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Abstract

Objective: This randomized, multisite, intent-to-treat studgted the effects of two levels of
treatment intensity (number of hours) and two treatt styles on progress of young children
with autism spectrum disorder (ASD). We predicteat initial severity of developmental delay
or autism symptoms would moderate the effects tehisity and style on progress in four
domains: autism symptom severity, expressive concation, receptive language, and
nonverbal ability.

Method: Eighty-seven children with ASD, mean age 23.4 isnivere assigned to one of two
intervention styles (naturalistic developmentaldoetral or discrete trial teaching), each
delivered for either 15 or 25 hours per week ofifitérvention for 12 months by trained
research staff. All caregivers received coachiigeg monthly. Children were assessed at four
timepoints. Examiners and coders were naive tdrireat assignment.

Results: Neither style nor intensity had main effects oa fibur outcome variables. In terms of
moderating effects of initial severity of developmted delay and of autism symptom

severity, neither moderated the effects of treatrathe on progress in any of the four domains.
In terms of treatment intensity, initial severitpderated effect of treatment intensity on only
one domain - change in autism symptom severity jiaadsecondary analysis, this effect was
found in only one site.

Conclusion: Neither treatment style or intensity had oveeéfiécts on child outcomes in the four
domains examined. Initial severity did not predietter response to one intervention style than
another. We found very limited evidence that ihs@verity predicted better response to 25

versus 15 hours per week of intervention in the @osistudied.



Clinical trial registration information: Intervention Effects of Intensity and Delivery Btyor
Toddlers With Autism: https://clinicaltrials.gowWCT02272192
Key words: autism spectrum disorder, early intervention, E&tiyrt Denver Model, early

intensive behavioral intervention, treatment intgns



INTRODUCTION

For young children with autism spectrum disord&SD), high quality single-blind
randomized controlled trials of well-defined, maleed interventions delivered 1:1 at intended
fidelity have demonstrated significant effects @y éxpressive language, receptive language,
and autism severity> While these different approaches have all dematest efficacy, their
manuals and publications describe large differeacesng them in (1) intervention style (e.g.,
adult-directed didactic vs naturalistic developraébthavioral), and (2) intervention intensity
(i.e., hours of intervention per week). While cavegs and practitioners need information about
what style and intensity of early intervention @imal for a given child, there have been no
rigorously controlled comparative studies addrestivese questions, which have major policy,
practice, and funding implications for interventidelivery systems, professional training and
practice, caregiver choice and learning, and chiltdr lives. Multiple previous intervention
studies reported that autism symptom severity, régwa developmental delays, and treatment
intensity predicted child outcomes. However, nofithese studies used an RCT desigihile
it is common for some interventions to be delivetedat intensities as high as 35-40 hours a
week in keeping with Lovaas’s (1987) initial repdhte costs and scarcity of such intensive
treatment require supportive high quality evidemreyiding one of the rationales for this
study?®

Because rigorous assessment of relative effichtngatment style and intensity requires
a study of adequate power and the control of ddetors, we designed a randomized, multi-site,
intent-to-treat design with naive examiners andecedo compare effects of two intervention

styles and two intervention intensities on outcoimesultiple domains of toddlers with ASB.



The styles compared were 1:1 discrete trial teac(arly Intensive Behavioral Intervention,
EIBI) and 1:1 naturalistic developmental-behavianéérvention (Early Start Denver Model,
ESDM). The intensity levels were 15 hours or 25reqer week delivered for 12 montfd?
Given the similarity of outcomes from wellatmlled RCTSs testing very different
intensities and styles we did not predict maineffef intensity or stylé**However, based on
the slower learning rates and need for more legmepetitions of children with lower
developmental quotients (DQs) than those with hi@@s, we expected baseline DQ to
moderate effects of treatment intensity and styletdldren’s outcomes. And based on the
decreased social responsivity of children with nemeere versus milder autism symptoms, we
predicted that baseline ASD severity would modechtkl response to treatment style and
intensity.
The study hypotheses were as follows:
Hypothesis 1: Initial degree of developmental delay and autiswesity will moderatesffects of
treatment stylen growth trajectories of expressive communicatieneptive language,
nonverbal ability, and autism symptom severitythwhilder degree of delay and/or autism
symptoms predicting greater progress in respon&SioM versus EIBI treatment.
Hypothesis 2: Initial degree of developmental delay and autiswesity will moderatesffects of
treatment intensitgpn growth trajectories of expressive communicatreneptive language,
nonverbal ability, and autism symptom severity hwitore severe initial developmental delay
and/or autism symptoms predicting greater progresssponse to 25 versus 15 hours of

treatment.

METHOD



Procedure
Trial design: We conducted an intent-to-treat, single-blind R€Theee universities. The study
period began in 2013 and ended in 2019, depict&igure 1.

Children were recruited, screened, qualified, cotest stratified by DQ and age, and
randomized to one of four cells (15 or 25 hour&8DM; 15 or 25 hours of EIBI). Treatment
was delivered for 12 months in homes (most childegmd/or childcare settings by research staff.
Additionally, all families received two 1.5 hourssgons of caregiver coaching monthly in use of
the assigned intervention. An independent datadioating center (DCC) conducted the
randomization of participants using a computer paogallocation. All assessor-administered
measures were conducted by staff researchers tmagveup assignment. Observational
measures were coded by observers who were nagreup assignment. Caregivers were not
naive to assignment and caregiver reports wereinsgame measures. Interventionists were
trained across sites to acceptable levels of fidefiimplementation (FOI) before beginning to
treat children, were supervised by expert profesgditherapists regularly, and were overseen by
developers of the two treatments. The treatmemiuasa were followed rigorously; ongoing
training and FOI monitoring occurred across sitesughout treatment. See Supplement 1,
available online, for more information.

All children were scheduled for four clinic-basess@ssments conducted by qualified,
trained staff members across a 24-month period Gfrenrollment, 6 months following
enrolliment (mid intervention phase), 12 monthsoiwlhg enrollment (end of intervention
phase), and 24 months following enrollment (follaprphase). Caregivers were provided verbal
and written reports and referral to community-basedices. Given the intent-to-treat design, all

children’s data were included in the original assignt group, including those who dropped out



before the study’s end and all were assessed tanalboints as possible. The project was
approved by appropriate Institutional Research @addesign and data were routinely reviewed
by an independent Data Safety and Monitoring Bolsi@ain modifications to the design after
commencement of the study involved reducing themmim age to 12 months, adding
inclusion/exclusion criteria described above, sauditions of measures not being reported here,
timing of measure administration, personnel changies addition of follow-up procedures.
Recruitment, enrollment, and randomization
Children were recruited from pediatricians, devateptal disability settings, and

university website postings using |R&pprovedmaterialsDCC randomization was

performed using a computer algorithm based on tespecified blocks: 12-20 months or

