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Abstract

Background: Autism spectrum disorder (ASD) affects one in 54 children in the United States of America, and
supporting people with ASD across the lifespan presents challenges that impact individuals, families, and
communities and can be quite costly. The American Academy of Pediatrics has issued recommendations for routine
ASD screening at 18 and 24 months, but some research suggests that few pediatricians perform high-fidelity,
standardized screening universally. Furthermore, the United States Preventive Services Task Force (USPSTF) found
insufficient evidence to recommend for or against universal ASD screening. The objective of this study is to test the
hypothesis that children with ASD who have high fidelity; standardized screening will achieve superior outcomes at
5 years of age compared to children receiving usual care ASD detection strategies.

Methods: This is a cluster-randomized, controlled clinical trial in 3 sites in the USA. Pediatric practices will be
randomized to implement universal, standardized, high-fidelity toddler screening or usual care, with randomization
stratified by the practice size. The study will enroll 3450 children, approximately half in each group. From this
sample, we anticipate 100 children to be diagnosed with ASD. Children in both groups receiving an ASD diagnosis
will be administered the Early Start Denver Model, an evidence-based early intervention addressing social,
communication, and cognitive functioning. Treatment will last for 1 year, with up to 20 h per week of therapy for
children with ASD.

Results: Primary outcomes measured at baseline, following treatment, and at 4 and 5 years of age include ASD
symptom severity (Brief Observation of Social Communication Change (BOSCC)) and cognitive functioning (Mullen
Scales of Early Learning (MSEL) and Differential Abilities Scale-II (DAS-II)). Secondary outcomes in children include
measures of adaptive functioning, ASD symptoms, and kindergarten readiness; secondary analyses will also examine
stress and empowerment among parents. Several novel exploratory measures will be included as well. The study
will utilize a modified intention-to-treat analysis.
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Conclusions: This trial will evaluate the impact of universal, standardized, high-fidelity screening for ASD among
children at 18 months of age, with a goal of providing evidence to support this strategy to detect ASD in toddlers
in order to start treatment as young as possible and maximize outcomes.

Ethics and dissemination: This study was approved by the Institutional Review Board at Drexel University (IRB
protocol: 1607004653). All findings will be provided by the principal investigator via email; data will be available
through the NIMH Data Archive (https://nda.nih.gov/).

Trial registration: ClinicalTrials.gov NCT03333629. Registered on November 7, 2017

Keywords: Autism spectrum disorder, Toddler screening, M-CHAT-R/F

Background
Autism spectrum disorder (ASD) affects one in 54 chil-
dren in the USA [1]. Supporting people with ASD across
the lifespan includes addressing challenges with educa-
tion, employment, and independent living which can be
costly at the individual, family, and societal level. Over-
all, ASD is associated with $3.6 million in pro-capita life-
time social cost [2], exceeding the costs of both stroke
and hypertension.
ASD-specific intervention can change life course tra-

jectories of children with ASD, improving quality of life
and self-determination in children and adults, ameliorat-
ing family well-being, and reducing societal costs [3–5].
Early interventions with substantial empirical evidence
for their effectiveness include Early Intensive Behavioral
Intervention which is based on the adult-directed ap-
proach known as discrete trial training [6], as well as
Naturalistic Developmental Behavioral Interventions [7],
which incorporate child-led teaching episodes within
naturally occurring contexts and contingencies. Treat-
ment effects for these interventions, as documented in
several randomized controlled trials, include gains in
cognitive, adaptive, and social communication function-
ing, both immediately after treatment [8–10] and several
years after treatment cessation [11, 12]. Furthermore, re-
cent research indicates that children who begin treat-
ment earlier in life achieve better outcomes compared to
those who delay treatment onset [6, 13–16]. However,
detecting ASD as young as possible is challenging.
One strategy for identifying a high likelihood of ASD

in young children is routine screening in the context of
pediatric health care. The most widely used ASD screen-
ing tool during well-child visits is the Modified Checklist
for Autism in Toddlers (M-CHAT) [17], and its revision,
the M-CHAT Revised, with Follow-Up (M-CHAT-R/F)
[18], consisting of 20 questions completed by parents,
and targeted follow-up for at-risk responses when indi-
cated. In an unselected sample of more than 16,000 chil-
dren screened in well-child visits (mean age=20.9
months, SD=3.3), the M-CHAT-R/F demonstrated ad-
equate psychometrics when diagnostic evaluation is
done shortly after screening: sensitivity=.83, specificity=

