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Randomized controlled studies of early
interventions for children who have Au-
tism Spectrum Disorder (ASD) haveyielded
impressive, albeit varying, changes in
child 1Q, adaptive behavior, language, and
social communication ocutcomes.*5 Qver
the past decade, we have amassed an
evidence base of effective interventions
that can be recommended to families.
However, the evidence for the efficacy of
these approaches is less established
with low-income, low-resourced fami-
fies in community settings, and when
mediated by caregivers versus trained
therapists.

One reason for our limited knowledge
is that most ASD early intervention re-
search studies have involved homo-
geneous participant populations. The
evidence base is built primarily on par-
ticipants who are more highly educated
and more advantaged than families in
the broader population. Low-income and
minority families in particular have been
underrepresented in these studies. Such
underrepresentation is not surprising
given data on later average age of ASD
diagnosis in ethnic minorities, and
greater difficulty these families have in
accessing earlyintervention services.87?
0f congern is that once identified, these
famities often report more severe ASD
symptoms in their children. 88

Lower-resourced families also experience
otherbarrierstoparticipationin research.
Most studies occur near large autism
centers, often in clinical settings. For ex-
ample, 4 of 5 randomized controlied trials
of caregiver-mediated interventions were
conducted in clinical settings, and not in
homes 21013 The burden of travel and eco-
nomic impacts of time off work may fimit
involvement of low-resourced families.!4
Some families also have difficulty obtain-
ing information about potential studies,
either because of language barriers or
lack of knowledge about how to find in-
formation about research opportunities.

Finally, we have limited understanding of
the effectiveness of early interventions.

Few interventions have been subjected
to rigorous testing using randomized
controlled designs, and there are limits
tothe outcomes measured. Often studies
focus on change in 1Q, which m3y not
be appropriate as an outcome of short-
term interventions given concerns over
practice effects and the dissociation of I}
and ASD core deficits.'s.16 In the current
study, our intervention was aimed at
improving the types of core deficits that
distinguish young children who have
autism from children who have other
developmental delays, and that are most
chailenging to change.'” These core def-
icits include child initiation of joint at-
tention, diversity of play acts, and joint
engagement with caregivers.

The goal of the current multisite study
was to determine if a shortterm, low-
intensity, caregiver-mediated intervention
aimed at core autism deficits would be
efficacious with low- resourced families.
Our primary aim was to improve dyadic
joint engagement between caregiver
and child, and secondary aims were to
improve child initiations of joint attention
and play. Families of 2- to S-year-old chil-
dren who have ASD were recruited to
participate if they met study criteria for
being low-resourced. To compare efficacy,
children were randomized to a caregiver-
mediated joint engagement intervention
carried out across daily home routines,
or to a caregiver group intervention
containing similar information. We
expected superior outcomes from the
caregiver-mediated group compared
with the caregiver education group.

Inthis study, several design issues were
considered to recruit low-resourced
families. The study involved the possi-
bility of receiving 1 of 2 potentially effi-
cacious interventions rather than a
“treatment as usual” group. The study
was carried out in the homes and
neighborhoods of participants. Effort
was made to work within family sched-
ules (eg, nights, weekends) and in the
caregiver’s preferred language. Finally,

we designed the intervention to be easily
mediated in the home across everyday
activities that were identified as impor-
tant by the families themselves.

METHODS
Study Procedures

Children meeting inclusion criteria were
randomized to 1 of 2 intervention groups:
Caregiver-Mediated Module (CMM) or
Caregiver Education Module (CEM). Ex-
aminers blind to treatment status con-
ducted all pretreatment, post-treatment,
and follow-up assessments. Randomiza-
tion and analyses were cona'ucted by an
independent data-coordinating center.