20+ months and DQ <60 or DQ >60. Blocks were moadand a difference of 3 between

ESDM and EIBI groups resulted in a compensatorigaggent to maximize equal samples.
Participants

We screened 128 toddlers referred to the studyusia different published, age-

appropriate autism risk screeners and we condutidephostic assessments on all those who
screened positive according to screener criteriaewrolled 87 with Autism Spectrum Disorder
(DSM-5) recruited from three sites: 28 from SiteQ,from Site 2, and 29 from Site 3. Both
genders were recruited; the group was ethnicatlighly diverse. See CONSORT Table, Figure
1, for the flow of participants through the study.
Inclusion criteria: 12-30 months of age at time of assessment; atdsyland without
impairments affecting hand use; meets criterigdiatism Spectrum Disorder on the APA
Diagnostic and Statistical Manual” Bevision criteria and on the Autism Diagnostic ©tvstion

Schedule for Toddlers clinical consensus of ASYWasis by 2 independent staff (including a



licensed psychologist) based on observation asasakcord review; overall developmental
guotient of >35 on Mullen Scales of Early Learninggrmal hearing and vision screen; and
caregiver agreement to comply with all project iegments, including regular videotaping at
home with provided equipmefit®
Exclusion criteria: English not a primary language spoken at homsete at 2 or more
appointments without prior notice during the intalssessment, more than 10 hours per week of
1:1 ABA based treatment, other health or genetiaimns (i.e. fragile X syndrome, seizures,
prematurity).
Sample Size. Power analyses were calculated using longitudingédalevel models on data
from measures used in Dawson et astimated for 108 participants. In the Dawsonltu
longitudinal analyses of MSEL data showed a 17.664y difference, between-subject
variances of 23.7, and within-subject correlatibnepeated measurements of 0'A&e had
90% power to detect main effects of the treatmetetnisity and the style on average MSEL score
of 2.0-2.25% when between-subject variance was 30 and withijestiborrelation of repeated
measurements was 0.4. We had over 90% detectioarpelen this difference increased to
2.5%, as hypothesized for those with more sevatialidevelopmental and autism symptoms,
and also when the within-subject correlation inseshto 0.5.
Treatment:

Children were scheduled to receive either 15 dn@%'s a week of 1:1 treatment
in their homes or care/preschool settings, deltvénetrained interventionists (ITs), for
12 months. Sessions were typically 1.5 or 2.5 lbaeks, 10 blocks per week, generally

one AM and one PM block, fitted around sleep amdilfaschedules.



ITs were employed full-time by the study and weeagned and overseen by full-time
supervisors with graduate degrees who monitoretréadment at all sites via internet and live
viewing and met regularly within and across sitesrisure that all procedures were carried out
consistently. Treatment procedures followed thdiplied manuals and implementation
guidelines. Primary caregiver(s) received coacinrippe assigned model by their team
supervisor every two weeks throughout their enrefitn See Supplement 1, available online, for
further information.

I ntervention intensity: 15 vs. 25 hours per week. All delivered hours across the 48 treatment
weeks (out of 52) were recorded daily and repontedkly. Cancelled treatment hours were
made up as possible. We quantified the actual nuofdgours of treatment per week for each
participant using schedulers’ weekly attendancs.l@8pth groups received an average of 83% of
the hours scheduled: means were 12.42 hrsBik<1.45) and 20.82 hrs/wiSD =1.40) for

low and high intensity groups, respectively, whiifiered significantly by design (Cohen’s
between-groupl = 5.9).

Fidelity of treatment implementation. The Leaf and McEachin (1999) manualWork in
Progress, defined the EIBI approach and curriculdfrSupervisors and ITs received quarterly
ongoing onsite training and ongoing consultatiamfr(xxxx, blinded). An FOI tool was
developed to measure correct implementation off@paments used a 5-point Likert scale
applied to randomly selected 20 minute sectioneodrded treatment sessions (Yoder, P.,
McEachin, J., Wallace, E., Leaf, R., 2014, unpuigd Discrete Trial Training Fidelity of
Treatment Rating.) During instruction, childrerdhidocks of teaching trials interspersed with
short breaks that included therapist interactiondsa10-15 minute break half way through each

session.



ESDM intervention was carried out as per manual instvas and measured by its
published FOI toot? Instruction followed the ESDM curriculum and waskedded in typical
early childhood activities, carried out within tjoént activity structure first defined by Ratner
and Bruner (1978), using everyday play objectsamntivities and routines from everyday life.
The FOI tool measured quality of instruction ondaitém, 5 point Likert based scale from videos
of 30 minutes or more of activitiés ESDM credentialed therapists supervised the ITtlaeid
work was overseen by certified ESDM Trainers.

Staff were trained to fidelity on all procedureddre beginning to work with children
and maintained 80% or better fidelity scores mesbstwice a month throughout the project,
assessed via 20-minute random videotaped segmiahesrapy gathered quarterly. We
guantified FOI by using the average of the key gdrom each FOI rating scale. With “5” as the
score that indicated highest compliance, means #wéfeSD= 1.3) for EIBI (83% of possible
total) and 4.3%D = .15) for ESDM (86%). There were no significarifedences between them
(Cohen’s between-group=-.16; 95% CI [-.59, .27]). If fidelity scores dropped below 80te
supervisor retrained the IT until acceptable figalvas regained. See Supplement 2, available
online, for additional detail.

We created used a Treatment Modification instrunh@mteasure the extent to which
each child’s intervention may have deviated fromdhre EIBI or ESDM principles as a way of
individualizing the intervention approach for atgarar child’s learning needs in ways other
than what was captured in the FOI instruments (Y,a2i&l4, unpublished). For the EIBI group,
the instrument assessed whether four naturaligidifinations were made. For the ESDM
group, the instrument assessed whether four ElBg-tpodifications were made. Each quarter,

supervisors rated the percent modifications madgii or ESDM using a Likert-like scale (i.e.,



1=1-25%, 2=26-50%, 3=51-75%, 4 =7®06%). The degree to which EIBI treatment
incorporated naturalistic characteristics was dased with Time 1 DQr = .50,p < .05, and
Time 1 autism severity,= -.35,p < .05; thus adding ESDM principles to EIBI wasatetl to
initial milder severity. The degree to which ESDidatment incorporated EIBI characteristics
was correlated with Time 1 developmental detay,-.47,p < .05, and Time 1 autism
severity,r =.34,p < .05, indicating that the addition of discretaltmethods to ESDM was done
for children with initial greater severity.

Measures
Screening measur es:

Early Screening of Autistic Traits Questionnair&f), an autism risk parent-report

guestionnaire validated in several large studies wsed for children 12-15 monthibe
inclusion criterion required 3 or more negativepasses:’

Infant Toddler Checklist (ITC), is a standardizedgnt questionnaire with screening

cutoffs and standard scores for children 6-24 n®htsed on a normative sample of over 2,188

children?° Criterion was a score at or below P8 percentile.

