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Presentation Goals
•
•
•
•
•

Motivations for our Screening Intervention
Describe Symptom Presentation in Early Childhood
Present our Screening Model
Present Key Findings
Discuss Some Implications
• Screening as a process
• Screening in the Part C Early Intervention System
Improves ASD Identification and Addresses Health
Disparities

If you take nothing else away…

View
Screening
as a
process!

SCREEN EARLY
& OFTEN!!

For ASD, IDD, &
Psychopathology

Allow Screening to
open a dialogue!

The ABCD Early Screening Project:
Origins of the Study
• The Need:
• ASD affects 1 in 44 children (Maenner et al., 2021); prevalence is increasing.
• Timely, equitable early detection of ASD predicts optimal long-term outcomes for
children with ASD, by enabling earlier access to evidence-based interventions for
ASD.
• The Problem:
• ASD is often detected ~3 years after concerns are noticed.
• Barriers exist at multiple points across the pediatric health care, early intervention,
and educational systems
• Access to diagnosis and subsequent ASD services is inequitable, with disparities
across income, race, and language status.
• Children of color are diagnosed 1.7 years later than White children, on
average (Mandell, et al., 2009).

Most screening for ASD occurs in pediatric offices, not in
the Part C Early Intervention system.

Current
Screening
Context

The American Academy of Pediatrics recommends
screening for developmental delay at 9, 18,and 24 or 30
with ASD screening at 18 and 24 months.
Many children who screen positive for ASD and/or
developmental delay in pediatric settings are referred for
a diagnostic evaluation and/or early intervention services.
“Part C Early Intervention” is federally mandated under
Part C of the Individuals with Disabilities Education Act
(IDEA) entails a range of services for children < 36 months.

Health Disparities in ASD Detection → Intervention
• Health Disparity & Opportunity:
• Differences in health or health care between groups that are closely linked
with social, economic, and/or environmental disadvantage (Chinman et
al., 2017)
• In ASD, health disparities occur at many points in the “process chain:”
• Initial Concern → Screening → Referral → Diagnosis/Detection →
Appropriate Services → Quality of Life Outcomes
• When our study began in 2013, there were disparities in Massachusetts in
the age of ASD diagnosis among children whose families had already
accessed Part C early intervention (EI).
• Nationally, 7.2% of babies receive IDEA Part C EI services (Zero to Three State
of Babies Yearbook 2021; https://stateofbabies.org)

• Massachusetts leads in this area, with 20.1% of infants “touched” by Part C EI
• Missouri the number is below the national average, at 5.8%

The diagnostic timeline
Long delays between first concerns and ASD diagnosis
Parents express
concerns about
child’s
development

Child receives a
definitive
ASD diagnosis
(nat’l avg across race)

Average age of
ASD diagnosis
for children of color

Early intervention window
Birth
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Identifying ASD in Very
Young Children

Early Markers Included on Many Screening Tools
Social Interest/Approach
• Responding to Name: “Looks right at you when you say his/her name”
• Reciprocal Interaction

Joint Attention Behaviors (initiating & responding)
• Directing Interest and Emotions
• Social referencing
• to share emotions
• to seek information
• Brings objects to show parent
• Protodeclarative pointing
• “Points to show things far away”
• Following a point
• Interest in Other Children/Babies

Imitation (not part of criteria but used in screening)
Pretend Play
Repetitive/Stereotypical Behaviors
Unusual patterns of attention

Autism Spectrum Disorders DSM-5 Criteria
SOCIAL

COMMUNICATION

RESTRICTED/
REPETITIVE
BEHAVIORS
(RRB)

❑ Stereotyped or repetitive
speech, motor movements,
1. Lack of social-emotional 2. Impairment in social
or use of objects
reciprocity
nonverbal behaviors
❑ Insistence on sameness
❑ Unusual social approach
❑ Poor eye contact
(resistance to change),
❑ Reduced sharing of
❑ Limited range of facial
inflexible adherence to
interests (by showing,
expressions or gestures
routines or rituals
giving, pointing), emotions ❑ Difficulties integrating
❑ Highly restricted, fixated
or affect
nonverbal and verbal
interests- abnormal in
❑ Limited response to or total
communication
intensity or focus
lack of initiation of social
❑ Difficulties understanding or
interaction
using nonverbal communication ❑ Hyper-or hypo sensory
reactivity or unusual
3. Difficulties developing peer relationships
interest in sensory aspects
❑ Difficulties sharing imaginative play, or in making friends
of the environment
❑ Difficulties adjusting behavior to different social contexts
❑ Absence of interest in people or peers

Deficits in social communication and interaction across contexts

Autism Spectrum Disorder

=

All 3 social communication symptoms present &
at least 2 from RRB (+ impaired everyday functioning)

Social Communication Symptoms
(deficits in all three areas required)
a. Limited or atypical social–
emotional responsivity, sustained
social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

What do these symptoms
look like in infants,
toddlers, and
preschoolers?
Soto T, Giserman Kiss I, Carter AS. SYMPTOM
PRESENTATIONS AND CLASSIFICATION OF
AUTISM SPECTRUM DISORDER IN EARLY
CHILDHOOD: APPLICATION TO THE
DIAGNOSTIC CLASSIFICATION OF MENTAL
HEALTH AND DEVELOPMENTAL
DISORDERS OF INFANCY AND EARLY
CHILDHOOD (DC:0-5). Infant Ment Health J.
2016 Sep;37(5):486-97. doi: 10.1002/imhj.21589.
Epub 2016 Aug 24. PMID: 27556740; PMCID:
PMC5959016.

