s response to the ESDM. Videotaped sessions (/7= 40) of toddlers on the autism spectrum
who received the ESDM from trained therapists were coded to obtain measures of therapist fidelity
and children’s learning in response to the therapists’ instruction. Variations in overall fidelity,
along with variations in most items included in the ESDM fidelity checklist, contributed to the
children’s learning response during the sessions.

Keywords

Autism spectrum disorder; Early intervention; Early Start Denver Model; Fidelity; Child learning
response; Naturalistic developmental behavioral intervention

Early interventions for children on the autism spectrum? can result in substantial
improvements across multiple domains (Landa, 2018; Vivanti et al., 2020). For example, the
Early Start Denver Model (ESDM; Rogers & Dawson, 2010), a naturalistic developmental
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behavioral intervention for children on the autism spectrum ages 12-48 months, has resulted
in improvements in the areas of language/communication and cognitive functioning across
several intervention trials (Fuller et al., 2020).

However, substantial variability in intervention response across trials, participants and
implementation contexts has been reported in response to the ESDM (Fuller et al., 2020;
Vivanti et al., 2016, 2019; Waddington et al., 2016) as well as other evidence-based
interventions (Howlin et al., 2009; Vivanti et al., 2020). Previous research has documented
a range of factors that might contribute to variability in intervention outcomes, including
child pre-treatment cognitive, social, and language skills (Schreibman et al., 2009; Shine &
Perry, 2010; Vivanti et al., 2014). More recently, research has started to examine the role
of intervention fidelity in relation to variability in intervention response. The construct of
fidelity refers to the degree to which prescribed elements of an intervention are delivered as
intended (Schoenwald et al., 2011). A growing body of literature has demonstrated that the
outcomes of various healthcare and educational programs are impacted by implementation
fidelity (Durlak & DuPre, 2008; Miller & Rollnick, 2014; Reed & Codding, 2014; Tucker
& Blythe, 2008). In the Autism Spectrum Disorder (ASD) early intervention field, a

small but revealing body of literature has similarly started to document that variations in
treatment fidelity substantially affect intervention outcomes. Langh et al. (2020) found that
treatment fidelity predicted clinical outcomes in response to Early Intensive Behavioral
Intervention. Another study which focused on a teacher-implemented program called
Learning Experiences Alternative Program for Preschoolers and Parents (LEAP) reported
that children whose teachers had higher implementation fidelity made greater improvements
in response to the program (Strain & Bovey, 2011). Additionally, Pellecchia et al. (2015)
evaluated the association of fidelity and treatment outcomes in response to the Strategies
for Teaching based on Autism Research (STAR) program, a comprehensive treatment
model that includes several evidence-based practices. Interestingly, it was reported that in
classrooms where program fidelity was either high or low, participants experienced larger
intervention gains—suggesting a non-linear link between fidelity and outcomes.

An association between treatment fidelity and child outcomes has also been documented

in three studies evaluating parent-mediated programs based on the ESDM. Rogers et al.
(2018) reported a positive relationship between degree of improvement in parent fidelity and
increases in skills that were targeted in the intervention. Similarly, Vismara et al. (2013)
reported that children whose parents showed higher levels of treatment fidelity experienced
more language gains. Finally, Waddington et al. (2020) reported that the correct use of
parent-implemented ESDM (P-ESDM) techniques by caregivers was associated with both
child engagement and expressive language.

Although this body of literature provides preliminary evidence on the role of fidelity in

the treatment response to the ESDM and other interventions, there are several gaps and
limitations requiring further research effort. First, previous research in this area has mostly
focused on distal measures of intervention outcomes, such as changes in standardized

I\we are using “on the autism spectrum” as recent research has indicated that this expression is more acceptable and less polarizing in
the autism community than alternative formulations (Botha et al., 2021; Bury et al., 2020).
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tests of cognitive or adaptive functioning following intervention delivery. However, more
proximal measures of response to instruction (e.g., the child’s success or failure to acquire
a skill being directly targeted), might provide a more actionable insight on the impact

of fidelity on intervention response. For example, examining whether children imitate in
response to a teaching technique delivered with varying degrees of fidelity across different
teaching episodes provides a more direct indication of the importance of delivering that
technique at fidelity compared to changes in 1Q following 1 year of intervention. Consistent
with this notion, the above-mentioned Rogers et al. study (2018) showed that fidelity

of intervention delivery was linked to proximal but not distal measures of intervention
outcomes.

Secondly, although most interventions for ASD include multiple components which might
contribute differently to intervention response (Stahmer et al., 2019), existing research

has focused on overall fidelity across the components of intervention packages. An
exception to this trend is the recent Waddington et al. (2020) study, which documented

a different contribution from different fidelity items to the intervention response of children
receiving P-ESDM. Therefore, it is plausible that variations in the degree of fidelity to
which the different components of an intervention are delivered contribute differently to
child’s response. Examining the distinct contribution of fidelity for each component of an
intervention on proximal response to instruction might illuminate the role and relevance of
the different components (“ingredients”) included in intervention packages. This knowledge,
in turn, can critically inform therapist training procedures (e.g., focus on specific techniques
whose integrity is critical to facilitate child’s learning), mechanisms of intervention action,
and adaptations of interventions (Vivanti & Stahmer, 2018).