.99, positive predictive value (PPV)=.45, and negative
predictive value (NPV)=.99 [19]. Although some pro-
spective studies based on clinical record review have re-
ported lower sensitivity [20, 21], there is substantial
evidence that implementation of the M-CHAT-R/F,
coupled with immediate referrals for treatment, can
lower the average age of diagnosis by 2 years [19] and
reduce disparities in the age of diagnosis [22]. This find-
ing, along with evidence that starting treatment at a
younger age is associated with improved outcomes, sug-
gests that toddler screening has the potential to improve
the lives of individuals with ASD (see Fig. 1).
Direct evidence for this impact of screening on out-

comes is still incomplete. Based on an analysis of the
existing literature, the US Preventive Services Task Force
(USPSTF) indicated that the evidence for improved out-
comes with ASD screening in the general pediatric
population is not sufficient to recommend universal
screening as a standard of care [23]. In particular, they
highlighted the lack of randomized controlled trials
(RCTs) testing the outcomes of children detected
through screening and referred to treatment compared
to children detected in other ways. Thus, the current
Connecting the Dots study is designed to address this
gap in knowledge through an RCT examining the effects
of toddler universal, standardized, high-fidelity screening
for ASD versus usual care (often non-standardized or
low-fidelity screening and/or physician surveillance) on
short- and long-term outcomes.
Since the American Academy of Pediatrics (AAP) is-

sued its initial recommendation for routine ASD screen-
ing at 18 and 24 months [24], which was reiterated in
2020 [25], ASD screening has become more prevalent. A
2004 survey of 471 pediatricians found that only 8%
screened for ASD [26], compared to more than 50% in a
2011 survey of 406 pediatricians [27]. In a more recent
survey of 223 pediatricians, 27% reported routinely
screening for ASD following AAP guidelines, while 53%
reported screening but did not follow the guidelines
[28]. Recent research provides further evidence that,
while more pediatricians are using tools like the M-
CHAT, the M-CHAT is often not used as intended,
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including selective administration to specific children
(e.g., children presenting noticeable red flags), selective
referrals of children who screen positive, and incomplete
administration [21, 29]. Incomplete administration of
the M-CHAT likely leads to lower sensitivity and specifi-
city, while selective screening and referrals may contrib-
ute to disparities in the identification of at-risk children
who are racial and ethnic minorities [22]. In the current
study, pediatric providers assigned to implement univer-
sal, standardized, high-fidelity screening for ASD are
trained, and adherence to the M-CHAT protocol is
monitored to ensure fidelity of M-CHAT

implementation. The use of fidelity procedures, while
very rare in ASD programs, is now widely recognized as
a critical factor for bridging the “science to service gap”
in the health care literature [30].
We will test the hypothesis that children with ASD in

the experimental screening group (universal, standard-
ized, high-fidelity screening) will achieve superior out-
comes at 5 years of age compared to children receiving
usual care. The latter is often a combination of develop-
mental surveillance and screening that may not be uni-
versal, standardized, or high-fidelity. Better outcomes for
the intervention (screening) group are expected because
children with ASD are detected younger, and high-
quality evidence-based treatment is begun earlier, in-
cluding 1 year of ESDM for all children diagnosed with
ASD. We will test our hypothesis through the following
aims: (1) compare short- and long-term outcomes be-
tween the intervention and usual care groups, including
cognitive functioning, ASD symptom severity, adaptive
functioning, and kindergarten readiness; (2) evaluate the
impact of the intervention on the pediatric provider and
practice characteristics (e.g., number and ages of chil-
dren referred for ASD evaluation, provider attitudes and
beliefs about screening), as well as caregiver characteris-
tics (e.g., stress and empowerment indicators); (3) evalu-
ate the moderators of the intervention effect on short-
and long-term outcomes, including baseline symptom
severity, cognitive functioning, and socioeconomic
status.

Methods/design
Study setting
Three clinical sites contribute to the Connecting the
Dots study: Drexel University (Philadelphia, PA), Univer-
sity of Connecticut (Storrs, CT), and the MIND Institute
at UC Davis (Sacramento, CA). Pediatric providers who
offer primary care to children under 3 years old and lo-
cated within a 1-h drive will be recruited to participate
in the study. The participating providers recruit and en-
roll children within their practice; children identified at
risk for ASD are invited to complete diagnostic testing
in the university clinics. Treatment for participating chil-
dren diagnosed with ASD with Early Start Denver Model
(ESDM) occurs in the child’s home, childcare setting, or
university clinic.

Study design, allocation procedures, and blinding
The Connecting the Dots study is a multi-site, cluster-
randomized, controlled trial in which participants are
assigned to receive either universal, standardized, high-
fidelity toddler screening or usual care. Pediatric prac-
tices, clustered within study site (Drexel University, UC
Davis, UConn), were randomized to either (1) administer
universal, standardized, high-fidelity screening for ASD

Fig. 1 Conceptual model supporting the study hypothesis
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(at 18-month well-child visits) using the Modified
Checklist for Autism in Toddlers, Revised, with Follow-
Up (M-CHAT-R/F) coupled with provider surveillance,
or (2) to detect children at risk for ASD via usual prac-
tices. Randomization was stratified by practice size and
performed by the Data Coordinating Center using
computer-generated random numbers. While only the
experimental practices will universally screen at 18-
month visits, a child can be referred for ASD risk based
on the provider’s clinical judgment anytime between 12
and 48 months old. All eligible children in both practice
groups will then be screened for ASD at 48 months of
age. A total of 100 children newly diagnosed with ASD
will be enrolled in the treatment phase of the study,
identified from 3450 children screened. It is anticipated
that those in the experimental group will enroll at ap-
proximately 18 months of age, while those in the usual
care group will enroll at approximately 48 months of
age, with some deviation in the age of diagnosis in each
group due to missed cases (experimental group) or pro-
vider concerns (usual care) early on.
Children who screen positive, or for whom the

