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Abstract

Background: Intervention during the first years of life for children with autism spectrum disorder (ASD) may have
the strongest impact on long-term brain development and functioning. Yet, barriers such as a shortage of trained pro-
fessionals contribute to significant delays in service. The goal of this proof-of-concept study was to explore strategies
that support timely and equitable deployment of ASD-specific interventions.

Methods: This 15-week, randomized proof-of-concept study explored the acceptability of a digital parent medi-
ated intervention online reciprocal imitation training (RIT; a naturalistic developmental behavioral intervention) and
compared it to a treatment as usual (TAU) control on parent and child outcomes. Eligible children were between 18
and 60 months, met the cutoff for ASD on the Autism Diagnostic Observation Schedule-2nd Edition and demonstrate
significant social imitation deficits. Primary outcomes include the acceptability of RIT (Scale of Treatment Perceptions)
and the feasibility of the Online RIT digital intervention (online RIT attributes). Secondary outcomes included parent
fidelity (RIT parent fidelity form) and parental self-efficacy (Early Intervention Parenting Self-Efficacy Scale). Explora-
tory outcome measures included child social communication (Social Communication Checklist), child imitation skills
(Unstructured Imitation Assessment), and family quality of life (Beach Center Family Quality of Life Scale).

Results: Twenty participants were randomized in a 1:1 fashion. The acceptability and feasibility of RIT and the Online
RIT digital intervention were rated highly. Among the secondary outcomes, there were significant group differences
in parent fidelity (p <.001) and self-efficacy (p=.029). On exploratory outcomes, there were group differences in child
social communication (p=.048). There were no significant group differences in imitation ability (p =.05) or family
quality of life (p=.22).

Limitations: There are several limitations with this study, including the small sample size as well as lack of data on
enactment and website engagement. This study was not able to address questions related to which variables predict
program engagement and treatment response, which will be critical for determining which families may benefit from
such a stepped-care delivery model.

Conclusions: Overall, the Online RIT program delivered in a stepped-care format shows strong acceptability and
holds promise as an innovative delivery model.
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Background

There are clear benefits to specific early interventions
for young children with and at-risk for autism spectrum
disorder (ASD) [1]. Yet, limited availability of services
results in many children “missing out” on interven-
tion during the key developmental period proposed to
have the most powerful effect on gene expression, brain
development and behavior [2]. The discrepancy between
service need and access is compounded for those in
underserved communities where children receive even
fewer interventions and at later ages [3]. Commonly
cited barriers to care include transportation issues, lim-
ited funding, and a shortage of well-trained professionals,
all of which contribute to significant waitlists and delays
in care [4]. Research examining strategies to directly
address these barriers and support deployment of ASD-
specific interventions in a timely, equitable and efficient
manner is a top priority [5].

Naturalistic developmental behavioral interventions
(NDBIs)

There is growing evidence for Naturalistic Develop-
mental Behavioral Interventions (NDBIs), a category of
interventions that merge applied behavioral and devel-
opmental sciences, for improving social communication
and developmental outcomes in young children with and
at-risk for ASD [6]. While each NDBI has specific fea-
tures, they are characterized by commonalities in terms
of the nature of learning targets (e.g., focus on building
a social learning infrastructure), learning contexts (e.g.,
teaching within naturalistic contexts), and development-
enhancing strategies. NDBIs share evidence-based
strategies such as use of a three-part contingency, child-
initiated teaching episodes, environmental arrangement,
and natural reinforcement (see 7 for a full list of shared
strategies). Best practice indicates that delivery of NDBIs
should be initiated as early as possible, include a parent
component, and concurrently address underlying core
deficits and teach new skills [6, 7].

Comprehensive NDBIs, such as the Early Start Denver
Model (ESDM; [8]) target a number of broad functional
outcomes and therefore are often intensive in terms of
resources, time, and duration, and rely on highly trained
interdisciplinary specialists [9]. The importance of com-
prehensive programs should not be understated; how-
ever, the complex nature of these programs may hinder
access, adoption and implementation—especially in
community settings [10]. In particular, families who have

access to traditional comprehensive interventions vastly
underutilize the hours they are allotted [11]. Additionally,
recent estimates indicate an average time-lag of roughly
3 years between diagnosis and receipt of early intensive
behavioral intervention in the community [12]. Further,
the younger a child at diagnosis, the greater the time-lag
to service access, suggesting a significant gap in care dur-
ing a period when the child and family may be particu-
larly vulnerable [12].

Given the current services landscape, it is critical to
consider additional models such as focused NDBIs, which
may be particularly well suited to serve as a “bridge” or
supplement to more comprehensive approaches. Focused
interventions teach a specific skill or set of skills, are
often less complex and intensive, and hold promise for
more efficient dissemination and adoption across formats
(e.g., parent mediated intervention) and settings (e.g.,
early childhood classrooms, home-based IDEA Part C
services). Research suggests a number of focused NDBIs,
such as Reciprocal Imitation Training (RIT) and Joint
Attention Symbolic Play Engagement and Regulation
(JASPER), can improve specific social communication
skills at a relatively low intensity and when implemented
by caregivers and other key members of a child’s com-
munity [13—16]. Taken together, focused NDBIs are par-
ticularly well-suited for use when examining innovative
delivery models to provide care to families without or
with limited access to evidence-based services.