Social Communication Symptoms
➢ Atypical social approach
a. Limited or atypical social–
emotional responsivity,
➢ Reduced or limited ability to engage
sustained social attention,
in reciprocal social games or
and/or social reciprocity, as
activities that require taking turns.
evidenced by at least one of the ➢ Reduced or limited ability to initiate
following:
joint attention to share interests or

b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

emotions or seek information about
objects of interest in the
environment.
➢ Infrequent or restricted responses to
social interaction.
➢ Rare and/or restricted, or lack of,
initiation of social interaction.

Social Communication Symptoms
➢ Atypical social approach
a. Limited or atypical social–
Infant/Toddler Presentation:
emotional responsivity,
• Shows limited social initiation (e.g., only
sustained social attention,
initiates social interaction to get help or make
and/or social reciprocity, as
requests)
evidenced by at least one of the • Shows unusual social approach (e.g., walks
backward and leans on caregiver without eye
following:
contact)
•

b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

Uses adult’s hand as a tool to complete a goal
or uses adult’s body for comfort without
checking in/social referencing

Preschool Presentation:
• Intrusively touches another person to get their
attention
• Rarely approaches adult caregivers or peers
• Uses routinized or “scripted” social approach
(e.g., child uses the same greeting,
mannerisms, or questions when approaching
familiar or unfamiliar caregivers or peers)

Social Communication Symptoms
➢ Reduced or limited ability to engage
a. Limited or atypical social–
in reciprocal social games or
emotional responsivity,
activities that require taking turns.
sustained social attention,
and/or social reciprocity, as
Infant/Toddler Presentation:
evidenced by at least one of the • Shows reduced or lack of interest in turn-taking
games (e.g., peek-a-boo rolling a ball)
following:
• Only engages in reciprocal games that are

b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

•

embedded in familiar routines (e.g., child will
only play peek-a-boo with a specific blanket)
Requires repeated prompting to take his turn

Preschool Presentation:
• Reduced/lack of interest in turn-taking games
(e.g., simple board games, hide and seek)
• Makes limited requests for a turn in a social
game or with a desired toy
• Shows difficulty with back and forth
conversation (e.g., may interrupt or walk away
while someone is asking a question or
elaborating on an answer)

Social Communication Symptoms
➢ Reduced or limited ability to initiate
a. Limited or atypical social–
joint attention to share interests or
emotional responsivity,
emotions or seek information about
sustained social attention,
objects of interest.
and/or social reciprocity, as
evidenced by at least one of the Infant/Toddler Presentation:
• Exhibits reduced or lack of showing or bringing
following:

b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

•
•

objects of interest to others
Shows reduced or lack of initiation of joint
attention
Shows reduced distal pointing with coordinated
eye contact to indicate interests

Preschool Presentation:
• Shows reduced asking of questions to learn
about items of interest
• Often persists in solving problems
independently even when clearly frustrated or
stuck, will not seek help from others
• Rarely shares enthusiasm re: accomplishments

Social Communication Symptoms
➢ Infrequent or restricted responses to
a. Limited or atypical social–
social interaction.
emotional responsivity,
Infant/Toddler Presentation:
sustained social attention,
• Shows limited response when adult tries to get
and/or social reciprocity, as
his/her attention (e.g., avoids others’ efforts to
evidenced by at least one of the
make eye contact)
• Rarely smiles in response to being smiled at
following:

b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

•
•

Rarely responds to name being called
Sometimes appears not to hear

Preschool Presentation:
• Shows limited response to praise (except in the
context of familiar routines)
• Shows limited or lack of shared enjoyment in
social interactions
• Shows limited awareness of others’ affective
response (e.g., may talk for an extended period
of time about a special interest regardless of
conversational partner’s level of interest)

Social Communication Symptoms
➢ Rare and/or restricted, or lack of,
a. Limited or atypical social–
initiation of social interaction.
emotional responsivity,
sustained social attention,
Infant/Toddler Presentation:
and/or social reciprocity, as
• Prefers to play alone
evidenced by at least one of the • Rarely tries to engage others in his/her play
(e.g., by showing or bringing objects of interest
following:
to others)
•

b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

Sometimes enjoys activities with others, but
the focus is on the toy/activity rather than the
person in the social interaction (e.g., enjoying
blowing bubbles or rolling cars back and forth)

Preschool Presentation:
• Rarely tries to engage others in his/her play
(e.g., by sharing toys, asking to join in)
• Uses unusual routinized or limited strategies
for initiating social interaction (e.g.,
approaching others without eye contact and
using very few of their available words to
communicate)

Restricted and Repetitive Behaviors
(two of four symptoms required)
a.

