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ABSTRACT OF THE DISSERTATION

Sensitivity and Expected Change of Commonly Used Social Communication Measures in

Longitudinal Research of Children with Autism

Kyle Thomas Sterrett
Doctor of Philosophy in Education
University of California, Los Angeles, 2021

Professor Connie L. Kasari, Chair

Most social communication tests used to measure change in young children with
autism spectrum disorder have not undergone rigorous psychometric evaluation. Notably, and
most relevant to the early intervention literature, there is little information on the sensitivity
of these measures to change over time, despite their frequent use. Further, most syntheses of
intervention studies combine data based on constructs (e.g. language) without accounting for
the potential error introduced when different measures are combined together. While this may
be appropriate, more information is needed on whether there is substantial heterogeneity
across commonly used social communication outcomes. The aims of this study were to
examine the sensitivity to change and expected change over time of social communication

measures in ASD clinical trial and longitudinal research studies. A systematic review and



meta analyses was conducted to generate pooled effect sizes within each identified outcome
measure, rather than pooling multiple measures together. Meta regression was used to
determine whether the length of the measurement period was related to the magnitude of
change over time and whether this relationship was influenced by factors such as cognitive
ability, children’s age and year of publication. The average length of the included studies
ranged from 3 months to 20 months. Overall, the expected change over time, measured using
standardized mean differences, was small to medium, although there was considerable
variability. For example, ADOS Severity scores had an expected change of 0.114
standardized mean units and an average measurement period length of 16 months whereas
Vineland socialization scores had an expected change of 0.3581 standardized mean units over
a shorter average measurement period of 10 months. Most outcomes were not sensitive to
change over time; the expected change over time was independent of the length of the study
in 9 of the 42 measures. Further, change in some measures was influenced by factors like
cognitive ability, chronological age, whether children were receiving behavioral interventions
and how the outcome was reported (e.g. age equivalent versus standard score). These data
suggest that careful consideration is needed when selecting an appropriate outcome measure
and tests that measure similar constructs can vary considerably in their expected change over
time. Some recommendations based on these data include: use caution when reporting
standard scores to measure change over time, use both parent report measures and clinician
administered measures to track progress in behavioral interventions, and use caution when

combining different outcome measures to synthesize intervention data.
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Introduction

Defining Autism Spectrum Disorder

Autism spectrum disorders (ASD) are a set of neurodevelopmental conditions both
defined and diagnosed based on the presence of a specific combination of behaviors that
present early in development, persist through life and interfere significantly with individuals’
daily living (American Psychiatric Association, 2013). Specifically, the behavioral phenotype
that characterizes ASD is marked by deficits and abnormal developmental trajectories of
social communication skills and the presence of restricted and repetitive behaviors and
interests. This phenotypic classification has remained remarkably stable since it was first
recognized and conceived. Leo Kanner’s thorough observations of a group of individuals in
1943 described a distinct pattern of behaviors; he noted social deficits such as their general
difficulty in relating to other people as well as repetitive behaviors and interests such as
spinning the wheels of a toy car or insistence on sameness in daily routines (Kanner, 1943).
Although the field’s more mature conceptualization of social communication delays in ASD
is described below these core components remain central to our understanding of individuals
with autism.
Social communication delays

Specific social communication deficits are well documented in terms of their
prevalence, consistency, and stability. In general, social communication delays begin early in
life with very young children showing differences in foundational social communication
skills such as requesting, social orienting and joint attention (Dawson et al., 2004; Mundy et
al., 1992; Charman et al., 1997; Mundy et al., 1994; Osterling et al., 2002; Paparella et al.,
2011). Specific behaviors that have been shown to be delayed across these domains include
use of requesting gestures such as pointing to request, joint attention gestures such as

showing and giving to share, orienting to one’s name, and sustaining eye contact (Charman et



al., 1997; Mundy et al., 1994; Osterling et al., 2002; Paparella et al., 2011). These very early
delays in social communication, specifically joint attention, are related to the development of
more complex social communication skills such as language (Kasari et al., 2008; Mundy et
al., 1990). Early concerns among parents are most often driven by social communication
delays and are also the most common target of early intervention programs (Anagostou et al.,
2014; De Giacomo & Fombonne, 1998).
Etiology of ASD and Social Communication Delays

While the phenotypic expression and trajectories of early social communication
delays are well documented, what is less well understood, and underemphasized, is that each
of the behaviors operationalized and described above (and in diagnostic manuals such as the
DSM-5; American Psychiatric Association, 2013) are very likely manifestations of
underlying biological and genetic differences in individuals with ASD. The role of genetics
in ASD is an active area of research but overall the evidence suggests risk for ASD is
genetically conferred (Geschwind, 2008; Robinson et al., 2016; Veenstra-VanderWeele et al.,
2014) and that specific combinations of genes are likely linked to differences in biological
and neural mechanisms in individuals with ASD when compared to typically developing
children (Ruzzo et al., 2019). This means that although we understand the behavioral
phenotypes that distinguish individuals with ASD, and that these differences are biologically
based, the specific mechanism by which social communication delays manifest, progress and
interact with the complex environmental influences present in early development remains
unclear. There is no single unified theory of the underlying cause of the social
communication differences that we observe.
Longitudinal Trajectories

Most theories attempting to describe social communication delays in young children

with ASD have categorized behaviors based on the timing of onset and severity of observed



behavioral delays and differences. As an example, how does the frequency or quality of a
specific behavior of a child with ASD, such as joint attention, compare with the frequency or
quality of a matched typically developing or developmentally delayed child without ASD.
Relying only on cross-sectional comparisons can limit the practical relevance of the
comparisons being made (Lord et al., 2015). The expected quality and frequency of specific
skills can change rapidly throughout development and this change can be missed when
looking at a single point in time. As an example, a typically developing child may be
expected to have a burst of language from 12 to 18 months of age. If you compared those
children with children with ASD at 12 months and not at 15 and 18 months of age valuable
information would be lost and different conclusions could be drawn about the relationship
between diagnostic status and language as those trajectories diverge.

Another important dimension to consider, beyond onset and severity of specific
behaviors, is the evaluation of children’s behavioral trajectories (i.e. the stability and change
of specific behaviors across time). Trajectories can be used both as an outcome to determine
what factors such as nonverbal I1Q (NVIQ), gender and language predict specific trajectories
(e.g. rapid growth, slow growth or no change) and can themselves be used as a predictor of
specific outcomes. The amount of change in NVIQ between 18-24 months could be used as a
predictor of social communication at 36 months of age for example. There have been a
number of studies that have utilized the concept of trajectories as predictors or as outcomes
themselves. Trajectories of restricted and repetitive behaviors (Richler et al., 2010), autism
severity (Gotham, Pickles & Lord, 2012), adaptive functioning (Szatmari et al., 2015) and
language (Anderson et al., 2007) have been analyzed. Each of these studies provides valuable
information on the patterns of behaviors across time, have moved the fields understanding of
autism forward and point to the value of increased attention on issues surrounding trajectories

for young children with ASD.



Another body of research where the issues of trajectories becomes important is in
early intervention and clinical trial literature for children with ASD. Both the variety of early
interventions available for young children with ASD and the quality of the clinical trials
testing the efficacy and effectiveness of those interventions has increased dramatically since
the first clinical trials for children with ASD (Rogers & Vismara, 2008; Smith & Iadarola,
2015; French & Kennedy, 2018; Sandbank et al., 2020). While the field’s understanding of
what constitutes effective intervention continues to grow, a number of clear limitations to this
body of literature still remain. One such issue, affecting both intervention science specifically
and longitudinal research broadly, is the accuracy, reliability and validity of current
measurement practices used to measure change over time.

Measurement Issues in ASD Research

Accurate and sensitive measures are critical in order to better understand the
trajectories and behavioral intervention outcomes of young children with ASD in longitudinal
research. One of the most consistent critiques over the last 20 years of ASD research has been
the lack of standardized, ASD specific, developmental and behavioral measures that are
sensitive to change, reliable and valid. In recent reviews, a total of 131 unique measures
(excluding observational and study specific measures) were identified, but only twelve were
found to have adequate evidence of validity (Mokkink et al., 2010; McConnachie et al.,
2015). The large number of measures identified likely reflects the lack of consensus on the
mechanisms of early social communication delays and as a result what and how those
constructs should be measured.

Further, McConachie and colleagues (2015) concluded that while there is some
evidence of validity in that small subset of tests, there is no evidence that they are reliable
and sensitive to change over short periods of time (e.g. 3 months), the typical length of an

early intervention trial for young children with ASD. This lack of evidence of the sensitivity



to change of these measures also reflects a lack of consensus as to what constructs should be
measured in clinical trials and what tests would be useful to do so (Bolte & Diehl, 2013).
There have been attempts in recent years to develop new, higher quality and
psychometrically valid measures such as the Eliciting Language Samples for Analysis
(ELSA; Barokova et al., 2021) to measure language progress, the Autism Impact Measure
(AIM; Mazurek et al., 2020) and the Brief Observation of Social Communication Change
(BOSCC; Grzadzinski et al., 2016; Kim et al., 2019) to measure changes in autism
symptomology.

The development of these measures represents a positive step forward. However,
given the lack of consensus as to what appropriate outcomes should be, it is unlikely that
there will be full, consistent and timely adoption of any single test purported to measure a
particular construct of interest across the research community. Institutional memory. strong
opinions about the appropriateness of specific measures and the need for consistency and
comparability across past studies often drive selection of outcomes. It is thus important to
undertake additional systematic efforts to better understand, evaluate, and provide data on the
performance of the assessments that are currently available to measure change in the social
communication skills to supplement ongoing measure development efforts.

Gap in the Literature

Understanding and being able to measure the trajectories of young children with ASD
is critically important, both to our understanding of the etiology of social communication
delays as well as our attempts to intervene on those delays. While the sensitivity of the
various tests used to measure social communication outcomes has been called into question
(McConnachie et al., 2015; Tager-Flusberg & Kasari, 2013), there have been no attempts to
systematically measure the sensitivity to change over time or the expected change over time

of commonly used tests of social communication for young children. Here, sensitivity to



change is operationalized as the amount of change on an outcome being related to the length
of the measurement period, this definition tracks whether more progress made in longer
studies. Having a benchmark for expected change is important both because it establishes a
metric by which to compare the results of new trials and places the results of old studies in a
more appropriate context. No such benchmark exists in the early intervention literature for
children with ASD. It is also important to understand how participant characteristics (e.g.
cognitive ability) and study level characteristics (i.e. length of the study period and year of
publication) may influence the magnitude of change and sensitivity to change over time
across different outcomes.

To address the aims of this study a systematic review and meta analysis were
conducted to generate point estimates of the expected change over time (effect size) of
measures of social communication in ASD longitudinal research. Rather than being clustered
at the study level in the meta analysis, the data were clustered across measures (i.e. a pooled
estimate for each measure was generated). In previous meta-analyses of ASD intervention
trials it is common to cluster across an outcome such as non-verbal 1Q, adaptive behavior or
language (Eldevik et al., 2009; Virués-Ortega, 2010; Sandbank et al., 2020) but in those
analyses different tests are being used to represent the same outcome. There is no evidence
that these measures should be considered psychometrically comparable and as such the focus
of this meta analysis will not be on the outcomes (e.g. Expressive Language) but on the
specific tests meant to measure those outcomes (e.g. Mullen Scales of Early Learning-
Expressive Language Domain).

Aims
Primary aim
To determine the sensitivity to change and expected change over time of social

communication measures in ASD clinical trial and longitudinal research. It is hypothesized



that the expected change for a majority of social communication measures will be
characterized by small to medium effects and that the size of the effect will be positively
correlated with the length of the measurement period.
Secondary aim 1

To determine the influence of moderating variables including the presence of
treatment, age of children, cognitive ability and type of measure (i.e. standardized, age
equivalent, raw or developmental quotient) on change in social communication scores across
measures. It is hypothesized that the expected change for social communication measures
will be associated with or moderated by, (a) the presence of treatment, with enrollment in the
intervention arm of a trial being associated with larger gains over time, (b) the age of
children, with younger ages being associated with larger gains, (c) study year, with more
recent studies being associated with larger gains over time (d) children’s cognitive ability,
with higher cognitive ability being associated with larger gains and (e) standard scores, with
less change over time than age equivalent, raw or developmental quotient scores.

Method

Search Strategy

A systematic search of three large databases, PsychINFO, Web of Science and
PubMed was conducted to cull relevant articles. These databases were chosen after
consultation with a university librarian to allow for a wide breadth of journals to be accessed
across different disciplines and to capture all relevant articles based on the inclusion criteria
of the study. The full list of terms used for the search of the databases is included in
Appendix A. The first layer of search terms consisted of various diagnostic labels related to
ASD (e.g. autism, ASD, PDD), the next layer consisted of age labels (e.g. preschool, child,
toddler) and the last layer consisted of names of specific social communication measures (e.g.

PCX, Preschool Language Scales, Social Responsiveness Scale). The list of social



communication measures was generated by reviewing previously published reviews and meta
analyses (Bolte & Diehl 2013; McConachie et al., 2015).
Study Screening Process

A multi-stage screening and review process was used to determine whether each
identified study met inclusion criteria for the review and meta-analysis. Organization and
review of the identified studies took place using the Zotero software.
Inclusion Criteria

There were five inclusion criteria that a study must have met: (a) the study must have
an experimental or quasi-experimental design, specifically it must have been randomized
controlled trial or longitudinal study, (b) all the included children must have a confirmed
diagnosis of autism or related disorders. No restrictions were placed on the method of
diagnosis. Children could be diagnosed with a clinical measure such as the Autism
Diagnostic Interview-revised (ADI-R; Rutter, Couteur & Lord, 2003) or Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 2012), a review of records by the study team or
from school personnel, (c) the mean age of the participants in the sample must fall between
24 months of age and 96 months of age during the entire length of the study. This age range
was selected because two years of age is the age at which diagnosis of autism tend to stabilize
(Klienman et al., 2008; Guthrie et al., 2013) and eight years of age typically represents the
end of the early intervention period, (d) the study must have a measure of social
communication that was administered at two time points or more and separated by at least
two weeks— a list of social communication measures that were included in the search terms
are listed in Appendix A — and (e) the studies must have been published between 1990 and
2020.

Database Search



The database search for this study took place over three stages but all three stages
used identical search strings. Searches of the three databases took place in August 2017, June
2018 and May 2020.

Study Selection

Due to the amount of studies culled through the database searches, the study selection
procedure took place over two stages. The first stage consisted of screening based on the title
and abstracts; the goal of this screening step was to identify clear violations of the inclusion
criteria, specifically, whether the age of the sample fell out of the required range, whether the
study was longitudinal and whether the sample included children with ASD. The second
stage consisted of a full review of each article, subjecting each study to the full set of
inclusion criteria. A full accounting of the reasons why studies were excluded is provided in
Figure 1. Any duplicate studies (some studies were identified through multiple databases)
were deleted at this point so that only a list of unique articles remained. Interrater reliability
data was collected; two raters screened a subset of the articles at both stages. Reliability
statistics and procedures are reported in further detail below.

Hand Search

Following the completion of the two stage screening and study selection process a
hand search was conducted to identify any additional articles that may not have been found
through the database search. The hand search consisted of reviewing the reference lists of the
included studies as well as the reference lists of other reviews and meta-analyses that had
cited the included studies. After saturation was reached, and no new articles were found, the
articles identified in the hand search were subjected to the inclusion criteria through the same
procedures described above.

Data Extraction



Key dependent and independent variables were extracted from each individual study
and combined into a single dataset for further analysis. These variables were all selected a-
priori and as with the study screening step. A full list of the raw variables and data that were
extracted from the included studies along with operationalization’s are provided in Table 1.
Coding

While the raw data were used when possible, modifications were needed for some
variables to be used in the final analyses. Descriptions of the coding procedure for those
modifications is presented below.