Telehealth

Telehealth, or the ability to provide long-distance health
care and education, has been one of the most rap-
idly growing fields of research and clinical care in the
last decade. In 2019, 90% of adults in the United States
reported using the internet, 81% report owning a smart-
phone, and approximately 78% of homes had broadband
internet connection [17]. Given the intuitive appeal of
telehealth, this delivery model has already been adopted
in community settings. Prior to the COVID-19 pan-
demic, two thirds of U.S. hospitals employ some kind of
telehealth technology, one third of states have enacted
telehealth parity laws, and nearly all state Medicaid
programs cover at least some form of telehealth [18].
In 2012, only 13 states had incorporated telehealth into
the Part C Early Intervention system [19]); this number
has grown dramatically over the last decade, and most
recently during the global COVID-19 pandemic, with
nearly all states launching initiatives to support statewide
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implementation of telehealth-based Early Intervention
services [20]. The scientific data and stakeholder excite-
ment around telehealth suggests that it is poised to serve
as a viable alternative or supplement to traditional ser-
vice delivery models with potential to deliver care in an
effective, acceptable, and cost-efficient manner [21].

Telehealth can be used to deliver intervention in a vari-
ety of formats. For example, there is a growing emphasis
on the use of digital interventions or self-directed appli-
cations (e.g., smart phone apps) and websites to deliver
evidence-based intervention such as cognitive behavio-
ral therapy (CBT) for common psychiatric conditions
such as depression [22, 23]. Similarly, earlier telehealth
early intervention research explored self-directed digital
interventions to deliver parent training in NDBIs [24, 25].
While digital interventions provide greater flexibility for
user engagement, reduce costs, and facilitate large scale
dissemination, limitations to this approach must be con-
sidered. Specifically, parents using self-directed digital
intervention programs are more likely to report barriers
to participation (such as time), less likely engage with
and complete program elements, and less likely to report
gains in child skills [26, 27]. Research has also examined
the use of videoconferencing or “real-time”/synchronous
telehealth, to deliver instruction and parent coaching to
support skill acquisition in caregivers of children with
ASD [28-31]. Despite the promise of these data, remote
parent coaching alone still does not address the signifi-
cant barrier of a shortage of trained professionals in com-
munity settings.

Importantly, digital interventions and remote parent
coaching approaches can be integrated for more effec-
tive service delivery. For example, a parent could access
digital tools (in the form of a website or game) to learn
the intervention content at their own time at pace, and
then connect remotely with a professional to get feed-
back on their use of the strategies and help with problem
solving and planning. Ingersoll and colleagues compared
use of an interactive website alone to the website plus
remote coaching and found both groups showed gains
from pre- to post-intervention [26]. However, parents in
the remote-coaching condition improved more in their
intervention fidelity and increased positive perceptions
of their child, and the children in that condition showed
greater gains in social skills.

Although there is limited understanding of the spe-
cific variables predicting response to treatment, these
data support the notion that tailoring of both digital
tools (e.g., interactive website) and coaching approaches
should be explored to enhance learning and applica-
tion of skill from such hybrid telehealth programs
[32]. Equally as important is the close consideration of
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personalized telehealth models to maximize reach and
efficiency of service delivery.

Adaptive interventions

Given the modest evidence for the “one size fits all” tel-
ehealth approach, an examination of individualized
models for promising NDBIs is warranted. Adaptive
interventions allow for variation in intervention intensity
as a function of individual or environmental characteris-
tics and treatment response [33]. Adaptive interventions
may be especially fitting when there are high levels of
heterogeneity in treatment response and a need to con-
sider a cost—benefit trade-off between intervention inten-
sity and available resources [34]. Given the current state
of ASD research and practice, there is a strong rationale
for exploration of adaptive telehealth NDBIs.

Stepped-care is a model of adaptive intervention which
offers less intensive intervention as a first-line treatment,
and more intensive care only when clinically indicated.
Decisions about who receives “stepped up” care are data-
driven in that they are informed by closely monitoring
patient outcomes using what are referred to as tailor-
ing variables to determine if and when additional care is
indicated. Two of the main indicators of success in par-
ent-mediated interventions are parent fidelity and self-
efficacy. Parent fidelity (i.e., the proper implementation
of an intervention) has been instrumental for positive
increases in child outcomes across several NDBIs [35].
Parent self-efficacy (i.e., parental belief in their capabili-
ties) is thought to serve a vital role in maximizing early
intervention outcomes [36].

Stepped-care models have been designed for the deliv-
ery of interventions for eating disorders, substance abuse,
anxiety, depression and childhood trauma, and data indi-
cate it is an effective, acceptable and cost-efficient model,
particularly for brief interventions [37]. Investigators
have suggested that stepped-care may be an especially
promising delivery model for targeted early interventions
for ASD [2] but research has not yet examined a stepped-
care parent mediated intervention for ASD.