Stereotyped or repetitive
babbling/speech, motor movements, or
use of objects

b.

Rigidly maintains routines with excessive
resistance to change; demands
sameness and shows distress in
response to change; or ritualized use of
stereotyped, odd, or idiosyncratic verbal
phrases, or nonverbal behaviors.

c.

Highly circumscribed, specific interests
that manifest in extreme fixation on an
item or topic of interest.

d. Atypical responsivity to sensory inputs
(either over or under-responsive) or
unusual engagement with sensory
aspects of the environment.

What do these symptoms
look like in infants,
toddlers, and
preschoolers?

Restricted and Repetitive Behaviors
(two of four symptoms required)
a.

Stereotyped or repetitive
babbling/speech (including echolalia),
motor movements, or use of objects

b.

Rigidly maintains routines with excessive
resistance to change; demands
sameness and shows distress in
response to change; or ritualized use of
stereotyped, odd, or idiosyncratic verbal
phrases, or nonverbal behaviors.

c.

Highly circumscribed, specific interests
that manifest in extreme fixation on an
item or topic of interest.

d. Atypical responsivity to sensory inputs
(either over or under-responsive) or
unusual engagement with sensory

Infant/Toddler Presentation:
• Repeats sounds over and over (e.g.,
“dadada”) with the same intonation
pattern
• Immediately echoes another’s speech
with the same intonation pattern
• Flaps arms, flicks fingers, or engages in
other complex body postures
• Plays repetitively with toys or objects
Preschool Presentation:
• Repeats the same words, phrases, or
sentences over and over (e.g., media
commercial) with the same intonation
pattern
• Repeats a question that is asked verbatim

New Insights on Early Course of ASD Symptoms
•

It is possible to identify infants with elevated likelihood of ASD, based on early
markers, as early as 6 to 9 months and in many children by 12 months.

•

There appears to be a continuum of regression, or loss of skills – regression
may be rapid or progress slowly

•

The window of ASD disorder onset is quite broad, with children manifesting
full symptom criteria for ASD between 12/14 and 36 months of age

•

We need to identify children who are becoming symptomatic, to minimize the
progression of symptoms

•

Early Atypical Autism Spectrum Disorder (EA-ASD) is designed to identify
children who are evidencing impairing early signs and symptoms of ASD, but
do not (yet) meet full criteria

Diagnostic Stability & Onset

(N= 414 Infant Siblings)

Among
children with
ASD at 36
months, 60%
did not meet
criteria at 18
months &
38% did not
meet at 24
months

Ozonoff et al, 2015 JCPP

Symptom
Trajectories Vary
• Ozonoff et al, 2010 AACAP

Our Screening
Partnership with
Three Early
Intervention
Programs
The Research Supporting our
Screening Efforts

Improving ASD Detection: Why Do so
within the Context of the EI System?
• Our Community Partnership: The ABCD Project partnered with 3 EI agencies
serving communities that are generally under-served by health systems.
• We implemented a multi-stage, screening & assessment protocol, in English and
Spanish, for children ages 14-36 months.
• Like the larger EI context, the evaluation and feedback process was familycentered.
• Rapid access to diagnostic evaluation (2 wks – 2 mos)
• By universally screening all EI clients, we hoped to reduce bias or reliance on
parent concern
• Used standardized, evidence-based measures to improve detection

Screening Population: Who
is Served by Our Partner EI
Agencies?

Circle of Promise
▸ a 5-mile geographic zone of Boston
designed by the Mayor’s Office
▸ 165,005 residents

▸ 76% of children are low-income
▸ 55% of adult residents have high
school-level education or less
▸ 47% English language learners

Improving ASD Detection: Why Do so
within the Context of the EI System?
• We asked:
1)

Does this EI-centered, multi-stage screening and
assessment protocol increase rates of diagnosis?

2) Is there evidence of reduced disparities in rates of
diagnosis, or in participation across the screening
process?

Multi-Stage Screening & Diagnostic
Assessment
Stage 1: Screening Questionnaires (Everyone 14-33 months)
Parent Report (POSI and BITSEA)

EI Provider Concerns & Parent Concerns

Stage 2: Observational Screening (Everyone positive at Level 1)
Screening Tool for Autism in Toddlers (STAT)

Stage 3: Diagnostic Assessment (Everyone positive at Level 2)
Autism Diagnostic Schedule (ADOS-2)
Mullen Scales of Early Learning

Parent Interview: Vineland III &
Developmental history

Multi-Stage Screening & Diagnostic
Assessment
Stage 1: Screening Questionnaires (Everyone 14-33 months)
Parent Report (POSI and BITSEA)

EI Provider Concerns & Parent Concerns

All materials in English
and Spanish
Stage 2: Observational Screening (Everyone positive at Level 1)
Screening Tool for Autism in Toddlers (STAT)

Stage 3: Diagnostic Assessment (Everyone positive at Level 2)
Autism Diagnostic Schedule (ADOS-2)
Mullen Scales of Early Learning

Parent Interview: Vineland III &
Developmental history

EI staff trainings on
ASD early signs and
talking to parents;
opportunity to attend
diagnostic evaluations

Stage 2: The Screening Tool for Autism in Toddlers (STAT)

• 12 interactive, play-based items
assessing social-communicative
behaviors

• Administered by a subset of STATtrained EIPs at each agency
during EI home visit sessions.