Cognitive Ability. The data for cognitive ability across the samples was often not
directly comparable, there were often different tests used to measure cognitive ability and
they were often on different scales. For example, some studies reported age equivalent scores
for specific domains, others reported standard scores, developmental quotients or overall
mental ages. As a result of these differences the scores were transformed to a binary variable
indicating whether the sample was on average more or less cognitively able. Age equivalent
scores were converted to developmental quotients by dividing the average developmental age
by average chronological age and multiplying by 100. For both developmental quotient
scores and standardized scores, a cutoff of 70 was used where samples with average scores
less than 70 were considered less cognitively able and samples with average scores greater
than 70 were considered more cognitively able. Lastly, for domain scores (such as the visual
receptive scores on the Mullen Scales of Early Learning) a cutoff of two standard deviations
below the mean was used as the cutoff for more or less cognitively able.

Intervention Received. Due to extensive variability in the types of services received
during the measurement period the decision was made to code the intervention data based on
whether the sample was receiving treatment as usual (TAU), an identifiable behavioral

intervention (Behavioral) or was receiving medication as a part of a pharmacological trial
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(Medication). While the treatment as usual group could have been receiving outside services
during the measurement period there was unreliable reporting of the amount and intensity of
these services. Because of this, the categorical variable should not be viewed as intervention
versus no intervention but rather more apt characterization would be: identifiable research
based intervention, community based services or the medication arm of a pharmacological
trial.

Length of the Measurement Period. This variable represents the total time from
baseline to follow up or from one follow up period to another. For example, in an
intervention trial with a two-month intervention phase and a four month follow up there
would be two lengths, the two-month period from entry to exit and the four-month period
from exit to follow up. In order to have a consistent scale for this variable the lengths of all
measurement periods were converted to months.

Type of Outcome. In the cases of standardized measures, where the outcome could
be reported in a number of ways, the scores were classified based on whether they were raw
scores, age equivalent scores, developmental quotients or standard scores.

Study Quality. In meta analyses, data from different studies is collapsed together and
so it becomes important to rate them based on their methodological quality. Evidence from
high quality studies should be trusted more than evidence from medium quality studies and
evidence from poor quality studies should be interpreted with caution, if at all. To that end,
studies that met all of the inclusion criteria were evaluated for methodological quality and
rigor.

The scale that was used to evaluate the methodological quality of the included studies
was the Quality Assessment Tool for Observational Cohort and Cross Sectional Studies. This
scale is recommended by the National Institute of Health (NIH) and was particularly suited to

this study because it allows for both controlled and observational studies to be rated on the
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same scale. Although many of the studies included were randomized controlled trials,
because the arms within the randomized trials are not being compared, they can be seen as
observational cohorts. As a result, traditional quality rating scales of randomized trials that
are often used in meta analyses would not have been appropriate. There were 14 items in the
original measure however one item related to the participation rate of contacted participants
was excluded as this information is rarely provided or available. This left 13 items which
were rated as, “Yes”, “No” or “NA” (CD/NA/NR; cannot determine, not applicable or non
reported). The information from the individual items is used to generate a holistic rating of
study quality that rates studies as, “Poor Quality”, “Fair Quality” or “Good Quality.” The
individual items are not summed or counted to come to the quality ratings, rather they are
used in conjunction with substantive information gleaned by the rater after reading the
manuscript to come to a final rating. The full measure is provided in Appendix A.
Reliability

At each stage of the study selection process approximately 20% of decisions were
double coded and interclass correlations were run using Kappa statistics. In total,
approximately 20% of the abstracts and titles reviewed for inclusion and 20% of the articles
in the full review stage were reviewed by two independent coders.
Analytic Plan

The procedures for the meta analysis portion of the analysis follow the guidelines of
Harrer and colleagues (2019). This procedure is broken down into five primary steps; (a)
calculating the effect sizes for the study groups, (b) pooling the effect sizes, (¢) identifying
influential cases, (d) subgroup and meta-regression analyses and (¢) assessing publication
bias. The “Metafor” package (Viechtbauer, 2010) in R (version 4.0.2; R Core Team, 2020)

was used to estimate the pooled effects across all models and generate forest plots and other
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graphics. Outliers and influential statistics and supplementary analyses were run using the
“Dmetar” package (Harrer et al., 2019).
Effect size calculations

Hedges g (Hedges & Olkin, 2014) was used to generate a standardized mean
difference (SMD) score for each group. Hedges g is generally more appropriate than Cohen’s
d (Cohen, 2013) for samples that have less than 20 participants which was often the case in
these analyses. A group was defined not as a study but any group for which the outcome of
interest was reported across two time periods (e.g. a two arm RCT would have two effect
sizes calculated). In the case where there were more than two measurement time points
within a group, separate standardized mean difference estimates were calculated for the
difference between the first and second time points and the second and third time points.
Pooling the Effect Sizes

There are two primary methods that can be used to pool effect sizes in meta analyses.
The first is using a fixed-effects model; fixed effects models assume that there is complete
homogeneity across the sample of included studies (Borenstein et al., 2011). The other
method is referred to as a random-effects model. Random-effects models do not have the
same assumption of homogeneity across the sample and instead assume that there is variance
between studies that indicate that they are not representative of a single population
(Borenstein et al., 2021). Random-effects models are more commonly used in psychological
research because of the lack of homogeneity in clinical populations (Higgins et al., 2003).

A random effects model using the Hartung-Knapp-Sidik-Jonkman estimator (Sidik &
Jonkman, 2005) was used to estimate the pooled effect size and to generate confidence
intervals for the pooled effect sizes. This estimator provides a more conservative estimate of
effect sizes than other methods (e.g. DerSimonian & Laird 1986) and has been shown to be

less biased in cases of high levels of heterogeneity between studies (Sidik & Jonkman, 2007).
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Lastly, the standard errors for the pooled effects were estimated with Knapp-Hartung
adjustments (Knapp & Hartung, 2003) which again has been advised in cases where there is
expected to be substantial heterogeneity between studies.

The last consideration in the pooling of the effect sizes across the included measures
was the potential multi-level structure of the data. It was often the case that single studies
contributed multiple effect sizes to the pooled effect size within a measure because separate
effects were estimated if there was more than one group in a single study (e.g. two groups
within a randomized controlled trial) and also if there were more than two timepoints for a
group within a study. The inclusion of effect size estimates from the same study could lead to
issues with independence in the data. As is the case with many statistical tests, lack of
independence in the data when pooling effect sizes can lead to an increased type-1 error rate.
To address this potential concern, a third model was fit for each outcome with sufficient data,
to account for the multi-level structure of the data and whether “study” accounted for a
significant portion of the variance in the pooled effect size estimate.

The structure of this model was as follows: Participant at level 1, Group at level 2 and
Study at level 3. These models were fit using the restricted maximum-likelihood (REML;
Viechtbauer, 2005) estimator. First, the overall model was fit to obtain information on the
amount of variance that each level of the model explained. Next, the fit of the overall model
was compared to two nested models; the overall model without level 2 and the overall model
without level 3. If level 3 did not explain a significant portion of the variance and did not
improve model fit it was dropped and the simple random effects model described above was
used.

Outliers and Influential Cases
Identifying outliers and influential cases is a critical step when conducting a meta-

analysis (Viechtbauer & Cheung, 2010). It is important that the pooled estimates are not
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being influenced (pulled up or down) by any influential studies or outliers that have
extremely large or small effects. A study was considered to be an outlier if the 95%
confidence interval for the effect size of an individual study did not cross the 95% confidence
interval of the pooled estimate. Simultaneously, influential cases were identified using the
leave-one-out method which re-estimates the pooled effect size and confidence interval and I?
statistic with each study removed one at a time (Viechtbauer & Cheung 2010). This evaluates
the impact of removing each case on the overall pooled effect and heterogeneity. A visual
inspection of the plot of the leave-one-out analysis along with information from the outlier
analysis was used to identify cases that may have been unduly affecting the pooled effect size
estimate. The final decisions about whether or not a case should be used was based on those
data along with substantive knowledge of the studies in questions. However, a conservative
approach was taken and in questionable cases analyses were run twice, with and with the
dropped cases to determine if any observed effects were driven by those cases.

Sub-Group Analyses

Subgroup analyses allow for the comparison of effect sizes across two or more groups
within the dataset. Subgroup analysis is only appropriate when a variable within the dataset is
categorical and so there were be three separate subgroup analyses conducted within the
proposed study. The three categorical variables of interest for the subgroup analyses were the
binary cognitive ability variable, type intervention received and, when applicable, the type of
measure (e.g. raw scores, age equivalent scores).

There are two steps to a subgroup analysis, the first step is to individually estimate the
pooled effect size for each of the subgroups (i.e. those who received intervention versus those
who did not) and the second step is to statistically compare the difference between the two
pooled effect size (Borenstein & Higgins, 2013). The same estimation method, a random-

effects model with the Hartung-Knapp-Sidik-Jonkman estimator (Sidik & Jonkman, 2005)
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and Knapp-Hartung adjustment (Knapp and Hartung, 2003) that was used for the overall
pooled effect size estimate was used for the sub-group analyses. This model estimated the
magnitude of the difference between the subgroup effect size estimates, the standard error of
the difference and the confidence intervals for those standard errors. The null hypothesis is
that there is no difference between the magnitude of the effect sizes between subgroups and
so non-overlapping confidence intervals would indicate that we would reject the null
hypothesis that there is no difference between the subgroups.

Meta-Regression Procedure

A multi-step process was used to evaluate the relationship between each continuous
predictor (i.e. length of the measurement period, chronological age, and study year) and the
overall pooled effect size as well as whether that relationship was moderated or influenced by
the categorical variables listed above (i.e. cognitive ability, type of intervention received and
type of measure). First, separate simple meta-regression models were run for each continuous
predictor (i.e. a single independent variable and dependent variable in each model), next,
because the length of measurement period variable was related to the central research
question, each categorical variable was added in as an interaction term with length of the
measurement period. If that interaction term was non-significant the interaction term was
removed and length of measurement period and the categorical variable were included as
simple main effects.

In meta-regression as well as the subgroup models the unit of analysis is at the study
level (as opposed to the participant level in typical regression), as a result issues concerning
sample size in the models were important to consider. It is recommended that there be at least
ten studies per covariate (Borenstein & Higgins, 2013). In order to avoid post-hoc decision
making about the appropriateness of whether there was sufficient data to include covariates,

an a-priori rule was established that pooled effects would be estimated only when there were
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more than five effect sizes for a measure, simple meta-regression models would only be fit in
cases with ten or more effect sizes for a measure and interaction terms were only included in
cases with 15 or more effect sizes for a measure. Separate models were fit for each variable
and interaction term in order to avoid the issue of over-specified models. No correction or
adjustment of the significance level across the models for multiple comparisons was used.

Simple Meta-Regression. Meta regression is conceptually similar to subgroup
analyses; the primary difference is that meta regression can handle data that are continuous.
The remaining four variables of interest that were evaluated via meta-regression were the
length of the measurement period (in months), children’s age (in months), the study year and
study quality.

To measure the fit of all of the models and the strength of the relationship between the
independent and dependent variables in the meta-regression both the R? value, which
measures the amount of variance explained by the predictors (R? here is comparable to that of
an R? in linear regression) and the t-statistic for each predictor, which measure the strength of
the relationship to the dependent variable, were used.

Meta-Regression with Interaction Terms. The restricted maximum likelihood
estimator was used to generate the effect size estimates and meta-regression models that
included interaction terms. In the case that an interaction terms was non-significant the
simple main effect model was generated using the same estimation procedure.

All continuous predictors included in the meta-regression models were mean centered
to allow for easier interpretation of the slope coefficients.

Publication bias

One issue in meta-analyses is that studies with larger effect sizes are more likely to be

published, especially in higher quality journals, so it becomes important to determine the
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17



the population (Sterne et al., 2006). In meta analytic terms this effect is called publication
bias. Publication bias was assessed using a visual inspection of a funnel plot along with
Egger’s test (Egger et al., 1997).

Given that the unit of analysis is the groups within studies, and not the comparison of
change between the groups, the central marker of the funnel plot was not set at “0” but at the
average pooled effect size for the measure. Because the variability of the estimated pooled
effect sizes based on the covariates was the central question of interest. rather than the overall
pooled effects, potential “publication bias” could also be reasonably attributed to variation in
measured characteristics of the studies rather than bias. A funnel plot could identify a deviant
estimate —an effect size of 1.0 for example — with no comparable estimate of -1.0 in the plot.
However, an effect size of -1.0 is likely not in the data because we would not expect a child
to decrease substantially on the measure, not because an effect size of -1.0 is unlikely to be
published. Thus, a conservative re-estimation based on the Duval and Tweedie trim and fill
procedure (Duval & Tweedie, 2000) was used only in cases of extreme or unexpected
deviance based on substantive expectations.

Reporting of Results

When reporting contrasts from the subgroup analyses and slope coefficients from the
meta-regression analyses, all coefficients (interaction terms and main effects) for intervention
received, cognitive ability, chronological age, study quality and study year are non-
significant unless specifically noted; only significant effects are reported below. The only
exception is the effect of length of measurement period which is reported for each included
measure.

Results

Study Screening
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Across the three databases, 7098 articles were culled for review. During the abstract
screening phase 6073 studies were excluded and in the full text review an additional 820
articles were excluded. Refer to Figure 1 for a flow diagram of the screening process,
including the reasons for studies were not included. The hand search identified an additional
82 articles. A total of 203 articles met full inclusion criteria and contributed data to the meta
analysis.

Characteristics of Included Studies

Of the 203 included articles, 13 were dissertations and 190 were peer reviewed
articles. Descriptive information for the sample as a whole is provided in Table 2.

From the included studies, 119 unique measures of social communication were
identified. A full list of identified measures is included in Appendix A. Many of the identified
measures were used in only one study (n=55), and 42 measures included enough data (based
on the a-priori guideline of needing greater than 5 effect sizes) to estimate a pooled effect
size. In total, there were a total of 1232 effect sizes pooled together across the included
studies

A list of measures for which effect sizes were pooled is provided in Table 3 along
with the total number of effect sizes across each measure and average length of time of the
measurement period across each measure. Additionally, for descriptive purposes the overall
pooled effect for the random effect models across each measure (with and without outliers
and influential cases removed) is provided and also visualized in a separate figure for each
measure with potential outliers included (where applicable).

Quality of Included Studies

From the included studies, 58 were rated as “Good”, 103 were rated as “Fair” and 42

were rated as “Poor”. Complete ratings for each study are available upon request. Study
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reported for each individual measure when there was sufficient data based on the a-priori
criteria established above and when study quality was significantly associated with the
pooled effect size within a measure.
Reliability

242 articles were double coded during the screening phase, the percent agreement on
whether or not to include an article across the raters was 83.4% and the Kappa was 0.522.
During the study inclusion phase 181 articles were double coded, the percent agreement
across raters was 93.9% and the Kappa was 0.712.
Individual Measures

The addition of an author level random effect did not improve the fit of any of the
estimated models nor did it explain a significant portion of the variance across any of the
estimated models. As a result, all models discussed below were estimated without including a
random effect for study author. The only exception was the model for ADOS Social Affect, a
significant portion of the variance in the overall pooled effect was explained by the additional
random effect. However, this effect was driven by a single outlier and when these data were
dropped the author level random effect no longer explained a significant portion of the
variance in the model. The results below are organized based on the amount of data present
within each measure, with the more frequently reported measures discussed first.
Common Social Communication Measures

Autism Diagnostic Observation Schedule- Severity (ADOS; Gotham et al., 2009).
There were 47 effect sizes included in the final analysis for ADOS Severity scores. The mean
length of the measurement period (length) was 16.79 months (SD=13.48) and the median
length was 12 months (IQR=18.72) across those effect size estimates. Overall, the average
SMD was -0.1140, 95% CI [-0.2203; -0.0078]. Two influential cases were identified and

while they had little effect on the estimate of expected change over time (SMD= -0.1146,
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95% CI [-0.2179; -0.0113]), the exclusion of these cases reduced the overall I? from 48.8% to
42%. Based on the conventional rule of thumb the SMD would be considered small. A
negative effect size here represents a reduction in symptoms.

The effect of length verged on significance (b=0.0068, se=0.0036, p=.066). For every
additional month there is an expected increase in the effect size of approximately .01 units
and because the SMD is negative this means that there is less expected change as length
increases. However, the interaction between length and type of intervention received was
significant and indicated that those who were receiving a behavioral intervention experienced
more change as length of the measurement period increased compared to those receiving
TAU (b=0.02, SE=0.0071, p=.0392).