Current study

Online RIT is an interactive website introducing Recip-
rocal Imitation Training (RIT), an NDBI focused on
enhancing social imitation [27]. RIT uses a naturalistic
behavioral approach to teach object and gesture imita-
tion to young children with ASD within a play-based
context. The efficacy of RIT has been demonstrated
through a small randomized control trial [13, 14] and
several single-subject design studies [38, 39], as well as
in independent replications [40—42]. Prior research also
suggests that parents can be taught to effectively use RIT
with their children in person [15], and two single-subject
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design studies detail the development and feasibility test-
ing of Online RIT plus therapist assistance [25, 27]. In
Study 1, parents used the website and received in-vivo
coaching; children showed corresponding improvements
in imitation [25]. In Study 2, parents used the website
with remote coaching; parents improved in RIT fidel-
ity across study phases, and concurrent improvements
in child imitation were observed. All families received
remote coaching, but 2/5 achieved the fidelity threshold
after the website alone [27]. These preliminary data sug-
gest Online RIT may serve as an ideal platform for exam-
ining the potential of individualized telehealth delivery
formats, such as stepped-care.

This proof-of-concept study addresses the gap in the
current literature and represents an important next
step in digital intervention development by examining
a stepped-care version of Online RIT. Although not fre-
quently employed in behavioral intervention research, a
proof-of-concept study is warranted given the significant
financial and resource investment associated with devel-
oping and trialing digital interventions. Indeed, proof-
of-concept studies are increasingly common early in the
lifecycle of digital interventions, particularly in the field
of behavioral health [43]. Furthermore, proof-of-concept
studies can be used to inform decisions about whether to
proceeded with further investment in the tool and larger
more expensive studies [44, 45]. As such, the goal of the
current study was to determine the acceptability and fea-
sibility of a stepped-care format of Online RIT and to
explore initial differences in critical outcomes such as
parent fidelity and self-efficacy, when compared to treat-
ment as usual.

Methods

Participants

Twenty families of a child with ASD were recruited for
the current study via clinician referrals, community part-
ner referrals and recruitment postings on social media.
To be eligible for screening, children had to be between
18 and 60 months, have a diagnosis of ASD or signifi-
cant concerns of ASD, and have parent-reported imita-
tion deficits. Children of parents who were non-English
speaking or who were actively participating in other par-
ent training programs were excluded. Families were not
charged for study assessments or intervention and they
received $40 in amazon.com gift cards for participation.

Study design

The Institutional Review Board (IRB) at Rush University
Medical Center (RUMC) (IRB 15,100,203) approved this
15-week randomized controlled trial (RCT) comparing a
stepped-care model of Online RIT to treatment as usual
(TAU) condition. Participants signed informed consent
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at the in-person screening/baseline visit, before any
data collection began. Participants completed baseline
and post-intervention behavioral assessments at RUMC,
while the rest of the data collection and study participa-
tion occurred remotely. Questionnaires were collected
electronically via Qualtrics, and home-based parent—
child interactions were recorded from video conferences
using Vidyo (see below). Participants were randomly
assigned to one of two conditions using a computerized
randomization program.

Eligibility and sample characteristics

To be eligible for participation in the study, children
had to meet the cutoff for ASD on the Autism Diagnos-
tic Observation Schedule-2 Edition [46], and demon-
strate significant social imitation deficits (<50%) on the
Unstructured Imitation Assessment (UIA, [14]). Children
were also administered the Mullen Scales of Early Learn-
ing (Mullen, [47]) to provide an estimate of nonverbal
and expressive language levels. See the study CONSORT
diagram (Fig. 1) and Table 1 for participant demographic
information.

Measures
Participant characterization
Demographics A demographics form used in prior trials

[26] was completed by parents and included information
about the child, participating parent, and family structure.

Mullen Scales of Early Learning (Mullen; [47]) The
MSEL was administered to provide an index of the child’s
developmental level at intake. Specifically, Visual Recep-
tion age equivalents were used to estimate nonverbal
mental age and Expressive Language age equivalents were
used to estimate child expressive language age. The MSEL
has been shown to have strong construct, convergent, and
divergent validity in children with and without ASD [48].

Computer-Email-Web (CEW) Fluency Scale [49] 'The
CEW Fluency Scale is a self-report measure designed to
assess an individual’s fluency with the computer, email
and the web. For the purposes of the current study,
5-items were used to characterize participant familiarity
and comfort with computer and internet technology (see
Table 1). The CEW has well established construct validity,
convergent validity, and reliability [50].

Services questionniare The Services Questionnaire
asks parents to indicate the intervention services a child
received in the past and the services the child is current
receiving, including the number of weekly hours received
for each service (e.g., speech therapy, occupational ther-
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Enrollment

Assessed for eligibility (n=26)

Excluded (n=6)
+ Not meeting inclusion criteria (n=5)
+ Declined to participate (n=1)

Randomized (n=20)

Fig. 1 CONSORT diagram

l ' l
Allocation

Allocated to control (n=10) ‘ Allocated to intervention (n=10)

y Follow-Up l
Discontinued intervention (lost internet Discontinued |nt'ervent|on (lost |nterr.1et
access at home; not enough time) (n=2) access at home; moved out of state;

family illness) (n=3)

l Analysfs l
Analysed (n=8) Analysed (n=7)
+ Excluded from analysis (n= 0) + Excluded from analysis (n=0)

apy). Total weekly hours of services were summed for a
total score for each participant.

Primary outcome: acceptability and feasibility

Scale of treatment perceptions (STP; [51]) 'The STP is a
measure of treatment acceptability targeting skill build-
ing interventions, particularly for children with ASD. The
STP was adapted to include language specifically refer-
encing RIT, resulting in a 24 item questionnaire which
provides an index of the perceived effectiveness of RIT,
the fit between RIT and the family, and the safety of RIT.
Participants rate the extent to which they agree with the
statements from Strongly Disagree (1) to Strongly Agree
(7). The STP has demonstrated appropriate internal con-

sistency, a stable factor structure, and divergent validity
[51].