Diagnostic Evaluation: ADOS-2 & Mullen

• Autism Diagnostic Observation
Schedule (ADOS-2): a Gold standard
diagnostic instrument for ASD; 30-45
minute play-based assessment
administered by trained clinician
• Mullen Scales of Early Learning
(Mullen): 4 subtests of this
developmental assessment
• Visual reception
• Fine motor
• Receptive language
• Expressive language

What comes after the diagnostic assessment?
• Feedback sessions (offered in-home or at our offices) encouraging all relevant
caregivers/family members to attend
• Diagnostic summary and full developmental and diagnostic assessment report
• Referral to autism specialty services (ABA or NDBI) within the MA Part C
system -- high-intensity (up to 15-20 hours), through the EI system
• Once children turn 3, they may be eligible for school-based, special education
services (medical versus educational autism diagnosis
• Our Families move forward in the “process chain” of service access
Initial Developmental Concern → Screening → Observational Screening →
Referral for Diagnostic Evaluation → Diagnosis/Detection → Appropriate
Services → Quality of Life Outcomes

Development, implementation, and evaluation of
this multi-stage screening protocol?
Implementation
• Initial co-development with one EI agency and a pilot implementation (pre-doctoral Wetherstone
to Frances Martinez Pedraza)
• Partner with two additional EI agencies serving a high percentage of Spanish speaking families in
the Boston Circle of Promise.
• Ongoing regular meetings and trainings with small and large subgroups of EI agency members
• Embedded intern distributing screeners (for tracking cases) and gathering administrative data
Evaluation
• Qualitative interviews with parents and EI providers by outside collaborators; observations of
screening
• Post-diagnosis, quarterly phone interviews with families
• Implementation science:
• Initial design of the program was developed in a stakeholder-informed way
• Adaptations occurred during the course of implementation (e.g., imbedding interns,
independent of the research team, agencies developed a new role of autism expert, EI
providers routinely attended diagnostic evaluations and feedback sessions).

Monitoring for disparities:
A learning system
Only difference we found: boys were
more likely to be screened & to
screen positive than girls

We monitored for differences at
each stage of the screening &
assessment process

• Our results enable us to:
• examine participation
and retention/attrition
through the process
• Identify mechanisms or
points for
(dis)engagement
• The results suggest that
screening in EI is efficient
& effective

Eisenhower et al., Multi-stage Screening in Early Intervention: A Critical Strategy for Improving ASD
Identification and Addressing Disparities, JADD 2020, 51, pages 868–883 (2021)

Demographics
A. Stage 1 packet distributed
(n = 4943)
Child race/ ethnicity
% children of color (vs. white non- Latinx)

B. Returned stage 1
(n = 3290)

C. Completed stage 1
(n = 2465)

73.3

73.7

74.7

% English
% Spanish
% other

65.1
22.2
12.7

67.0
20.3
12.6

66.6
21.6
11.8

Insurance status
% public (vs. private)

64.5

64.0

65.0

Child sex)
(% boys)

62.9

64.4

65.9

Primary language***

Child age in months†
Mean (SD; range)

22.0
(5.9; 3–36)

23.8
(5.5; 4–36)

23.8
(5.5; 14–36)

STAGE 2

STAGE 1

Does
anagencies
rogramengage
enhance
in
Did our Part
C EI
in ourparticipation
collaborative multi-stage
screening
program?
screening?
65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703

87% screened positive = 609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

Large number of children screened
Large number
(95% of
of children
providers engaged)
screened

STAGE 2

STAGE 1

anEIour
EI-basedscreening
program
enhance
Does
EI-based
screening
program
enhance
Did ourDoes
Part
C
agencies
engage
in our
collaborative
multi-stage
participation
in screening
and assessment?
screening
program?
participation
in screening?
65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703

87% screened positive = 609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

High rates of follow-through
→ EI coordinators function as family
navigators

STAGE 2

STAGE 1

Does rates
an EI-basedscreening
program
enhancein the EI
Are overall
and ages of ASD diagnosis
improving
participation
in screening?
system?
65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703

87% screened positive = 609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

Average age at diagnosis = 27
months. This is well below the
national average age of 4 yrs 2
mos. (Christensen et al, 2016).