pediatric provider has ASD concerns, are referred for
diagnostic testing. Those who are diagnosed with ASD
are then offered 12 months of intensive therapy using
the Early Start Denver Model (ESDM) [31], administered
by the study staff or outside trained therapists supervised
by the study personnel certified as ESDM trainers. Clin-
ical personnel who conduct the diagnostic evaluations
and treatment are blinded to the group and, when pos-
sible, to the study hypotheses. We do not foresee any
reason to unblind these study personnel.
The primary outcomes are 12-month measures of

symptom severity, as measured by the Brief Observation
of Social Communication Change (BOSCC) [32], and
cognitive function, as measured by the Mullen Scales of
Early Learning (MSEL) [33]. The secondary outcomes
include autism symptomatology, as measured by the
Autism Diagnostic Observation Schedule-2 (ADOS-2)
[34] and the Pervasive Developmental Disorder Behavior
Inventory (PDDBI) [35]; adaptive functioning, as mea-
sured by the Vineland Adaptive Behavior Scales (VABS-
3) [36]; and kindergarten readiness at 5 years of age, as
measured by the Developmental Indicators for the As-
sessment of Learning, Fourth Edition (DIAL-4) [37]. In
addition, exploratory outcomes include measures of
changes directly relevant to the social reciprocity pro-
cesses targeted by treatment, such as eye-tracking ex-
perimental paradigms [38], and parent-child social
engagement measures [39, 40], and detailed in the
“Study measures” section. Finally, parent report of ASD
symptoms was collected to characterize the sample,
using the Toddler ASD Symptom Inventory (TASI) [41]
and the Autism Diagnostic Interview, Revised [42].

The study has been approved by the IRB at Drexel
University and is registered with ClinicalTrials.gov
(NCT03333629).

Recruitment and eligibility
Enrollment in the Connecting the Dots study is two-
tiered: pediatric practices are recruited to participate in
the study, and providers recruit and enroll into the study
eligible children who are seen in their practice. Pediatric
providers are eligible for inclusion if they are located
within a 1-h driving radius of the local university clinic
and if they regularly see toddlers for well-child visits.
Those who are already using universal, standardized,
high-fidelity screening in their practices are not eligible
to participate in the study. Eligibility is determined based
on an interview with at least one provider from the prac-
tice. Providers are asked seven questions about the
screening and detection of ASD in toddlers. If a practice
is already using universal, standardized, high-fidelity
screening practices, including referring all screen-
positive cases for ASD evaluation, they are ineligible for
participation, as they are already exhibiting best prac-
tices in screening for ASD.
Children are eligible for study enrollment if they

meet all of the following criteria: (a) regularly seen in en-
rolled pediatric practice since 21 months old or younger,
(b) legal guardian is fluent in English or Spanish, and (c)
for experimental practices, attend a well-child visit be-
tween ages 16.00–21.99 months during the enrollment
phase of the study, and for usual care practices, have a
date of birth consistent with an 18-month visit during
the enrollment period. Children are not eligible to enroll
in the study if they meet any of the following criteria: (a)
are completely blind or deaf, (b) suffer from a severe
motor impairment that would preclude standardized
testing, or (c) are not within the age range for the enroll-
ment cohort. The total sample of toddlers enrolled at
pediatric check-ups may be adjusted to achieve the ul-
timate target of 100 children diagnosed with ASD. Fur-
ther, screening rates will be assessed at the practices (see
the “Quality control” section).

Screening and enrollment procedures
Experimental group
For eligible children in the experimental group, the M-
CHAT-R/F is administered during the 18-month well-
child visit, which also represents the period during
which children in the experimental group can enroll.
Parents/legal guardians are provided a Chromebook to
access a secure website that links to our study database,
although practices also have the option of providing a
link for parents to complete the questionnaire prior to
the visit. After creating a password-protected account,
consenting electronically, and providing demographic
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information about themselves and their child, caregivers
are then asked to complete the M-CHAT-R/F. This two-
stage screening tool has 20 yes/no items that parents
complete and has additional follow-up questions to clar-
ify the risk status if the child scores moderate risk (initial
score 3–7).
Caregivers have the option of completing enrollment and

screening either in English or Spanish and additionally have
the option to listen to recordings of each of the questions
and the possible answers, in addition to reading the text.
After a provider indicates whether they have ASD concerns
about a screened child, the provider can then review the M-
CHAT-R/F results. Providers can add new ASD concerns
into the system at any time during the child’s participation in
the study. M-CHAT-R/F scores and provider concerns are
available to the site coordinators for further action, if needed
(see Fig. 2 for the flowchart of study activities).
Caregivers for children who screen positive or have

provider concerns for ASD are contacted by the site co-
ordinator and offered the opportunity for their child to
attend a diagnostic evaluation. Those who agree to the
testing attend a 3-h session in the clinic, during which
measures of cognition, language, adaptive functioning,
and ASD symptomatology are completed by the children
and parents. Diagnosis is made by clinical best estimate,
considering all available information. Children who are
diagnosed with ASD are then invited to participate in 12
months of intensive therapy with the ESDM.