Online RIT attributes This scale was adapted from
Moore and Benbasat’s [52] instrument to measure the
perceptions of adopting an information technology inno-
vation. This brief adapted version (18 items) has been used
in intervention studies similar to the current work [53].
Participants indicate level of agreement from Stromgly
Disagree (1) to Strongly Agree (7). This adapted scale pro-
vides domain scores mapping onto four critical character-
istics of innovations [54]: observability, complexity (with
higher scores reflecting less complexity), acceptability,
relative advantage. The original instrument was found
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Characteristic

Intervention (n=10) Control (n=10)

Child demographics
Male (n)
Child age in months (M,SD)
Nonverbal age equivalent in months (M,SD)
Expressive language age equivalent in months (M,SD)
Child race/ethnicity (n)
Asian
Black
Caucasian, non-Hispanic
Hispanic/Latino
Multiracial
Weekly intervention hours (M, SD)
Weekly intervention hours (median, range)
Speech therapy
Occupational therapy
Applied behavior analysis
Physical therapy
Developmental therapy
Parent/family demographics
Female
Parent education
Some high school
High school degree
Some college/specialized training
4-Year college degree
Graduate degree
Employed outside the home
Parental marital status
Married-living with partner
Single-living with partner
Single-living alone
Divorced or separated
Computer use and literacy
Very comfortable with computers
Very comfortable with internet
Daily use of computer at home
More than 5 times each day on the internet
More than 7 h per week on the internet

8 6

40.10 (1041) 3540 (11.09)
18.70 (6.68) 2267 (841)
950 (4.14) 14.13 (10.36)

1 0

4 0

0 5

4 4

1 1

7.60 (10.61) 473 (9.95)
3.50, 2.00-36.00 1.7,000-32.75
1.00, 1.00-2.00 1.00, 0.00-2.00
1.00, 1.00-2.00 0.00,0.00-2.00
0.00, 0.00-30.00 0.00,0.00-30.00
0.00, 0.00-2.00 0.00,n/a

0.00, 0.00-1.00 0.00,0.00-1.50
10 10

1 1

2 0

3 3

0 4

4 1

6 4

4 5

4 1

2 2

0 1

8 7

9 9

10 9

6 5

5 5

to have acceptable convergent validity, divergent validity,
and reliability [52].

Secondary outcomes: parent measures

RIT parent fidelity form (RIT-PFF; [27]) Trained observ-
ers scored the parent—child interactions for parent fidelity
of the RIT intervention techniques using the RIT fidelity
form (see [27] for behavioral definitions). Parent behav-

ior was rated from 1 (low) to 5 (high) across six domains:
Contingent Imitation, Linguistic Mapping, Modeling,
Prompting, Reinforcement and Pacing. The last four
domains were averaged to derive a Prompting Sequence
score. Ratings on Contingent Imitation, Linguistic Map-
ping and Prompting Sequence were averaged for an Over-
all Fidelity Score. Raters were blind to participant condi-
tion and time point. Ten percent were double coded to
ensure interrater reliability of 80% or higher.
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Early Intervention Parenting Self-Efficacy Scale (EIPSES;
[55]) The EIPSES is a 20-item parent questionnaire
designed to measure parenting efficacy within the con-
text of early intervention (e.g., “when my child shows
improvement, it is because I am able to make a difference
in my child’s development”). Participants rate the extent
to which they agree with statements from Strongly Disa-
gree (1) to Strongly Agree (7). The EIPSES provides two
index scores (Parent Outcomes Expectations and Parent
Competence) and an overall score. For the purposes of
the current study, the EIPSES overall score was used for
data analysis. The EIPSES has demonstrated strong reli-
ability and construct validity [55].

Exploratory outcomes: child and family measures

Social communication checklist (SCC; [56]) The SCC is
a 47-item checklist completed by parents to indicate if a
child uses a specific social communication skill Rarely/
Not Yet (1), Sometimes, but not consistently (2), or Usually,
at least 75% of the time (3). Scores in the areas of social
engagement, language/communication and imitation/
play can be derived and then summed for an SCC Total
Score. Psychometric analyses have demonstrated that
the SCC is reliable, sensitive to measuring change after
an intervention, and strongly related to other measures of
social-communication functioning [57].

Unstructured imitation assessment (UIA; [14]) 'The
UIA was used to measure child social imitation. It is
a standardized assessment that evaluates spontane-
ous imitation of actions with objects and gestures dur-
ing play. The examiner provides 20 different imitation
bids (10 object, 10 gesture). Each bid is repeated three
times. Child responses are rated as “0” none, “1” partial,
or “2” full. The highest score for each imitation bid is
summed for an overall UIA score. The UIA was coded
by raters blind to participant condition and time point
for the current study. Thirty percent were double coded
to ensure interrater reliability of 80% or higher.