Third, most research to date has focused on the impact of intervention fidelity on child
outcomes in the context of parent-mediated early intervention approaches. In particular,

the impact of fidelity on responsivity to the ESDM, to our knowledge, has been

examined exclusively in the context of caregiver-delivered programs. Extending this body of
knowledge to the examination of the impact of intervention fidelity in therapist-implemented
interventions is of critical importance, as many community programs rely on the delivery of
intervention practices by community practitioners whose fidelity of implementation is likely
to be variable (Suhrheinrich et al., 2013).

To address these gaps in the literature, the current study examined whether variations in
treatment fidelity have an impact on proximal measures of learning response for children
receiving therapist-delivered ESDM. As the ESDM includes multiple components, which
are operationalized through a 13-item fidelity checklist (Rogers & Dawson, 2010), we
examined the impact of overall fidelity as well as the contribution of each fidelity item in

the ESDM to children’s learning response to the intervention, with the goal of identifying
components of the intervention that might play a more relevant role in producing benefits for
the intervention recipients. Accordingly, two research questions were tested in the study;

1. Does overall therapist intervention fidelity contribute to child’ proximal
intervention response to ESDM?

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.
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2. What is the specific contribution of each individual fidelity items to child’s
intervention response?

We predicted that variations in fidelity scores of trained therapists delivering the ESDM
would be associated to variations in child’s response to the intervention (i.e., the degree to
which they engage in the targeted behavior in response to the instructional cues delivered
by the therapists during the session). In other words, we hypothesized that children whose
therapists were implementing the ESDM more rigorously, as reflected in higher fidelity
scores, would be more likely to engage in the target behaviors. No specific hypothesis was
advanced with regards to the contribution of individual fidelity items to child’s intervention
response as previous literature does not offer specific predictions on the relative weight

of different ESDM techniques in promoting learning for young children on the autism
spectrum.

Overall Procedure

The two research questions in the current study were tested using 40 video-recorded
ESDM intervention sessions. The sessions were conducted as part of two larger studies
involving the implementation of the ESDM in a therapist-delivered 1:1 format. Both
projects were approved by the Drexel University Institutional Review Board (approval IDs
1512004088A018 and 1607004653). All parents consented to the treatment study and to
recording of the treatment sessions. The sessions involved children on the autism spectrum
receiving the ESDM individually from trained therapists (see ‘Participant’ section) without
additional specialists involved. Children completed approximately 2 weekly 2-h sessions of
ESDM over the course of 1 year either in the child’s home or at the A.J. Drexel Autism
Institute clinic.

The ESDM intervention was conducted according to the manualized procedures detailed in
Rogers and Dawson (2010), which include a set of treatment practices and a comprehensive
curriculum covering multiple developmental domains. Key concepts emphasized in the
ESDM include the use of “joint activity routines”, i.e., play activities and daily routines that
build upon the child’s initiative and preferences, during which clinicians scaffold the child’s
acquisition of new behaviors using a variety of behavioral and developmental strategies
(Rogers et al., 2017). Treatment fidelity in the ESDM is operationalized and monitored
using the ESDM fidelity checklist (see ‘Measures’ section).

Videorecorded ESDM sessions were coded to obtain measures of (a) therapist fidelity (using
the ESDM fidelity checklist); and (b) the child’s response to the therapists’ instructional
cues during the session (for example, showing a pointing gesture in response to the
instructional cue “which one do you want?”, or saying “go!” in response to the therapist
saying “ready, set” and then pausing).

Participants—~Participants included; (a) 16 children on the autism spectrum ages 20-39
months, who had a confirmed ASD diagnosis and who received ESDM as part of two larger

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.
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studies (see ‘Overall Procedure’ section) and; (b) 15 therapists at various stages of ESDM
experience.

Children: Children included in the study had either been previously diagnosed by
community providers or were referred to the A.J. Drexel Autism Institute for an ASD
diagnostic evaluation by their primary care providers. Regardless of age of diagnosis, the
Autism Diagnostic Observation Schedule—2nd Edition (ADOS-2; Lord et al., 2012) was
administered for diagnostic confirmation. Additionally, all children were administered the
Mullen Scale of Early Learning (MSEL; Mullen, 1995), and Vineland Adaptive Behavior
Scale—3rd Edition (VABS-3; Sparrow et al., 2016) to characterize the sample in terms of
cognitive and adaptive functioning. See Table 1 for demographics and baseline scores of
children participating in the study.

Therapists: Therapists were trained by a certified ESDM trainer according to standard
ESDM training and fidelity procedures (Rogers & Dawson, 2010). Consistent with the
ESDM generalist model of intervention delivery, the training covered interdisciplinary
knowledge required to implement a comprehensive curriculum, with the same therapist
covering multiple developmental domains. After reaching fidelity, the therapists regularly
implemented ESDM with participating children. All of the participating therapists received
training on the ESDM for the first time as part of the project. All videos of therapists
delivering the ESDM were taken after therapists completed the training process. As part

of the study, therapists received ongoing individualized supervision from a senior clinician
who held a BCBA. Additionally, all the therapists and senior clinicians involved in the
study met as a team twice per week with a certified ESDM trainer to discuss and address
ESDM implementation issues. Fidelity of implementation was monitored approximately
every month. In response to fidelity scores below 80%, feedback was provided on the
specific areas in need for improvement (corresponding to the items in the fidelity checklist
with scores of 1, 2 or 3; see “Measures’ section). Fourteen of the fifteen participating
therapists were female. Therapists’ highest educational attainment ranged from some college
(i.e., BA or BS degree in progress) to PhD degrees. The amount of experience working with
children on the autism spectrum in the therapist team ranged from less than 1 year to more
than 10 years.