The Egger’s test was non-significant indicating that publication bias was not likely to
be present for this measure (intercept=0.866, t=1.37, p=.18). Bubble plots and forest plots for
the subgroup analyses for ADOS-Severity scores are provided in Figure 2.

ADOS Social Affect (Lord et al., 2000; Lord et al., 2012). There were 38 cases that
were included in the analyses of ADOS Social Affect scores. The mean length of the
measurement period was 10.68 months (SD=8.37) and the median was 7 months (IQR=6.02).
The average SMD was -0.447, 95% CI [-.5947, -.2993] but there were two studies (5 effect
sizes) that were identified as being influential and were excluded, the SMD with these cases
removed was -0.388, 95% CI [-.4848, -.2912] and the I? was reduced from 81.3% to 23%.
Based on the conventional rule of thumb the SMD would be considered a small to medium
effect size. A negative effect size here represents a reduction in symptoms.

The effect of the length of the measurement period was non-significant (b=-.066,
SE=.0055, p=.2381), indicating that larger effect sizes are not expected as the length of the

measurement period increases.
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No significant results emerged from the subgroup or meta-regression models,
however there were two studies with extremely long measurement lengths (40 months) and
so the subgroup and meta-regression models were re-run without these studies. With these
cases removed there was a main effect of type of intervention received with the medication
group having a larger effect overall compared to behavioral intervention group that
approached significance (b=-.4655, SE=.25, p=.073) and a significant main effect of length
of the measurement period (b=-.2075, se=.01, p=.011) when controlling for type of
intervention received. For every additional month the effect size is expected to decrease by
approximately .02 units. In the simple meta-regression model, length of the measurement
period remained non-significant (b=.0194, SE=.0114, p=.10). There were only two effect
sizes included in the pooled estimate for Medication so this result should be interpreted with
caution.

Eggers test was significant (intercept=-1.437, t=4.049, p=.0003). However, on
inspection the pattern observed in the funnel plot did not seem to be driven by publication
bias but rather the imbalance seems to be driven by the fact that there were no studies that
reported extreme increases in ASD symptomatology. It is therefore unlikely that publication
bias is present in the reporting of this measure. Bubble plots and forest plots for the subgroup
analyses for ADOS-Social Affect scores are provided in Figure 3.

ADOS Language and Communication (Lord et al., 2000; Lord et al., 2012).
There were 20 effect sizes of ADOS Language and Communication scores present in the
included studies. The mean length of the measurement period for those effect sizes was 7.21
months (SD=4.95) and the median length was 6 months (IQR=9.76). The average SMD was -
0.6155, 95% CI [-0.8565, -0.3746], there was one potential influential case identified and

with this case removed the SMD was -0.6624, 95% CI [-0.8995, -0.4254] and the final I> was
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51.2%. Based on the conventional rule of thumb the SMD would be considered a medium
effect size. A negative effect size here represents a reduction in symptoms.

In the simple meta-regression models the effect of the length of the measurement
period was significant (b=-0.055, SE=0.019, p=.01), for every additional month there was an
expected decrease in the average effect size of approximately .05 units. Additionally, there
was a significant effect of chronological age (b=0.017, SE=0.004, p=.001) where for every
month increase in the average age of the sample the effect size is expected to increase by
approximately .02 units. When chronological age and length were included together in the
model age continued to be significantly related to the pooled effect size (b=0.016, SE=.008,
p=.05) but length was no longer significant (b=-0.003, SE=0.028, p=.92).

Those receiving a medication based treatment (k=4, SMD=-0.2979, 95% CI [-0.9447;
0.3489]) had the lowest expected change (p=.059) compared to the TAU (k=5, SMD= -
0.8766, 95% CI [-1.2505; -0.5028]) and behavioral intervention groups (k=10, SMD= -
0.6998, 95% CI [-1.0872; -0.3124]). Further, those in the higher cognitive group had nearly
twice as much change on average than the lower cognitive group (k=6, SMD= -0.4179, 95%
CI [-0.7166; -0.1192] compared to k=8, SMD=-0.7795, 95% CI [-1.4420; -0.1170]) but this
difference was not significant due to the large confidence intervals.

The Eggers test was non-significant (intercept=-0.179, t=-0.183, p=.86) indicating
that there was likely no publication bias present in this outcome. Bubble plots and forest plots
for the subgroup analyses for ADOS-Language and Communication scores are provided in
Figure 4.

ADOS Reciprocal Social Interaction (Lord et al., 2000; Lord et al., 2012). There
were a total of 18 effect sizes included in the pooled effect size estimates for ADOS
Reciprocal Social Interaction scores. The mean length of the measurement period was 6.57

months (SD= 4.8) and the median was 6 months (IQR= 9.87). The average SMD was -
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0.4904, 95% CI [-0.7404; -0.2404], however 2 effect sizes were identified as potential
influential cases. With these two effect sizes remove the SMD was -0.6262 [-0.8381; -
0.4142] and the 1> was 12%. Based on the conventional rule of thumb the SMD would be
considered a medium effect size. A negative effect size here represents a reduction in
symptoms.

There was a significant effect of length of the measurement period (b=-0.0416,
SE=.0187, p=.04) where for ever additional month the effect size is expected to decrease by
approximately .04 units. There was also a significant effect of age (b=.015, SE=.004,
p=-002) where for every month increase in age the effect size is expected to increase (get
closer to 0) by approximately .02 units. There was also a significant difference in the
expected change between the lower and higher cognitive groups (p=.04) where the lower
cognitive group (k=5) had an expected SMD change of -0.2904, 95% CI [-0.6064, 0.0256]
units and the higher cognitive group (k=6) had an expected SMD change of -0.6575, 95% CI
[-1.0358; -0.2793] units.

Lastly, there was a significant interaction between type of intervention received and
length of measurement period where those receiving medication made more change over time
than those receiving behavioral interventions (b=-0.5848, SE=.163, p=005). However, there
were only three effect sizes in the Medication group so this contrast should be treated with
caution.

The Eggers’ test was non-significant (intercept=0.433, t=.316, p=.76) indicating that
there is likely no publication bias present within this outcome. Bubble plots and forest plots
for the subgroup analyses for ADOS-Reciprocal Social Interaction scores are provided in
Figure 5.

Childhood Autism Rating Scale (CARS; Schopler et al., 1980). There were a total

of 33 effect sizes pooled together for the analyses of the CARS, the average length of the
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measurement period was 9.98 months (SD=9.95) and the median length was 10 months
(IQR=9). The estimated expected change was a SMD of -0.4932, 95% CI [-0.6853; -0.3010].
There was one effect size that was identified as an influential case and its removal had little
effect on the overall expected change (SMD=-0.4656 [-0.6581; -0.2731]). The I? for this
model was 69.1% and based on the conventional rule of thumb the SMD would be
considered a medium effect size. A negative effect size here represents a reduction in
symptoms.

The effect of length was non-significant (b=0.001, SE=.0096, p=.9132). Behavioral
interventions (k=10, SMD=-0.7012 [-1.1316; -0.2708]) had larger expected change on
average than TAU groups (k= 16 -0.3433 [-0.5683; -0.1182]) or Medication groups (k=6 -
0.4185 [-1.1133; 0.2763]), but this difference was not significant due to the large standard
errors (p=.26). There was not enough data to estimate the effect of cognitive ability on
expected change and no other estimated effects were statistically significant for the CARS
measure.

The Eggers’ test was not significant (intercept=1.059, t=1.094, p=.28) indicating that
there is not evidence of publication bias. Bubble plots and forest plots for the subgroup
analyses for CARS scores are provided in Figure 6.

Early Social Communication Scales- Initiations of Joint Attention (ESCS 1JA;
Seibert et al., 1982). In total there were 42 effect sizes included in the meta analysis of ESCS
IJA frequency, the mean length of the measurement period was 5.77 months (SD=4.29) and
the median length was 3 months (IQR=8.74). The overall pooled effect estimate over this
time was a SMD of 0.1936, 95% CI [ 0.0866; 0.3005] with an 12 of 19.1%. There were no
outliers or influential cases identified. Based on the conventional rule of thumb the SMD

would be considered small.
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The effect of the length of the measurement period approached significance
(b=0.0224, SE=0.124, p=.08) where for every additional month one would expect the effect
size for ESCS 1JA to increase by 0.02 units. The effect of publication year also approached
significance (b=-0.189, SE=.01, p=.06) where the expected effect decreases in studies
published more recently. There was also a significant interaction between cognitive ability
and length of the measurement period where those with higher cognitive ability had larger
effects as length increased (b=0.57, SE=0.2259, p=.0173).

The Eggers’ Test was non-significant (intercept=-0.36, t=-0.579, p=.57) indicating
that there was likely no publication bias present across ESCS IJA outcomes. Bubble plots and
forest plots for the subgroup analyses for ESCS 1JA frequency are provided in Figure 7.

Early Social Communication Scales- Percent Response to Joint Attention (ESCS
RJA; Seibert et al., 1982). There were 19 effect sizes included in the analyses of ESCS RJA
outcomes, the average length of the measurement period was 6.92 months (SD=4.67) and the
median length was 6 months (IQR=9). The expected change based on the overall pooled
effect size estimate was a SMD of 0.1608, 95% CI [ 0.0121; 0.3095] however one case was
identified as an influential case and dropped from the analyses. With this case dropped the
expected change was a SMD of 0.1209, 95% CI [-0.0052; 0.2471] and the I* was
approximately 0%. Based on the conventional rule of thumb the SMD would be considered
very small.

Length of the measurement period was not significantly related to the size of the
effect (b=0.004, SE=0.0146, p=.79). However, both study year and chronological age were
significant predictors of effect size (b=-0.444, SE=0.0164, p=.02 and b=-0.157, SE=0.0069,
p=.04 respectively) where more recent studies had less expected change and those who were

older had less expected change respectively.
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The Eggers’ Test non-significant indicating that there was likely no publication bias
present across ESCS RJA outcomes (intercept=-0.429, t=-0.511, p=.62). Bubble plots and
forest plots for the subgroup analyses for ESCS RJA outcomes are provided in Figure 8.

Early Social Communication Scales- Frequency of Requests (Seibert et al., 1982).
There were 18 effect size estimates included in the analysis of ESCS requesting frequency.
The average length of the measurement period for this outcome was 6.9 months (SD=4.27)
and the median length was 6 months (IQR=8.73). The overall expected change over this time
was a SMD of 0.3154, 95% CI [ 0.0618; 0.5690], however one study was identified as an
influential case and removed. With this case removed the expected change was a SMD of
0.2439, 95% CI [ 0.0133; 0.4745] and the I? of this final model was 36.9%. Based on the
conventional rule of thumb the SMD would be considered small.

The effect of length of the measurement period was not significant (b=0.003,
SE=0.028, p=.92), however, the interaction between age and length was significant. As
chronological age increased the expected change over the measurement period is expected to
decrease (b=-0.0224, SE=0.0089, p=.02). Further, the effect of study year verged on
significance where more recent studies were expected to have smaller effects (b=-.0262,
SE=0.0130, p=.06).

The Eggers’ Test non-significant indicating that there was likely no publication bias
present across ESCS Requesting outcomes (intercept=1.375, t=1.253, p=.22). Bubble plots
and forest plots for the subgroup analyses for ESCS requesting frequency are provided in
Figure 9.

MacArthur-Bates Communicative Development Inventories- Words Produced
(MCDI; Fenson, 2007). There were a total of 33 effect sizes that were pooled in these
analyses, the average length of the measurement period for this measure was 7.55 months

(SD=5.01) and the median length was 6 months (IQR=7.23). The pooled effect size for the 33
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effect sizes, which represents the average expected change over the measurement period, was
a SMD of 0.4112, 95% CI [ 0.3102; 0.5121] with an I? of 32.8%. There were no outliers or
influential cases identified and so all effect sizes were retained in the meta-regression and
sub-group analyses. Based on the conventional rule of thumb the overall SMD would be
considered small to medium.

There was an effect of study quality where those studies rated as “Poor” had the
largest effect sizes (k=12, SMD=0.6888, 95% CI [0.4468; 0.9309]) compared to those rated
as “Fair” (k= 22, SMD= 0.3699, 95% CI [0.2082; 0.5316]) and those rated as “Good” (k= 14,
SMD=0.3714, 95% CI [0.1976; 0.5453]. Study quality was therefore included as a control
variable in the rest of the models that were estimated.

The effect of length of the measurement period was non-significant (b=0.0114,
SE=0.0103, p=.27). The effect of chronological age was significant where for every
additional month there was an expected decrease of the SMD by .02 units (b=-0.232,
SE=0.0044, p<.0001), further the interaction between chronological age and length of the
measurement period was significant (b=-0.033, SE=0.0009, p=.0003). This indicates that the
effect of age at entry depends on the length of the measurement period; younger children on
average saw more change in shorter study periods than older children, this effect was not
present in longer studies.

The Eggers’ test was non-significant indicating that the risk of publication bias was
low for this measure (intercept=0.049, t=0.097, p=.92). Bubble plots and forest plots for the
subgroup analyses for MCDI- words produced are provided in Figure 10.

MacArthur-Bates Communicative Development Inventories- Words Understood
(MCDI; Fenson, 2007). Thirty-three effect sizes were included in the analyses for MCDI-
words understood; the average length of the measurement period was 7.55 months (SD=5.01)

and the median length was 6 months (IQR=9). The expected change across this time period
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was a SMD of 0.4027, 95% CI [ 0.2842; 0.5213], however there was one influential case
identified and with this case removed the SMD was 0.3721, 95% CI [ 0.2580; 0.4862] and
the I> was approximately 0%. Based on the conventional rule of thumb the SMD would be
considered small to medium.

There was a significant effect of the length of the measurement period on the pooled
effect size where the effect size is expected to increase by .02 SMD units every month
(b=0.022, SE=0.0112, p=.05). There was also a significant effect of chronological age where
every additional month is expected to lead to a decrease in the SMD by approximately .02
units (b=-0.0181, SE=0.0056, p=.003).

The Eggers’ Test was non-significant indicating that there is likely not publication
bias in the reported effect sizes for MCDI- Words Understood (intercept=-0.731, t=-1.384,
p=.18). Bubble plots and forest plots for the subgroup analyses for MCDI- words understood
are provided in Figure 11.

Mullen Scales of Early Learning Expressive Language Domain (Mullen, 1985).
For the analyses of the Mullen Expressive Language domain there were 59 effect sizes
included. However, there were 4 cases that were identified as potential outliers and dropped,
leaving 55 effect sizes. The average length of the measurement period was 10.7 months
(SD=7.03) and the median length was 11 months (IQR=6.47). The expected change with the
potential influential cases included was a SMD of 0.5608, 95% CI [ 0.4101; 0.7115] and
without the potential influential cases this effect was reduced to a SMD of 0.4385, 95% CI [
0.3264; 0.5505]. The I?> was also reduced from 88.5% to 58.4%. Based on the conventional
rule of thumb the SMD would be considered a medium effect size.

There was a significant effect of the length of the measurement period on the pooled
effect where an increase in length of one month leads to an expected increase in the effect

size by approximately .02 units (b=0.0189, SE=0.0077, p=.017).
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As a result of too few cases, those who were receiving Medication based interventions
were excluded from the sub-group analyses. In the uncontrolled sub-group analysis, the
estimated pooled effect for the TAU group was larger than that of those receiving behavioral
interventions (k= 28, SMD=0.5407, 95% CI [0.3371; 0.7444] and k=26, SMD= 0.3317, 95%
CI11[0.2201; 0.4434], p=.06). However, this difference was accounted for by the length of the
measurement period and was no longer significant when controlling for length (p=.49). There
was a main effect of Type of Measure where age equivalent scores had the largest effects (k=
23, SMD= 0.5784, 95% CI [0.3986; 0.7582] compared to standard scores (k= 15, SMD=
0.2984, 95% CI[0.0981; 0.4987] and developmental quotients (k= 16, SMD= 0.3032, 95%
CI[0.1643; 0.4422]. The interaction between Type of Measure and length approached
significance where the effect of length was reduced for developmental quotients (b=-0.0280,
SE=0.0154, p=.07) compared to age equivalent scores. The comparison of the interaction
terms for standard scores and age equivalent scores was of comparable magnitude but the
standard error was much larger (b=-0.269, SE=0.0434, p=.54).