Participants

Children were recruited from 5 study
centers across the country and ap-
proved by local Institutional Review
Boards. Given the geographic diversity
of sites, being “low-resourced” was
broadly defined by 1 of the following
options: (1) low income as indicated by
the US Department of Housing and Ur-
ban Development for reported family
income, number of family members,
and state of residence, or (2) 1 of the
following indicators: mother held a
high school diploma or lower; primary
caregiver unemployed; government as-
sistance (eg, Medicaid). Children were
between age 2 and 5 years, with a Mul-
len mental age above 12 months; in-
dependent assessors confirmed the
clinical diagnosis of ASD using the Au-
tism Diagnostic Observation Schedule
(ADOS). Children who had known ge-
netic comorbidities were excluded (eg,
fragite X}. Recruitment occurred over 23
months (from August 2009 through July
2011). There were 147 families who
participated in the initial assessment
and were randomized to a treatment
condition, 112 of which entered treat-
ment. Thirty-five families never began
intervention sessions (eg, changed mind,
coutd not be located). There were no
significant differences in child (age,
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gender, ethnicity, primary language) or
caregiver characteristics (income, ed-
ucation, and financial assistance) be-
tween those who withdrew and those
who entered treatment. The final sam-
ple consisted of 112 preschoolers and
their caregivers (see Fig 1).

Demographic characteristics for the
112 participants who entered treat-
ment are presented in Tables 1 and 2.
Nearly half had received no other in-
tervention services before entering the
study. The participants were diverse,
with 86% identifying as a racial/ethnic
minority and 15% who spoke lan-
guages other than English at home.

Intervention Groups

The CMM group involved 2 1-hour sessions
per week for 12 weeks in the home.
Caregivers were actively coached inthe
treatment model with their child by
trained interventionists (established fi-
delity of >0.80 before beginning treat-
ment). The interventionists followed a
manualized intervention that was fo-
cused on establishing dyadic engage-
ment during 3 routines at home; 1 routine
involved play and 2 others involved “ev-
eryday activities,” such as chores (eg,
watering plants, helping with faundry)
and grooming ({(eg, washing hands,
brushing teeth) as requested by the
family. The intervention followed the Joint
Attention Symbolic Play Engagement and
Regulation (JASPER) treatment, a man-
ualized developmental and behavioral
intervention involving active coaching of
caregivers to use strategies for setting
up the learning environment, modeling
and prompting for joint attention, ex-
panding play, and using developmentally
appropriate language.!' A new strategy
is introduced each week. Weekly written
materials were provided, and for the
15% of participants who spoke a lan-
guage other than English at home, inter-
vention was delivered in their preferred
language. Fidelity was assessed on each
therapist monthly for each child and av-

Assessed for eligibility (n = 164)

-

Did not meet eligibility (1= 17)

Randomized (n = 147)

1 -

CMM Intervention {n = 73)

Received allocated
intervention (» = 60)
Did not recetve allocated
intervention (n = 13)

CEM Intervention (n=74)
Received allocated
intervention (n=52)

Did not receive allocated
intervention (n = 22)

Total at exit {n = 59)

Dropped during treatment
(n=1)

Total at exit (n = 48)
Dropped during treatment
(n=4)

Total at [ollow-up{n = 51)
Lost at follow-up (n= 8)

Total at [ollow-up (n = 44)
Lost at follow-up (n = 4)

FIGURE 1
Recruitment flow diagram.

eraged 76%, with a range of 0.41 to 0.99.
When therapists fell below 0.80 in fidelity,
the lead site coordinator gave weekly
feedback on sessions.

The CEM group involved small group-
based caregiver training without the
child being present. Caregivers gath-
ered in neighborhood locations, such
as homes, community centers, clinics,
and schools. The caregivers attended
2-hour group sessions each week that
covered similar material to the CMM
intervention, with a focus on teaching
communication to their children, the
ABCs of behavior management, and de-
veloping routines. The CEM group fol-
lowed a manualized intervention with
informational handouts similar to CMM
given out each week. Fidelity of therapist
implementation was assessed on 20% of

sessions and averaged 0.97 with a range
of 0.83 to 1.00.

Measures

Independent testers blind to study hy-
potheses conducted all assessments.

AD0S'™®

This semi-structured observational as-
sessment employs a standard set of probes
to measure autism symptoms in social
behavior, communication, and repetitive
behaviors generating algorithms for ASD
cutoffs. The ADOS was used for eligibility.