STAGE 2

STAGE 1

Does an EI-basedscreening program enhance
Are overall rates of
ASD diagnosisinenhanced
through screening?
participation
screening?
65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703

87% screened positive = 609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

The rate of previously-diagnosed children in EI
was 2.4%
Our overall rate of ASD diagnosis is 8.2%.
→ ~10.6% of eligible population diagnosed
with ASD (after accounting for selection).

STAGE 2

STAGE 1

Does an EI-basedscreening program enhance
Are overall ratesparticipation
of ASD diagnosis
improving in the EI system?
in screening?
65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703

87% screened positive = 609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

For 35% of these diagnosed
children, parents and EI providers
did not initially express concern
about ASD

Who are we diagnosing?
Average age: 27.5
months
(range: 14-39 months)
25% are < 24 months

80% children of color
(20% White Latinx)

81% are boys.*

39% first language
other than English
(32% Spanish, 8%
other).

59% of families earned <185%
of the MA poverty level.
71% have public insurance.
84% of parents have at least a
H.S. diploma.

*This is consistent with global diagnostic rates of ASD which reflect a sex
ratio of ~4:1 male:female

Who are we diagnosing?
Cognitive and Developmental Functioning
Mean Early Learning Composite: 61.4 (12.0)
Scale

M (SD)

% < 35

ASD severity
ADOS ranges:

58%

Mild-toModerate: 8%

31.7 (10.0)

56%

Moderate-toSevere: 92%

Receptive Lang

22.5 (8.0

92%

Expressive Lang

26.6 (7.4)

82%

Visual Reception
Fine Motor

33.2 (10.7)

EI-basedscreening
programand
enhance
Do Does
we seean
disparities
in access to screening
assessment?

STAGE 2

STAGE 1

participation in screening?

65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703
87% screened positive =
609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

Graphic by Thanh Nguyen

Does
EI-basedscreening
program
Do we
see an
disparities
in access to screening
andenhance
assessment?

STAGE 2

STAGE 1

participation in screening?

65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703
87% screened positive =
609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

Graphic by Thanh Nguyen

Demographic differences: Children of
Color → more likely to participate
than White children
Publicly insured children → more
likely to screen positive

STAGE 2

STAGE 1

Does
an see
EI-basedscreening
enhance
Do we
disparities in accessprogram
to screening
and
assessment?
participation
in screening?
65% of EI Children
were screened = 2465
44% screened
positive = 1076
65% were screened at
Stage 2 = 703
87% screened positive =
609

STAGE 3

85% of Stage 2 positive
were assessed = 515
84% of those assessed
were diagnosed with
ASD = 431

Graphic by Thanh Nguyen

No demographic differences at Stages
2 and 3 in rates of participation or in
outcomes by children’s race,
language, or public insurance status

Do we see reduced disparities in ASD
diagnosis within the EI system?
Previously diagnosed
children within EI

Children we diagnosed

39% first language
other than English

significantly more English
language learners

33% first language
other than English

80% are racial or
ethnic minorities

No differences in race/ethnicity

76% are racial or
ethnic minorities

71% have public
insurance

significantly more children with
public insurance

50% have public
insurance

This pattern suggests that we are identifying children at higher rates from
groups that are at heightened odds of being missed or diagnosed later.

EI Provider Participation in ABCD:
Implications for Workforce Development

261 EIPs participated in
the Stage 1 screening
process

EIPs attended 407
diagnostic assessments
and/or feedbacks (79% of
all assessments)

57 EIPs attended
trainings for the Stage 2
STAT screening

How does the screening program change practices
at community agencies?
Clinicians honed their expertise about the early
signs of ASD
EI staff enhanced their skills and comfort in having
difficult conversations about ASD with families:
• “The multi-step screening process really builds confidence
with the clinicians. It gives [us] multiple opportunities to bring
up these really challenging conversations.” –EI staff
• “Once they get that diagnosis, the parents are more on board
'cause we've walked them through it, and they were prepared
for it.” –EI staff

How does the screening program change
practices at community agencies?
• Screening as an intervention in itself: the multi-stage nature of the
process allowed for incremental readiness among parents to act on
a potential diagnosis.
• “If I didn’t have early intervention, … it would have been a
little harder of a diagnosis. … In meeting with them, I got to
learn more about autism if that was what we were looking at,
so I kinda knew already. But for people that don’t [have that
preparation], that’s a hard pill to swallow sometimes.”

Summary of Key Findings (EI Agency & University Data)
Overall ASD
prevalence within EI:

Reducing health
disparities in
detection:

Feasibility and
Sustainability:

• Our overall rate of ASD diagnosis is just over 8.2% Given that the rate of
previously-diagnosed children in EI was ~2.4%, this suggests that the total
prevalence of ASD in this EI population is 10.6%.

• The children we diagnose have higher rates of ELL status and low-income
status than the previously-diagnosed children.

• The high rates of participation and detection suggest that screening
within EI is effective and efficient.
• We can improve further by helping EIPs feel more comfortable with
screening and talking to parents about concerns.