All children who were screened at 18 months will be
screened again at 48 months using both the M-CHAT-
R/F and the Social Communication Questionnaire
(SCQ) [43] to ascertain additional cases that may have
been missed at earlier visits, and procedures for diagno-
sis and treatment will be as described above. Those who
decline treatment at 18 months will not be eligible to re-
ceive treatment later in the study.

Usual care group
Children in the usual care group are eligible for the
study if they were seen in the participating practice for a
well-child visit by age 21 months or younger and fall
into the practice-specific date of birth range established
during the enrollment phase. Prior to 48 months,
pediatric providers use their clinical judgment to identify
ASD concerns in children. Providers fax ASD concerns
to the study team. The coordinator then reaches out to
the families to invite them for diagnostic testing (should
they meet the eligibility criteria). If the child is diagnosed
with ASD, they are invited to participate in 12 months
of intensive therapy with the ESDM.
All usual care children who are in the appropriate

birth cohort and who have been seen at the enrolled
practice since age 21 months (or earlier) are eligible to
be screened at 48 months for ASD with both the M-
CHAT-R/F and the SCQ via our online system, as de-
scribed above for the experimental group. Thus,

Fig. 2 Flowchart of study activities
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recruitment for usual care children is through 48
months of age. Those who screen positive for ASD, or
for whom providers express concerns at this time, will
be evaluated in the same fashion as described for the ex-
perimental group above. Children diagnosed with ASD
will be invited to participate in 12 months of intensive
therapy with the ESDM.

Treatment and post-testing
All children who are diagnosed with ASD and who enter
treatment will receive up to 20 h per week of ESDM
therapy for 12 months. The ESDM is an early interven-
tion approach for children with ASD ages 12 to 48
months that includes a manualized set of treatment pro-
cedures and a comprehensive curriculum covering mul-
tiple developmental areas [44]. Treatment strategies in
the ESDM are based on the Naturalistic Developmental
Behavioral Interventions approach. This includes the use
of operant conditioning principles to promote the acqui-
sition of social, cognitive, and adaptive skills in the con-
text of naturalistic and socially engaging routines that
incorporate child choices and everyday life materials.
Intervention targets are informed by research on the de-
velopmental sequences and prerequisites for the acquisi-
tion of specific skills (e.g., joint attention, imitation, and
functional play as key precursors to language). Imple-
mentation of the ESDM includes the creation of measur-
able learning objectives developed from a comprehensive
assessment of the child’s behavioral repertoire (the
ESDM Curriculum Checklist) [45], with child progress
systematically recorded against operationally defined
mastery criteria. The ESDM Curriculum Checklist is re-
administered every 12 weeks, so that goals can be up-
dated quarterly. In the current project, ESDM is deliv-
ered in a 1:1 fashion in the child’s home by clinicians
that are trained by a certified ESDM trainer. Addition-
ally, biweekly parent coaching is provided.
All children will undergo standardized evaluations be-

fore and after treatment. In addition, two ages have been
selected for long-term outcomes: 48 and 60 months.
Given that there will be variability in the age of enroll-
ment, some children will receive fewer than 4 evalua-
tions over the course of the study. Post-treatment
evaluations ± 3 months of the 48-month evaluation will
count as both post-treatment and 48 months; post-
treatment evaluations at 57 months or older will count
as both post-treatment and 60 months.

Study measures
The primary clinical outcomes include ASD symptom
severity via the BOSCC [32] and cognitive function as
measured by the MSEL [33]. For children who reach the
ceiling on the MSEL, cognitive function will be assessed
via the DAS-II [46], which also measures cognitive

function in children. The primary outcomes will exam-
ine the group differences in the changes in means from
pre- to post-treatment. Of additional interest is the dif-
ference between the groups on mean scores at both 48
and 60 months of age. Table 1 provides the measures to
be collected and their timing.

BOSCC
The BOSCC is a measure of global change in autism
symptoms in young children with ASD. The BOSCC
protocol includes a video-recorded observation of nat-
ural interaction between adult and child playing with a
pre-defined set of toys and a standardized system to
score behaviors related to social communication, play
and engagement with objects, stereotypical behaviors, re-
petitive interests, body mannerisms, and self-injurious
behaviors. The BOSCC is administered by a clinician
who is blinded to the experimental or usual care group,
or the child’s caregiver, and is captured on video. Videos
are reviewed, and the BOSCC is scored by trained coders
who are blind to the child’s intervention group, age, and
the time point of data collection. The BOSCC will be
collected prior to treatment, at the conclusion of treat-
ment, at 48 months of age, and at 60 months of age.

MSEL
The MSEL is a standardized assessment of cognition
widely used in early intervention trials. The four do-
mains assess verbal (expressive language, receptive lan-
guage) and non-verbal (visual reception, fine motor)
cognition and are combined into an early learning com-
posite. The MSEL is administered by a clinician at the
start of the evaluation. The MSEL will be administered
prior to treatment, at the conclusion of treatment, at 48
months of age, and at 60 months of age.