Mulien Scales of Early Learning'

This standardized test of fine and gross
motor, visual reception, and expressive
and receptive language yields age-
equivalent scores, and was used for
eligibitity.
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TABLE 1 Child Characteristics at Baseline

Child Characteristics, N (%) CEM, N =52 CMM, N =60
Chronological age, mo: mean (3D} 42.8 (10.21) 41.9 (10.0)
Gender

Male 43 (82.7%) 50 (83.3%)

Female 9 (17.3%) 10 (16.6%)
Race/ethnicity

White 16 {30.8%) 23 (38.3%)

Higpanic 7 (13.5%) 9 {15.0%)

African American 18 (34.6%) 13 (21.7%)

Asian 4 (7.7%) 5 (8.3%)

Mutti-ethnic/gther 7 (13.5%) 10 (16.7%)
Language child hears most at home

Non-English 5 (9.6%) 10 (16.6%)
Receives other early intervention services

No 10 (19.23%) 10 (16.67%)

Yes 42 {80.77%) 48 (80.0%)

Missing 0 (0%) 2 (3.33%)
Mullen age equivalency, mo: mean (SD)

Mental age 263 (11.8) 236 (116

Receptive language 23.3 (13.2) 221 (14.4)

Expressive language 24.1 (13.5) 20.1 (12.6)

Fine motar 29.1 (108) 25.5 {9.3)

Gross motor 28.8 (122) 26.4 (12.7)
ADOS severity score; mean (SD)

Moduile 1 (0 to 10) 7.53(1.8) 7.6 (23)

Module 2 (0 to 10) 8.3 (1.1) 6.4 (1.9

Module 3 (0 to 10) 6.0 (0) 7.7 (086

TABLE 2 Caregiver Characteristics at
Baseline

Caregiver Characteristics N (%)

Maternal education

<1{2th grade

High schooi
dipioma or GED

Some college/
coliege degree

Graduate work/
graduate degree

3(5.8)
8 (154)

4(6.7)
9 (15.0)
29 (65.8) 36 (60}

12 (23) 9 (18)

Unknown 0 (0 2 (3.3)
Low income

No 19 (36.5) 19 (31.1)

Yes 31 (59.6) 38 (63.3)

Unknown 2 (3.9) 3 (5.0
Medicaid

Yes 16 (30.8) 23 (38.3)
Any assistance

Yes 27 (61.9) 35 (58.3)

Caregiver-Child Interaction

A 10-minute videotaped interaction
between caregiver and child was col-
lected at pre-, post- and follow-up to
treatment. Caregivers were asked to
play with their child as they normally
would. A standard set of toys was
provided sothat ail families would have
similar materials available to them

(including blocks, figurines, cars, and
shape sorters). Caregiver interactions
from the caregiver-child interaction
sessions were coded for child play di-
versity types (coded the same as in the
structured play assessment [SPA]), and
joint engagement between caregiver
and child. Joint engagement, our pri-
mary measure, was measured by con-
tinuously coding the caregiver-child
interaction using a well-validated mea-
sure of joint engagement states20 Inde-
pendent observers coded the beginning
and end of joint engagement, defined as
the child and caregiver engaged with
the same activity and with both aware of
the roles of the other. Inter-rater reli-
ability among 9 independent raters was
iCC = 0.89.

Caregiver Adherence Measures.
Caregiver Diary and Caregiver Quality
of Involvernent Scales

The caregiver diary asks the caregiver
to document the extent to which they
are using the strategies they are
learning each week (see Supplemental

Information). Four gquestions address
caregiver adherence and 2 address
caregiver competence. Each is rated on
a 1 to 5 scale and averaged across
weekly sessions. Cronbach’s a for the
measure was 0.82.

interventionists rated the caregiver’s
quality of fidelity to the intervention on
the Caregiver Quality of Involvement
Scale (CQl. This scale consists of 4
items relating to the caregiver's en-
thusiasm, comfort, confidence, and
execution of specific strategies; each
itemisratedona 1to 5 scale, averaged
across weekly sessions. Cr¥nbach’s «
for CQI was 0.86.

The Early Social Communication
Scales®!

This experimenter-child assessment of
nonverbal communication behaviors is
videotaped and coded for the frequency
of initiations of joint attention (co-
ordinated looks between person and
objects, pointing to share, showing
toys, joint attention language). Total
frequency of initiating joint attention
was a secondary variable. Inter-rater
reliability among 8 independent cod-
ers blind to group status was ICC = .80.