The Eggers’ test was not significant (intercept=-0.913, t=-0.948, p=.35) indicating
that there was little indication of publication bias in Mullen Expressive Language domain.
Bubble plots and forest plots for the subgroup analyses for the Mullen Expressive Language
domain are provided in Figure 12.

Mullen Scales of Early Learning- Receptive Language Domain (Mullen, 1985).
For the analyses of the Mullen Receptive Language domain there were 40 effect sizes
included. However, there were three cases that were identified as potential outliers and
dropped, leaving 37 effect sizes. The average length of the measurement period was 10.61
months (SD=6.54) and the median length was 11 months (IQR=6.47). The expected change
with the potential influential cases included was a SMD of 0.6494, 95% CI [ 0.4631; 0.8358]

and without the potential influential cases this effect was reduced to a SMD of 0.5183, 95%
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CI[0.3812; 0.6554]. The 1?> was also reduced from 90.4% to 71.1%. Based on the
conventional rule of thumb the SMD would be considered a medium effect size.

The effect of length of the measurement period was not significant indicating that the
pooled effect was not expected to increase or decrease as length increases (b=.01, SE=.009,
p=.19). Looking next at the type of outcome, standard scores had the lowest expected change
over time (k= 7, SMD= 0.1940, 95% CI [-0.0184; 0.4063]) compared with both age
equivalent scores (k= 13, SMD=0.6981, 95% CI [ 0.4809; 0.9154]) and developmental
quotient scores (k=16, SMD= 0.5006, 95% CI [ 0.2805; 0.7207], p=.0005). There was also an
effect of cognitive ability where those in the less cognitively able group had greater expected
change over time (k= 24, SMD= 0.6064, 95% CI [0.4178; 0.7950] than the more cognitively
able group (k= 6, SMD= 0.2375, 95% CI [0.1025; 0.3725], p=.0005). This affect approached
significance when controlling for the length of the measurement period (b=-.3467, SE=.1802,
p=.00).

The interaction between Type of Measure and length was significant where the effect
of length was reduced for standard scores (b=-0.4762, SE=0.1720, p=.009) compared to age
equivalent scores. The comparison of the interaction terms for standard scores and
developmental quotient scores was not significant (b=-0.203, SE=0.1420, p=.1639).

The Eggers’ test for this outcome provided no indication that there is publication bias
the Mullen Receptive Language domain are provided in Figure 13.

Preschool Language Scales- Expressive Language (PLS; Zimmerman et al.,
2011). Seventeen effect sizes were included in the analyses for PLS- Expressive Language
domain scores; the average length of the measurement period was 7.43 months (SD=8.35)
and the median length was 5.52 months (IQR=3.24). The expected change across this time
period was a SMD of 0.2875, 95% CI [ 0.1503; 0.4247], however there was one influential

case identified and with this case removed the SMD was 0.2394, 95% CI [ 0.1464; 0.3325]
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and the 1> was reduced from 49.3% to approximately 0%. Based on the conventional rule of
thumb the SMD would be considered a small effect.

There was an additional case that was removed from the analyses involving the length
of the measurement period. This case had a length of approximately 48 months, 36 months
longer than the next closest study. With this case dropped there was a significant effect of the
length of the measurement period on the pooled effect size where the effect size was expected
to increase by .04 SMD units for every additional month (b=0.04, SE=0.0067, p<.0001).

The Eggers’ Test was significant indicating that there may be publication bias in the
reported effect sizes for PLS- Expressive domain scores (intercept=-2.044, t=-2.886, p=.01).
However, the funnel plot showed that the skew in the plot was driven by a larger number of
studies with smaller effect rather than larger effects, it is not likely therefore that this skew
can be attributed to publication bias. Bubble plots and forest plots for the subgroup analyses
for the PLS- Expressive Language domain are provided in Figure 14.

Preschool Language Scales- Receptive Language Domain (PLS; Zimmerman et
al., 2011). Thirteen effect sizes were included in the analyses of PLS- Receptive Language
domain scores; the average length of the measurement period was 8.86 months (SD=9.13)
and the median length was 6 months (IQR=8). The expected change across this time period
was a SMD of 0.3748, 95% CI [ 0.1644; 0.5852], however there were two influential case
identified and with these case removed the SMD was 0.2571, 95% CI [ 0.1329; 0.3812] and
the I2 was reduced from 74% to approximately 0%. Based on the conventional rule of thumb
the SMD would be considered small.

There was a significant effect of the length of the measurement period on the pooled
effect size where the effect size was expected to increase by approximately .04 SMD units for

every additional month (b=0.036, SE=0.0094, p=.004).
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The Eggers’ Test was significant indicating that there may be publication bias in the
reported effect sizes for PLS- Receptive Language domain scores (intercept=-2.261, t=-
2.591, p=.03). However, as with the PLS- Expressive Language domain scores the funnel
plot showed that the skew in the plot was driven by a single study with smaller effect rather
than studies with larger effects, it is not likely therefore that this skew can be attributed to
publication bias. Bubble plots and forest plots for the subgroup analyses for the PLS-
Receptive Language domain are provided in Figure 15.

Peabody Picture Vocabulary Test (Dunn & Dunn, 1997). Sixteen effect sizes were
included in the analyses of the PPVT; the average length of the measurement period was 9.1
months (SD=8.57) and the median length was 6.90 months (IQR=8.20). The expected change
across this time period was a SMD of 0.1289, 95% CI [-0.0422; 0.3001] and the I> was
approximately 0%. There were no influential cases or outliers identified. Based on the
conventional rule of thumb the SMD would be considered very small.

There was a significant effect of length of the measurement period on the pooled
effect size where for every one-month increase in length, the effect size is expected to change
by approximately .04 units (b=0.036, SE=0.0094, p=.004). The effect size for those receiving
behavioral interventions (k= 5, SMD=0.3117, 95% CI [-0.0461; 0.6694] was larger than both
the effect size for those receiving TAU (k= 6, SMD= 0.0464, 95% CI [-0.2646; 0.3574]) and
Medication (k= 5, SMD=-0.0886, 95% CI [-0.5235; 0.3464]. However, this difference was
non-significant do to the large confidence intervals of the estimates (p=.11). Bubble plots and
forest plots for the subgroup analyses for the PPVT are provided in Figure 16.

An inspection of the funnel plot did not provide any evidence of publication bias.

Reynell Developmental Language Scales- Expressive Language (Reynell; Reynell
& Gruber, 1997). For the analyses of the Reynell- Expressive Language domain there were

29 effect sizes included. However, there was one case that was identified as potential outliers
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and dropped, leaving 28 effect sizes. The average length of the measurement period was 8.11
months (SD=4.56) and the median length was 6 months (IQR=6). The expected change with
the potential influential case included was a SMD of 0.5520, 95% CI [ 0.3789; 0.7251] and
without the potential influential cases this effect was reduced to a SMD of 0.5107, 95% CI |
0.3543; 0.6671] The 1> was also reduced from 55.7% to 44.5%. Based on the conventional
rule of thumb, a medium effect.

There was an additional case that was removed from the analyses involving the length
of the measurement period. This case had a length of approximately 23 months, 11 months
longer than the next closest study. With this case dropped there was a significant effect of the
length of the measurement period on the pooled effect size where the effect size was expected
to decrease by .05 SMD units for every additional month (b=-0.0527, SE=0.0189, p<.009).
There was only one effect size in the high cognitive ability group and so it was not able to be
modeled via the subgroup analyses or through meta-regression.

The Eggers’ Test for this measure was non-significant (intercept=.786, t=.648, p=.52)
indicating that publication bias is likely not present. Bubble plots and forest plots for the
subgroup analyses for the Reynell- Expressive Language domain are provided in Figure 17.

Reynell Developmental Language Scales- Receptive Language (Reynell; Reynell
& Gruber, 1997). For the analyses of the Reynell- Receptive Language domain there were
30 effect sizes included. However, there was one case that was identified as potential outliers
and dropped, leaving 29 effect sizes. The average length of the measurement period was 8.04
months (SD=4.49) and the median length was 6 months (IQR=6). The expected change with
the potential influential case included was a SMD of 0.4778, 95% CI [ 0.3415; 0.6141] and
without the potential influential cases this effect was reduced to a SMD of 0.4319, 95% CI |
0.3155; 0.5483]. The I?> was also reduced from 36.5% to 10.1%. Based on the conventional

rule of thumb the SMD would be considered small to medium.
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There was an additional case that was removed for the analyses involving the length
of the measurement period. This case had a length of approximately 23 months, 11 months
longer than the next closest study. With this case dropped the effect of the length of the
measurement period on the pooled effect size verged on significance (b=-0.026, SE=0.0148,
p=.09). When controlling for type of intervention received the effect of length was significant
(b=-0.348, SE=0.0144, p=.02).

There was only one effect size that was in the high cognitive ability group and so it
was not able to be modeled via the subgroup analyses or through meta-regression. The
Eggers’ Test for this measure was non-significant (intercept= -.35, t=-.361, p=.72) indicating
that publication bias was likely not present. Bubble plots and forest plots for the subgroup
analyses for the Reynell- Receptive Language domain are provided in Figure 18.

Structured Play Assessment (Ungerer & Sigman, 1981). There were a total of 41
effect sizes pooled together for the analyses of the SPA, the average length of the
measurement period was 3.31 months (SD=1.86) and the median length was 2.76 months
(IQR=4.16). The estimated expected change over time was a SMD of 0.1940, 95% CI [
0.1102; 0.2777]. The I? for this model was 7.9%. There were no effect sizes that were
identified as an influential cases or outliers. Based on the conventional rule of thumb this is a
small effect.

There was a significant difference in the estimated effect size based on study quality
where those studies rated as “Fair” had larger effects (k= 21, SMD= 0.3046, 95% CI [0.1796;
0.4296]) than those rated as “Good” (k= 18, SMD= 0.1314, 95% CI [0.0140; 0.2489]). Study
quality was included as a covariate in the remaining models for the SPA.

The effect of length of the measurement period was not-significant (b=-0.0085,

SE=0.0232, p=.72). However, there was a significant interaction between cognitive ability
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and length of the measurement period where the effect of time was stronger in those who had
higher cognitive ability compared to those who did not (b=0.7155, SE=0.2962, p=.02).

There was no difference in the size of the effect based on the type of play outcome
coded from the SPA when comparing level of play, symbolic play and functional play
(overall model significance p=.70).

The Eggers’ Test approached significance (intercept=1.04, t=1.99, p=.054) however
on inspection of the funnel plot the skew was driven by two cases with smaller effects. It is
not likely that publication bias is present in SPA outcomes. Bubble plots and forest plots for
the subgroup analyses for SPA scores are provided in Figure 19.

Social Responsiveness Scale- Total Score (SRS; Constantino & Gruber, 2012).
There were a total of 77 effect sizes included in the analysis of SRS Total scores. The
average length of the measurement period across these outcomes was 4.67 months (SD=3.71)
and the median length was 3.68 months (IQR=3.24). The expected change over this period of
time was a SMD of - 0.2623, 95% CI [-0.3418; -0.1829], however two influential cases were
identified which, when removed, reduced the SMD to -0.2318, 95% CI [-0.2933; -0.1703]
and the 12 from 17.1% to approximately 0%. Based on the conventional rule of thumb the
SMD would be considered small. For SRS Total scores and all domain scores a negative
effect size represents a reduction in symptoms.

The effect of the length of the measurement period was not significant (b=0.00313,
SE=0.077, p=.87). TAU groups had a smaller effect (k=27, SMD= -0.1472, 95% CI [-
0.2471; -0.0472]) compared to those receiving behavioral interventions (k= 37, SMD= -
0.2553, 95% CI [-0.3494; -0.1612]) and those receiving Medication (k=11, SMD=-0.3484 [-
0.4783; -0.2186]) and this difference was significant (p=.03). There was some signal that

there was an interaction between type of intervention received and length of the measurement
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period where those in receiving behavioral interventions saw more gains as length increased
but the contrasts with TAU (p=.13) and Medication (p=.09) were both not significant.

Eggers’ test was not significant (intercept=-0.438, t=-1.804, p=.08) indicating that
there was likely no publication bias in the sample. Bubble plots and forest plots for the
subgroup analyses of SRS Total scores are provided in Figure 20.

Social Responsiveness Scale- Social Cognition (SRS; Constantino & Gruber,
2012). There were a total of 36 effect sizes included in the analysis of SRS Social Cognition
scores. The average length of the measurement period across these outcomes was 4.71
months (SD=3.17) and the median length was 3 months (IQR=3.24). The expected change
over this period of time was a SMD of -0.2055, 95% CI [-0.3259; -0.0851], however there
was one influential case identified which, when removed, reduced the SMD to - 0.2321 [-
0.3244; -0.1398] and the I? from 23.8% to approximately 0%. Based on the conventional rule
of thumb the SMD would be considered small.

The effect of the length of the measurement period was not significant (b=-0.0036,
SE=0.146, p=.80. However, there was a significant interaction between length and study
quality where those studies rated as “Poor” had a weaker relationship between length and
effect size than both studies rated as “Fair” (b=.1335, SE=.0529, p=.02) and studies rated as
“Good” (b=0.1928, SE=0.0551, p=.0015).

Further, the interaction between type of intervention received and length of the
measurement period was significant; those in the behavioral intervention group saw larger
effect sizes as length increased (b=-0.1331, SE=0.0577, p=.03). Lastly, there was a main
effect of cognitive ability where those with higher cognitive ability (k= 13, SMD=-0.1714,
95% CI [-0.2658; -0.0770] had less expected change than those with lower cognitive ability
(k=5, SMD= -0.3852, 95% CI [-0.4957; -0.2748]). This effect was consistent even when

controlling for study quality.
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Eggers’ test was non-significant indicating that there was likely no publication bias
present in SRS Social Cognition scores (intercept=-.507, t=-1.218, p=.23). Bubble plots and
forest plots for the subgroup analyses for of SRS Social Cognition scores are provided in
Figure 21.

Social Responsiveness Scale- Social Communication (SRS; Constantino &
Gruber, 2012). There were a total of 38 effect sizes included in the analysis of SRS Social
Communication scores. The average length of the measurement period across these outcomes
was 5.58 months (SD=4.24) and the median length was 3.23 months (IQR=3.24). The
expected change over this period of time was a SMD of -0.2523, 95% CI [-0.3214; -0.1831],
and the I? of the model was approximately 0%. There were no outliers or influential cases
identified. Based on the conventional rule of thumb a small effect.

The effect of the length of the measurement period was non-significant (b=.0010,
SE=.0072, p=.89). However, the interaction between length and type of intervention received
was significant; the medication group saw a greater reduction in SRS Social Communication
scores as the length of the measurement period increased (b=-.02, SE=.01233, p=.005).

Lastly, the Egger’s test was not significant (intercept= -0.544, t=-1.651, p=.11)
indicating that there is likely no publication bias across this measure. Bubble plots and forest
plots for the subgroup analyses of SRS Social Communication scores are provided in Figure
22.

Social Responsiveness Scale- Social Affect (SRS; Constantino & Gruber, 2012).
There were a total of 38 effect sizes included in the analysis of the SRS Social Affect
domain. The average length of the measurement period across these outcomes was 5.58
months (SD=4.24) and the median length was 3 months (IQR=3.24). The expected change

over this period of time was a SMD of - 0.1648, 95% CI [-0.2578; -0.0718] and the I of the
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model was approximately 0%. There were no outliers or influential cases identified. Based on
the conventional rule of thumb the SMD would be considered small.

The effect of the length of the measurement period was not significant (b=0.0019,
SE=0.0135, p=.89) however there was a significant main effect of type of intervention
received (p=.02). Those receiving TAU had the smallest SMD (k=11, SMD=-0.0161, 95%
CI [-0.1318; 0.0996] when compared to those receiving a behavioral intervention (k= 11,
SMD=-0.2639, 95% CI [-0.4318; -0.0959] and those receiving Medication (k= 8, SMD= -
0.1808, 95% CI [-0.4039; 0.0424].