Child Participant Characteristics

Mullen Scale of Early Learning: The MSEL is a well normed measure of cognitive
development for infants and young children ages 0-68 months. Children are assessed across
several developmental domains including: fine motor, visual reception, expressive language,
and receptive language. Scores from the visual reception, fine motor, receptive language, and
expressive language domains are combined to create the Early Learning Composite (ELC)
score which provides an estimate of the child’s overall cognitive level. The MSEL were
administered by trained clinicians supervised by licensed psychologist. Pretreatment ELC
scores were used to characterize participants’ cognitive level.

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.
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Vineland Adaptive Behavior Scale—3rd Edition: The VABS-3 is a semi-structured

parent interview that measures adaptive functioning across four domains including:
communication, daily living skills, socialization, and motor functioning. Scores from each
domain are combined to create the overall Adaptive Behavior Composite score. The VABS-3
were administered by trained clinicians supervised by licensed psychologist. Pretreatment
composite scores were analyzed to characterize participants’ adaptive functioning.

Autism Diagnostic Observation Schedule, 2nd Edition: The ADOS-2 is a semi-
structured, standardized assessment used for the diagnosis of ASD in individuals ages 12
months and up. The ADOS-2 assesses ASD symptomatology across multiple domains

of functioning including communication, reciprocal social interaction abilities, play,

and restricted and repetitive behaviors and yields diagnostic classifications or concern
classification scores. The toddler module or Module 1 of the ADOS-2 was administered

by a research reliable clinician to confirm the ASD diagnosis and to characterize participants
in terms of symptom severity using calibrated severity scores (CSS).

Therapist Fidelity of ESDM Implementation—Fidelity of ESDM implementation
was assessed from videos of intervention sessions using the ESDM fidelity checklist.
Following the fidelity procedures indicated in the ESDM manual (Rogers & Dawson, 2010),
fidelity of ESDM implementation was measured using a Likert scale rating system that
covers 13 distinct intervention techniques. These include management of child attention,
quality of behavioral teaching (i.e., the ability to organize teaching episodes with clear
antecedent-behavior-consequence sequences and provide frequent teaching episodes), the
accurate use of instructional techniques such as fading, shaping and prompting, adult ability
to modulate child affect and arousal, management of unwanted behaviors using positive
approaches, use of turn-taking, quality of dyadic engagement, optimizing child motivation
for participation in activity, use of positive affect, sensitivity and responsivity to child
communications, targeting multiple and varied communicative functions (e.g. requesting,
commenting, protesting, labelling, greeting), appropriateness of adult language for child’s
language level, use of joint activity routines and smooth transitions between activities that
maximize child interest and engagement.

Although the original Likert scale involves a 1-5 score range (reflecting poor to proficient
use of each technique), in the present study we used an adapted scoring system with a 1-4
range, whereby the scores of 4 and 5 (representing “competent display of teaching behavior
with no major flaws,” and “best possible display of teaching behavior,” respectively) were
collapsed into a single category reflecting proficient display of the treatment technique.
This adaptation was introduced based on pilot work, which indicated improved inter-rater
agreement using a 1-4 range. Additionally, an overall fidelity score was derived from the
sum of the 13 individual item scores.

Child Learning Response—Child learning response was operationalized as the child’s
emission of the targeted behaviors in response to the first four consecutive teaching episodes
delivered by the therapist in each video. A teaching episode was operationalized as the
therapist’s delivery of an instructional cue. For example, in an activity where the child

and therapist were playing with blocks, the therapist asking “which color block do you
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want?” was operationalized as a teaching episode during which the therapist was targeting
“indicating a choice”. Targeted behaviors were informed by an individualized assessment of
the child’s strengths and needs conducted at baseline.

A score of 1 was given for each episode in which the child emitted the targeted behavior in
response to the therapist’s instruction within approximately 5 s. For example, if a therapist
instructed a child to clap their hands and the child responded by clapping their hands
independently, the learning response was coded as “1”. Conversely, a score of “0” was given
if the child did not emit the targeted behavior or did not do so independently (i.e., received
a partial or full physical prompt by the therapist). Scores were summed to derive a total
learning response score for each video.

Coding Procedures

Forty videotaped sessions of 16 children receiving ESDM intervention sessions from 15
trained interventionists were randomly selected from all available video-recorded ESDM
sessions (100+). Online folders that included randomly ordered video-files of all sessions
received by each participant were examined by the first coder to determine whether they
met inclusion criteria. Inclusion criteria included a clear transition in and out of the activity,
and the camera field of view capturing both the therapist and child. The first 40 consecutive
videos that met these criteria were included in the study. For each video, the first activity
that included at least four teaching episodes involving four distinct treatment targets was
selected. The segments selected from the videotaped sessions ranged from 4 to 19 min (M
=9.16, SD=4.22) in duration. Each child and each therapist were featured in one to seven
videos. The same child-therapist pair was featured in no more than three videos.

Coding of the selected videos was preceded by a training stage, during which three
experimenters were trained to code a set of “practice” videos of ESDM sessions until at
least 80% agreement was achieved. Subsequently, raters were randomly assigned batches of
videos to code independently. Thirty percent (1= 12) of the videos were randomly selected
and then double coded for reliability by one of the raters who was blind to the study aims
and hypotheses. All raters were unaware of which videos were being coded for reliability
and were blind to the scores on other measures used in the study. Interrater agreement was
calculated using intraclass correlation (ICC) which is considered to be the most appropriate
approach for data that include multiple coders and observations (Koo & Li, 2016). ICC
across raters and measures using absolute agreement revealed good average reliability (mean
ICC =.78).