SPg?

The examiner sequentially introduces
5 sets of toys designed to elicit play
acts. The SPA is videotaped and coded
for the diversity of play acts, defined as
the number of different acts with toys
within the same level of play (eg, dol!
feeds the dog and doll brushes the dog
are 2 types within a symbolic level of
play, "doll as agent”).? Total functional
and symbolic play diversity types were
secondary variables of interest. Inter-
rater reliability among 9 independent
coders was I1GG = 0.89.

Statistical Analyses

Generalized linear mixed models (GLMM)
with main effects of treatment (CMM
and CEM) and time (baseline, end of
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treatment, and 3-manth follow-up),
treatment by time interactions, and
subject-level random intercepts were
used to model the tongitudinal trajec-
tories of the outcomes, employing an
identity link for continuous outcome
variables and a log link function for
count outcomes (using SAS MIXED and
GLIMMIX procedures, respectively). We
usedahurdie model with random effects
to assess the effects of treatment on
symbolic play types across time {using
SAS NLMIXED procedure) to adjust for
the inflation of 0 counts. Bonferroni
adjustment for multiple testing was
employed, and tests that survived the
Bonferroni adjustment were denoted
with an asterick in the resuits section.
Lastly, we reported the effect size by
using Cohen’s f in the results section
where effect sizes of 0.10, 0.25, and 0.40
are generally regarded as small, mod-
erate, and large, respectively (see Sup-
plemental Information} 24

RESULTS
Preliminary Analyses

There were no significant group differ-
ences in gender, siblings, ethnicities,
chronological age, additional intervention
services received, and family income at
baseline (see Table 1). Although the CEM
group had a slightly higher but non-
significant average mental age com-
pared with the CMM group, mental age at
baseline was included in alt regression
models to adjust for potential confound-
ing effects. Site main effects and inter-
actions with time inthe primary outcome
models were checked and found in-
significant; site was omitted from the
final models. Treatment effect was de-
fined as a significant interaction be-
tween the treatment groups and time
during treatment (baseline to end of
treatment) and maintenance of treat-
ment effect was defined as a significant
interaction effect between the treat-
ment groups and time (baseline to the
3-month foliow-up).

Attrition was high (35% by follow-up) but
not significantly different by treatment
group (P = .40), However, percentage
of sessions compileted did significantly
differ by treatment group, with the CMM
group completing 90% of sessions
compared with 71% for CEM (P << .001).
No significant differences in child or
caregiver characteristics were found
between caregivers who completed the
required number of sessions (set at
80% of total, as the last 2 sessions were
review) and those who did not.

The unadjusted means at each time
point for the primary and secondary
outcomes are presented in Tabie 3. The
means and proportions within the ta-
ble are not adjusted for any other
covariates and are different from the
predicted means (adjusted for mental
age at baseline) presented in later
sections.

Primary Dutcome

Joint Engagement

Totaltime spentin joint engagement was
modeled by using a linear mixed model.
Both the CMM and the CEM group
showed improvements in total time
spent in joint engagement (F(1,192] =
11.28; P < .001) during the treatment
period and a significant interaction be-
tween treatment group and time during
treatment (F(1,192] = 8.82, P = .003%),
with the CMM group (predicted mean
baseline, 226.37 and predicted mean
exit, 333.46) exhibiting a greater rate of
improvement compared with the CEM
group (predicted mean baseline, 253.66
and predicted mean at end of treatment,
260.24). The increase in joint engage-
ment for the CMM group was clinically
meaningful, with engagement improv-
ing to over half the interaction period,
and a rate of difference between groups
of 44.7%. The difference in joint en-
gagement by the end of treatment cor-
responded to a moderate treatment
effect size 0f 0.21 {Cohen’s f).24 The effect
of treatment was maintained for the

CMM group (F[1,192] = 5.85; P = .02) by
the 3-month follow-up (see Fig 2).