The Eggers’ test was not significant indicating that publication bias was not likely
present in this measure (intercept= -0.048, t=-0.106, p=.92). Bubble plots and forest plots for
the subgroup analyses of the SRS Social Affect domain are provided in Figure 23.

Social Responsiveness Scale- Social Motivation (SRS; Constantino & Gruber,
2012). There were a total of 38 effect sizes included in the analysis of the SRS Social
Motivation domain. The average length of the measurement period across these outcomes
was 5.12 months (SD=3.48) and the median length was 3 months (IQR=3.24). The expected
change over this period of time was a SMD of -0.3123, 95% CI [-0.4195; -0.2050], however
there was one influential case identified which, when removed, reduced the SMD to -0.2830,
95% CI [-0.3754; -0.1906] and the I? from 21.7% to 3.4%. Based on the conventional rule of
thumb the SMD would be considered small.

The effect of length of the measurement period was non-significant (b=-.0057,
SE=0.137, p=.68), however there was a significant interaction between length and study
quality where those studies rated as “Poor” saw less change in effect size than studies rated as
“Good” (b=.1510, SE=.0593, p=.02) and the difference between “Poor” and “Fair studies
verged on significance in the same direction (b=.0992, SE=.0581, p=.09). There was also a

significant interaction between length and and type of intervention received where those
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receiving Medication saw greater reductions in SRS Social Motivation scores as length
increased compared to those receiving behavioral interventions (b=-.0660, SE=0.0311,
p=.04). This interaction was no longer significant when controlling for study quality however
(p=-59).

The Eggers’ Test was significant indicating that there may be publication bias in this
sample (intercept=-1.222, t=-2.967, p=.005). On inspection of the forest plot the skew was
driven by two effect sizes that were extremely negative that had no comparably large positive
effect sizes. This is to be expected given that it is unlikely for parents to report sharp
increases in ASD symptomology over such a short time period. Bubble plots and forest plots
for the subgroup analyses of the SRS Social Motivation domain are provided in Figure 24.

Vineland Adaptive Behaviors Scales- Communication (VABS; Sparrow et al.,
1984). For the analyses of the VABS- Communication domain there were 110 effect sizes
included. However, there was one case that was identified as potential outliers and dropped,
leaving 109 effect sizes. The average length of the measurement period was 10.33 months
(SD=8.81) and the median length was 9 months (IQR=6.48). The expected change with the
potential influential case included was a SMD of 0.3670, 95% CI [ 0.2769; 0.4571] and
without the potential influential case this effect was reduced to a SMD of 0.3445, 95% CI [
0.2627; 0.4263]. The I?> was also reduced from 68.6% to 56.1%. Based on the conventional
rule of thumb the SMD would be considered small.

The effect of the length of time was not significant (b=.0005, SE=.0044, p=.901). The
subgroup analysis comparing the types of intervention received approached significance
(p=.069) where those receiving a behavioral intervention (k= 56, SMD= 0.4353, 95% CI |
0.3451; 0.5255] had the largest effects, compared to both the TAU groups (k= 41,
SMD=0.2472, 95% CI [ 0.1027; 0.3918] and Mediation groups (k=12, SMD= 0.2712, 95%

CI [-0.1147; 0.6570]. However, this was followed up by a significant interaction between
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type of intervention received and length where those in the Medication groups saw more
change as the length of the measurement period increased compared to the behavioral groups
(b=.1528, SE=.0454, p=.0011). The contrast between the behavioral and TAU groups was not
significant (b=-0.0026, SE=.0086, p=.77).

There was also a significant effect of type of measure where the effects sizes derived
from standard scores had the smallest effect (k= 88, SMD=0.2928, 95% CI [0.1990; 0.3866])
compared to both the age equivalent scores (k=14, SMD 0.5507, 95% CI [0.4171; 0.6843])
and raw scores (k= 5, SMD=0.7120, 95% CI [0.2424; 1.1817]).

The Eggers’ test was not significant indicating that there is likely no publication bias
across this measure (intercept=0.253, t=.571, p=.57). Bubble plots and forest plots for the
subgroup analyses of the VABS- Communication domain are provided in Figure 25.

Vineland Adaptive Behaviors Scales- Socialization (VABS; Sparrow et al., 1984).
For the analyses of the VABS Socialization domain there were 94 effect sizes included.
However, there was one case that was identified as a potential outlier and dropped, leaving 93
effect sizes. The average length of the measurement period was 9.96 months (SD=8.4) and
the median length was 8.5 months (IQR=6.86). The expected change with the potential
influential cases included was a SMD of 0.3581, 95% CI [ 0.2709; 0.4453] and without the
potential influential cases this effect was increased to a SMD of 0.3635, 95% CI [ 0.2771;
0.4500]. There was little change in the I?, decreasing from 60.7% to 60.5%. Based on the
conventional rule of thumb the SMD would be considered a small effect.

The effect of the length of the study period was not significant (b=-0.0054,
SE=0.0047, p=.26). The subgroup analysis comparing the types of intervention received was
significant (p=.04) where those receiving a behavior intervention (k=45, SMD 0.4827, 95%
CI[0.3641; 0.6013] had the largest effects, compared to both the TAU groups (k=33, SMD=

0.2645, 95% CI1[0.1071; 0.4220]) and the Mediation groups (k=15, SMD 0.2707, 95% CI
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[0.0723; 0.4691]). There was a trend in the interaction between type of treatment received
and length of the measurement period where those receiving behavioral interventions saw
more change as the length increased compared to those receiving TAU (b=-0.0167,
SE=0.0094, p=.07).

The effect of type of measure approached significance where the effects sizes derived
from standard scores had the smallest effect (k=69, SMD=0.3122, 95% CI [0.2146; 0.4099])
compared to both the age equivalent scores (k= 13 0.6228 [0.3343; 0.9113]) and raw scores
(k=11, SMD=0.4173, 95% CI [0.1684; 0.6663]). However, there was also a significant
interaction between type of measure and length where raw scores increased more as the
length of the measurement period increased compared to age equivalent scores (b=.0542,
SE=0.0269, p=.04).

Lastly, there was a significant interaction between length and cognitive ability where
those in the higher cognitive ability group increased less as the length of the measurement
period increased compared to the lower cognitive ability group (b=-0.0284, SE=0.0119,
p=.02).

The Egger’s test was not significant (intercept=0.639, t=1.249, p=.22) indicating that
there is likely no publication bias across this measure. Bubble plots and forest plots for the
subgroup analyses of the VABS Socialization domain are provided in Figure 26.

Less Common Social Communication Measures

Bubble plots for the outcomes described below are provided in Appendix B.

Brief Observation of Social Communication Change (BOSCC; Grzadzinski et
al., 2016; Kim et al., 2019). While sufficient data was present to estimate a pooled effect size
for both the Social Communication domain and overall BOSCC scores because published
trials have used multiple versions of the scoring system and active refinement of the measure

is ongoing the decision was made to not analyze data for this outcome.
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Communication and Symbolic Behavior Scales- Social Communication (CSBS;
Wetherby & Prizant, 2002). There were eight effect sizes included in the analyses of the
CSBS Social Communication domain. The mean length of the measurement period was 4.25
months (SD=2.43) and the median was 3.5 months (IQR= 2.25). The average expected
change for the CSBS Social Communication was a SMD of 0.3681, 95% CI [ 0.1449;
0.5912], there were no influential cases that were identified and the I? for this model was
1.3%. An Eggers’ Test was not run due to the small number of cases however a visual
inspection of the funnel plot showed little evidence of publication bias. Based on the
conventional rule of thumb the SMD would be considered small. Bubble plots for the CSBS-
Social Communication scores are provided in Figure 27.

Expressive One Word Picture Vocabulary Test (EOWPVT; Gardner, 1990).
There were ten effect sizes included in the analyses and the average length of the
measurement period was 4.43 months (SD=1.62) with a median length of 4.14 months
(IQR=1.86). The expected change over this period was a SMD of 0.1159, 95% CI [0.0627;
0.1691] and the I? of the final model was approximately 0%. There were no outliers or
influential cases identified so all data was retained. Based on the conventional rule of thumb
the SMD would be considered very small.

The effect of length of the measurement period on the pooled effect was non-
significant (b=.0071, SE=0.0165, p=.6801), meaning that on average the effect size is not
expected to increase as the length of the measurement period increases. An Eggers’ Test was
not run due to the small number of cases however a visual inspection of the funnel plot
showed little evidence of publication bias. Bubble plots for the CSBS- Social Communication
scores are provided in Figure 27.

Functional Emotional Assessment Scale (FEAS; Greenspan et al., 2001). There

were six effect sizes included in the pooled effect size estimate for the FEAS. The average
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length of the measurement period was 7.49 months (SD=4.93) and the median length was 7.5
months (IQR=9). The expected change over this time was a SMD of 0.6613, 95% CI [
0.2337; 1.0890] and the I? was 57.1%. One of the effect sizes was identified as a potential
influential case and without this estimate the expected change went up to a SMD of 0.7970,
95% CI [ 0.3666; 1.2273] and an I? of 11%. This outlier that was pulling down the SMD was
a TAU arm of a randomized controlled trial. Based on the conventional rule of thumb the
SMD would be considered large. There were not enough cases to use an Eggers’ test however
a visual inspection of the funnel plot did not indicate the presence of publication bias.

Griffiths Mental Development Scales- Hearing and Language (GMDS; Griffiths,
1970). There were seven effect sizes included in the pooled effect size estimate for the
GMDS- Hearing and Language domain. The average length of the measurement period was
20.56 months (SD=18.17), the median length was 6 months (IQR=34.0) and over this period
the expected change was a SMD of 0.1774, 95% CI [-0.3104; 0.6652]. There were two
potential outliers identified and with these cases the SMD was 0.1388, 95% CI [-0.1856;
0.4632] but the I? was reduced from 73.8% to 35.1%. Based on the conventional rule of
thumb the SMD would be considered very small. A visual inspection of the funnel plot did
not indicate the presence of publication bias.

Griffiths Mental Development Scales- Personal Social (GMDS; Griffiths, 1970).
There were seven effect sizes included in the pooled effect size estimate for the GMDS-
Personal Social domain. The average length of the measurement period was 20.56 months
(SD=18.17), the median length was 6 months (IQR=34.0) and the expected change was a
SMD of -0.0161, 95% CI [-0.3600; 0.3278]. The I* was 58.2% and no outliers or influential
cases were identified. Based on the conventional rule of thumb the SMD would be considered
negligible. A visual inspection of the funnel plot did not indicate the presence of publication

bias.
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MacArthur-Bates Communicative Development Inventories- Gestures Produced
(MCDI; Fenson, 2007). There were six effect sizes pooled for the analyses of the MCDI-
Gestures Produced scores. The average length of the measurement period was 9.3 months
(SD=6.63) and the median length was 12 months (IQR=10.56). There were no clear outliers
or influential effect sizes. The expected change over the measurement period was a SMD of
0.5181, 95% CI[0.3157; 0.7205] and the I> was approximately 0%. Based on the
conventional rule of thumb the SMD would be considered a medium effect. A visual
inspection of the funnel plot showed there was no indication that publication bias was present
in this measure.

Mullen Scales of Early Learning- Receptive and Expressive Combined (Mullen,
1985). There were six effect sizes pooled together for the analysis of the combined receptive
and expressive domains of the Mullen Scales of Early Learning. The average length of the
measurement period was 16.66 months (SD=5.89) and the median length was 14 months
(IQR=10). The expected change over this period was a SMD of 0.5903, 95% CI[ 0.1115;
1.0692]. One influential case was identified and without this effect size the SMD became
0.7362, 95% CI [ 0.2972; 1.1752] with an I of 48.5%. Based on the conventional rule of
thumb the size of the SMD would be considered medium. There was no indication of
publication bias based on a visual inspection of the funnel plot.

Psychoeducational Profile-Revised-Verbal Cognitive Domain (PEP-R; Schopler
et al., 1990). There were five effect sizes available for the analysis of the PEP-R; the average
length of the measurement period was 8.4 months (SD=3.29) and the median length was 6
months (IQR=6). There were no outliers or influential cases identified, the expected change
over the measurement period was a SMD of 0.3860, 95% CI [-0.0728; 0.8448] and the I? for

the model was 17.2%. Based on the conventional rule of thumb the SMD would be
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considered a small to medium effect. There was no indication of publication bias based on an
inspection of the funnel plot.

Preschool Language Scales- Receptive and Expressive Combined (PLS;
Zimmerman et al., 2011). There were nine effect sizes included in the analyses of this
measure with an average length of the measurement period of 8.49 months (SD=5.27) and a
median length of 6 months (IQR=5). The average expected change over this time period was
a SMD of 0.5793, 95% CI [-0.0805; 1.2391], however there were three influential cases
identified and with these cases removed the expected change was reduced to 0.2998, 95% CI
[0.1751; 0.4245] and the I? was approximately 0%. Based on the conventional rule of thumb
the SMD would be considered a small effect. There was no indication of publication bias
based on an inspection of the funnel plot.

Parent Interview for Autism Social Reciprocity Domain (PIA; Stone & Hogan,
1993). There were six effect sizes included in the final analysis for the PIA- Social
Reciprocity domain and one was identified as potential influential case. The average length
of the measurement period was 2.83 months (SD=2.84) and the median length was one
month (IQR=4.125). The overall expected change for this measure was a SMD of 0.1522,
95% CI [-0.2387; 0.5431] but with the one extremely negative effect size that was identified
as potential influential case removed the expected change was increased to a SMD of 0.2717,
95% CI [-0.0744; 0.6179] and the I? for this final model was 39.3%. Based on the
conventional rule of thumb the SMD would be considered small to medium. There was no
indication of publication bias based on an inspection of the funnel plot.

Parent Interview for Autism Non-verbal Communication Domain (PIA; Stone &
Hogan, 1993). There were six effect sizes included in the final analysis for the PIA-NV
Communication domain and one was identified as a potential influential case. The average

length of the measurement period was 2.83 months (SD=2.84) and the median length was 1
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month (IQR=4.125). The overall expected change for this measure was a SMD of 0.2921,
95% CI [-0.1139; 0.6982] however with the one extremely negative effect size that was
identified as potential influential case removed the expected change was increased to a SMD
of 0.4188, 95% CI [ 0.1195; 0.7180] and the I? was 13.8%. Based on the conventional rule of
thumb the SMD would be considered a small to medium effect. There was no indication of
publication bias based on an inspection of the funnel plot.

Social Communication Questionnaire (SCQ; Rutter et al., 2003). There were six
effect sizes included in the final analysis for the SCQ and one was identified as a potential
influential case. The average length of the measurement period for this measure was 14.13
months (SD=11.84) and the median length was 12 months (IQR=1.71). The expected change
with all effect sizes included was a SMD of -0.6043, 95% CI [-0.9618; -0.2469] and with the
one potential influential case removed the expected change was reduced to a SMD of -
0.5164, 95%, [-0.7491; -0.2837]. Based on the conventional rule of thumb the SMD would be
considered a medium effect. The 12 for the model was reduced from 37% to approximately
0% with the influential case removed. There was no indication of publication bias based on
an inspection of the funnel plot.

Social Skills Improvement System (SSIS; Gresham & Elliot, 2007). There were 8
effect sizes included in the final analysis for the SSIS and one was identified as a potential
influential case. The average length of the measurement period for this measure was 3.53
months (SD=1.24) and the median length was 2.64 months (IQR=2.18). The expected change
with all effect sizes included was a SMD of 0.6354, 95% CI [-0.0591; 1.3300] and with the
one potential influential case removed the expected change was reduced to a SMD of 0.4015,
95% CI [ 0.1416; 0.6615]. Based on the conventional rule of thumb the SMD would be

considered small to medium. The I? for the model was reduced from 51% to approximately
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0% with the influential case removed. There was no indication of publication bias based on
an inspection of the funnel plot.