Beach Center Family Quality of Life Scale (FQOL Scale;
[58]) The FQOL Scale is a 25-item self-report measure
designed to assess family interaction, parenting, emo-
tional well-being, physical/maternal well-being, and
disability-related supports. Participants rate the extent
to which they are satisfied with these various aspects of
family interaction and experience from Very Dissatis-
fied (1) to Very Satisfied (5). An overall Total Score was
calculated by averaging all items. The FQOL has been
found to have satisfactory construct validity, internal
reliability, and convergent validity [59].
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Intervention and service delivery platforms

Online RIT is a digital intervention in the form of an
interactive website that was developed to teach RIT
to parents of young children with or at-risk for ASD.
Program development was guided by the technology
acceptance model, media richness theory (i.e., which
technologies best reduce uncertainty and equivocality),
and principles of instructional design [60—62]. A col-
laborative and iterative development process with pilot
participants was employed to ensure acceptability and
usability. Online RIT is hosted on a unique URL owned
and managed by RUMC, requires a unique username and
password to log in, and is consistent with “best practices”
in terms of safeguards to ensure website security. The
program is mobile device and computer compatible.

Online RIT presents RIT techniques in four sequen-
tial learning modules: (1) Setting Up For Success (select-
ing activities, antecedent controls, scheduling practice
time, ensuring a support system); (2) Imitating your
Child (contingent imitation, imitating the child’s vocali-
zations, gestures, body movements and play with toys);
(3) Describing Play (linguistic mapping, using simple and
descriptive language at or slightly above the child’s lin-
guistic level); (4) Teaching Object Imitation (using mode-
ling, prompting, reinforcement to teach a target skill, and
pacing the interaction). Each learning module includes
an instructional video, quiz, interactive exercises, and at-
home planning and reflection. The website also includes
a video library, Frequently Asked Questions, download-
able visual aids, links to relevant external resources, and a
customizable “dashboard” that allows users to track their
individualized goals and the amount of time they have
spent working on their goals (e.g., practice log).

Parent coaching sessions were held remotely using
Vidyo, which provides secure bidirectional audio and
video conferencing capability along with advanced capa-
bilities such as content/screen sharing, video streaming,
far end camera control, encryption, DTMF controls and
more. Vidyo meets HIPAA privacy standards and has
built-in security management (e.g., SSL certificates, pri-
vate key management, and HTTPS all FIPS 140-2 com-
pliance). Participants in the current study downloaded an
app to their smartphone, tablet or computer to allow for
seamless videoconferencing.

Study procedures

Screening/baseline

Participants attended one-to-two days of testing at
RUMC to complete participant characterization assess-
ments and outcomes. Immediately after screening/
baseline visits, participants engaged in a remote video
recorded 10-min parent—child interaction.
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Randomization

A computerized randomization program was used to
determine treatment condition assignment follow-
ing screening/baseline assessments. Participants were
enrolled on a 1-1 schedule to Online RIT or TAU.

Study conditions

Stepped-care online RIT Parents randomized to Online
RIT completed the four modules over a period of 5 weeks
(~1 per week, 1 week to practice). Prior research on par-
ent-mediated intervention in RIT and related NDBIs sug-
gests improvements in, and pivotal mediating roles for,
parent fidelity and parent empowerment/self-efficacy [35,
63]. As such, these two variables were selected as tailor-
ing variables for this stepped-care model. Fidelity (RIT-
PFF) and self-efficacy (EIPSES) at 5 weeks were used to
determine which participants were in need of a “step up”
in care, in the form of remote parent coaching. See the
Online RIT Fig. 2 for stepped-care procedures.

Parents who demonstrated >80% on the RIT-PFF, and
who reported gains on the EIPSES continued to have
access to Online RIT and practiced on their own for the
next 5 weeks but did not receive any remote coaching.
Parents who demonstrated <80% fidelity on the RIT-PFF
and/or who didn’t report increases in the EIPSES were
directed into coaching. Coaching involved videoconfer-
ences once per week (wks. 6-10) with a parent coach
(first author), and followed the occupational perfor-
mance coaching model which assists parents in creating
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an environment that is more suited for themselves and
their child to succeed [64]. Sessions included review of
successes and challenges, parent practice with feedback,
problem solving, and planning.

Treatment as usual (TAU) Participants in the TAU
group were asked to try to keep the child’s current inter-
ventions stable for the length of the trial. If changes in
family needs required a change in therapies, families were
asked to notify the research team. These participants were
given the opportunity to engage in the stepped-care for-
mat of Online RIT after the post-intervention data collec-
tion time point; however, their data was included exclu-
sively in TAU analyses.

Post-intervention (15 weeks) Participants returned to
RUMC for post-intervention assessments of parent func-
tioning and child social communication. Fidelity was
coded from the remote parent—child interactions imme-
diately after the clinic visit.

Data analysis

Data on families who completed the study were ana-
lyzed using IBM SPSS Statistics, Version 22. Initial analy-
ses included examination of baseline group equivalence
using independent sample t-tests. Data were inspected
for violations of the assumptions for each test prior to
running it and were analyzed accordingly. Descriptive
statistics were examined to characterize the acceptability
of the stepped-care model of Online RIT and the related

Online RIT
Weeks 1-5

|

Week 5 Stepped Care Determination

280% on the RIT-PFF and 4 EIPSES score

'

l

l

Continued Access to Online RIT

Weeks 6 - 10

Continued Access to Online RIT
+ Weekly Remote Coaching

Weeks 6 - 10

Note. RIT-PFF = RIT Parent Fidelity Form, EIPSES = Early Intervention Parenting Self Efficacy Scale

Fig. 2 Stepped-care procedures
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technology. Analysis of Covariance (ANCOVA) was used
to evaluate treatment outcomes by comparing outcome
measures at 15 weeks between the Online RIT and TAU
groups, after controlling for T1 scores.