Secondary Outcomes

Early Social Communication Scales
Inttiating Joint Attention

Although both groups showed improve-
ments in initiating joint attention (iJA)
(F[1,197] = 2197; P << 001®) during the
treatment period, there was a signifi-
cant interaction effect between treat-
ment group and time (F[1,197] = 3.74;
P = .05) with the CMM group (predicted
mean baseline, 5.60 and prgdicted mean
at end of treatment, 10.28) exhibiting a
greater rate of improvement compared
with the CEM group from baseline to end
of treatment (predicted mean baseline,
767 and predicted mean at end of
treatment, 9.86). The increase in [JA for
the CMM group more than doubled but
yielded a statisticaily significant small
effect size (effect size = 0.14).24 At the
3-month follow-up, the effect of treat-
ment was maintained for both groups
(F[1,197] = 394; P = 095), and both
groups had significantly higher IJA at
their follow-up compared with their en-
try (F[1,197]1 = 2.09; P=.04) and F[1,197] =
483; P = .03, respectively) (see Fig 3).

SPA Functional and Symbolic Play
lypes

Neither group exhibited significant im-
provements in functional play types during
the treatment phase (F{1,194]1 = 0.54; P =
.46), and there was no significant treat-
ment (F[1,194] = 008; P = .78) or main-
tenance effect (F[1,194] = 1.25; P= 26).

Symbolic play types were modeled using
a hurdie model in which the 2 processes
were modeled simultaneously. The es-
timated parameters for the binary
model were not significant except for
mental age at baseline. Children who
had higher mental ages at baseline had
lower odds of having 0 symbolic play
types (F{1,108] = 29.26; P < .001). The
interaction between treatment group
and time (F[1,109] = 10.07; P = .002%
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TABLE 3 Unadjusted Child Outcomes at Baseline, Exit (12 Wks), and Follow-up (24 Wks)

Assessments CEM, N = 52 CMM, N =60
Mean (SD) Mean (SD)
Early social communication scaies ~
Initiates joint attention
Entry 14.65 (18.0) 94 (137
Exit 19.08 (19.8) 16.6 (20.5)
Fotlow-up 17.84 (16.5) 15.4 (14)
Structured play assessment
Functignal play types
Entry 16.69 (7.7) 15.6 (9.2)
Exit 17.46 (9.3) 16.9 (10.1)
Follow-up 18.68 (7.8) 17.0 (9.5)
Symbolic play types
Entry
Zeroes: n (%) 27 (52.9%) 30 (50.0%)
>Zeroes, mean {SD) 3.08 {2.1) 2.80 (2.8)
Exit
Zeroes, n (%) 23 (47.9%) 24 (41.4%)
>Zeroes, mean {(SD) 2388 (2.0 5.05 (6.0)
Follow-up
Zeroes, n (%) 13 (28.9%) 17 (33.3%)
>Zeroes, mean {SD) 3.34 (3.0 4,03 (3.1)

Parent child interaction
Time joint engaged (sec)

Entry 258.75 (137.1) 2205 (150.1)
Exit 267.96 (138.1) 3346 (144.7)
Follow-up 266.41 (126.5) 309.6 (154)
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Primary aim: predicted time in joint engagement across groups and time for children who have average

mental age (24.85 months).

was significant in the truncated Poisson
model, indicating that, among the chil-
dren who had a positive count for
symbolic play types (those who crossed
the “hurdie”), the children in the CMM
group had significantly better rates of
improvement (predicted mean baseline,
1.38 and predicted mean at end of

treatment, 2.79) compared with the CEM
group from baseline to the end of
treatment (predicted mean baseline,
181 and predicted mean at end of
treatment, 1.68). The difference in
change in symbolic play between the 2
groups (more than doubling for the
CMM group) yielded a moderate effect

size, 0.30.2¢ The effect of CMM on sym-
bolic play was not maintained (F[1,109] =
2.35; P = 13) at the 3-month foliow-up.

Caregiver Involvement and Adherence

Across both interventions, the majority of
caregivers rated their use of strategies at
home high, where lower scores indicated
that caregivers have little difficulty car-
rying out the intervention strategies,
CMM mean of 1.30 (SD, 0.56) and CEM
mean of 1.53 (3D, 0.85), Wald's Chi-square,
(1) = 147, P = 23. The average CQI
scores rated by the interventionist
ranged from 3 to 5 with a raean of 4.28
(8D, 0.50) for the CMM group and 4.28
(SD, 0.49) for the CEM group, Wald's Chi-
square, X(1) = 0.01; P = 91. Caregivers
in both groups had high adherence
as rated by interventionists, with higher
scores indicating greater adherence.