Modified Checklist for Autism in Toddlers (M-CHATa 23-item autism screening

questionnaire validated in two large studies, weedifor children 16-24 montR$Criterion was
failure on 2 critical items or any three items.

Constructing the composite scores. The primary outcome and moderating variables were
composites representing expressive language, reeg¢phguage, nonverbal performance, and
autism severity constructed from variables of theponent measures described below. See
Table 1 for a list of the composites, the varialitetuded in each composite, and relevant

statistics. We computed composite scores fromiptelineasures of a construct to increase



construct validity and to minimize the number @frsficance tests required to test predictions,
thereby reducing familywise error. To build themwsite scores, we first examined whether the
proposed component variables were correlated (fmm2ponent variables) or factor loaded (for

3 or more component variables) at or above .3. Stgplement 3, available online, for
Chronbach’s alpha data on relationships among tt@sgosites. Because a single time period’s
mean and SD is required so that composites can shamge over time, we used Time 4 means
and SD to compute the z scores.

Measures contributing to composite dependent variables or moderators

The ADOS calibrated severity score was calculateoh fthe Autism Diagnostic
Observation Scale (ADOS 2) assessment. The apatepnodule of the standardized ADOS
based on each child’s language level was admieidféAssessors naive to assignment were
trained to 85% reliability on the full range of ses and all met research criteria. Inter-observer
reliability at individual sites was assessed oleast 15% of interviews, and any deviation from
standards led to retraining.

The PDD Behavior Inventory is a rating scale @iliut by caregivers and teachers
designed to assess response to intervention idrehilwith PDD?** Subscales measure both
maladaptive and adaptive behaviors as well as amsuynscore that reflects overall severity.
Factor analyses have confirmed the structure oéthe. Correlations with psychometrically
sound instruments that assess autism severitytimedg@havior, and maladaptive behavior
reveal high correlations and document construgtiigl Scores used in composite dependent
variables and one of the moderators are listedalviel 1.

The Communication Sample Procedure is a 15-mindintaped lab-based

communication sample using a standard toy sefptteaides semi-structured free-play with



interspersed opportunities for the child to resptundn adult’s topic change and to request
clarification. The examiner’s interaction stylegisided by specific principles described in the
procedure manual, available from the authors. Usitimed event sampling method, trained
observers unaware of group coded number of diffexeinds and weighted frequency of
intentional communication from video. Reliabilitfthe coded variables was assessed on a
random selection of 20% of the sessions, with collept naive to session dates. The intraclass
correlation coefficient using a two-random analysigl absolute agreement method averaged .85
for the weighted frequency of intentional commutiomaand averaged .83 for the number of
different words. Variables used in composites idetliweighted frequency of intentional
communication and number of different word roots.

Mullen Scales of Early Learning are standardizedsuees of early child development
across four domains: expressive and receptive Eggfine motor and visual perceptitin.
These were carried out by experienced assessmes taagroup assignment employed and
trained at the research sites. Reinforcers foddtiiention and cooperation were used as needed
to support children’s motivation to perform. Beoatise standard scores on the MSEL have set
floors and many of the participants had scorebatflbor, we used the age equivalent scores
from each subdomain to construct the compositerdbpe variables and the initial DQ for a
possible moderator

The MacArthur-Bates Communicative Developmentakhteries information from
caregivers about expressive and receptive wordsredd in their children in the recent p&st.
The expressive vocabulary lists from the Infant @nddler inventories were combined into
one caregiver checklist and endorsed items weremaehto form the expressive raw score

variable.



The Vineland Adaptive Behavior Scales — secondadis a standardized caregiver
guestionnaire that gathers information across flmmains: expressive and receptive language,
daily living skills, and motor skills. Caregiversropleted the caregiver form during assessment
visits 28

Overall developmental quotient (DQ): This variabies constructed by averaging the age

equivalents of the expressive and receptive language motor and visual perception
subscales from the MSEL and dividing by chronolabage.
M easure of I ntervention hoursreceived outside of the proj ect
Amount of therapeutic intervention of all types vexamined at each timepoint
and calculated as per procedures described in Regeat. (20195.There were no
significant differences in number of treatment Isodelivered across the sites and across
the four randomized experimental groups. Groupsived very little outside treatment
weekly in year 1, as shown in Table 2, averaging &2 hours of additional treatment
per week. In year 2, after project-delivered tmesit had ended, there were no
significant differences in treatment received asithe four randomized experimental
groups; there was a significant difference in nundfeéreatment hours received in year
2 across the sites.
Table 2 goes about here.
Measure of Caregiver Satisfaction with Treatment
1. TheTADPOLE Project Intervention Evaluation for Parents (Estes, A. 2013.

TADPOLE Project Intervention Evaluation for Par@nss a 16 item Likert- based

caregiver satisfaction questionnaire constructezhfiiure caregiver experiences across

the two different treatment styles and intensigied used to examine caregiver



acceptability of each treatment and intensity. M@ score was used to quantify

caregiver satisfaction with the treatment thatrtbbild received.

Analysis Plan

The four primary outcomes (autism severity, receplanguage, expressive
communication and non-verbal development) wereyaedl using a general linear mixed model
(GLMM). The GLMM is a full information method thatcluded information from all
randomized (intent to treat) participants, inclgihose that provide only partial data due to
drop out or other reasons. We modelled the paantg development over time by using a linear
spline multilevel model to account for the spec#inucture of the data, involving an observation
range of 24 months that included two distinct pbaaa active treatment phase from the
beginning of the study to month 12, and a followplyase from month 12 to the end of the study
at month 24. The linear spine model simultaneoosigelled an overall linear trajectory from
the beginning of the study to the end of the staidy a deviation term that modelled the degree
to which the transition from active treatment te thllow-up period led to changes in the
trajectories. We used a random intercept to acclmumndividual differences in the dependent
variable at baseline. Site was included as a cateawhen that predictor and interactions with

that predictor were significant. Time was parameger as months since study entry and was

exact for each participant so that included pot¢etifects due to assessment appointments that
were not exactly on schedule were included.

The two independent variables in this model wezattnent intensity (high vs low hours)
and treatment style (ESDM vs. EIBI). A second detralyses addressed whether effects of
these treatment characteristics were moderate@bsline DQ or autism severity. Due to the

complex model and the sample size, we carried bigrarchical series of models that included



site as a predictor only if site or if interactiomgh site were significant in the primary analyses

A final set of analyses were conducted to helprpri higher order statistical interactions.