Final results

Difference-in-Difference Analyses
• Data source. Administrative records from 12 EI agencies were provided by the Massachusetts Department of
Public Health (DPH) (7/2012-6/2018). Data included demographic information, individual family service plans,
insurance claims for EI services, and ASD diagnoses.
• Study sample (N=33,326). All children at intervention and comparison sites who met eligibility criteria for the
screening intervention were included in our study sample.
• Exclusion criteria included: child age <14 months, prior ASD diagnosis, and insufficient time or enrollment to
complete screening (< 2 months).
• Intervention and comparison groups. We used a staggered implementation design, implementing the screening
intervention in different years (2014, 2015, 2017) at each of the three sites. The 9 comparison EI sites were chosen
from the greater Boston area because they served patient populations that were socio-demographically similar to
the 3 intervention EI sites and had comparable rates of autism detection in the periods of the intervention site
baselines.
• Outcome measure. The primary binary outcome was a diagnosis of ASD, which was ascertained from DPH files
based on presence of any one of the following:
(a) date-of-diagnosis in the ASD- specific file;
(b) record of ASD diagnosis at discharge or intake,
(c) ASD-specific services outlined in IFSP and/or
(d) receipt of ASD-specific services.
Sheldrick, R.C.,* Carter, A.S.,* Eisenhower, A., Mackie, T.I., Cole, M.B., Hoch, N., Brunt, S., Pedraza, F.M. (2022). The effectiveness of screening in Early
Intervention settings to improve diagnosis of autism and reduce health disparities: a difference-in-differences analysis. JAMA Pediatrics.

Difference-in-Difference Analyses
Analyses
• A propensity score-weighted difference-in-difference approach was used to evaluate the screening
intervention, where the unit of analysis was the person-quarter. This approach compares outcomes at
intervention sites to those at comparison sites both before and after intervention while accounting for secular
trends derived from the baseline period.
• To account for potential sociodemographic differences between intervention and comparison sites and
changes in population characteristics over time, we included inverse probability of treatment weights (IPTWs)
based on propensity scores to balance on observable characteristics, including child sex, race/ethnicity,
preferred language (Spanish vs other), poverty status, and public insurance.
• To address assumptions underlying the difference-in-difference method, we also graphically and statistically
tested for differences in pre-intervention quarterly trends for the weighted treatment versus comparison
groups.
• To estimate the effect of the screening intervention on the incidence of ASD, we used generalized
estimating equations (GEEs) with a Poisson distribution and log link.

Difference-in-Difference Analyses
Outcome measure.
• The primary outcome was a binary diagnosis of ASD, ascertained from DPH
files based on:
(a)date-of-diagnosis of ASD- specific file;
(b)record of ASD diagnosis at discharge or intake;
(c)ASD-specific services outlined in IFSP; and/or
(d)receipt of ASD-specific services.
• ASD was coded value= 0 in each quarter during which a child met eligibility
criteria but had not yet received an ASD diagnosis, and value = 1 during the
quarter in which a child received an ASD diagnosis.

8%

21 Thom/Westfield
44 Thom/Boston Metro
83 Thom/Mystic Valley-W inchester

7%

Results

Series1
Series2
Series3

6%
Linear (21 Thom/Westfield)
Linear (44 Thom/Boston Metro)

Linear (83 Thom/Myst ic ValleyWinchester)

5%

4%

EI site #1
+ controls

Preintervention
period

EI site #2
+ controls

3%

2%

1%

0

8%

20

40

60

80

100

120

01 Thom/Anne Sullivan
02 Bay Cove
Series3

7%
Series4
Linear (01 Thom/Anne
Sullivan)
Linear (02 Bay Cove)

6%

5%

4%

3%

2%

1%
0

8%

50

100

150

200

250

300

350

400

16 Harbor Area
82 Thom/Charles River-Waltham

Preliminary
difference-in-difference
analyses using DPH data

Series1

7%
Series2
Linear (16 Harbor Area)
Linear (82 Thom/Charles RiverWaltham)

6%

5%

4%

EI site #3
+ controls

3%

2%

1%
0

50

100

150

200

250

8%

21 Thom/Westfield
44 Thom/Boston Metro
83 Thom/Mystic Valley-W inchester

Results

7%

Series1
Series2
Series3
Linear (21 Thom/Westfield)

6%

Linear (44 Thom/Boston Metro)
Linear (83 Thom/Myst ic ValleyWinchester)
Linear (Series1)
5%

4%

EI site #1
+ controls

Pre-Post
intervention
periods

EI site #2
+ controls

3%

2%

1%

0

8%

20

40

60

80

100

120

01 Thom/Anne Sullivan
02 Bay Cove

Series3
Series4

7%

Linear (01 Thom/Anne
Sullivan)
Linear (02 Bay Cove)
Linear (Series3)

6%

5%

4%

3%

2%

1%
0

8%

50

100

150

200

250

300

350

400

16 Harbor Area
82 Thom/Charles River-Waltham

Preliminary
difference-in-difference
analyses using DPH data

Series1
Series2

7%

Linear (16 Harbor Area)
Linear (82 Thom/Charles RiverWaltham)
Linear (Series1)

6%

5%

4%

EI site #3
+ controls

3%

2%

1%

0

50

100

150

200

250

Overall Results
As we expected (and
hoped), our intervention
improved the rate at
which autism was
diagnosed…

Language disparities

In addition to improved
rates of ASD diagnosis
overall…

But even bigger improvements
for Spanish-speaking families

We found big improvements
for English-speaking families

Gender disparities

However, our intervention
improved diagnostic rates for
boys, but not for girls. A
disparity attributable to child
sex increased.