Data Analysis

We first conducted a preliminary examination of the possible influence of the settings in
which sessions were conducted (home versus clinic settings) and the amount of intervention
received prior to the involvement in the ESDM program on the variables of interest.
Subsequently, our research questions were tested using correlational and regression analyses.
Normality was assessed for the main study variables using z-skewness and kurtosis indices,
with a critical value set at + 3.29 (Tabachnick et al., 2007). To test our research questions
using the most parsimonious regression model while still accounting for potentially
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confounding variables, we first estimated bivariate associations using Pearson Product
Moment Correlation coefficients between child learning response, overall fidelity, individual
fidelity items, and other factors potentially associated with child learning response. These
included VVABS-3 Adaptive Behavior Composite (ABC), MSEL ELC, ADOS-2 Overall
CSS, ADOS-2 Restricted and Repetitive Behavior CSS, and ADOS-2 Social Affect CSS,
maternal education, child age, and child time in treatment. Additionally, as all therapists
received training on ESDM or similar naturalistic developmental behavioral interventions
for the first time as part of the project, therapist time in the study was included as a

variable reflecting their amount of experience and practice with ESDM. Next, variables with
a bivariate association with child learning response that showed a statistical significance
level of p< .20 were entered together into multiple linear regression models predicting
child learning response. This approach is based on indication that variables with a statistical
significance of p< .20 can confound the association between independent and dependent
variables. Additionally, as most of the 16 children and 15 therapists in the study were
featured in more than one video, child and therapist were included as factors in the
regression analyses. Subsequently, we tested whether overall fidelity as well as each fidelity
item contributed to child learning response using separate regression analyses. Benjamini—
Hochberg’s false discovery rate (FDR; 1995) procedure was used to account for the
possibility of Type | error resulting from the use of multiple statistical tests. The FDR

was set at 5% for these analyses. A power analysis conducted using gpower indicated that
our sample size of 7= 40 was sufficient to detect medium to large effect sizes at 80% power
and probability level of 0.05.

Preliminary analyses to examine the possible confounding factor of setting (clinic versus
home) showed no differences between sessions conducted at home and those conducted in
clinic settings in terms of child learning response, #(40) = - .37, p=.70, or therapist fidelity,
t(40) = - .58, p=.56.

Correlational analyses to test the hypothesized association between fidelity and child
learning response showed that, as illustrated in Table 2, overall fidelity was significantly and
positively correlated with child learning response, r= .66, p<.01. Additional correlational
analyses at the individual fidelity item level revealed that ten of the thirteen fidelity items
were significantly correlated with child learning response, r range = .35-.72, p range = <
.001-.03. Ability to modulate child affect and arousal, r= .20, p=.21, management of
unwanted behaviors, r=.08, p= .63, and provision of multiple and varied communicative
opportunities, r= .18, p= .28, were the only fidelity items not significantly associated

with child learning response. Child learning response was also significantly correlated with
child’s age, r= .35, p=.03, but not with child’s time in treatment, maternal education,
VABS-3 ABC, MSEL ELC, ADOS-2 scores, or therapist time in the project (Table 3).

Subsequently, a series of separate multiple hierarchical linear regression models were
conducted to test the degree to which overall fidelity and the ten fidelity items that

were significantly associated with child learning response contributed to variance on child
learning response (see Table 4). The first regression analysis included child learning
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response as the dependent variable, and overall fidelity as the independent variable. In
order to account for other variables potentially contributing to the dependent variable, child
age was entered in Step 1 due to its significant correlation with child learning. Child and
therapist were also entered as factors in Step 1, given that most children and therapists were
present across multiple videos that were included for analyses. As illustrated in Table 4,
overall fidelity significantly contributed to child learning response above and beyond the
variance explained by the factors included in Step 1, A4,35) = 7.54, p= < .001, R? = .40,
explaining an additional 30% of the variance.

We then conducted similar regression analyses for each fidelity item. Following Saville
(1990), we conducted a separate analysis for each item rather than adopting a family-wise
approach, given the exploratory nature of the analyses, and given that each item in the
fidelity checklist is designed to capture a distinct construct. Most fidelity items significantly
contributed to variance in child learning response above and beyond the variance explained
by the factors in Step 1, including management of child attention, A4,35) = 12.28, p< .001,
R2 = 58, quality of behavioral teaching, A4,35) = 4.76, p=.004, R? = .35, instructional
techniques application, A4,35) = 4.38, p=.006, R? = .33, quality of dyadic engagement,
F4,35) = 459, p=.004, R? = .34, optimization of child motivation to participate in

the activity, A4,35) = 6.02, p=.001, R2 = .41, sensitivity and responsivity to child
communicative cues, A4,35) = 3.01, p= .03, R2 = .17, appropriate adult language for child
language level, A4,35) = 2.97, p=.03, R2 = .25, and joint activity structure and elaboration,
A4,35) = 3.02, p= .03, RZ = .26. There was a non-significant trend for adult use of positive
affect, A(4,35) = 2.70, p= .05, R2 = .24, and transition between activities, A4,35) = 2.32,
p=.08, R2=21. All significant results remained significant after the false discovery rate
analyses were performed.

Discussion

In this study we examined the impact of treatment fidelity on learning response for

children on the autism spectrum receiving the ESDM. We found that the degree to which
therapists implemented the intervention as prescribed affected children’s skill acquisition in
response to the ESDM. These results align with previous literature suggesting that children
whose interventionists implement interventions more rigorously are more likely to learn
the skills being targeted (Langh et al., 2020; Strain & Bovey, 2011). Additionally, our
results align with and extend previous research showing a link between treatment fidelity
and intervention response for children receiving ESDM in the context of parent-mediated
programs (Rogers et al., 2018; Vismara et al., 2013; Waddington et al., 2020).