RESULTS
Analytic Methods and Baseline Data

Baselinedata: Baseline data for all demographic measures @septed in Table 2.
There were significant site differences on seveaalbles: child age, race, DQ, and maternal
education, as expected given geographic locatldaaever, there were no significant
differences among the four randomized groups onvangble.
Change on outcome measures

As seen in Table 3, all groups of children madaificant gains on all composite
outcome variables regardless of assignment groifgectEsizes (i.e., Cohend) for the within-
group change ranged from |.5| to |2.2|. All meangk scores are significantly higher than zero.
Effects of Treatment Style

Overall there was no evidence that treatment $igteeffects on the trajectories for any
of the dependent variables over time: autism sgvéverall trajectory: F(1,225)=0.9, p=.76),
spline: F(1,224)=0.2, p=.16)); expressive langu@agerall trajectory: F(1,224)=0.2, p=.78,
spline: F(1,223)=0.5, p=.48)); receptive languames(all trajectory: F(1,224)=0.3, p=.59, spline:
F(1,223)=0.0, p=.87)); and nonverbal ability (oVetrajectory: F(1,222)=1.7, p=.18, spline:
F(1,221)=0.4, p=.67)). There was no significanetattion of style by time by site.
M oderating Effects of Initial Severity on Effect of Treatment Style

Baseline autism severity did not moderate the tffettreatment style on trajectories of

any dependent variable: autism severity (overdll;228)=0.1, p=.77, spline: F(1,228)=0.0,



p=.92); expressive language (overall: F(1,226)=0-358, spline: F(1,226)=0.0, p=.98);
receptive language (overall: F(1,223)=2.8, p=.@8ins: F(1,223)=1.0, p=.32); nonverbal
ability(overall: F(1,224)=0.0, p=.83, spline: F(24=0.8, p=.37).

Similarly, baseline DQ did not moderate the effect of treatrage on trajectories of the
dependent variables: autism severity (overall: 231)=0.5, p=.46, spline: F(1,229)=0.7, p=.74),
expressive language (overall: F(1,229)=0.2, p=spbne: F(1,228)=0.1, p=.90), receptive
language (overall: F(1,229)=0.7, p=.42, spline;, E?27)=0.9, p=.33), nonverbal ability (overall:
F(1,227)=0.2, p=.42, spline: F(1,226)=0.0, p=.97).

Effects of Treatment Intensity

Overall, there was no main effect of treatmentrisity on trajectories of any dependent
variable: expressive language (overall change2B8)=0.8, p=.36, spline: F(1,223)=0.7,
p=.36)), receptive language (overall change: F@)22.0, p=.96, spline: F(1,221)=0.0, p=.92),
nonverbal ability (overall change: F(1,223)=0.4,%% spline: F(1,211)=0.4, p=.69), or autism
severity (F(1,226)=0.8, p=.38, spline (F(2,224)=(3.78).

For autism severity, but not for the three depeiental variables, there was a significant
higher order interaction with time and site (F(B22.1, p=.02). When probing this three - way
interaction effect, we found that Site 1 showedim® x intensity interaction effect on autism
severity (F(1,230)=0.0, p=.87), Site 2 showed aifigant time x intensity interaction effect on
autism severity (F(1,223)=8.0 with greater improeetresulting from higher intensity
intervention, and Site 3 showed no time x intenisitgraction effect on autism severity
(F(1,225)=1.2, p=.28).

M oderating Effects of Initial Severity on Effect of Treatment Intensity



Baseline autism severity did not moderate the tffettreatment intensity on the
trajectories of the three developmental dependarmiables: expressive language (overall:
F(1,226)=1.1, p=.30, spline: F(1,226)=0.6, p=.4ceptive language (overall: F(1,223)=0.0,
p=.93, spline F(1,223=1.3, p=.26), nonverbal ab{ltverall: F(1,224)=0.0 p=.84, spline:
F(2,223)=1.6, p=.21).

Similarly, baseline DQ did not moderate effect$reatment intensity on the trajectories
of the three developmental dependent variablepressive language (overall: F(1,229)=3.5,
p=.06, spline: F(1,227)=0.8, p=.37), receptiveglaage (overall: F(1,228)=1.1, p=.30, spline:
F(1,227)=1.4, p=.24), and non-verbal developmewerall: F(1,228)=1.1, p=.30, spline:
F(1,227)=1.4, p=.24).

In examining moderation effects on autism severdjectory, we included site in the
analyses because of the significant effects oftsaewe described above in the primary analyses
of intensity effects. When exploring baseline DQaanoderator to the primary model, we found
significant main effects of treatment intensitytbe trajectory of autism severity (overall:
F(1,226)=5.1, p=.02, spline: F(1,222)=3.9, p=.0bis effect is conditional on the significant
moderation effect of DQ (time x intensity x baseliDQ) when predicting the effects of intensity
on the trajectory of autism severity (overall: 2@§)=6.5, p=.01, spline: F(1,222)=4.2, p=.04).

Similarly, when exploring baseline autismesgty as a moderator to the primary model, we
found significant main effects of treatment intéysin the trajectory of autism severity
(F(1,221)=4.1, p=.04). This effect is conditionalthe significant moderation effect of baseline
autism severity (time x intensity x baseline autsgwerity) when predicting the effects of
intensity on the trajectory of autism severity (2@1)=4.5, p=.03). However, increasing the

complexity of these results, there is also a sigaiit three way moderation among site, baseline



autism severity, and time. That is, the moderagifdects of baseline autism severity on the
effects of treatment intensity on trajectory ofiswt severity differed by site (F(2,226)=3.6,
p=.03). We did not probe these site effects duadk of power (see Supplement 4, available
online). The model is shown in Table 4.

Caregiver Satisfaction

Caregivers were highly satisfied with the treatntéeir children received, regardless of the style
or intensity their child was assigned to. With t&&aning “highly satisfied” on the caregiver
satisfaction measure, means for the four cells wefdSD =.31 for EIBI low intensity), 4.83D

= .34 for EIBI high intensity), 4.83D =.30 for ESDM low intensity), and 4.8D =.19 ESDM

high). Means were not significantly different amamrQupsF(1,78) = 0.2p =.73.

DISCUSSION
What isthe significance of the main findings?

While the science of early intervention for autisas a long history, dating back to the
1960’s, and has been dominated by two differeatinent approaches, those derived from the
principles of ABA, and treatment derived from thienpiples of developmental science, few
studies have been designed to provide answerg tpuibstions that parents receiving a first
diagnosis typically ask: what kind of treatmentdldd seek and for how many hours per week.
Previous studies have documented that both typeeatiment can result in significant child
gains, but we have little comparative informatiooni well-controlled studies. On the question
of treatment intensity, we have no data from papeamental studies on which to base
decisions; thus, recommendations for specific lef@htensity have been based on assumptions,

correlates, opinions, and common sense ratherahaxperimental evidence.