This was upsetting. But now
that we know, we can
address it in future work.

Moving Forward: Lessons Learned
Early screening that builds on existing family-provider relationships
is a promising route toward earlier detection and access to services
• The result is a lower age of diagnosis, and more equitable rates of diagnosis
across race, language, and income groups.

EI specialists feel under-prepared to have these difficult
conversations around ASD with families
• Psychologists can play a role in supporting and training EIPs to have these
conversations

Within an Early Intervention context, we should NOT wait to screen
until parents are concerned
• Doing so may result in missing ≥ 35% of kids
• This is relevant to the most recent US Preventive Services Task Force
recommendations (2016).

Current Research, Future Directions
RISE Study
• Four states
• Training caregivers to teach Reciprocal Imitation Teaching (RIT) to their
children.
• Parent-mediated RIT was designed to increase social communication skills. All
training of EI providers and parents can be offered remotely or in person.
• Ideally, if there is evidence that RIT is beneficial to children and caregivers,
children who screen positive as having elevated likelihood of receiving an ASD
diagnosis could begin RIT within their general EI programs – as they await
diagnosis or referral to high intensity services.
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Social Communication Symptoms
➢ Difficulties understanding or using
nonverbal communication.

a. Limited or atypical social–
emotional responsivity, sustained
➢ Lack of or restricted integration of
social attention, and/or social
nonverbal and verbal behaviors.
reciprocity, as evidenced by at
➢ Atypical use of eye contact or
least one of the following:

turning away from others in social
contexts.

b. Deficits in nonverbal social➢ Restricted range of facial expressions
communication behaviors, as
and limited nonverbal
evidenced by at least one of the
communication.
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

Social Communication Symptoms
a. Limited or atypical social–
emotional responsivity,
sustained social attention,
and/or social reciprocity, as
evidenced by at least one of the
following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

➢ Difficulties understanding or using
nonverbal communication.
Infant/Toddler Presentation:
• Shows difficulty understanding gestures and
facial expressions (e.g., head nodding/shaking)
• Uses limited nonverbal communication
strategies like gestures (e.g., waving) and facial
expressions
• May not follow gaze or pointing
Preschool Presentation:
• May not notice when others are distressed or
excited unless given verbal information
• Shows limited ability to understand others’
intentionally-communicative body language
and facial expressions (e.g., a mother’s facial
expression communicating that a child has
done something wrong)
• Rarely understands sarcasm (older
preschoolers only)

Social Communication Symptoms
a. Limited or atypical social–
emotional responsivity, sustained
social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

➢ Lack of or restricted integration of
nonverbal and verbal behaviors.
Infant/Toddler Presentation:
• Uses one communication strategy at a time
(e.g., will point to something out of reach
without coordinating eye contact or
vocalization)
• Uses a limited range of gestures
Preschool Presentation:
• Uses gestures inflexibly and rarely integrates
eye contact and/or verbalizations
• Shows limited use of conventional gestures
(e.g., shrugging, head nodding/shaking,
counting on fingers, showing age on fingers)

Social Communication Symptoms
➢ Atypical use of eye contact or
a. Limited or atypical social–
turning away from others in social
emotional responsivity, sustained
contexts.

social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

Infant/Toddler Presentation:
• Uses limited eye contact during play
• Uses limited eye contact while making requests
• Avoids of eye contact in social interactions
Preschool Presentation:
• Uses limited eye contact in conversation or
when seeking information
• Shows delayed eye contact when asking
questions
• May show improved eye contact when highly
motivated (e.g., may make eye contact when
asking for favorite food/toy/activity)

Social Communication Symptoms
➢ Restricted range of facial expressions
a. Limited or atypical social–
and limited nonverbal
emotional responsivity, sustained
communication.

social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

Infant/Toddler Presentation:
• Uses reduced facial expressions to express
emotions
• Only directs extreme/exaggerated facial
expressions to others (e.g., only when very
happy or very sad)
Preschool Presentation:
• Does not use facial expressions to
communicate needs, wants, or desires
• May appear muted or “flat”

Social Communication Symptoms
➢ Problems adapting behavior to
a. Limited or atypical social–
accommodate varying social
emotional responsivity, sustained
demands across social contexts.

social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

➢ Difficulties engaging in pretend or
imaginative play.
➢ Limited or lack of interest in peers
and in playing with other children.