DAS-II
The DAS-II assesses the cognitive function of children
as young as 2.5 years and is administered by a trained
clinician. The DAS-II will be administered only when a
child has reached the maximum score on one or more
domains of the MSEL, which we anticipate will only
occur during some participants’ 60-month evaluations.
Secondary clinical outcomes include measures of

adaptive functioning, ASD symptoms, and kindergarten
readiness. Adaptive functioning is measured by the
VABS-3 [36], and ASD symptoms are reported with the
PDDBI [35]. Both instruments are parent questionnaires
to be completed at each evaluation, although the pri-
mary comparison of mean values will assess the changes
from pre- to post-treatment. Children also will complete
the ADOS-2 [34], which measures ASD symptom sever-
ity, at each evaluation, and mean values will also be
compared between pre- and post-treatment visits. At the
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60-month evaluation, children will complete the DIAL-4
[37] to measure readiness for kindergarten, the and
mean values will be compared between the two groups.
The secondary outcomes assessing the impact of the

intervention on pediatric providers will include descrip-
tive data such as the number of children referred for

ASD evaluation, age of children at ASD referral, and
physician attitudes and beliefs about screening, as mea-
sured by the Provider Belief Survey, adapted from Sices
and colleagues [47]. The mean number of children re-
ferred and the age of children at referral will be com-
pared between the groups. Physician attitudes and

Table 1 Schedule of measures

Screening measures Well-child check-ups with pediatric providers

<18
months

18 months 24
months

48
months

Experimental M-CHAT-R/F X Optional X

Provider concerns Optional X Optional X

SCQ X

Usual care M-CHAT-R/F X

Provider concerns Optional Optional Optional X

SCQ X

Evaluation measures Diagnostica Post-treata 48
months

60
months

Parent measures (completed at
home)

CBCLb X X X X

History forms (family, medical,
supplemental)c

X X X X

PDDBI X X X X

Evaluation measures MSEL X X X X

VABS-3 X X X X

DAS-II Xd

ADOS-2e X X X

DIAL-4 X

BOSCC X X X X

Head circumference X X X X

TASIf X X

ADI-R X X

Eye-tracking X X X X

Diagnostic Checklist X X X X

Treatment measures (at home) Pre-treat During
treat

Post-
treata

48
months

60
months

Parent measures PSI-4 X Xg X X

FES Xg

Child measures ESDM Checklist X Xh X

CPP X X X X

M-CHAT-R/F, Modified Checklist for Autism in Toddlers, Revised, with Follow-Up; SCQ, Social Communication Questionnaire; CBCL, Child Behavior Checklist; PDDBI,
Pervasive Developmental Disorder Behavior Inventory; MSEL, Mullen Scales of Early Learning; Vineland-3, Vineland Adaptive Behavior Scales, 3rd Edition; DAS-II,
Differential Abilities Scale, 2nd Edition; ADOS-2, Autism Diagnostic Observation Schedule, 2nd Edition; DIAL-4, Developmental Indicators for Assessment of
Learning, 4th Edition; BOSCC, Brief Observation of Social Communication Change; TASI, Toddler ASD Symptom Inventory; ADI-R, Autism Diagnostic Interview,
Revised; PSI-4, Parent Stress Index, 4th Edition; FES, Family Empowerment Scale; ESDM, Early Start Denver Model; CPP, Communication Play Protocol
aDiagnostic: initial evaluation; post-treatment: evaluation following 12 months of treatment
b18 months and older
cA re-evaluation history form may be utilized at later evaluations
dUse instead of Mullen if skill level at ceiling on Mullen
eThe appropriate module will be selected based upon the age of the child and verbal ability—toddler module (30 months or less with no phrase speech), module
1 (31 months or more with no phrase speech), and module 2 (phrase speech)
fTASI omitted if child older than 36 months
gAdministered at month 9 of treatment
hAdministered quarterly during treatment
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beliefs will be measured at baseline and again at 48
months; the mean changes will be compared between
the two groups.
Secondary measures assessing parent outcomes in-

clude stress and empowerment. Stress is measured by
the Parent Stress Index, 4th Edition [48], and empower-
ment by the Family Empowerment Scale [49]. These
measures will be collected 9 months into treatment, to
avoid confounding of change in stress or empowerment
as parents transition from treatment delivered by the
study team to community or school-based early inter-
vention, and the mean values will be compared between
the two groups.
Several approaches are used for exploratory outcomes.