We conducted this trial to provide objective ansiavout relationships among initial
child characteristics, treatment styles, treatm@ensities, and child progress over time on key
developmental and symptom domains. We used a ugprandomized, controlled multi-site
study design, rigorous fidelity of implementatioetmods, and outcome assessments conducted
by raters naive to group membership. The four caitpoutcome variables: receptive and
expressive language ability, nonverbal developreend,autism severity were composed to
represent constructs that have been associatedoniiterm outcomes in ASH.

We hypothesized that differences in child outconedsted to treatment style and
intensity would be associated with initial seveonfychildren’s disability reflected in baseline
DQ and autism symptom severity, as has been prglyioeported using quasi-experimental
designs. The results did not support our primayotiyesis that initial degree of developmental
delay and autism severity would moderate effectseaitment stylen growth trajectories of
children’s outcomes. The severity of childrendiah DQ and autism symptoms did not
differentially affect the outcomes of EIBI versuSIEM intervention on children’s progress in
receptive language, expressive communication, mbavability, and autism symptom change.

Although our rigorous fidelity of implemetitan methods ensured that the treatments were
delivered as intended, one possible reason fdatheof treatment style effect is the tendency of
both treatments to modify delivery style in spegiionverging ways according to initial severity
of disability. In the EIBI treatment, naturalisteaching involving play, dyadic engagement,
child initiation, and generalization occurred dgrchild breaks from direct instruction.

However, the direct instruction episodes were edrdut at high levels of fidelity of
implementation, as reported. In ESDM treatmentjtamal structure was added to by choosing

and managing materials that would result in magsactice, by working at a table, and by



adding external cues of temporal structure to vionkes and play times. ESDM fidelity of
implementation principles were maintained by: alloyvfor children’s choice — making and
initiation among the materials available, adultssgvity and responsivity to child
communications, adult use of developmentally appatg language, management of child
attention, modulation of child affect and arousak of turn-taking/dyadic engagement, adult
positive affect, adult communications involving tiple pragmatic functions, smooth transitions
between activities, working on language or sodméctives within every activity, and theme and
variation format within planned activities. Thusetmodifications were carried out within the
basic fidelity principles and practices of eaclatneent.

Our second hypothesis predicted that initial degfedevelopmental delay and autism
severity would moderate effectstoéatment intensitgn children’s outcomes. When examining
this hypothesis, we included site as an additiomadlerator because we found a significant
higher order interaction involving site predictddhnge in the outcome variables. The hypothesis
was supported for only one of the four outcomealdes, change in autism severity, and it was
conditional by site. We were under-powered to cahelathin-site tests to determine the initial
severity of disability values at which intensityéds mattered.

Does our finding indicate that 12-15 hours a wefetomprehensive intervention is sufficient
and that the NAS (2001) recommendation of 20+ hisun®t supported?It does not because,
for at least one important variable — degree asausymptoms — 25 hours of intervention was
found to be more efficacious than 15 hours for ionprg core autism symptoms in one site.
Furthermore, the study focused on toddler-age wmldand it is possible that different findings
could emerge for preschool age children or thosle mibre years of intervention. Finally,

because this is the first study to address thesstiqus in a controlled fashion, replication is



necessary before practice alterations might beezddd. Replications should also address the
weaknesses in this study associated with lack eiepdo conduct multiple within-site tests, as
well as the lack of a no-treatment group, needexssuire that both treatments are responsible for
child gains that occur. It is also important fotuite studies to examine the question of
similarities and/or differences of underlying megisans of child learning involved in these two
approaches. Further studies are needed to helpdesatand the relationships among individual

differences in child characteristics, type of inttion delivery, and child outcomes.

Recommendationsfor clinicians:

Clinicians are challenged by caregivers’ questansut their young ASD children’s
potential and the course of treatment to pursuee @commendation from our data addresses
caregiver questions about predicting outcomesdanyg children. Children receiving intensive
early intervention can change substantially inrtdevelopmental rates and autism severity over
time, and a better picture of the future will réedtdm examining child progress and status after a
few years of early childhood intervention, ratheart at the time of diagnosis.

A second recommendation has to do with caregivgrestions about recommendations
for 35-40 hours per week of behavioral treatmemnndy be reassuring for caregivers to know
that the field lacks high quality evidence thattsachigh number of hours provides greater gain
for children, even those with more severe diffiedt

Finally, the “brand name” of interventions mag/less important than more general
characteristics of high quality intervention, whiabth interventions tested in this study met:
(1) a manualized, evidence-based approach thassss children frequently and teaches to
developmental and behavioral needs across all chmnai

(2) incorporation of developmental and behaviscince;



(3) delivered consistently at fidelity across nplkienvironments, and

(4) integrated into everyday activities by caregiveegularly coached by program staff.
Perhaps the most important message thatielits can provide early on is that, for both

people with ASD and people without disability, gtyabf life across the life span is not

determined by scores on tests, years of educatidncome, but rather by quality of

relationships with others and of engagement ingreaity satisfying activities, both at work and

in play.
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Table 1. Components of the Primary and Moderatiojm@osite Dependent Variables

composite DV Component Variables

Autism
symptom
severity
ADOS-2? calibrated severity score
PDDB-I" expressive receptive social communication compasiiected raw score
Expressive
communication
15-min communication sample; wfic
15-min communication sample; number of differeotdvroots
MSEL “expressive language age equivalency
VABS-2 “expressive communication age equivalency
MB-CDI ' expressive raw score
PDDB-I expressive social communication abilitiesnposite raw score
PDDB-I expressive language raw score

Nonverbal
abilities
MSEL fine motor age equivalency
MSEL visual reception age equivalency
VABS-2 daily living skills age equivalency
VABS-2 motor skills age equivalency
VABS-2 socialization age equivalency
Receptive
language
MSEL receptive language age equivalency
VABS-2 receptive language age equivalency
DQ MSEL expressive language age equivalency

MSEL receptive language age equivalency
MSEL fine motor age equivalency
MSEL visual reception age equivalency

Note: ADOS-2 = Autism Diagnostic Observation Sched8econd Edition; DQ =
developmental quotients; DV = ??; MB-CDI = MacAntteates Communicative Development
Inventories; MSEL = Mullen Scales of Early LearniRpD = pervasive developmental
disorder; PDDB-1 = PDD Behavior Inventory; VABS-2&neland Adaptive Behavior Scales,
Second Edition.



@Autism Diagnostic Observational Schedule version 2.

®Pervasive Developmental Disorders Behavior Invemp@rent rating form.

“Weighted frequency of intentional communication.

9Mullen Early Learning Scales.

®Vineland Adaptive Behavior Scales version 2.

" MacArthur-Bates Communicative Development Inveptepmbined infant and toddler forms.