Vineland Adaptive Behaviors Scales- Expressive Language (VABS; Sparrow et
al., 1984). Ten effect sizes were included in the analyses for VABS- Expressive Language
domain; the average length of the measurement period was 9.2 months (SD=9.55) and the
median length was 6 months (IQR=7.74). The expected change across this time period was a
SMD of 0.4003, 95% CI [ 0.1879; 0.6127], however there was one influential case identified
and with this case removed the SMD was 0.3383, 95% CI [ 0.1937; 0.4830] and the I* was
reduced from 15% to approximately 0%. Based on the conventional rule of thumb the SMD
would be considered small.

The effect of the length of the measurement period on the pooled effect size was non-
significant (b=-0.0018, SE=0.0106, p=.87). There were not enough cases to estimate the sub-
group effects based on cognitive ability. Lastly, there was no indication of publication bias
based on an inspection of the funnel plot for the VABS- Expressive Language domain.

Vineland Adaptive Behaviors Scales- Receptive Language (VABS; Sparrow et
al., 1984). Ten effect sizes were included in the analyses for VABS- Receptive Language
domain; the average length of the measurement period was 9.2 months (SD=9.55) and the
median length was 6 months (IQR=7.74). The expected change across this time period was a
SMD 0.3401, 95% CI1[0.2282; 0.4520] and the I> was approximately 0%. Based on the
conventional rule of thumb a small effect. There were no outliers or influential cases
identified.

There was a difference in the size of the pooled effect based on study quality where
“Fair” quality had the largest effect (SMD=0.79), “Poor” quality had the lowest (SMD=.09)

and “Good” quality was in the middle (SMD=.34). However, the “Fair” group was based off
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of a single case and the “Poor” group was based off only two cases so these differences
should be interpreted with caution.

The effect of study length was non-significant (b=.0038, SE=.0052, p=.49) and the
effect of the Eggers’ Test was non-significant, indicating that publication bias is likely not
present in this outcome (intercept=-.497, t=.931, p=.38).

Discussion

Issues surrounding outcome measurement have been central to the progress and
agenda of autism research since it began to burgeon into maturity nearly 20 years ago.
Multiple research and working groups have identified the importance of issues surrounding
outcome measurement including: the need for valid and reliable tests, the need for careful
selection of tests by researchers based on the construct that one expects to change, whether
general measures of development are appropriate to track progress across complex behavioral
phenomena and whether change within specific tests are influenced by factors like cognitive
ability, age or gender that are not the construct of interest (Charman et al., 2003; Kasari,
2002; Lord et al., 2005).

Despite the early recognition of these measurement issues, the nature of the
development and rapid proliferation of interventions for young children with autism lead
simultaneously to the rapid proliferation of tests to evaluate those interventions. Recent
reviews estimated that from 131 to 289 different outcome measures have been used in
evaluation studies of young children with ASD (Bolte & Diehl, 2013; McConachie et al.,
2015). This, corroborated by the current study which identified 119 unique measures of social
communication outcomes alone, points to a serious issue in the approach taken to measure
progress and the reliability of the current evidence base.

Focusing on social communication outcomes, despite the large variety of available

outcome measures very few of those measures have undergone rigorous psychometric
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evaluation (McConachie et al., 2015) and fewer than 10 have been deemed appropriate for
use as a measure of treatment response (Anagostou et al., 2015). Further, as noted by others,
many of those measures that have been deemed appropriate were not intended or created to
measure or track autism specific behaviors or development in individuals with autism
(Grzadzinski et al., 2020). The overarching aim of this article was to provide a systematic
appraisal of two specific psychometric properties of social communication measures used in
autism research: the magnitude of expected change and sensitivity to change over time.
Magnitude of Expected Change

These analyses examined the expected change over time of 40 social communication
outcome measures with sufficient data to estimate a pooled effect size and was inclusive of
1099 eftect sizes across those measures. The overall pooled effect within each measure
represents the expected change over time over the length of the measurement period. Using
conventional metrics, five measures had negligible to very small effect sizes, seventeen of the
measures had a small effect size, eight had a small to medium effect size, nine had medium
effect sizes and one had a large effect size (See Table 3.).

As was hypothesized, these data indicate the magnitude of the expected change is
variable with the majority of the standardized mean differences across the measures ranging
from small to medium. While one of the strengths of using standardized metrics of change is
the ability to compare and contrast effects across measures on different scales, one drawback
is the loss of substantive information about what a specific effect size means within each
measure. It is important to consider the substantive meaning of observed effect sizes. Small
change in one measure may be more impactful on a child or family’s quality of life compared
to large change on another. Whether the observed changes across measures is related to
substantive changes in the quality of life of individuals with ASD remains an important

empirical question that deserves more explicit attention (Tavernor et al., 2013). One avenue
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for this research may be linking progress in objective outcomes, like those included in this
study, to more holistic, subjective or qualitative measures of progress. This would allow for
the study of the impact of developmental progress on the everyday functioning of the child or
family.

Sensitivity to Change

The inclusion of the length of the measurement period as a predictor of effect size
provided a metric to examine the degree to which the included measures were sensitive to
developmental change over time. In general, one would expect scores from measures that are
more sensitive to change to increase more as the length of the measurement period increased.
While it was hypothesized that most measures would be sensitive to change over time, there
were only nine measures whose effect sizes were related to the length of the measurement
period: ADOS Severity, ADOS Language Domain, ADOS SI Domain, MCDI Words
Understood, Mullen Expressive Language, PLS Expressive and Receptive Domains, PPVT,
Reynell Expressive Language. The magnitude of the effect of length varied from any increase
of .006 SMD units to an increase of .06 SMD for each additional month. Interestingly for
both ADOS Severity and Reynell Expressive Language scores the direction of the effect was
the opposite of what was expected with less change expected as time increased. For standard
scores this effect could be explained by children failing to keep up with norms rather than
indicating that children were not making gains over time.

Overall, these data indicate that most of the commonly used social communication
measures, on average, may not be sensitive to incremental developmental progress over time
or that they are measuring stable developmental constructs such as severity of autism
symptomology.

Rather than disqualifying these tests as appropriate outcomes to measure change,

these analyses should serve as an impetus for further detailed psychometric evaluations of
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participant level data. One framework for such evaluations in health outcomes research is
through the Item Response Theory framework (IRT; Edelen & Reeve, 2007). Recent studies
have found success in refining or evaluating commonly used measures including the SRS
(Sturm et al., 2017), the SCQ (Wei et al., 2015), ADOS (Kuhfield & Sturm, 2018) and SSIS
(Anthony et al., 2016) through this framework. Of particular note to the question of the
sensitivity and expected change of these measures may be issues concerning item difficulty.
There is an assumption that progress at all points of the tests is equally easy (e.g. making
progress from item 5 to 8 on the Mullen Expressive Language domain is equally as easy as
making progress from item 15-18) although this assumption remains largely untested and
may prove to be an important direction for future research. The implication of having
inadequate information about the discrimination and difficulty of items at different points of a
test is that comparing information (specifically change) of two individuals starting at
different points on the scale becomes problematic. As an example, are children with lower
cognitive ability actually making less progress in intensive interventions or is it more difficult
to progress through early items on the test being used to track progress? Further rigorous
psychometric work is needed to answer this and other clinically important questions.
Intervention Effects

The overall effect size estimates in prior meta-analyses have been primarily based on
the contrasts between treatment and control groups at the end of the study period, though
some have used gain scores within groups. When evaluating social communication outcomes
studies have reported small to medium effect sizes: g=.355 (Fuller & Kaiser, 2020),
SMD=.14 to .90 (Oono et al., 2013), standardized gain score=.32 (Nahmias et al., 2019),
SMD=.27 (Sandbank et al., 2020). Comparable information in this study was obtained
through the sub-group analyses based on the type of intervention received during the

measurement period. Overall, eight of the included measures showed a clear indication of a
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differential effect based on the type of intervention received. Four of these measures were
parent reports (SRS- Total Score, SRS- Social Cognition, SRS- Social Awareness and the
CARYS), two were parent interviews (Vineland Communication and Socialization domains),
one was ADOS severity scores and the last the PPVT. Those receiving identifiable behavioral
interventions on average saw larger effects across these measures and so it may be that the
aforementioned measures are particularly sensitive to detecting progress in behavioral
interventions. Given the majority were parent reports, it could also be that parents are in tune
with subtle changes in their child over time or, as some have suggested, are biased reporters
based on their proximity to the typical behavioral intervention context or their involvement in
the intervention itself in the case of parent mediated interventions (Crank et al., 2021). With
these potential limitations in mind, it is likely beneficial to supplement the use of parent
report measures with clinician administered measures to gain a more holistic view of
progress.

Overall, however these results indicate that these outcomes (the VABS in particular)
should be considered as a candidate for additional psychometric validation as an outcome in
clinical trials (Anagnostou et al., 2015). Though future evaluations of the VABS are still
warranted to evaluate the influence of additional characteristics such as language level,
whether the sample includes minimally verbal children and comorbidity. It should also be
noted that it likely is tracking more global changes rather than subtle changes in social
communication that are the target of many early interventions.

Chronological Age

A recent meta-analysis found no relationship between chronological age and
treatment effects (Sandbank et al., 2020; Crank et al., 2021). In the current study, older age
was related to a decrease in the expected change of ADOS Language and Reciprocal Social

Interaction scores, ESCS RJA and requesting scores and MCDI Words Produced and
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Understood but in the majority of measures there was no relationship between age and the
size of the effect. In line with previous suggestions, earlier age at intervention onset appears
to lead to more change but only on some social communication measures (Zwaigenbaum et
al., 2015).

Cognitive Ability

Overall, there was inconsistent reporting of participants’ cognitive ability across the
included studies and overall cognitive ability, as operationalized in this study did not
influence the magnitude of expected change over time across most measures. There were a
few exceptions. However, as with many of the other variables, the direction of the effects was
not consistent. Higher cognitive ability was associated with larger effect sizes in the ADOS
Language and SI domain scores and lower cognitive ability was associated with larger effect
sizes on the Mullen Receptive Language domain, SRS Social Cognition Domain and
Vineland Socialization domain scores. For ESCS 1JA and SPA scores the effect of length of
the measurement period was moderated by cognitive ability where higher cognitive ability
was associated with more change over time.

These results are consistent with past studies showing that higher cognitive ability has
been associated with more progress in receptive language (Ben-Itzchak et al., 2014), that
verbal 1Q is related to stability of ADOS scores over time (Gotham et al., 2012) and that
higher 1Q is associated with decreasing autism severity (Pender et al., 2020). The
operationalization and crude coding of cognitive ability at the study level (i.e. the coding was
capturing average cognitive ability across the sample rather than at the participant level) is
likely one reason for the lack of relationship observed across the measures. Further,
participant level, analyses of cognitive ability on these outcomes would provide more
nuanced information and would be a useful direction for future research.

Types of Measures
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These data corroborate previous investigations, which have identified that standard
scores are generally less sensitive to change over time than raw or age equivalent scores
(Carter et al., 1998; Willliams et al., 2006). Across both the Vineland Communication and
Socialization domains and the Mullen Receptive and Expressive domains the smallest effect
sizes were seen across standard scores and there was some indication that raw and age
equivalent scores change the most as the length of the measurement period increased (a
potential indication of sensitivity to change). The use of standard scores may attenuate
observed change when used as an outcome measure and so it may be helpful to report both
standard and age equivalent scores when possible.

Bias and Measurement Context

While they were not included as variables in these analyses a particular focus in
recent synthesizes has been placed on the ideas of the “proximity” and “boundedness” of
outcome measures. Proximity is related to the intervention received and is characterized by
how similar the construct being measured is to the behavior or skill being taught (the ESCS
measuring progress in a joint attention intervention would be considered highly proximal;
Sandbank et al., 2020). Boundedness refers to whether the assessment context is different
from the learning context (a play based intervention assessed via a play based interaction
would be considered highly context bound; Sandbank et al., 2020). A nuanced consideration
of these characteristics, an understanding of the mechanism of the intervention and a
thorough understanding of the developmental construct being targeted are all important in the
selection of outcomes in clinical trials. What construct is the intervention explicitly targeting?
How does that construct manifest in children’s behavior? Is the construct being targeted the
end goal of the intervention or are downstream changes expected? These, among many other
questions, are important and have been explicitly discussed in only a few recent clinical trials

(Pickles et al., 2015; Shih et al., 2021).
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In relation to proximity and boundedness, there is an assumption that more proximal
and bounded measures will lead to larger effects, however based on these analyses and other
recently published papers the data do not fully support this assumption (Crank et al., 2021)
Equally important seems to be the characteristics of the tests themselves, in addition to the
relationship of the tests to the measurement context (i.e. their proximity and boundedness).
As an example many of the standardized measures such as the Mullen Expressive and
Receptive Language domain scores and Reynell Expressive Language domain scores, which
are unlikely to be highly bound or subject to biases such as “trainer related correlated
measurement error” (Crank et al., 2021), had relatively large expected change over time
(SMD of .4385, .5181 and .5107 respectively). Further work appears needed to evaluate the
constructs of proximity and boundedness to reconcile these inconsistencies.

Quality of Included Studies

The relationship between the methodological quality of studies and the magnitude of
expected change was inconsistent. In five of the outcomes (MCDI Words Understood, SPA,
SRS Social Cognition, SRS Social Motivation and Vineland Receptive Language) quality
was related to the expected change. However, the effect of quality both inflated and deflated
estimated effects across the measures; studies rated as “Fair” and “Poor” had larger effects on
the MCDI Words Understood and SPA but had smaller effects within the SRS Social
Cognition and Social Motivation domains and Vineland Receptive Language domain.

The influence of the methodological quality on outcomes and the conclusions drawn from
those outcome has been a theoretical concern in autism research for many years (Smith et al.,
2006). Quality indicators have been included in recent large scale meta analyses of parent
mediated interventions (Oono et al., 2013) as well as interventions more broadly (Sandbank
et al., 2020; Crank et al., 2021). In some cases, quality indicators have been unrelated to

effect size estimates (Fuller et al., 2020) and in others they have been (Crank et al., 2021). It
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is important to note that the meta-regression analyses of quality indicators across each of
these studies, including this project, are correlational in nature. While it is important to
review and report on study quality, care should be taken in not drawing firm causal
conclusions based on these analyses, especially when looking at specific quality indicators
(e.g. selection bias) as opposed to holistic quality ratings.

Further, many of the quality rating scales used in meta-analyses themselves are not
validated or reliable (Conn & Rantz, 2003). Therefore, the inconsistencies noted above seem
to reinforce the use of quality ratings as a metric for progress in the methodology of clinical
trials rather than as a moderator of specific effects.

Limitations and Future Directions

One of the major limitations of these data, as is true of any meta analysis, is the
variable methodological quality of the studies from which the data were extracted. While
study quality was included as a covariate and small sample studies are weighted in the pooled
estimates, concern of undue influence based on study quality remain.

Second, complete and adequate data was not accessible from a number of studies (e.g.
means and standard deviations for the outcomes of interest) and so they could not be included
in this meta analysis. It is possible that the observed relationships or patterns of findings
could shift with the inclusion of these studies.

Third, while the analyses of effects within measures (rather than pooled across
different measures) is a strength of the study it did limit the power to analyze measures that
were less frequently present in the included studies. As a result, less definitive conclusions
could be drawn about some measures.

Lastly, meta-regression and sub-group analyses using the average of participant level
characteristics (i.e. average age of sample) is a crude metric, especially if there is variability

within the sample within that characteristic (i.e. a wide age range). The results of these
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analyses should be considered exploratory and used as a guide for more in depth participant
level analyses in the future across these measures.
Conclusions

One of the strengths of this manuscript is the focus on specific measures as the unit of
analysis rather than pooling effect sizes across measures that may or may not be measuring
comparable constructs. Increased clarity and providing an explicit rationale for the selection
of specific tests has been recommended as an important step in elucidating potential
mechanisms or active ingredients of early interventions (Grzadzinski et al., 2020). These
analyses are an initial step towards this goal.

The sheer amount of tests available to measure social communication outcomes in
young children with ASD can be overwhelming. These data seem to point to a siloed
approach to the choice of appropriate outcome measures, with research groups rarely
providing an explicit rationale for their selection of measures. A number of measures
including the Mullen language subscales, the Vineland Adaptive Behavior Scales, Social
Responsiveness Scales, the MCDI and ESCS were used fairly frequently.