We also found that the variability in the use of most ESDM techniques, as indexed by the
items in the ESDM fidelity checklist, contributed to variability in child’s learning response,
suggesting that most components of the ESDM are important for successful response. The
finding that both techniques originating from behavioral literature (e.g., use of the ABC
format) and developmental literature (e.g., use of joint activity routines) were associated
with children’s acquisition of the targeted skills suggest that behavioral and developmental
components of the ESDM provide complementary contributions to learning response, rather
than being incompatible or redundant (Vivanti & Stahmer, 2020).
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Three techniques covered in the ESDM fidelity checklist, namely the ability to modulate
child affect and arousal, the management of unwanted behaviors, and the provision of
multiple and varied communicative opportunities, did not appear to contribute to child’s
learning response based on zero-order correlational analyses. Two additional techniques—
the use of positive affect and the ability to facilitate a smooth transition between activities
—were significantly associated with child’s learning response in the correlational analyses
but narrowly missed the significance threshold in the regression analyses that controlled
for the contribution of other factors to children’s learning response (p= .05 and p= .08
respectively). Future research should clarify whether these techniques are truly not related
to the acquisition of targeted behaviors or whether the absence of associations between
these aspects of ESDM and children’s response reflects methodological factors, such as a
low frequency of these techniques in the segments of the videos that were coded. Notably,
however, these results are substantially consistent with the findings from a recent study by
Waddington et al. (2020). In the study, which focused on the impact of fidelity in a P-ESDM
program, the techniques that were least related to child’s intervention response included
the ability to modulate child affect and arousal, the management of unwanted behaviors,
the provision of multiple and varied communicative opportunities and the facilitation of
transitions between activities. The almost complete overlap in ESDM techniques found to
be less related to intervention response across independent samples and formats (therapist-
implemented format in the current study versus parent-implemented format in Waddington
et al., 2020) points to the importance of further research on the relevance of these specific
techniques for ESDM intervention effectiveness.

Despite the alignment of our results with existing literature, several limitations in the current
study should be noted. The video clips used for coding in this study were brief (ranging
from 4 to 19 min) as only the first four teaching episodes were used. This might have
resulted in not capturing the full picture of the therapists’ ability to administer all the
intervention components at fidelity. For example, accurately assessing the therapists’ ability
to manage unwanted behaviors can be difficult to capture within a short period of time

given the relatively low frequency of unwanted behaviors in children receiving intervention
in this age range. Furthermore, limited variability in fidelity scores for treatment techniques
that are easy to master (i.e., use of positive affect) complicates the evaluation of their
individual contributions to fidelity. Additionally, it is possible that we were underpowered

to detect the associations between these fidelity items and child’s learning response and,

had we had a larger sample and thus greater power to detect small-medium effect sizes

(i.e., of the magnitude of contribution fidelity items made to child’s learning response), the
contribution of all fidelity items may have been found to be significant in our analyses.
However, the relatively small sample size in our study yields a conservative bias, if any, and
most predicted associations were indeed detected, and they were in the direction that was
hypothesized based on our predictions. Further research should test the degree to which the
ability to modulate child affect and arousal, the management of unwanted behaviors, and the
provision of multiple and varied communicative opportunities contribute to child’s learning
in response to intervention using a fully powered research design.

Additional limitations included the possibility of factors affecting child learning besides
fidelity which were not taken into account for the current analyses, such as child sleep
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or temperament, or learning experiences that might have occurred outside of the ESDM
sessions. It is also possible that child behavior during the session affected the results of this
study. For instance, if a child is non-compliant, both therapist fidelity and learning responses
might be negatively impacted. However, this potential issue was mitigated by including the
child as a factor in the regression analyses. Additionally, none of the videos had scores that
would indicate the presence of significant unwanted behaviors.

Furthermore, fidelity items were highly correlated with one another, likely because
therapists involved in the study learned all of the ESDM techniques at the same time, so
therapists who were low in fidelity in certain items tended to be low in fidelity across other
items, making it more difficult to disentangle the distinct weight of each component of the
intervention on child learning response.

Additionally, the present study focused on children’s response to the instructional cues
received during intervention sessions. Although this is arguably a strength, as discussed in
the introduction, future research should complement this information with data on distal
outcomes such as changes in standardized assessment scores from pre to post treatment.

Finally, it would be valuable for future research to examine whether specific behavioral
targets are related to more variability in treatment fidelity or child learning response. In light
of the limitations discussed above, our results provide a preliminary indication in support of
our prediction, rather than conclusive evidence.

In conclusion, we documented for the first time that therapists’ fidelity plays an important
role in children’s ability to learn new skills in response to the ESDM. The alignment of these
preliminary results with literature involving other treatments and other formats of ESDM
delivery highlights that efforts for training therapists and monitoring fidelity in ASD early
interventions are critical, especially in community settings where resources for training are
more limited to compared to research settings.
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Acknowledgements

This research was supported by the National Institute of Mental Health and the National Institute of Child Health
and Human Development (RO1IMH115715; R21HD090344). We thank our grant sponsors along with the research
participants and their families for their participation in the study. We also thank Adreeja Guha Ray for her
contribution with data collection, and all the therapists involved in the intervention sessions used for the study.