Table 2. Demographic Descriptions of the Participan

Variable Total Site A SiteB SiteC = Statistic EIBI EIBI ESDM ESDM @ Statistic
S 25 hr 15 hr 25 hr 15 hr S
Race, n (%) p=.04 p=0.93
African 8.0% 10.7% 6.7% 6.9% 8.7% 13.6% 4.8% 4.8%
American (1) 3) ) (2 2 (3) (1) (1)
American 1.1% 3.6% 0.0% 0.0% 4.3% 0.0% 0.0% 0.0%
Indian / Alaska (1) Q) 0) (0) 1) 0) (0) (0)
Native
Asian 10.3%  7.1% 23.3% 0.0% 4.3% 13.6% 9.5% 14.3%
9) (2) (7) (0) (1) (3) (2) (3)
Caucasian 54.0% 39.3% 50.0% @ 72.4% 60.9% 40.9% 57.1% 57.1%
(47) (11) (15) (21) (14) 9) (12) (12)
Multi 23.0% 32.1% 20.0% @ 17.2% 174%  27.3% 23.8% 23.8%
(20) 9) (6) (5) (4) (6) (5) (5)
Pacific 1.1% 3.6% 0.0% 0.0% 0.0% 0.0% 4.8% 0.0%
Islande 1) 1) (0) (0) (0) (0) 1) (0)
Unknown 2.3% 3.6% 0.0% 3.4% 4.3% 4.5% 0.0% 0.0%
(2) 1) (0) 1) 1) (1) (0) (0)
Ethnicity, n (%] p=.17 p=82
Hispanic/Latin  19.5% | 28.6% 16.7% 13.8% 174% 182% 19.0% 23.8%
0 17) (8) (5) (4) 4) (4) (4) (5)
Non-Hispanic 73.6%  60.7% 83.3% 75.9% 69.6% 72.7% 76.2% 76.2%
(64) (17) (25) (22) (16) (16) (16) (16)
Unknown 6.9% 10.7% 0.0% 10.3% 13.0% 9.1% 4.8% 0.0%
(6) (3) (0) (3) (3) (2 (1) (0)
Sex, n (%) p=.13 p=.99
Female 24.1%  17.9% 16.7% 37.9% 21.7% @ 27.3% 23.8% 23.8%
(21) (5) (5) (11) (5) (6) (5) (5)
Male 75.9% | 82.1% 83.3% 62.1% 78.3% 72.7% 76.2% 76.2%
(66) (23) (25) (18) (18) (16) (16) (16)
Age (months), Foga= Fsgs=
mean (SD) 3.6 0.9
p=.03 p = .46
Time 1 23.4 25 22.7 22.6 22.6 23(4.7) 24.4(4) 23.8
(4.0) (3.6) (4.2) (3.8) (3.5) (3.6)
Time 2 30.1 31.8 29.3 29.2 (4) 29.2 29.3 31.4 (4) 30.4
(4.2) (3.6) (4.3) (3.8) (4.7 (3.8)
Time 3 36.2 38.1 355 35.2 35.7 35.2 37.6 36.5
(4.2) (3.4) (4.3) (3.9) (3.4) (4.8) (4.2) 3.7)
Time 4 48.2 50.2 47.8 46.6 47.8 46.9 49.6 48.7
(4.3) (3.9 (4.4) (3.9 (3.8) (5.1) (4.4) (3.8)
Mullen
Composite D(
Time 1 64.35 65.89 | 73.13 54.36 Foea=  66.96 64.25 61.36 65.05 Fag3=
(18.55) @ (17.43 | (20.83) (12.1) 9.07 (19.28)  (17.88) (15.79) (22.05) .20



Time 4

ADOS Severity
Score
Time 1

Time 4

Outside Tx (avg
hrs/wk) Year 1

Outside Tx (avg
hrs/wk) Year 2

Income ($), mean

(SD)

Mother's Education
(y), mean (SD)

77.88
(28.18)

8.18
(1.73)

6.78
(2.25)

1.90
(3.89)

3.18
6.77)

89439.7
(33573.8
)

16.2
@7

)
75.75
(23.05

8.14
(1.75)

6.78
(2.09)

2.18
(2.88)

5.98
(9.78)

81018.
5
(34802

16.8
(28

88.79

(29.59)

7.97
(1.75)

6.42
(2.42)
1.57
(3.41)

1.45
(3.91)

99137.9
(30128.3  (35355.3

)

17.1
(24

64.05
(25.41)

8.42
7

7.25
(2.24)
1.97

(5.12)

2.26
(4.56)

62500

)

14.8
23

p<0.001
F264=
4.98

p=0.01

Fag3=
57
p=.57
F2,66: 75
p=0.47

F2,34: .18
p=.84

Fa 87~
3.88
P=0.02
Fa55=
2.88
p=.06

Fz'slz 7.1
p=.001

78.35

(29.96)

8.19
(1.86)

6.68
(2.06)
0.91

(2.17)

3.53
(5.93)

85000

(29730.9

)

15.4
(28

79.44

(29.07)

8.38
(1.28)

6.94
(2.54)
2.43

(3.94)

4.20
(7.98)

91428.6
(36554.9  (32956.5 (36956.7
)

16.6
(CHY

73.87

(25.55)

8.29
(1.54)

6.35
(2.37)
2.74

(5.87)

3.13
(8.84)

96833.3

16.3 (2)

p=0.89

79.5 F3'63:
(29.68) 013
p=0.94
7.82 F3,82:
(2.22) .76
p=0.52
7.19 F3165:
(2.17) 0.41
p=0.75
1.58 Fsgs=
(2.62) 1.01
p=.39
1.78 F3133:
(3.15) 0.48
P=0.70
84285.7 F3154: 0.4
p=.72
)
16.6 Fglgg: 0.9
(2.8) p=.44

Note: ADOS = Autism Diagnostic Observation SchegAlgy = average: DQ = developmental
guotient; EIBI = early intensive behavioral intemtien; ESDM = Early Start Denver Model; hr

= hours; n = number; TX=treatment



Table 3. Means, Standard Deviations, and Effe@sSaf the Primary and Moderating Variables

by Site for the 4 Treatment Groups Including Efféizes at all Time Points

Composite Time EIBI 25 hr EIBI 15 hr | ESDM 25 hr| ESDM 15 hr
variable label | Point