Although the effect sizes were small, from the most commonly used measures, the
VABS Socialization and Communication domain scores and SRS Total in particular seemed
to differentiate between behavioral and TAU groups well and the expected change for Mullen
domain scores was quite large, particularly when using age equivalent rather than standard
scores. The increased use of these measures is likely driven by submission requirements for
large data repositories like the National Database for Autism Research and Simon Simplex
Complex and seems to represent a positive step forward for the field.

This study extends on previous reviews (Bolte & Diehl, 2013; McConnachie et al.,
2015) in an effort to better understand the breadth of social communication outcomes but also

to specifically evaluate and provide a descriptive overview of two important psychometric
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characteristics of those measures; their expected change and sensitivity to change over time.
Efforts to validate and refine recently developed measures including the Brief Observation of
Social Communication Change (BOSCC; Grzadzinski et al., 2016), the Eliciting Language
Samples for Analysis (ELSA; Barkova et al., 2021) and the Autism Impact Measure (AIM;

Mazurek et al., 2020) remain important goals for the autism research agenda.
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Tables and Figures

Table 1 Extracted Variables and Operationalization

Variable Definition
Citation The full APA citation for the included study.
Type of Study Whether the study was a dissertation or peer reviewed article.
Name of If applicable, the name of the intervention package or type of intervention that

Intervention Groups

Intervention Dose

Sample Size
Diagnostic
Procedure

Sample Age

Gender
Ethnicity

Cognitive Ability

Cognitive Ability
Scores

SC Measure Name

SC Measure Score
Length of Study

Study Quality

the child is receiving (if any).

The number of hours per week that the children are receiving the interventions
described (if any).

The total sample size of each of the groups.

The method of diagnosis for the children enrolled in the study.

The mean age of the children in the sample.

The percentage of male subjects in the sample.

The percentage of each ethnic group in the sample.

The name of the measure used to measure cognitive ability in the sample (if
any). This could included verbal IQ, non-verbal IQ or subdomains of cognitive
measures (e.g. Visual Reception domain of the Mullen Scales of Early
Learning).

The mean and standard deviation of the cognitive ability score provided.

The name of the specific measure that was used to measure social
communication in the trial.

The reported score for each of the measures that was used.

The total amount of time between each measurement period.

Whether the study met the criteria for each of the 13 study quality questions.
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Table 2 Descriptives Information of Included Studies

Continuous Outcomes

Sample Size
Chronological Age
Study Year
Length of

Measurement Period

Mean (SD)
34.26(29.20)
49.97 (10.58)
2013 (5.31)

7.82(8.94)

Median

26

49 months

2015

6 months

Range
4-421
21-99.6
1990-2020
0.23-48

months

Categorical Outcomes

Type of Article

Diagnostic Instrument

192 Peer

Reviewed

61 Record

Review

13 Dissertations

14 Only ADI-R

65 only ADOS

65 Both

ADI-R

and

ADOS
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Table 3 Pooled Effect Size Across Included Studies

Average Length ~ SD Length of Overall Adjusted
Number of of Measurement = Measurement Random Random Adjusted Adjusted Upper
Measure Name Effect Sizes Period Period Effect Lower CI  Upper CI Effect Lower CI CI
ADOS Severity 47 16.79 13.48 0.114 0.2203 0.0078 0.1146 0.2179 0.0113
ADOS Social
Affect 38 10.68 8.37 0.3243 0.4441 0.2044 0.3772 0.4725 0.2819
ADOS Language 20 7.21 4.95 0.6155 0.8565 0.3746 0.6624 0.8995 0.4254
ADOS SI 18 6.57 4.8 0.4904 0.7404 0.2404 0.6262 0.8381 0.4142
ADOS Total 20
ATEC Language 4
ATEC Social 4
BASC Social 2
BASCFC 2
BOSCC SA 9
BOSCC Total 12
CARS 33 9.98 9.95 0.4932 0.6853 0.301 0.4519 0.6022 0.3017
CBRS Initiations
CBRS Attention
CSBS SC 8 4.25 2.43 0.3681 0.14449 0.5912 0.3681 0.14449 0.5912
CSBS 4 241 242
EOWPVT 10 443 1.62 0.1159 0.0627 0.1691 0.1159 0.0627 0.1691
ESCS Gestures 18 1.61 0.34
ESCSTJA 42 5.77 4.29 0.1936 0.0866 0.3005 0.1936 0.0866 0.3005
ESCS RJA 19 6.92 4.67 0.1608 0.0121 0.3095 0.1209 -0.0052 0.2471
ESCS Requesting 18 6.9 4.27 0.3154 0.0618 0.569 0.2439 0.0133 0.4745
FEAS 6 7.49 4.93 0.6613 0.2337 1.089 0.797 0.3666 1.2273
FEAS
Questionnaire 3
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GARS
GMDS Language

Griffiths Social
MCDI
Comprehension

MCDI Expressive
MCDI Gestures
MCDI MLU
Mullen Expressive

Mullen Receptive
Mullen Verbal
Combined

PEP-R Expressive

PEP-R Receptive
PEP-R Verbal
Cognitive
PJAM IJA
PJAM RJA

PJAM Turn
Taking

PLS Expressive
PLS Receptive

PLS Total
PIA Social
Reciprocity
PIA NV
Communication

PPVT

Reynell Total
Reynell
Expressive

33
49

59
40

17
13

16

29

20.56
20.56

7.55
6.72
93

10.7

10.61

16.66

8.4

7.43
8.86
8.49

2.83

2.83
9.1

8.11

18.17
18.17

5.012
4.68
6.63

7.03

6.54

5.89

3.29

8.35
9.13
5.27

2.84

2.84
8.57

4.56

0.1774
0.0161

0.4027
0.4112
0.5181

0.5608

0.6494

0.5903

0.387

0.2875
0.3748
0.5793

0.1522

0.2921
0.1289

0.552

63

-0.31
-0.36

0.2842
0.3102
0.3157

0.4101

0.463

0.1115

-0.0728

0.1503
0.1644
-0.0805

-0.2387

-0.1139
-0.0422

0.3789

0.66
0.3278

0.5213
0.5121
0.7205

0.7115

0.8358

1.0692

0.8448

0.4247
0.5822
1.2391

0.5431

0.6982
0.3001

0.7251

0.1388
-0.0161

0.3721
0.4153
0.5181

0.4385

0.5183

0.7362

0.387

0.2394
0.2571
0.50974

0.1522

0.2921
0.1289

0.5107

-0.1856
-0.36

0.258
0.3129
0.3157

0.3264

0.3812

0.2972

-0.0728

0.1464
0.1329
0.1064

-0.2387

-0.1139
-0.0422

0.3543

0.4632
0.3278

0.4862
0.5177
0.7205

0.5505

0.6554

1.175

0.8448

0.3325
0.3812
0.9085

0.5431

0.6982
0.3001

0.6671



Reynell Receptive 30 8.04 4.49 0.4778 0.3415 0.6141 0.4319 0.3155 0.5483

SCQ 6 14.13 11.84 0.6043 0.9618 0.2469 0.5164 0.7491 0.2837
SPA 41 3.31 1.86 0.194 0.1102 02777 0.194 0.1102 0.2777
SPACE 11
SRS Total 77 4.67 371 0.2623 0.3418 0.1829 0.2318 0.2933 0.1703
SRS Cognition 36 471 3.17 0.2055 0.3259 0.0851 0.2321 0.3244 0.1398
SRS SA 30 4.76 3.34 0.1648 0.2578 0.0718 0.1648 0.2578 0.0718
SRS SC 38 5.58 4.24 0.2523 0.3214 0.1831 0.2523 0.3214 0.1831
SRS SM 38 5.12 348 0.3123 0.4195 0.205 0.283 0.3754 0.1906
SSIS 8 3.53 1.24 0.6354 -0.0591 1.33 0.4015 0.1416 0.6615
Symbolic Play
Test 4
Vineland
Communication 110 10.33 8.81 0.367 0.2769 0.4571 0.3445 0.2627 0.4263
Vineland
Expressive 10 92 9.55 0.4003 0.1869 0.6127 0.3383 0.1937 0.483
Vineland
Receptive 10 9.2 9.55 0.3401 0.2282 0.452 0.3401 0.2282 0.452
Vineland
Socialization 94 9.96 8.4 0.3581 0.2709 0.4453 0.3635 0.2771 045

Note. ABAS= Adaptive Behavior Assessment System, ADOS= Autism Diagnostic Observation Schedule, ATEC= Autism Treatment Evaluation Checklist, BASC= Behavior Assessment System for Children, BOSCC= Brief
Observation of Social Communication Change, CARS= Childhood Autism Rating Scales, CBRS= Conner’s Comprehensive Behavior Rating Scales, CSBS= Communication and Symbolic Behavior Scale, EOWPVT= Expressive
One Word Picture Vocabulary Test, ESCS= Early Social Communication Scales, FC= Functional Communication, FEAS= Functional Emotional Assessment Scale, GARS= Gilliam Autism Rating Scale, GMDS= Griffiths Mental
Development Scale, [JA= Initiations of Joint Attention, PEP-R= Psychoeducational Profile-Revised, PJAM= Precursors of Joint Attention Measure, PLS= Preschool Language Scales, MCDI= Macarthur Communicative
Development Inventories, MLU= Mean Length of Utterance, PIA= Parent Interview for Autism, PPVT=Peabody Picture Vocabulary Test, RIA=Response to Joint Attention , SA=Social Awareness, SM= Social Motivation, SC=
Social Communication, SCQ= Social Communication Questionnaire, SI= Social Interaction, SPA= Structured Play Assessment, SRS= Social Responsiveness Scale, SSIS= Social Skills Improvement System.
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Figure 1: PRISMA Flow Diagram for Systematic Search Procedure

Note. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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Figure 2: ADOS Severity- Plots
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Figure 3: ADOS Social Affect- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Figure 4: ADOS Language and Communication- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
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Figure 5: ADOS Reciprocal Social Interaction- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
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Figure 6: CARS- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
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Figure 7: ESCS IJA- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Figure 8: ESCS RJA- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Figure 9: ESCS Requesting- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Figure 10: MCDI Words Produced- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
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Figure 11: MCDI Words Understood- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Figure 12: Mullen Expressive Language- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Peters—Scheffer et al. 2013 1.5%  0.88[0.23: 1.53] B Hinnebusch et al., 2017 2.3% -0.07 [-0.63; 0.48] - Welterlin et al., 2012 11%  0.49 [-0.40: 1.38]
Thurm etal., 2015 16%  0.93[0.32;1.54] —— Paynter et al.,2018 3.4% -0.07 [-0.32;0.18] - Whitehouse et al., 2017 21%  0.64[0.17;1.11] —~—
Baker et al., 2010 1.0%  1.39[0.49; 2.28] —— Landa et al., 2011 23% -0.04[-0.60;0.51] —— Whu_ehou$e etal., 2017 21% 0.72[0.25;1.19] —
Barbaro & Dissayake, 2017  1.9%  1.43[0.92; 1.95] — Holzinger et al.,2019 1.0% -0.04[-1.17;1.09] Strain et al.,2011 26% 0.85[0.58;1.12] ->
Thurm et al., 2015 1.2%  1.92[1.10;2.74] = N oo . o Peters—Scheffer et al., 2013  1.6%  0.88[0.23; 1.53] ——
> Boyd et al., 2014 3.2% -0.02[-0.32;0.28] - Thurm et al., 2015 1.7%  0.93[0.32;1.54] e
— Landa et al., 2011 2.2% 0.03[-0.53; 0.60] ———— Perryman et al.,2013 20%  0.98[0.50; 1.46] -
Boyd et al., 2014 29%  0.06[-0.32;0.43] P Baker et al., 2010 11%  139[049;228] ——
Siller et al,, 2013 25% 0.15[-0.32;0.63] - P ke 2017 1% el -
Bussu et al., 2018 2.0% -0.19[-0.68;0.31] —— Potter et al., 2019 2.3% 0.16[-0.38;0.70] e Hahn et al., 2019 11%  2.09[1.19: 2.99] —
Landa etal., 2011 1.8% -0.04 [-0.60; 0.51] —y o 0.30" =
Boyd et al., 2014 2.6% -0.02[-0.32;0.28] - Pt.)“tler et iaIA, 2019 2.5 o/o 0.19[: OASOI 0.68] j-: >
Landa etal., 2011 1.8%  0.03 [-0.53;0.60] — Siller et al., 2013 25% 0.27[-0.21;0.75]
Boyd et al., 2014 2.4%  0.06 [-0.32; 0.43] - Brian et al., 2017 2.4% 0.27[-0.24;0.78] <
Schreibman, 2014 1.6%  0.13[-0.49; 0.75] B ; 9 _0.78:
Schreibman, 2014 1.6% 0.13[-0.50; 0.77] i Holzinger et al.,2019 1'10/° 0281 0'781 1.33]
Brian et al., 2017 1.9% 027 [-0.24; 0.78] e Boyd et al., 2014 3.0% 0.30[-0.07;0.66] > Paynter et al.,2018 2,6% -0.07 [-0.32;0.18] -
Boyd et al., 2014 2.4%  0.30[-0.07; 0.66] pe Vivanti et al., 2014 2.4% 0.32[-0.19; 0.83] — Landa et al., 2011 1.8% —0.04[-0.60;0.51] ——
Brian et al., 2017 17% 034 [-0.25;0.94] = Siller et al., 2013 26% 0.33[-0.14;0.79] - Boyd et al., 2014 25% -0.02[-0.32;0.28] -
Landa etal., 2011 1.8%  0.53 [-0.04; 1.09] —~— - ’ ’ Landa et al., 2011 1.8%  0.03[-0.53; 0.60] —
Schreibman, 2014 155%  0.68[0.02:1.33] [ Brian et al,, 2017 2.1%  0.34[-0.25;0.94] — Boyd et al., 2014 23% 0.06[-0.32:0.43] -
Schreibman, 2014 1.6%  0.74[0.09; 1.38] —— Siller et al., 2013 2.6% 0.36[-0.11;0.83] > Schreibman, 2014 1.7%  0.13[-0.49;0.75] ——
Landa etal., 2011 1.7% 0911031 1.50] — Peters-Scheffer et al.,.2018  2.0%  0.38 [-0.25; 1.00] — Schreibman, 2014 1.6%  0.13[-0.50;0.77] ——
Perryman et al.2013 20%  098[0.50:1.46] P Whitehouse et al., 2017 24% 0.38[-0.13;0.89] - Solomon ot al., 2014 24%  0.24[-0.10;0.59] -
_. Eaponoial 2015 23 039(016i004 - enela 2o omboziorm =
Peters-Scheffer et al.,.2013  2.0%  0.41[-0.21; 1.04] — Siller et al., 2013 21% 0.33[-0.14;0.79] da
Peters-Scheffer et al.,2013  2.0%  0.42 [-0.21; 1.04] = Siller et al., 2013 21% 0.36[-0.11;0.83] -
Hinnebusch et al., 2017 1.8% -0.07 [-0.63; 0.48] — Hinnebusch et al., 2017 3.4%  0.45[0.19;0.72] > ‘F/";aﬁri—Scheﬂlerletza&,iow ;4370 g.g —g?g; ;.gg} :
Paynter et al. 2018 2.8% -0.07[-0.32;0.18] - Whitehouse et al., 2017 2.4%  0.52[0.01;1.03] - ltehouse et al,, -0% -38[-0.13; 0.
Holzinger et al.,2019 0.7% -0.04 [1.17; 1.09] Landa et al., 2011 2 2‘,/" 053 [ 0.04: 1 09] - Eapen et al., 2013 1.8%  0.39[-0.16;0.94] —
Solomon et al., 2014 25% -0.01[-0.36; 0.34] - anda et al,, 2% .53 [-0.04; 1.09] Peters—Scheffer et al., 2013 1.7%  0.41 [-0.21; 1.04] —
Parsons et al.,2019 1.9%  0.19[-0.32; 0.71] e Vivanti et al., 2014 2.3% 0.62[0.08;1.17] -_— Welterlin et al., 2012 1.1%  0.50 [-0.39; 1.39]
ﬁollomon ot ali, 2014 25% 024 {—0.10; 059} - Whitehouse et al., 2017 26% 0.64[0.17;1.11] - Whitehouse et al., 2017 20% 0.52[0.01;1.03] f—
olzinger et al.,2019 0.8% 0.28[-0.78; 1.33 . Landa et al., 2011 1.8%  0.53[-0.04; 1.09] —
Vivanti et al,, 2014 19% 0.32[-019;0.83] I Paypter etal.,2018 3.3%  0.67[0.38; 0.96] -> Parsona ot Al 2019 Tow aeiooe: "05]] =
ltzchk & Zachor, 2009 23% 00,333[[ oot; %79111 ~ \é‘/hl'EhOUSIE etal., 2017 26% 072 E 0.25; 1-19} - Vivanti et al., 2014 1.9%  0.62[0.08;1.17] ——
apen et al., 201 -8%  0.39 [-0.16; 0. T— train et al.,2011 3.4% 0.85[0.58;1.12) > Paynter et al., 2018 25%  0.67[0.38;0.96] -
Wenerin atat, 2012 0w 0o [-0.40:1.38] b Peters-Scheffer etal.. 2013 1.9%  0.88[0.23; 1.53] — Schreibman, 2014 16%  0.68[0.02;133] —
Welterlin et al., 2012 1.0%  0.50 [-0.39; 1.39] Landa et al., 2011 2.1% 0.91[0.31;1.50] b Schertz etal., 2013 1.2:/= 0.69 [7017} 1.55]
Parsons et al. 2019 19%  0.56(0.05:1.08] —— Hahn et al., 2019 13%  209[1.19;2.99] — Schreibman, 2014 16%  074[0.09:1.58) e
Vivanti et al., 2014 1.8%  0.62[0.08;1.17] —— Landa et al., 2011 1.7%  0.91[0.31;1.50] -
Paynter et al.,2018 2.7%  0.67[0.38: 0.96] < *
P .
Total (95% CI) 100.0% 0.4 [0.33; 0.56]
Total (95% CI) 100.0%  0.42[0.31;0.52] Total (95% CI) 100.0%  0.38 [ 0.26; 0.50] . 95% CI [-0.29; 1.18] =
95% CI R [-0.21; 1.05] 95% CI [-0.30; 1.05] —_— Heterogeneity: Tau® = 0.1298; Chi® = 129.05, df = 53 (P < 0.01); I* = 59%
Heterogeneity: Tau” = 0.0964; Chi” = 116.02, df = 63 (P < 0.01); Heterogeneity: Tau® = 0.1075; Chi = 98.15, df = 40 (P < 0.01); I = 59% -2 -1 0 1 2