These exploratory measures are aimed at assessing
treatment-related changes in processes that are targeted
by treatment and are not captured by standardized tests.
First, a novel battery of assessments based on eye-
tracking studies by Vivanti and colleagues [50–52] will
measure the treatment changes in social orienting, social
cognition, and social motivation. Social orienting will be
measured using a preferential looking paradigm devel-
oped by Vivanti et al. [52] designed to examine the vis-
ual engagement in response to social and non-social
stimuli. Social cognition will be measured using a gaze
following task [52] that measures participants’ gaze to-
wards the target of an actor’s gaze. An additional meas-
ure of social cognition involves a novel eye-tracking
paradigm based on the work of Hamlin et al. [53]. This
paradigm uses predictive gaze to measure whether par-
ticipants attribute specific intentions to moving shapes
that are shown across different social scenarios.
Social motivation will be measured through the ana-

lysis of attentional and emotional engagement in re-
sponse to (a) social versus non-social rewarding stimuli
(e.g., bubbles versus a smiling face) and (b) emotionally
engaging versus emotionally neutral stimuli. Following
Vivanti et al. [38], participants’ visual attention and
changes in pupil diameter (an index of emotional re-
activity) are measured through the eye-tracker during
the observation of stimuli that vary across the social/
nonsocial dimension and emotional valence. As typically
developing children experience social versus nonsocial
and positive affect versus neutral affect as socially re-
warding, increased attentional and emotional responsiv-
ity to positive versus neutral affect and social versus
non-social rewards is used as an index of social
motivation.
Importantly, eye-tracking methods involve several ben-

efits compared to standardized assessments, as they do
not rely on the understanding of verbal instructions or
previous knowledge and education. Thus, as docu-
mented in studies cited above, they are applicable to all
children with ASD, regardless of age and symptom

severity. Eye-tracking will be performed prior to treat-
ment, at the conclusion of treatment, at 48 months of
age, and at 60 months of age, and changes from baseline
to each of the time points will be compared between the
groups. As these measures are exploratory, determin-
ation as to how they will be characterized (e.g., means,
medians, counts) will be determined after inspection of
the distributions of the data.
Finally, the quality of parent-child interaction will be

measured using the Joint Engagement Rating Inventory
[54], applied to video-recorded sessions collected prior
to treatment, post-treatment, at 48 months, and at 60
months, and the mean changes from baseline will be
compared between the groups. This 15-min play session
uses the Communication Play Protocol [55] to guide 5-
min semi-naturalistic play between the parent and child
with three sets of toys to encourage shared exploration
of toys within a container, turn taking, and asking for
help. At each visit, the order of the Communication Play
Protocol activities is randomized, and different sets of
toys are used at each time point.
Further, the head circumference will be measured at

each evaluation using a tape measure. Two measure-
ments will be taken at each time point, and the larger of
the two will be recorded (Amaral, personal
communication).

Quality control
Quality control is assessed in multiple ways in the study.
First, pediatric practices are audited randomly on a 3-
month cycle to ascertain the number of target well-visits
they are billing for. This number is then compared to
the number of children screened (for experimental prac-
tices). Those who are screening fewer than 80% of chil-
dren seen in the practice are retrained in study
procedures and are then audited the following month. If
the proportion of children screened remains below 80%,
additional discussions will occur to address the ongoing
barriers to high-fidelity screening. After the 18-month
screening is completed, we then switch to auditing 48-
month well-visits in the same fashion.
A fidelity monitor is employed to assess adherence to

the treatment protocol within and across sites. The fidel-
ity monitor, who is a certified ESDM trainer, will ran-
domly select 1 therapy session per therapist per month
to be recorded and will review the videos to code pre-
specified actions and activities that should or should not
be occurring using the ESDM fidelity checklist [31]. Pre-
vious research has documented the inter-rater reliability
of the ESDM Curriculum Checklist and its utility in clin-
ical trials involving the ESDM [56]. In the case that clini-
cians are deviating from the protocol (operationalized as
fidelity score < 80%) in one or more of the activities re-
corded in the randomly selected videos, corrective action
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will be taken based on detailed feedback from the fidelity
monitor, in the form of retraining. Another video from
the same clinician is subsequently submitted so that the
fidelity monitor can ascertain whether treatment imple-
mentation is currently at fidelity, or further action is
needed. The fidelity monitor will also consider drift in
the administration of the treatment over time, as well as
differences across sites. In all cases, retraining will be
implemented to ensure the standard delivery of treat-
ment across all children.
Data are entered into the web-based data entry system,

developed through collaboration between the Clinical
Coordinating Center and the Data Coordinating Center.
Quality checks are implemented directly into the data
entry system to allow real-time validation of incomplete
or inconsistent data or out-of-range values. Further, the
data entry system allows for double data entry, with a
real-time resolution of inconsistent values. All data edits
or changes are tracked through the auditing function in
the data entry system.

Participant discontinuation
All attempts will be made to retain participants once
they are enrolled. Families receive $50 compensation for
each evaluation, and the treatment offered as part of the
study is highly desirable to families given that it is inten-
sive, evidence-based early intervention provided by
trained therapists. Additional efforts to retain partici-
pants include adjusting treatment hours according to the
family’s needs and offering alternative locations for treat-
ment, including the child’s home, childcare center, or
the university clinic. Should a participant discontinue
treatment, we will make every effort to engage them for
their post-treatment, 48-month, and 60-month data.
Should a participant withdraw from the study com-
pletely, we will collect whatever data we can at the time
of withdrawal.