References

Benjamini Y, & Hochberg Y (1995). Controlling the false discovery rate: A practical and powerful
approach to multiple testing. Journal of the Royal Statistical Society. Series B (Methodological),
57(1), 289-300.

Botha M, Hanlon J, & Williams GL (2021). Does language matter? Identity-first versus person-first
language use in autism research: A response to Vivanti. Journal of Autism and Developmental
Disorders. 10.1007/s10803-020-04858-w

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zitter et al.

Page 12

Bury SM, Jellett R, Spoor JR, & Hedley D (2020). “It defines who | am” or “It’s something | have”:
What language do [autistic] Australian adults [on the autism spectrum] prefer? Journal of Autism
and Developmental Disorders. 10.1007/s10803-020-04425-3

Durlak JA, & Dupre EP (2008). Implementation matters: A review of research on the influence of
implementation on program outcomes and the factors affecting implementation. American Journal
of Community Psychology, 41(3-4), 327-350. 10.1007/s10464-008-9165-0 [PubMed: 18322790]

Fuller EA, Oliver K, Vejnoska SF, & Rogers SJ (2020). The effects of the Early Start Denver Model
for children with autism spectrum disorder: A meta-analysis. Brain Sciences, 10(6), 368. [PubMed:
32545615]

Howlin P, Magiati I, & Charman T (2009). Systematic review of early intensive behavioral
interventions for children with autism. American Journal on Intellectual and Developmental
Disabilities, 114(1), 23-41. [PubMed: 19143460]

Koo TK, & Li MY (2016). A guideline of selecting and reporting intraclass correlation coefficients for
reliability research. Journal of Chiropractic Medicine, 15(2), 155-163. [PubMed: 27330520]

Landa RJ (2018). Efficacy of early interventions for infants and young children with, and at risk for,
autism spectrum disorders. International Review of Psychiatry, 30(1), 25-39. [PubMed: 29537331]

Langh U, Perry A, Eikeseth S, & Bolte S (2020). Quality of early intensive behavioral intervention as a
predictor of children’s outcome. Behavior Modification. 10.1177/0145445520923998

Lord C, Rutter M, DiLavore P, Risi S, Gotham K, & Bishop S (2012). Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2). Western Psychological Services.

Miller WR, & Rollnick S (2014). The effectiveness and ineffectiveness of complex behavioral
interventions: Impact of treatment fidelity. Contemporary Clinical Trials, 37(2), 234-241.
[PubMed: 24469237]

Mullen EM (1995). Mullen scales of early learning (AGS ed.). American Guidance Service.

Pellecchia M, Connell JE, Beidas RS, Xie M, Marcus SC, & Mandell DS (2015). Dismantling
the active ingredients of an intervention for children with autism. Journal of Autism and
Developmental Disorders, 45(9), 2917-2927. 10.1007/s10803-015-2455-0 [PubMed: 25911305]

Reed FD, & Codding RS (2014). Advancements in procedural fidelity assessment and intervention:
Introduction to the special issue. Journal of Behavioral Education, 23(1), 1-18. 10.1007/
510864-013-9191-3

Rogers SJ, & Dawson G (2010). Early Start Denver Model for young children with autism. Promoting
language, learning and engagement. Guilford Press.

Rogers SJ, Estes A, Vismara L, Munson J, Zierhut C, Green-son J, Dawson G, Rocha M, Sugar
C, Senturk D, Whelan F, & Talbott M (2018). Enhancing low-intensity coaching in parent
implemented Early Start Denver Model intervention for early autism: A randomized comparison
treatment trial. Journal of Autism and Developmental Disorders, 49(2), 632-646.

Rogers SJ, Vivanti G, & Rocha M (2017). Helping young children with autism spectrum disorder
develop social ability: The Early Start Denver Model approach. In Handbook of social skills and
autism spectrum disorder (pp. 197-222). Springer, Cham.

Saville DJ (1990). Multiple comparison procedures. The American Statistician, 44(2), 174-180.
Schoenwald SK, Garland AF, Chapman JE, Frazier SL, Shei-dow AJ, & Southam-Gerow MA (2011).
Toward the effective and efficient measurement of implementation fidelity. Administration and

Policy in Mental Health and Mental Health Services Research, 35(1), 32-43.

Schreibman L, Stahmer AC, Barlett VC, & Dufek S (2009). Brief Report: Toward refinement of a
predictive behavioral profile for treatment outcome in children with autism. Research in Autism
Spectrum Disorders, 3(1), 163-172. [PubMed: 20046210]

Shine R, & Perry A (2010). Brief report: The relationship between parental stress and intervention
outcome of children with autism. Journal on Developmental Disabilities, 16(2), 64.

Sparrow SS, Cicchetti DV, & Saulnier CA (2016). Vineland Adaptive Behavior Scales, (Vineland-3).
Psychological Corporation.

Stahmer AC, Suhrheinrich J, Roesch S, Zeedyk SM, Wang T, Chan N, & Lee HS (2019). Examining
relationships between child skills and potential key components of an evidence-based practice in
ASD. Research in Developmental Disabilities, 90, 101-112. [PubMed: 31031082]

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zitter et al.

Page 13

Strain PS, & Bovey EH (2011). Randomized, controlled trial of the leap model of early intervention
for young children with autism spectrum disorders. Topics in Early Childhood Special Education,
31(3), 133-154. 10.1177/0271121411408740

Suhrheinrich J, Stahmer AC, Reed S, Schreibman L, Reisinger E, & Mandell D (2013).
Implementation challenges in translating pivotal response training into community settings.
Journal of Autism and Developmental Disorders, 43(12), 2970-2976. [PubMed: 23619949]

Tabachnick BG, Fidell LS, & Ullman JB (2007). Using multivariate statistics (\Vol. 5, pp. 481-498).
Pearson.