DISCUSSION

This study is unique relative to previous
intervention studies in children who have
ASD inthat it enrolled a large percentage
of families who were non-white (66%)
and disadvantaged. The current study
also delivered intervention in homes,
focused on core social communication
skills, and employed a randomized, com-
parative efficacy study in 1 of the largest
samples to date.

Both intervention groups improved over
time but compared withthe GEM caregiver
education model, the CMM caregiver-
mediated intervention was significantly
more effective for improving the primary
outcome measure of joint engagement,
a measure of reciprocal and active en-
gagement by both caregiverand child that
yielded a moderate treatment effect2¢
CMM also resulted in small and signifi-
cant improvements in secondary out-
comes of initiating joint attention and
symboiic play. These are some of the first
data on a large sample of underserved
families that indicate caregiver success
in improving their children’s joint atten-
tion and joint engagement, arguably
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FIGURE 3

Secondary aim: predicted rate of initiating joint attention across groups and time for children who have

average mental age (24.85 months).

among the most difficult impairments to
change in children who have autism.
Specifically, very few studies have mea-
sured change on initiating joint attention
skills as a result of targeted interven-
tions, regardiess of approach.

Finally, maintenance of effects from end of
treatment to follow-up was mixed. Chil-
dren maintained their skill in initiating
joint attention and joint engagement with
their caregivers, particutarly for the CMM
group. Functional piay did not change over
treatment and follow-up, and symbolic
play that improved over treatment of the
CMM group was not maintained over the
3-month follow-up. These data highlight
hoth the promise and the limitations of
shortterm intervention studies.

The promise of.these data demonstrates
that change can be made in core de-
velopmental problems for children who
have ASD with a relatively brief but tar-
geted intervention. These core areas of
impairment are not easy to change, and
the effect of the intervention was pro-

nounced over an active comparator
condition with similar intervention con-
tent. These data contribute to the litera-
ture on caregiver-mediated interventions
with young children who have ASD that
has yielded mixed results even when
compared with treatment as usual
samples. For exampie, 2 other caregiver-
mediated interventions, 1 conducted in
groups similar to GEM' and another
similar to CMM conducted 1-on-1 with
a therapist coaching model,’2 yielded
non-significant differences from com-
munity control samples. However, an-
other study found benefit to caregiver-
mediated interventions compared with
community controls on caregiver re-
sponsiveness, shared attention, and
child social communication behaviors,?
and along with the data from the current
study underscore the importance of
augmenting “treatment as usual” with
caregiver-mediated interventions.».2%

The limitations, however, are related to
the short-term nature of the interventions,

and the difficulty continuing the inter-
vention once active support is removed.
Without continued support, caregivers
may not know what to teach and how to
teach 11322 Thys, although shortterm
interventions can inform the field as to
what is possible to achieve, children who
have ASD need continued support as their
developmental abilities change.

Another limitation is the relatively high
percentage of families who did not
complete the integvention (with the
majority of dropped cases occurring
beforeinterventionbegan). Reasons for
the lack of treatment uptake are un-
clear, but tikely varied from caregivers
not wanting the treatment to which they
were allocated to difficulty scheduling
time. For families who did enter the
study, most completed the intervention,
especially if they were in the CMM in-
tervention carried out in the home.
These data speak to a number of suc-
cessful strategies used to maintain
families in the study once they began,
but raise issues about other factors
not measured that may affect low-
resourced families’ ability to uptake
and sustain interventions. These issues
should be examined in future studies.

CONCLUSIONS

This multisite, randomized, comparative
efficacy study of caregiver-mediated
interventions was conducted with sig-
nificant numbers of low-resourced
children who have ASD. Results in-
dicate significant improvement in child
outcomes of joint engagement, initiating
joint attention, and symbolic play. These
interventions have promise for the wider
community and require further study.