Aut_sx_comp T1 1.27 (0.71) 1.07 (0.57) 1.24 (0.46)1.08 (0.81)
Expr_com_comp T1 -1.54 (0.27 -1.34 (0.41) -1.5Q20 | -1.48 (0.29)
Nv_dev_comp T1 -1.52 (0.34 -1.43 (0.42) -1.4530.3 -1.45(0.24)
Recp_lang_comp T1 -1.75(0.41) -1.62(0.51) -1®B37) | -1.55(0.43)
Aut_sx_comp T2 0.83 (0.81) 0.43 (0.74) 0.45 (0.92)0.37 (0.72)
Expr_com_comp T2 -1.13 (0.65 -0.80 (0.48) -0.998) | -0.92 (0.57)
Nvdev_comp T2 -1.00 (0.46 -0.90 (0.4%) -0.85 (9.51-0.94 (0.33)
Recp_lang_comp T2 -0.97 (0.81) -0.84(0.63) -0M671) | -0.87 (0.69)
Aut_sx_comp T3 0.27 (0.69) 0.24 (0.79) 0.24 (0.90)0.22 (0.56)
Expr_com_comp T3 -0.69 (0.72 -0.41 (0.62) -0.668) | -0.51 (0.61)
Nvdev_comp T3 -0.58 (0.63 -0.51 (0.6%) -0.59 (9.63-0.51 (0.45)
Recp_lang_comp T3 -0.51 (0.81) -0.41(0.54) -0®BY) | -0.47 (0.61)
Aut_sx_comp T4 0.03 (0.93) -0.11 (0.9¢) -0.07 (.94 0.01 (0.85)
Expr_com_comp T4 -0.01 (1.09 0.07 (0.88) -0.20%D.| -0.00 (0.81)
Nvdev_comp T4 0.03 (0.86) 0.04 (1.12) -0.14 (0.76)0.04 (0.71)
Recp_lang_comp T4 -0.03 (0.95) 0.04 (0.99) -0.0930 | -0.03 (0.93)

Note: All composite scores are based on the Timeetence point. Aut_sx_comp = Autism
Symptomology Composite; EIBI = early intensive bebeal intervention; ESDM = Early Start
Denver Model; Expr_lang_comp = expressive languageposite: Nv_dev_comp = Nonverbal
developmental composite: Recp_lang_comp = recefanguage composite.



Table 4 The Moderation Model: Testing Moderation of Initfutism Severity on Effects of
Treatment Intensity on Trajectory of Change in AutiSeverity over 24 Months

Dependent Variable: Autism Severity

Type lll Tests of Fixed Effects

Effect DFb| DFw | F p A2
Intercept 1| 146| 0.0| 0.84 0.00
Slope 1| 221| 6.1]| 0.02 0.03
Spline 1| 221| 0.5] 0.50 0.00
Intensity 1| 146| 0.0] 0.98 0.00
Intensity * Slope 1| 221| 4.1|0.04 0.02
Intensity * Spline 1 221| 2.0|0.16 0.01
Site 2| 151| 0.2]0.84 0.00
Site * Slope 2 226| 2.3]|0.10 0.02
Site * Spline 2 224| 1.9/ 0.16 0.02
Intensity * Site 2l 151| 0.1] 0.91 0.00
Intensity * Site * Slope 2| 226| 3.6|0.03 0.03
Intensity * Site * Spline 4 224| 2.0/ 0.14 0.02
Autism Severity 1 146|97.3| <.01 0.67
Slope * Autism Severity 1 221]19.6|<.01 0.09
Spline * Autism Severity 1 221|15.3|<.01 0.07
Intensity * Autism Severity 1 146| 0.0| 0.94 0.00
Intensity * Slope * Autism Severity 1| 221| 4.5|0.04 0.02
Intensity * Spline * Autism Severity L 221| 3.1| 0.08 0.01

Note: Highlighted rows indicate significant intetiaa effects.
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Screening & Enrollment

Allocation

[ Follow-up J

Screened
(n=128)

Failed screen (n=21)

Assessed for eligibility
(n=107)

o Did not meet inclusion criteria (n=16)
e Declined to participate (n=5)

Excluded (n=20)

Randomized (n=87)

*Did not meet dx criteria (n=11)
e English spoken < 60% at home (n=1)
e Unavailable or declined to participate (n=8)

ESDM 15 hr/wk
Allocated (n=21)

e Received (n=20)
o Did Not Receive (n=1)

ESDM 25 hr/wk
Allocated (n=21)

eReceived (n=21)
e Did Not Receive (n=0)

EIBI 15 hr/wk
Allocated (n=22)

e Received (n=21)
o Did Not Receive (n=1)

EIBI 25 hr/wk
Allocated (n=23)

e Received (n=22)
o Did Not Receive (n=1)

e Lost to follow up (n=0)
e Discontinued (n=0)

e Lost to follow up (n=0)
e Discontinued (n=1;
moved)

e Lost to follow up (n=0)
e Discontinued (n=2;
moved)

e Lost to follow up (n=0)
e Discontinued (n=0)

\ 4

[ Analysis ]

Analyzed (n=21)
e Excluded from analysis
(n=0)

Analyzed (n=21)
e Excluded from analysis
(n=0)

Analyzed (n=22)
e Excluded from analysis
(n=0)

Analyzed (n=23)
e Excluded from analysis
(n=0)




ASD Early intervention effects of treatment stytelantensity 1

Supplement 1

Ensuring consistency across sites. Specific assessment administration and scoringipesc
involved a self-instructional course on administiatechniques for all measures, requirement to
achieve 85% of better agreement on proceduralifydehecklist and scoring reliability before
collecting data, continuous 10% -15% of assessniigleity coded, and deviations followed up
with further training. In addition, the cross-s#tealuation team met quarterly or more via
internet conferencing to review difficult casesiagistration problems, and other issues. We
used a multi-method approach to measure and eR€Ursvolving clearly defined assessment
and teaching procedures, detailed protocols dedigpehe originators of each intervention
delivery, extensive training, and frequent supéovisind fidelity check&’

Maintaining Blindness of Evaluation Team. The Evaluation Team and the Treatment Teams
worked independently, including separate traingupervision, and establishment of reliability.
At each phone call or contact with families by Ehealuation team, the family was reminded not
to reveal anything about their child’s treatmemp&ate participant files were kept and
protected by the two teams. Any Evaluation Team besrfor whom the randomization code
was broken, a rare event, was replaced for th&d'stassessment.

Treatment Teams. Site interdisciplinary Treatment Teams includegeexh/language
pathologist, one or more behavior analysts, spedactators, and a developmental or clinical
child psychologist. The teams reviewed each chipdigress, helped plan children’s treatment
objectives at regular intervals, and provided ongaonsultation to the treatment supervisor.
The daily planning of each child’s treatment wasdiccted by the treatment supervisor, who
was one of the interdisciplinary, professional dyrate-educated team members and was

accredited in the assigned approach. Therapy assq{TAs) delivered the treatment in the



ASD Early intervention effects of treatment stytelantensity 2

children’s homes or care settings. TAs typically [Bachelor’'s degree and previous experience
in discrete trial teaching in early autism. Thegeaiged one to two months of full-time training:
readings, homework, observations, hands-on trai@ingd in vivo feedback and met rigorous
clinical competency in either EIBI or ESDM befohey began to deliver the intervention
independently in homes. Both TAs and supervisonkein only one approach. TAs were
supervised live, by video recordings, or via liveeaming every 1-2 weeks.