Tucker AR, & Blythe B (2008). Attention to treatment fidelity in social work outcomes: A review of
the literature from the 1990s. Social Work Research, 32(3), 185.

Vismara LA, McCormick C, Young GS, Nadhan A, & Monlux K (2013). Preliminary findings of a
telehealth approach to parent training in autism. Journal of Autism and Developmental Disorders,
43(12), 2953-2969. [PubMed: 23677382]

Vivanti G, Bottema-Beutel K, & Turner-Brown L (2020). Clinical guide to early interventions for
children with autism. Springer.

Vivanti G, Dissanayake C, Duncan E, Feary J, Capes K, Upson S, Bent CA, Rogers SJ, & Hudry K
(2019). Outcomes of children receiving Group-Early Start Denver Model in an inclusive versus
autism-specific setting: A pilot randomized controlled trial. Autism, 23(5), 1165-1175. [PubMed:
30296845]

Vivanti G, Dissanayake C, & Victorian ASELCC Team. (2016). Outcome for children receiving the
Early Start Denver Model before and after 48 months. Journal of Autism and Developmental
Disorders, 46(7), 2441-2449. [PubMed: 27020055]

Vivanti G, Prior M, Williams K, & Dissanayake C (2014). Predictors of outcomes in autism early
intervention: Why don’t we know more? Frontiers in Pediatrics, 2, 58. [PubMed: 24999470]

Vivanti G, & Stahmer A (2018). Early intervention for autism: Are we prioritizing feasibility at the
expenses of effectiveness? A cautionary note. Autism: The International Journal of Research and
Practice, 22(7), 770-773. [PubMed: 30235939]

Vivanti G, & Stahmer AC (2020). Can the Early Start Denver Model be considered aba practice?
Behavior Analysis in Practice, 14(1), 230-9. [PubMed: 33732593]

Waddington H, van der Meer L, & Sigafoos J (2016). Effectiveness of the Early Start Denver Model: A
systematic review. Review Journal of Autism and Developmental Disorders, 3(2), 93-106.

Waddington H, van der Meer L, Sigafoos J, & Whitehouse A (2020). Examining parent use of specific
intervention techniques during a 12-week training program based on the Early Start Denver Model.
Autism, 24(2), 484-498. [PubMed: 31535564]

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



Page 14

Zitter et al.

Author Manuscript

91005 pJepuels ausodwo) Joireysg sandepy UuonIpg pig—a|eds JoiAeysg sAndepy puelsuUIA DGV £-SFWA 181005
paepuelS ansodwoD Buiurea Ajie3 Jo sajeds Us|INN D77 IS 11095 KLIaAaS PaleIqIfed SSO Z-SOY ‘U0MIPT Pu0dss ‘a|Npayas UoITeAIasqo ansoubeld WsNNY Z-SOgY ‘UONRIASD PIEPUEIS S

T alqeL

Author Manuscript

(s181) € 9a.1Bap 863]]02-150d

(52'89) TT aauBap abs[j0D

(g9t aba[]09 awWoS

(sz9)T Qa3o/ewoldip jooyos ybiH
uoleanps |eulsle|N

(z'18) €T Xuiye] Jo o1uedsiH-uoN

(s281) ¢ Xune/a1uedsiH
Auouyie piyd

(Sz9)T [e12RININIA

(S2) ¥ UedLIBWY UBdLYY/Xoe|g

(sz9)t ueIsy

(529) 0T SMYM
aoel plIyo

(szTe)§ alewa

(52'89) TT 3len
Xas plyo

(%) u

(85°€T) T€'TL 08V £-SdvA
(vL91) ST'OL 0713 T3S

(6G'T) ¥¥'L  SSO siolneyag aAnadal/PaIILISRY

(62'2) 90'L SSO 10ay4e [e120S

(e8T)6TL SSO I[eI9n0
Z-soav
(0Lv) £6'8¢ (syuow) oapIA ui abe pjyd
(as) uean ajqersen alydesBowsq

a|dwes au ul S19]ppO1 JO SoNSIIgdRIRYD

Author Manuscript

Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



Page 15

Zitter et al.

10>0
o
50>
x
'’ V= '’ = v—¢ V=€ I’ -1 v v e’ e’ ¥—¢ 156¢ ST abuey
180 1.0 98'0 650 890 6€0 0.0 1.0 090 9¥0 680 €80 790 €L'S 0T UoleIASp piepuels
AR ev'e Ge'e 8¢ ev'e €8¢ 16°C G/'C €8¢ 08¢ (44 ¢6°C 0€'e  €Tey GS'€ uesiy
- VS 80 e 8y g 19 _6F b0 w95 LSV e S0 SE SONIAIIOR USSAIS] UONISUEI] ‘GT
- 08 Tyoee v 6 2§ 98  gp LS .69 _ €5 .08 __ ¥V  aimonnsuoneiogejs pue ANAIOE 1UIOC PT
- e 6 ey €S 98 goo GO' x99 L,06 & 9L GV abenbue| 3npe arendolddy €T
4 60" e £8€ zo- 90 KCF 62 2T BV IT ‘ddo aAIeaIUNWWIOD patien ajdnINAl 2T
- L6 LS gr go- gz @ 7 #1885 L0V senoppiyo o) Aunisuodses pue Ananisuss ‘1T
= w9 O opo gz LV AN RN 1oa4Je aAIsod 40 8sn YNpY 0T
= w5 T T w85 09 897 08,09 uoneAnow pj1yd Jo uoneziwndo ‘6
- 60 9T (T4 N 4 AL BN A 4 uswabebus a1peAp Jo Auend ‘g
- v0- 12« 7€ T’ w2 80 SIOIABLSQ paluemMun Jo Juswabeuep */
- S0’ o L0V 8z 2z [esno.e pue 19ae p1yd BuneNpo ‘9
- L.6L .89 . 6L _ GS uoneaijdde anbiuyos) feuononasuj ‘g
- W8 8L €S Buiyoes) [elolneyaq Jo Alend
- L8 L7l uonuaNe pIIyo Jo swsbeue g
- w99 A13pY [[BI9A0 T
- asuodsas Buiutes] pjyd ‘1
ST 1 €T 4% T 0T 6 8 L 9 S 14 € 4 T