Safety monitoring
The study is monitored by an external Data and Safety
Monitoring Board (DSMB), comprising 5 members, in-
cluding a parent advocate, a pediatric provider, an ethics
expert, a biostatistician with experience working with
ASD data, and an early intervention expert. The DSMB
meets annually and is responsible for ensuring that the
study is progressing safely and effectively; DSMB mi-
nutes are forwarded to the NIH for reference. No in-
terim efficacy or futility analyses are planned. No major
safety outcomes are anticipated nor are any adverse
events expected. Any observed adverse events will be
classified by their relationship to treatment, will be
shared with the DSMB during regular meetings, and will
be reported in the final publication. The DSMB Charter
is included as an additional file.

Power calculations
Because there is limited literature describing the differ-
ences across age ranges in the effect of early intensive
behavioral intervention, effect sizes for the power calcu-
lation for the primary analysis were drawn from the lit-
erature examining the changes in the outcomes after
early intensive behavioral interventions within age
ranges. Data for the BOSCC were drawn from Grza-
dinski et al. [32] and data for the MSEL were drawn
from Dawson et al. [57]. Assuming an average of 2 chil-
dren per practice, and 8 practices per site (48 children
per group total), we calculated the power for each of the
primary outcomes over a range of intraclass correlations
(ICCs), assuming a type I error of 0.05, and a standard-
ized change of either 0.60 or 0.67, with mixed model
analyses. Table 2 provides the power for these combina-
tions of parameters. Based on these calculations, we are
sufficiently powered to detect standardized changes of
this magnitude given the ICC is in the expected range.
Power calculations were performed using the GLIMPSE
software tool [58] (http://samplesizeshop.org/).

Data collection, management, and analysis
Data are collected either via caretaker direct entry into
the parent portal of the web-based data entry system or
via clinical capture on paper forms and then entered into
the web-based data entry system by the site coordina-
tors. Data collected directly from caretakers include in-
formed consent (administered by the site coordinator),
demographic data, contact information, M-CHAT-R/F
and SCQ screeners, child health-history data, and parent
report questionnaires. Pediatric providers indicate ASD
concerns via the portal, after which they can see screen
results, or by fax to research coordinators. All other data
are collected by the clinical teams and subsequently en-
tered electronically. In both cases, validation of data is
done in real time, as described above (see the “Quality
control” section).
Data entered via the data entry system are stored in a

secure location at the Data Coordinating Center and are
backed up nightly. Personnel have access to study ID-
referenced data only via a secure log-in, except for clin-
ical coordinators who can access personal identifying
data in order to communicate with the study

Table 2 Power to detect differences in the means across a
range of ICCs, for primary outcomes (assuming n=96)

Standardize change of 0.67 SDs Standardized change of 0.60 SDs

ICC Power ICC Power

0.01 87% 0.01 84%

0.1 86% 0.1 86%

0.2 83% 0.2 76%

0.25 82% 0.25 74%
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participants directly. All changes to the data entry sys-
tem undergo extensive testing prior to implementation,
governed by standard operating procedures. Data ex-
ports are available through the data entry system to aid
researchers in the preparation of study reports and
twice-annual data distribution through the National
Data for Autism Research (NDAR) system, as required
by the funding agency, and are also governed through
the secure log-in to limit data access to those with spe-
cific credentials.
Details of the data analysis can be found in the statis-

tical analysis plan. All analyses will be performed under
the modified intention to treat principle, unless other-
wise stated. That is, all children who initiate treatment
will be included in the analyses, regardless of the
amount of treatment they receive; however, children of
parents who decline treatment are excluded. The pri-
mary analysis will address the question of whether chil-
dren in the experimental group will have a greater
magnitude of gains in outcomes compared to children in
the usual care group with respect to symptom severity
(measured by the BOSCC) and cognitive function (mea-
sured by the MSEL or DAS-II). For each outcome, linear
mixed models will be fitted to determine whether differ-
ences exist between the two groups, allowing for random
effects for site, clustering by practice (nested within site),
and controlling for the stratification variables (site and
size of practice). We will examine several potential co-
variance structures that make sense for the structure of
the data (e.g., unstructured, banded) and will choose
based on the Bayesian Information Criteria (BIC). Mixed
models are unbiased under the assumption of data miss-
ing at random when likelihood estimation is used [59];
thus, we will examine the baseline characteristics of
those missing data to those with complete data to deter-
mine whether there appears to be any patterns in the
missingness. Should there be a large portion of missing
data that we suspect are missing not at random, we will
utilize multiple imputations to fill in missing values.
Analyses of secondary and exploratory outcomes will

be similar to the primary analyses, utilizing mixed
models to account for clustering by practice within site
and controlling for site and size of practice. We will
similarly examine several potential covariance structures
and choose based on the BIC. We consider these ana-
lyses to be hypothesis-generating, thus will not adjust
our results for multiple outcomes.
To assess the difference in the proportion of children

referred for evaluation by 48 months between the two
groups, we will simply employ an independent test of
proportions. We will secondarily fit generalized linear
mixed models to compare the proportion referred while
accounting for clustering due to practice within the site.
To determine whether there is a difference in age at