Results

Descriptive statistics for demographic characteristics
and baseline outcome variables are provided in Table 1.
In general, participants were receiving few intervention
hours in the community with 80% reporting <4 h per
week; however, the observed difference in total interven-
tion hours between the two groups was driven by the fact
that two participants in the intervention condition were
receiving intensive applied behavior analysis (ABA) at 16
and 36 h per week respectively, while only one partici-
pant in the TAU group participated in intensive ABA at
30 h per week.

Acceptability and feasibility

Descriptive statistics were used to characterize the
acceptability of the stepped-care model of Online RIT
and the related technology as rated by participants who
completed the program (Table 2). Responses on the STP

Table 2 Acceptability of online RIT

Acceptability outcomes M (SD)
Scale of treatment perceptions

RIT safety 6.67 (0.39)
RIT effectiveness 6.61(0.34)
RIT family fit 5.81(1.08)
Online RIT attributes

Online RIT relative advantage 6.00 (0.57)
Online RIT acceptability 6.36 (0.54)
Online RIT limited complexity 6.00 (0.74)
Online RIT observability 6.50 (0.60)

Range of scores: (1-7)

Table 3 Online RIT secondary and exploratory outcomes
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indicated strong acceptability of RIT as a skill build-
ing intervention. Participants rated RIT as very safe and
effective, and endorsed items such as it being a “good
fit” for their child and family. Average scores across the
Online RIT Attributes scale suggest that as a techno-
logical innovation, Online RIT has strong potential for
adoption. Responses suggest that Online RIT is accept-
able, relatively easy to use, and families supported items
such that the intervention is easy to “see” and “explain
to others” as to why Online RIT is user-friendly. Further,
responses suggest that while Online RIT is consistent
with other services a child receives, it also offers unique
information that parents find helpful.

Parent outcome measures

Parent outcome data did not violate assumptions for
ANCOVA. Thus, ANCOVAs were run to determine
the effect of the stepped-care model of Online RIT on
post-intervention parent variables after controlling for
baseline scores on these same variables (Table 3). After
adjusting for baseline scores, there were significant dif-
ferences in post-intervention outcomes between groups
on ratings of parent fidelity, F(1,12)=44.59, p<0.001,
Cohen’s d=3.86, and EIPSES scores, F(1,12)=6.185,
p=0.029, Cohen’s d=1.44. Post hoc analyses were per-
formed with a Bonferroni adjustment and indicated that
post-intervention parent fidelity ratings were significantly
greater for Online RIT relative to TAU (M gz=2.56, 95%
CI [1.72,3.39], p<0.001). Post-intervention EIPSES scores
were also significantly greater for Online RIT vs. TAU
(Mg4ig=9.86, 95% CI [1.22, 18.50], p=0.029).

Individual differences in response to Online RIT
were observed. Only one parent was considered a full
responder after the website alone. This parent met the
parent fidelity threshold (i.e., > 80% on the RIT-PFF) and
demonstrated increases in self-efficacy (i.e., reported
gains on the EIPSES) and therefore did not receive

Intervention Control ANCOVA Pairwise
Variable Adjusted M SE Adjusted M SE F p Cohen’s D Mean difference 95% ClI
Parent outcomes
RIT fidelity 433 0.27 1.77 0.26 4459 >.001 3.86 2.56 1.72,3.39
EIPSES 118.19 2.88 108.33 2.70 6.19 029 1.44 9.86 1.22,18.50
Child outcomes
SCC total 146.61 572 129.34 535 4.84 048 127 17.27 0.16,34.37
UIA 8.54 133 440 1.24 4.75 .050 1.26 - -
Family outcomes
FQOL total 108.02 272 103.20 2.55 1.68 220 0.75 - -

EIPSES, Early Intervention Parenting Self Efficacy Scale; UIA, Unstructured Imitation Assessment; SCC, Social Communication Checklist; FQOL, Beach Center Family

Quiality of Life Scale
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coaching. Two parents who met criteria for fidelity of
RIT reported slight declines in self-efficacy from baseline
to post-website, and therefore received coaching. Four
additional parents received coaching as they did not meet
RIT fidelity threshold. After receiving coaching, five of
the six parents achieved fidelity and increased ratings of
self-efficacy from baseline to post-intervention.

Child and family outcome measures

Child and family outcome data did not violate assump-
tions for ANCOVA. Thus, ANCOVAs were run to
determine the effect of Online RIT on post-intervention
child variables after controlling for baseline scores on
these same variables (Table 3). After adjusting for base-
line scores, there were significant differences in post-
intervention outcomes between groups on SCC Total
scores F(1,12)=4.863, p=0.048, Cohen’s d=1.27. Post
hoc analyses were performed with a Bonferroni adjust-
ment. Post-intervention SCC Total scores were signifi-
cantly higher in the Online RIT group relative to TAU
(Myig=17.267, 95% CI [0.160,34.374], p=0.048). No
stasistically significant differences were found between
groups on the UIA (F(1,12)=4.75, p=0.050) or the
FQOL (F(1,12)=1.68), p=0.220). Acknowleding chal-
lenges with estimating effect sizes from small studies,
effect sizes favor RIT for both UIA (Cohen’s d=1.26)
and FQOL (Cohen’s d=0.75). Given the observed effect
size favoring the UIA, the Leeds Reliable Change Index
[65] was used to assess for significant changes on an indi-
vidual level in imitation performance across the sample.
Results suggested that 3 out of the 7 children in Online
RIT demonstrated reliable improvement in performance
on the UIA while no children from the control group
showed similar reliable improvement. Further, one par-
ticipant from the control group demonstrated a reli-
able decline in UIA performance. None of the children
in the Online RIT group showed reliable decline in UIA
performance.