swiall A1apu [enpIAIpUl €T 3yl pue ‘Alljapl) [|e4aA0 ‘asuodsal Bulules] pJIys usamiaq suoliejaliodlaiul pue (O = u) sansiels aAldiiossp Jo Arewwns

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



Page 16

Zitter et al.

10 >d

g0 >d
*

SIOIARLSQ aANNadal puB aAIOLISa) G4 ‘81005 paepuels alsodwo) BulutesT Ajdeg 1ISIN D 7T 181005 AlLIaASS palelqie) SS ‘8100S ansodwo)) Joireyag aandepy -SGVAITY

0-v 66 O0T-€ 20l-6v 06-Gr SYE—T &1 ¥56-8 660¢ G abuey
0Tz 9vT 9YTT  ¥99T 252T 9966 GOT 80.0T  OL¥ 02T UONEIASP PIepUelS
8L S&L 8L 0L €€TL  SSELT  8L€ EOEYT €682 GG uea|y
- G- w06 LCE- L 6E- o 8T- «% 60— 90- S5O 1924 [e100S Z-50AV ‘0T

- ET 0 00 0g-  8T- L0 VT T S$SO 84Y Z-S0QV ‘6

- - - g0 L%~ L€ 90~ 0 SSO |[eJ8n0 Z-50AY '8

- 600 ST w77 8T~ 90 CRERE ]

- 0L 200- «7E- L68-  op 09V £-SavA 9

- 8T 8¢ v LT (sAep) Buiuren ui awnisidessy '

- vi'- 8¢—- 9T'- uoI1edNPa |euwldleN

- w89 T (sAep)juswyean uiawn pjIyo g

- 45 (sypuouw) abe pyd 'z

- asuodsas Buiutes] pjyd ‘1

01 6 8 L 9 S % € 4 T

asuodsas Buiutea] pj1yd yum pajerososse Ajjenusiod si01oe) pue asuodsas Buluiea] pjiyd usamiag SUOIR|a1I0213]uUl pue sa1sIIeIs aAndLosap Jo Arewwng

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



Page 17

Zitter et al.

Author Manuscript

‘=d
S0 i

10 >d

£
G0 >d
*

39UaNbasu0o-101ABYSQ-1USPadBIUE DT

sasAJeue aye AIBA0ISIP as|e) Jayje JuedlIubls paurewal s)nsal Juedliubis ||y ‘sferarew Arejuawiajddns sy ur paniodal si wail A)japy Yyoes 1oy |apow
uoissaifial a181dwod ay "aposida Buiyoesy ayy ur painiesy 1sidelayl pue pjiya o14193ds se [jam se ‘abe [eaibojouotyd 1oy parsnipe sasAjeue uoissaifial || "sasAjeue uoissaifial ayesedas sjuasaidas mos yoeg

sgo-1T0- 4% 9 e SaIIIAIOR USBANIA] UOINISURL |
UT-1000 V€ 8z 9G uoneJoqe|d pue ainjanns AUANIE JUIoL
86'0-T0°0- 53¢ v 67 |ana] abenbue| pjiyo Joy abenbue| ynpe sjeidoiddy
TTT-2000 V€ 17 95 N2 “WW03 PJIyd 01 ANIAISUOdsal pue ANAIISUSS
0.°0—¢1°0- (4 0s’ 68’ 103)Je aAmIsod Jo asn
PT-E70 x99 T4 6" Auanoe ui ajedionued o) uoireAnow pliyd aziwndo
02T-520 & vz T JuswabeBus o1peAp Jo Auend
OT'T-020 x6V AR uoneay|dde sanbiuyds) feuonanuisul
60T¥20 x 1T 19’ (Buiyoea) edoineyaq o Aljenb) rewsol DGy
9,T-980 99  zz 1eT uONUSYE PIIYD JO JuaLaBRURI
020-L00 59 €0’ 4% Ajapy [1e48no
12 %56 d 4g3s g S9|QeLIEA 10101PaId

asuodsas Buiutea] piyo Bunoipaid sajgeriea Aujapiy 1oy sasAjeue uoissalbal [ealyaelaly Jo Arewwng

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2024 April 01.



	Abstract
	Methods
	Overall Procedure
	Participants
	Children
	Therapists


	Measures
	Child Participant Characteristics
	Mullen Scale of Early Learning
	Vineland Adaptive Behavior Scale—3rd Edition
	Autism Diagnostic Observation Schedule, 2nd Edition

	Therapist Fidelity of ESDM Implementation
	Child Learning Response

	Coding Procedures
	Data Analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4