An individual intervention plan was constructed for each child following the sawerall
process. After randomization, each child was asskss the specified treatment curriculum. For
the ESDM group, treatment objectives were writimnefach set of skills to be taught in the
quarter based on the first failed or inconsistersises on the curricululiEach quarterly

objective was task broken down into a sequenceawfing steps. These teaching steps for each
objective were condensed onto daily data sheet®émrding performance data at 15-minute
intervals during each session. For the EIBI gratgatment goals for each quarter were based on
skills identified as not mastered from the curnicnlassessment published in the treatment
manual, “A Work in Progress” goals were broken ipl@ses, as outlined in the EIBI mantfal.

Performance data on treatment goals were recor@dedy trial on data sheets during sessions.
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Supplement 2
The Leaf and McEachin (1998) Work in Progress manual defined the EIBI approach and the
skills taught to each chiftf Supervisors and ITs received ongoing training @sultation
from one of the manual authors, including direteation, feedback, and training within child
sessions in clinic and home both live and via videmrdings. The FOI tool used a 5-point
Likert scale applied to randomly selected 20 mirsgtetions of recorded treatment sessions to
measure correct implementation of 9 componentlefritervention style: behavior
management; discreteness; discriminative stimuoissequence; positive consequence;
prompting; organization of session; response oppdxt;, and communication/attending
temptations.” During instruction, children had brief play breaiterspersed between blocks of
teaching trials, and a longer 10-15 minute bredkviray through each session during which the
interventionist continued to interact with the dhil

ESDM instruction, carried out as per manual instructiand measured by its published
FOI tool, followed developmental and ABA principfe¥ Instruction followed the ESDM
curriculum and was embedded in typical early clotathactivities, carried out within the joint
activity structure first defined by Ratner & Brur(@978)*® Adults followed children’s choices
into activities, embedded teaching objectives iaslee activity using the activity or activity
ending as the external reward. Activities were ¢hibst typically occur in the daily life of a
toddler: toy play, social play, books, snacks, gmdtplay, handwashing, and outdoor play.
Activities occurred in a separate room or a sepaaega of a room in the house or other setting,
and they occurred in different locations on theff|at a table, in a beanbag chair, etc. The FOI
tool measured quality of instruction on a 14 iténpoint Likert based scale from videos of 30

minutes or more of activitiest>
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Supplement 3
Relationships among the four composite variableasmesd with Cronbach’s alpha.

tp | Aut sx comp® | expr com comp® | nvdev comp® | recp lan comp®

T1 0.44 0.86 0.80 0.73
T2 0.58 0.93 0.77 0.77
T3 0.48 0.95 0.85 0.79
T4 0.65 0.96 0.88 0.83

aAutism symptom severity composifiExpressive communication composftélonverbal
abilities composite’Receptive language composite.

Supplement 4

Preliminary examination of the Interaction of BaselDisability Severity x Intensity Predicting
Change in Autism Severity Within Site.

While we lacked sufficient power to test these itsstonfidently, we conducted a
preliminary exploration in order to provide somedgunce for future study designs in this area.
To do so, we calculated the balance points of thderation effects. The following can be
interpreted in this wayf the balance point falls outside of the confidemounds, then initial
differences do not moderate the effect of the tneat data. If the balance point falls inside the
confidence bounds, this suggests that for one graugintensity is better, and for the others the
other intensity is better for outcomes. To aidrnptetation, the percentile of the moderator’s
balance point and its confidence bounds are pravidé first describe site effects involving the
baseline DQ moderator, and then we describe deetefinvolving the baseline autism severity
moderator.

The baseline developmental quotient (DQ) modermitartensity effects on autism

severity change
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Site 1: The balance point on initial DQ is 64{(34). The lower bound of the confidence
band on initial DQ is 27, which is outside the 'sitenge for baseline developmental quotient.
The upper bound of the confidence band on initi@li® 97 (98'%), indicating that those few
participants with a baseline DQ of 97 or abovetliis site showed larger decreases in autism
severity over time when receiving high intensitynmgared to low intensity treatment.

Site 2: The balance point on initial DQ is 45.5"(%). The lower bound of the
confidence band is an illegal value for DQ ( -609l @& thus uninterpretable. The upper bound of
the confidence band on initial DQ is 68 {8%), indicating that participants with a baselinesf
or above show more reduction in autism symptoms e in the high intensity treatment than
in the lower intensity treatment.

Site 3: The balance point on initial DQ is 68'(68). The lower bound of the confidence
band of initial DQ is 45 (1%%), and the upper bound of the initial confidenaadof DQ is
133, which beyond the range of the developmentafigut for this sample. In this site, the
children who initially scored lower than DQ 45 bétesl more from the lower intensity
treatment than the high intensity treatment.

The baseline autism severity moderator of interefiycts on autism severity change

Site 1: The balance point on initial autism sdyerthe level of baseline autism severity
where lower and higher intensity groups are eqigD-9, the 28 percentile of autism severity.
In this site, the lower and upper confidence bowrdautism severity are -2.8 and 3.1, which
correspond to <'Opercentile, and >1@percentile. For children in this site, baselindsamt
severity does not show any significant effectg@atment intensity on trajectory of change in

autism severity over time.
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Site 2: The balance point on initial autism seyest2.4, which is outside of the
moderator range for this site. The lower bounddithe confidence band on initial autism
severity, below which the effect size of the mottaréavors higher intensity, is 1.3 (80
percentile). The upper boundary of the confideraredhabove which there is significant
evidence that lower intensity is more beneficgll8.5, which is outside the range of the sample.
In this site, children who scored below thd'f&rcentile for the site on baseline autism seyerit
(the milder end of the range of severity) are estéd to benefit significantly more from high
intensity than low intensity treatment in termdrafjectory of change in autism severity.

Site 3: The balance point on initial autism seyeist.05 (' percentile). In this site, the
lower confidence bound on initial autism severity10 (i.e., < i percentile) uninterpretable for
this site’s sample. The upper bound is 1.6™(@&rcentile), indicating that children in this site
who scored above the " percentile on baseline autism severity (e.g. theensevere end of the
range of severity), are estimated to benefit sigaiftly more from low intensity than high
intensity treatment in terms of trajectory of chamg autism severity.

With the exception of Site 2, for most participankeir baseline autism severity did not
significantly influence effects of treatment intégm®n change in autism severity over time.

Thus, for most participants, neither their basetieeerity of DQ nor their baseline
severity of autism symptoms significantly influedaffects of treatment intensity on change in
autism severity over time. And where influencestd, they were in the opposite direction of

the hypothesis.