Discussion

The current proof-of-concept study is the first to evalu-
ate a stepped-care telehealth parent training program for
delivering ASD-specific intervention. Families of young
children with or at-risk for ASD experience significant
uncertainty and stress during the period that they are
waiting for an evaluation and initiation of comprehen-
sive early intervention services [66]. In addition, many
children are “missing out” on intervention during critical
developmental periods [2]. Thus, the development and
evaluation of innovative interventions and delivery mod-
els, such as Online RIT, with potential to deliver timely,
equitable and cost-efficient ASD-specific intervention to
young children is critical.
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RIT, as a skill building intervention, was experienced as
safe, effective and a good fit for families. The Online RIT
program was rated highly across characteristics known
to be associated with more successful dissemination of
novel interventions such as acceptability, relative advan-
tage, observability and lack of complexity. Perceived ease
of use and perceived usefulness are particularly impor-
tant in the context of technological innovations [60].
Qualitative feedback about the ease of use and usefulness
of Online RIT included “Ease of logging in at any time,
ease of pausing and then coming back to complete tasks,
a great library of videos to learn from,” “The [Online] RIT
website allowed me to view real-life examples of tech-
niques. It’s easier and entertaining to watch the tech-
niques than to read about them,” and “It’s a great way to
see what other people are doing and how to apply it with
my own son!” These data suggest strong potential for the
deployment of RIT across diverse settings and service
delivery formats including via the Online RIT program.

This is the first study to examine the potential of a
stepped-care model for an ASD telehealth intervention.
Even within this small sample, differences in parent learn-
ing and experience were observed. For example, only one
parent was considered a full responder and therefore
did not require coaching. This parent achieved the fidel-
ity threshold and showed increases in self-efficacy after
using the website alone. Our iterative process and user-
centered framework provides a data-driven approach to
better meet diverse user needs [67]. For example, one
route is to use rapidly evolving technological innova-
tions to improve engagement and individualized support
through the digital intervention itself. A participant sug-
gested “I recommend a schedule to complete the lessons.
A way of tracking when I'm done with the homework
and saving it also informing me when it’s time to do the
reflection. Case in point, my first lesson I did everything
at once without practicing the skill first” Building in per-
sonalized recommendations for how and when to use the
digital intervention could not only enhance learning but
allow users to feel more competent and successful along
the way. Consistent with best practices in digital inter-
vention development [67] real time multi-dimensional
assessment of participant experience (e.g., website usage,
ecological momentary assessment (EMA; [68]) of self-
efficacy) would also allow for immediate identification
of participants who would benefit from the addition of a
coach, thereby reducing the time lag time between need
and access.

Another important goal of this proof-of-concept study
was to explore differences in intervention outcomes
between participants in the Online RIT group and those
in TAU. After adjusting for baseline scores, parents in
the intervention condition showed larger improvements
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in parent fidelity of RIT and parent self-efficacy. While
it is not surprising that parents who received Online
RIT learned the strategies better than parents who did
not receive the program, these data support the notion
that Online RIT can be an effective model for parents to
learn ASD-specific intervention strategies and change
their behavior accordingly during interactions with their
young children at home. All but one parent in the Online
RIT condition eventually implemented RIT with fidelity,
suggesting that with the right supports RIT is a relatively
easy NDBI to learn and use. Indeed, prior research has
found that despite overall improvements in skill after
digital interventions and remote coaching in more com-
plex NDBIs, many parents still do not achieve the fidelity
threshold [32]. As noted above, there is a rich opportu-
nity to capitalize upon technological innovations to build
more engaging and supportive digital intervention pro-
grams. Concurrently, it is important to note that these
predetermined fidelity thresholds are also a legacy from
lab-based efficacy studies, and the necessity or impact of
achieving the fidelity threshold remains unclear in par-
ent-mediated intervention studies.

Consistent with research from parent mediated NDBIs,
data from the current study suggest a meaningful rela-
tionship between Online RIT and parent self-efficacy
[69]. Self-efficacy is an important driver of individual
behavior change [70], with higher self-efficacy related
to a greater likelihood of embracing and sustaining
novel behaviors, even when faced with obstacles [71].
It is possible that parents who feel more efficacious
in interactions with their child with ASD may engage
with their child more often, have higher expectations
for their child’s behavior, and/or more effectively advo-
cate for their child’s needs, all of which may contribute
to improved parent and child level outcomes, especially
during a time of uncertainty and need. Interestingly, two
parents in the Online RIT group who were observed to
be implementing RIT with fidelity after using the web-
site alone reported experiencing declines in self-efficacy
during that same period. Again, these patterns point to
the need to incorporate more adaptive features into the
digital intervention platform, as well as the need to iden-
tify certain subsets of individuals who could benefit from
coaching and at earlier stages, to enhance parenting effi-
cacy in response to such a program.