diagnosis between the two groups, we will compare the
averages of ages. We will further fit a mixed model to
compare the average ages to account for clustering by
practice. Physician attitudes and beliefs, measured at
baseline and 6-months post-practice launch, will be the
sum of 3 key items, with total scores ranging from 5 to
15. We will use linear mixed models, as described above,
to analyze this outcome. Should the distribution of the
scores not be normal, we will make appropriate transfor-
mations, so that the model assumptions are met.
Parent measures will be analyzed using similar ap-

proaches to those described above (e.g., linear mixed
models, with appropriate transformations if necessary).
We will fit a single model to assess differences at 9
months post-treatment onset and a separate model that
includes assessments from 60 months of age as well, in
order to determine if there are differences at those ages,
as well as a trend over time. We will examine the inter-
action between group (experimental versus usual care)
and time and then will examine appropriate contrasts to
assess the 60-month time point.
For the third aim, we are interested in whether base-

line symptom severity, cognitive functioning, and socio-
economic status moderate the association between the
intervention and our outcomes. In order to assess this,
we will again fit linear mixed models accounting for
clustering by practice within site and including the inter-
action term between each of these baseline factors and
intervention. Because we will likely be underpowered to
detect a significant interaction given our sample size, we
will fit stratified models and then fit 10,000 bootstrapped
samples to estimate the differences in the parameters
measuring the association with intervention between the
two models and test whether they are statistically
significant.
Finally, we will perform pre-specified sensitivity ana-

lyses, including the exclusion of children with genetic or
metabolic conditions, and assessment of the actual
amount of treatment received.

Dissemination
The results will be disseminated widely through peer-
reviewed publications, as well as through presentations
at national and international meetings. The publication
and presentation policy will guide the study team on is-
sues related to data access, authorship, and other data
use concerns.

Discussion
This paper discusses the study protocol for the Connect-
ing the Dots study, an Autism Center of Excellence Net-
work, with a primary goal of demonstrating differences
in short- and long-term outcomes among children diag-
nosed with ASD through universal, standardized, high-
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fidelity toddler screening, as compared to usual care.
This research will fill a knowledge gap regarding the
benefits of universal early, standardized, high-fidelity
screening for ASD. Providing evidence of the benefits of
universal toddler screening is essential to developing
broad recommendations for implementation, according
to a recent USPSTF paper (Siu et al. [23]).
The implications of this study for theory, policy, and

practice are highly significant. Recent research has
shown that up to 70% of children with ASD experience
a delay in access to evidence-based intervention, and
children that experienced less delay and started treat-
ment at a younger age had better educational outcomes
[13]. By rigorously testing the effects of toddler screen-
ing, and therefore the age of diagnosis and treatment on-
set, results will provide insight on the framework that
posits that “experience-expectant” plasticity during early
development allows for a deeper impact of treatment on
the developing brain [5, 60, 61]. If our predictions are
supported, the findings will encourage large-scale imple-
mentation of toddler screening protocols and provide
evidence for the next USPSTF recommendation on uni-
versal ASD screening for toddlers. This, in turn, will re-
sult in (1) reducing and equalizing the age of ASD
detection and treatment across diverse socioeconomic
and ethnic backgrounds, (2) optimizing the cost-
effectiveness of existing treatments, and (3) encouraging
efforts to provide timely early treatment programs in the
community. By understanding the impact of the inter-
vention on physician attitudes and on parent empower-
ment and stress, and by identifying moderators of the
relationship between toddler screening and ASD out-
comes, recommendations can be made for community
implementation and maintenance of screening. This has
the potential to optimize outcomes, mitigate the impacts
associated with ASD symptoms on the individual or
family, reduce care costs, and improve well-being and
productivity of individuals with ASD.
The trial does have limitations. First, although our goal

is for all eligible children to complete screening, despite
our best efforts, it is difficult to ensure that there will no
bias in who the pediatric providers choose to encourage
to complete the screening, as is shown in other recent
studies (e.g., [20]). Further, the results of the trial are re-
liant on the therapy being implemented in the same
fashion across therapists and sites. We will utilize fidelity
checks to ensure that clinicians are adhering to the
ESDM manual and that there is no drift within or be-
tween sites, but this may not completely mitigate the
problem. Finally, an important consideration is the rela-
tionship between the age of detection and the severity of
symptoms and cognitive impairment (our primary out-
comes). It is possible that in both groups, more severe
cases of ASD will be detected earlier, and our approach

to evaluating differences between the groups may be
limited in our ability to disentangle these variables. Re-
gardless, we believe that the data we collect will help in-
form the standard practice for universal screening for
ASD.
In order to ensure the best outcomes for children with

ASD and their families, it is important to understand the
impact of screening and thus the possibility of interven-
ing earlier in the course of the disorder. This trial will
help further understand the benefits and drawbacks of
standardized, high-fidelity universal screening and
should provide evidence as to whether new guidelines
are warranted.

Trial status
This is based on version 2 (dated 5/21/2019) of the
protocol. Changes to the protocol will be communicated
during monthly cross-site meetings and will be reported
to the DSMB at regularly scheduled meetings. Recruit-
ment began on May 31, 2018, and we anticipate that re-
cruitment will end on April 1, 2022.
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