Social Communication Symptoms
➢ Problems adapting behavior to
a. Limited or atypical social–
accommodate varying social
emotional responsivity, sustained
demands across social contexts.

social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

Infant/Toddler Presentation:
• Shows difficulty modifying his/her behavior
across social contexts (e.g., has trouble sharing
toys)
• Behaves in overly-familiar ways with strangers
Preschool Presentation:
• Shows difficulty changing behavior to fit
various social contexts (e.g., may laugh/smile
inappropriately)
• Asks inappropriate questions
• Shows limited understanding that rules vary by
context (e.g., home, school, public settings)

Social Communication Symptoms
a. Limited or atypical social–
emotional responsivity, sustained
social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

➢ Difficulties engaging in pretend or
imaginative play.
Infant/Toddler Presentation:
• Shows reduced or lack of pretend play routines
(e.g., does not hug baby doll)
• Uses pretend play materials for other purposes
(e.g., plates and utensils are stacked or rolled)
Preschool Presentation:
• Shows limited imaginative play skills (e.g., is
unsure what to do when peers suggest playing
“house”)
• Prefers to play with cause and effect or
construction toys

Social Communication Symptoms
a. Limited or atypical social–
emotional responsivity, sustained
social attention, and/or social
reciprocity, as evidenced by at
least one of the following:
b. Deficits in nonverbal socialcommunication behaviors, as
evidenced by at least one of the
following:
c. Peer interaction difficulties, as
evidenced by at least one of the
following:

➢ Limited or lack of interest in peers
and in playing with other children.
Infant/Toddler Presentation:
• Prefers to play alone instead of with other
same-age children
• Exhibits lack of interest in babies or same-age
children
Preschool Presentation:
• Prefers to play alone
• Shows limited interest in making friends
• Is unaware of or indifferent to same-age peers
• Does not comfort peers when hurt

Restricted and Repetitive Behaviors
(two of four symptoms required)
a.

Stereotyped or repetitive
babbling/speech (including echolalia),
motor movements, or use of objects

b.

Rigidly maintains routines with
excessive resistance to change;
demands sameness and shows distress
in response to change; or ritualized use
of stereotyped, odd, or idiosyncratic
verbal phrases, or nonverbal behaviors.

c.

Highly circumscribed, specific interests
that manifest in extreme fixation on an
item or topic of interest.

d. Atypical responsivity to sensory inputs
(either over or under-responsive) or
unusual engagement with sensory

Infant/Toddler Presentation:
• Shows difficulty with transitions between
activities
• Gets upset and cannot be easily
redirected when focused on a toy/activity
• Uses odd words to communicate (e.g.,
says “moy” for “more” even though no
articulation problem is present)
Preschool Presentation:
• Insists on adherence to specific multi-step
routines and shows distress in response
to change;
• Uses overly-formal or pedantic language
(e.g., refers to self by own name)
• Uses unusual phrases to communicate
(e.g., consistent use of a phrase from a
television show for a specific purpose)

Restricted and Repetitive Behaviors
(two of four symptoms required)
a.

Stereotyped or repetitive
babbling/speech (including echolalia),
motor movements, or use of objects

b.

Rigidly maintains routines with excessive
resistance to change; demands
sameness and shows distress in
response to change; or ritualized use of
stereotyped, odd, or idiosyncratic verbal
phrases, or nonverbal behaviors.

c.

Highly circumscribed, specific interests
that manifest in extreme fixation on an
item or topic of interest.

d. Atypical responsivity to sensory inputs
(either over or under-responsive) or
unusual engagement with sensory

Infant/Toddler Presentation:
• Shows unusually strong interest in a
specific object (e.g., toy train, car) and
shows significant distress when it is
removed
Preschool Presentation:
• Shows unusually strong interest in specific
topics (e.g., historical dates, dinosaurs,
train schedules, weather, nature) and
shows significant distress when topic is no
longer discussed

Restricted and Repetitive Behaviors
(two of four symptoms required)
a.

b.

Infant/Toddler Presentation:
• Seeks sensory inputs (e.g., holds
objects very close to ears, visually
examines objects out of the corner of
eye, sniffs or licks objects)
Rigidly maintains routines with excessive
• Shows strong adverse reactions to
resistance to change; demands
sameness and shows distress in
sensory input (e.g., covers ears during
response to change; or ritualized use of
loud sounds)

Stereotyped or repetitive
babbling/speech (including echolalia),
motor movements, or use of objects

stereotyped, odd, or idiosyncratic verbal
phrases, or nonverbal behaviors.
c.

Highly circumscribed, specific interests
that manifest in extreme fixation on an
item or topic of interest.

d. Atypical responsivity to sensory inputs
(either over or under-responsive) or
unusual engagement with sensory

Preschool Presentation:
• Refuses to wear certain materials or
clothing styles (e.g., refuses to wear
jeans or belt)
• Is bothered by being in certain types
of motion (e.g., swinging, sliding)