No significant differences between the two groups
on broad family quality of life at post-intervention
were observed. This is an area that is often not directly
measured within early intervention for ASD trials, as
primary outcomes tend to be related to the child (e.g.,
social communication, developmental functioning) or
to the parents’ use of the intervention techniques (e.g.,
fidelity of the intervention [72]). However, enhancing a
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family’s capacity to problem solve, advocate and seek
out supports are considered critical outcomes of early
intervention programs [67]. There is potential to build
features into the digital intervention program that
could have a stronger impact on broad family quality
of life; as one participant explained Online RIT could
house “tips/videos of parents embedding RIT into regu-
lar everyday routines, tips and resources for using RIT
with siblings around and in community play groups
with peers, success stories from parents to encourage
other parents, inspiration and play ideas from parents,
a forum for parents to exchange ideas and motivate
each other and discuss how they fit it into their busy
lives”

After adjusting for baseline scores, children in the
intervention condition had improved scores on parent
report of overall social communication skills. Although
significant differences between the two groups were not
observed on the UIA, the effect size favored the interven-
tion condition with three of these children showing reli-
able improvement in their UIA performance. While the
small sample size could help account for the lack of sig-
nificant group differences on the UIA, it is also important
to note that standardized clinician-administered social
communication assessments as primary endpoints com-
mand a high threshold that may not be sensitive to subtle
markers of change in early social communication skills
[73]. Thus, it is possible that a certain amount of time and
intensity of intervention may be necessary for general-
ized social communication gains to be observed on such
standardized clinical assessments [73].

The extent to which parents actually practiced and
implemented these strategies with their children day-to-
day is unknown. This metric, often referred to as enact-
ment or dose, is extremely challenging to measure and is
historically under-reported in studies of parent mediated
interventions for ASD and related conditions [35, 74]. In
the current study, a text message approach to collecting
this data was trialed. First, the study team text messaged
three times per week (“Have you used RIT with your child
today? Y/N”; if Y “For about how many minutes did you
use RIT today?”). Although families initially responded,
the response rate dropped to zero after two weeks. Par-
ents reported that these texts were “too frequent,” so the
rate was reduced to once a week, but the similar response
rate was observed. The rapid rate of technological inno-
vation means that certain features, such as a pop-up cal-
endar that emerges when a user signs into the website,
are now possible in a way that they were not when the
site was first developed. A critical area for future research
will be to work with families and other key stakeholders
to determine acceptable, effective and feasible strategies
for collecting this critical enactment data.
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Limitations

Several limitations to the current study have been noted
in the discussion section including the small sample size,
lack of enactment data, and a lack website engagement
data. Given the nature of the proof-of-concept trial, we
were not able to offer a robust test of treatment effective-
ness, although preliminary data on child imitation and
family functioning are promising. In addition, the rapid
shift to digital healthcare during the pandemic has high-
lighted both the potential and challenges of telehealth
care [75]. It is acknowledged that telehealth and digital
interventions may not be universally acceptable and/
or effective for all families. The extent to which critical
family characteristics such as cultural background, race,
and ethnicity, impact access to and engagement with the
Online RIT program could not answered in the current
work. In addition, the extent to which parent motiva-
tional and cognitive variables, as well as child skills, mod-
erate treatment effectiveness remains unknown. Such
work will be critical as we incorporate technology allow-
ing for more individualization of the digital interven-
tion and coaching approach, as well as for determining
a priori who would benefit from such a delivery model
and who may be better served through a different for-
mat. Finally, despite random assignment, the two groups
were unbalanced on certain background characteristics
such race and ethnicity (with greater racial and ethnic
diversity in the Online RIT intervention group relative
to TAU) and average weekly intervention hours (with
the Online RIT intervention group recieving, on average,
more hours each week than TAU).

Conclusions and future directions

With the limitations above noted, the current proof-of-
concept study still serves as an important initial step
in exploring the feasibility of a stepped-care format of
Online RIT. We found that parents enjoyed the interven-
tion content and website, that they were able to learn and
use RIT with their children as a result of the program, and
that they had ideas and suggestions for further improving
the digital intervention user experience. Taken together,
these results compel additional investment in the digital
intervention program and offer clear next steps in the
larger scale evaluation of this innovative intervention
approach. For example, we selected parent fidelity of RIT
and parent self-efficacy as tailoring variables in the cur-
rent model based on theoretical rationale, but by design
we were not able to explicitly test whether these are the
“right” tailoring variables or the extent to which differ-
ent levels of care predicted specific response to treatment
across outcomes of interest. In addition to identifying
appropriate tailoring variables, a related critical next step
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of this work is to understand how participant character-
istics, including socioeconomic status and demographic
characteristics, impact engagement with and comple-
tion of digital interventions. Moreover, future research
will empirically test the efficiency and effectiveness of
possible active components of the intervention and to
understand the extent to which these components can
be adjusted to provide more individualized intervention.
Theoretically informed pilot data from this trial are criti-
cal for use of novel research strategies such as Multiphase
Optimization Strategy (MOST; [33]) which has been pos-
ited as an alternative to the traditional randomized con-
trol/confirmatory trial in the development and evaluation
of telehealth and digital interventions. Indeed, planned
future research with Online RIT will capitalize upon such
innovative research designs to create and evaluate an
optimized adaptive telehealth intervention.
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