-2 -1 0 1 2
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Figure 13: Mullen Receptive Language- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Measure Type Cognitive Split Interventions Received
Study or Std. Mean Difference Std. Mean Difference
Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI Study or Std. Mean Difference Std. Mean Difference ::ﬂ;g:.:p Weight Slyhh::::rlzlf;e;;n&e ?:;!g:::::lf;esznae
Schertz et al., 2013 1.8% -0.06 [-0.86;0.74] Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI ’ ] ’ !
Baker et al., 2010 1.8%  0.16[-0.64;0.97] : Schertz et al., 2013 1.8% -0.06 [-0.86; 0.74]
:’e:ers—:c:eger e: a:ngglg Zl";o gi; {—g:g, (1);2} - Boyd et al., 2014 4.2% 0.03[-0.28;0.33] - Hinnebusch et al., 2017 2.6% 0.10[-0.46; 0.65] ———
eters—Scheffer et al., 4% .43 [-0.19; 1. i of — . e Bussu et al., 2018 2.9% 0.10[-0.39; 0.59] ——
Peters—Scheffer et al.,2013  2.3%  0.51[-0.12; 1.14] gg"::lestu:fh;gﬂy 2o g;é: 818 {—ggg' gig} :,3 Boyd et al., 2014 3.4% 0.14 {_0,22; 0'50} -
Whitehouse et al., 2017 3.0%  0.59[0.12;1.06] _— Y - e . -0 H Solomon et al., 2014 35% 0.16[-0.19;0.51] -
Sutera et al., 2007 35% 0.73[0.36;1.10] - Paynter et al.,2018 4.4%  0.11[-0.14;0.36] bl Baker et al., 2010 18% 016 [-064:097]
Whitehouse et al., 2017 2.8:”/0 0.80 [ 0.29;. 1.31] —— qud etal., 2014 4.0% 0.14[-0.22;0.50] 4’ Welterlin et al., 2012 1.6% 0.26[-0.62;1.14]
Schertz et al,, 2013 1.6 o/° 0.86 [—0.02.. 1.74] Brian et al., 2017 3.3% 0.17[-0.34;0.68] —— Parsons et al.,2019 2.8% 0.26 [-0.26;0.78] =
Strain et al., 2011 4.0%  0.87]0.60;1.14] - Brian etal., 2017 29% 0.27[-0.33; 0.86] —~— Brian et al., 2017 25%  0.27 [-0.33; 0.86]
Whitehouse et al., 2017 2.7%  1.02[0.49; 1.55] — Holzinger ot al..2019 14% 029 [-0.851.43] I Holzinger et al.,2019 11% 029 [-0.85.1.43]
Peters-Scheffer et al.,2013  2.2%  1.21[0.53; 1.88] —— 9 N DS DD : Peters—Scheffer et al.2013  2.3%  0.43 [~0.19: 1.06]
Whitehouse et al., 2017 2.8% 1.23[0.72;1.74] —_— Peters-Scheffer etal., 2013 ~ 3.6%  0.31[-0.14;0.76] T— ctors-Schefer ot al. 3% 043 [-0.19; 1.06]
- Peters-Scheffer etal.2013  2.8% 0.3 [-0.19; 1.06] B tzchak & Zachor, 2009 33%  0.44[0.05;0.82] -
E I 2 o 48 ; Peters-Scheffer et al., 2013  2.3%  0.51[-0.12; 1.14]
apen et al.,, 2013 31%  0.48[-0.07;1.03] — Whitehouse etal, 2017 2.9%  0.59[0.12; 1.06] —_
Peters-Scheffer et al.,2013  2.8%  0.51[-0.12; 1.14] T Perryman et al.,2013 29% 0.73[0.26;1.20] i
Whitehouse et al., 2017 3.5% 0.59[0.12;1.06] —~—— Sutera et al., 2007 3.4% 0.73[0.36;1.10] —
Boyd et al., 2014 3.8% 0.03[-0.28;0.33] - Holzinger et al.,2019 15% 0.67[-0.41;1.75] — Strain et al. 2011 3.8%  0.87[0.60;1.14] -
Boyd et al.,, 2014 3.4%  0.10[-0.28;0.48] o Whitehouse et al., 2017 33% 0.80[0.29;1.31] — x'_‘r/;':l')e; carl{'e ?0:42017 g;zﬁo g-gg { gg;f }g ‘:
Bussu et al., 2018 2.9%  0.10[-0.39;0.59] Vivanti et al., 2014 31% 087[031;1.43] —— eousen 18 POl
Boyd etal., 2014 35%  0.14[-0.22;0.50] ~ Strain et al.. 2011 4.4% 0.87[0.60;1.14] - Whitehouse et al., 2017 28% 1.23[0.72;174] ——
; o _0.34, train et al., o B O 1. : Hahn et al., 2019 1.8% 1.39[0.59;2.19] ————
Brian et al., 2017 2.8% 0.17 [-0.34; 0.68] Vivanti et al., 2014 32% 0.90[0.37;1.43] ——
Brian et al., 2017 2.5%  0.27 [-0.33; 0.86] | - § : ol : >
Perryman et al.,2013 3.0% 0.73[0.26; 1.20] —— Hinnebusch et al., 2017 4.3% 0.95[0.67;1.23] | -
(- Whitehouse et al., 2017 3.2% 1.02[0.49; 1.55] It
—te—t— Peters-Scheffer et al.,2013  2.6% 1.21[0.53;1.88] ———
Whitehouse et al., 2017 3.3% 1.23[0.72;1.74]  — o X
Hahn et al., 2019 22%  1.390.59;2.19] — gm ° :::: Sois S5 0% {:gﬁ; g:ig} e
Hinnebusch et al., 2017 26%  0.10[~0.46; 0.65] Paynter et al.,2018 42%  1.41[1.10;1.72] . - Paynter et al., 2018 3.9%  0.11[-0.140.36] -
Paynter et al.,2018 4.0% 0.11[-0.14;0.36] - -> Solomon et al., 2014 3.5% 0.16[-0.19;0.51] -
Solomon et al., 2014 3.6% 0.16[-0.19;0.51] - —— Brian et al., 2017 2.8% 0.17[-0.34;0.68] ———
Solomon et al., 2014 3.6% 0.16[-0.19;0.51] — : Welterlin et al., 2012 1.6% 0.30[-0.58;1.18]
Welterlin et al., 2012 1.6% 0.26 [-0.62; 1.14] : Peters-Scheffer et al., 2013  3.0%  0.31[-0.14; 0.76] -
Parsons et al.,2019 2.8% 0.26 [-0.26;0.78] : Parsons et al.,2019 2.8% 0.34[-0.17;0.85] e
Holzinger et al.,2019 1.1% 0.29 [-0.85; 1.43] : Eapen et al., 2013 2.6% 0.48[-0.07;1.03] T
Welterlin et al., 2012 1.6%  0.30 [-0.58; 1.18] Bussu et al., 2018 3.4% 0.10[-0.39; 0.59] — Honinger etal.2019 T2 067 {-0.41; 1.75}
Parsons et al.,2019 2.8% 0.34[-0.17;0.85] Solomon et al., 2014 4.0% 0.16[-0.19; 0.51] - Whitehouse et al., 2017 2.8% 0.80[0.29;1.31] B ——
ltzchak & Zachor, 2009 3.4%  0.44[0.05;0.82] —— Solomon et al., 2014 4.0% 0.16[-0.19;0.51] - Schertz et al., 2013 1.6%  0.86[-0.02;1.74]
Eapen et al., 2013 2.7%  0.48[-0.07;1.03] Parsons et al.,2019 3.3% 0.26[-0.26;0.78] —— Vivanti et al., 2014 26% 087[031;1.43] ——
Holzinger et al.,2019 1.2% 0.67[-0.41;1.75] o . . Whitehouse et al., 2017 27% 1.02[0.49;1.55] =
Vivanti et al., 2014 26% 0.87[0.31;1.43] JENE— Parsons et al., 2019 3.3% 034[-0.17;0.85] ™ for o " . |
ivanti et al.. o : 4 ltzchak & Zachor, 2009 3.9%  0.44[0.05;0.82] < Peters—Scheffer etal.2013  2.2%  1.21[0.53;1.88]
Vivanti et al., 2014 2.7%  0.90[0.37;1.43] —— ) - - -05; 0. * Paynter et al.,2018 36% 141[1.10;172] -
Hinnebusch et al., 2017 3.9% 0.95[0.67;1.23] - . -
Paynter et al.,2018 3.7%  1.41[1.10;1.72] - -
- :
Total (95% CI) 100.0%  0.53[0.37; 0.69] 2 ;ggf' éf5% c 100.0% 0-53 ?:31 gfﬁl 1*
Total (95% ClI) 100.0%  0.50 [ 0.37; 0.64] < 95% ClI [-0.23; 1.28] —— ° i 5 g2 [-0.18;1.22] e T T
95% CI 1-0.17; 1.17] - Heterogeneity: Tau? = 0.1303; Chi® = 11859, df = 29 (P < 0.01);  £76% ! 0 " FTAUT= 01144 ON = 1249, f =36 (P <000: 1 = 71%
o -0.17; 1. : Tau? = 0.1303; Chi? = 118.59, df = .01); P L76%
Heterogeneity: Tau? = 0.1039; Chi® = 119.97, df = 35 (P < 0.01); 1 = 71% o 0 1 2 2 A 0 1 2
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Figure 14: PLS Expressive Language- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Measure Type

Interventions Received

Study

Hardan et al., 2015
Gengoux et al., 2015
Brianetal., 2017
Lightdale et al., 2001
Lightdale et al., 2001
Boyd etal., 2014
Hardan et al., 2015
Gengoux et al., 2015
Boyd etal., 2014
Silva etal., 2015
Brian etal,, 2017
Venker et al., 2014
Sivaetal., 2015
Boyd etal., 2014
Green et al., 2010
Green et al.,2010

Weight
4.0%
4.3%
3.9%
3.6%
3.6%
8.2%
4.3%
4.3%
6.7%
5.9%
48%
9.4%
5.8%
7.0%
7.7%
7.8%

Ray-Subramanian, 2012 8.8%

Total (95% CI)
95¢% Cl

Heterogenety: Tau® = 0.0374; Chi = 31,54, df = 16 (P = 0.01); 4 4%

100.0%

Std. Mean Difference
IV, Random, 95% CI

~0.07[-0.65: 0.51]
~0.05[-0.61: 0.50]
~0.00-0.59: 0.59]
0.06 [-0.56; 0.68]
0.09[-0.53; 0.71]
0.10[-0.20; 0.40]
0.11[-0.44; 0.67]
0.15[-0.41; 0.70]
0.17-0.20; 0.55]
0.25[-0.18; 0.68]
0.25[-0.96; 0.76]
0.29(0.04; 0.54]
0.31[-0.12;0.74)
0.34[-0.02; 0.70]
050(0.17;0.83]
0510.19; 0.83]
0.93(0.66; 1.21]

0.29{0.15; 042]
[-0.15;0.72]

Std. Mean Difference
IV, Random, 95% cl

(RTUALUR

-05 0 05 1

Study or Std. Mean Difference Std. Mean Difference
Subgroup Weight 1V, Random, 95% CI 1V, Random, 95% CI
Gengoux et al.,2015 4.0% -0.05[-0.61; 0.50] ——————————

Boyd et al., 2014 10.3% 0.10[-0.20; 0.40] —

Hardan et al., 2015 3.9% 0.11[-0.44; 0.67] E—

Gengoux et al.,2015  3.9%  0.15[-0.41;0.70] E—

Boyd et al., 2014 7.4%  0.17 [-0.20; 0.55] —

Brian et al., 2017 4.6% 0.25[-0.26;0.76] —

Silva et al., 2015 6.1% 0.31[-0.12;0.74] —

Green et al.,2010 9.5%  0.51[0.19;0.83]

Hardan et al., 2015 3.7% -0.07 [-0.65; 0.51]

Brian et al., 2017 3.5% -0.00[-0.59; 0.59] EE——
Silva et al., 2015 6.1% 0.25[-0.18; 0.68] —
Venker et al., 2014 13.3%  0.29[0.04;0.54]
Boyd et al., 2014 7.9% 0.34[-0.02; 0.70]
Green et al.,2010 9.3% 0.50[0.17;0.83]

Lightdale et al., 2001 3.2%  0.06 [-0.56; 0.68]
Lightdale et al., 2001  3.2%  0.09 [-0.53; 0.71]

A
S U (11T

Total (95% CI) 100.0%  0.24 [ 0.15; 0.33]
95% Cl [-0.01; 0.49] t
Heterogeneity: Tau® = 0.0114; Chi® = 10.27, df = 15 (P = 0.80); I> £ 0%

-0.5 0 0.5
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Figure 15: PLS Receptive Language- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Interventions Received
Std. Mean Difference Std. Mean Difference Study or ) Std. Mean Diffel;ence Std. Mean Diffel;ence
Study Weight IV, Random, 95% Ol IV, Random, 95% Ol Subgroup Weight 1V, Random, 95% CI IV, Random, 95 % CI
Brian et al,, 2017 56% -0.20[-0.79; 0.40] 3 B ool aota 1a1m 020 0 ool g
" . ' Y oyd et al., A% .20 [-0.11; 0. — y
Lightdale et al., 2001 5.3% 0.06[-0.56; 0.68] gozd etal., 2014 10.4%  0.24 [-0.14; 0.62] —_—

. . ilva et al., 2015 8.6% 0.38 [-0.05; 0.82] —_—
lé'g:;d::‘;ﬁt ;:5’15001 2§Z° g?g {'gggl 8;;} Green et al.,2010 13.0% 0.51[0.19;0.83] ’.
Silva etal., 2015 75% 0.19]-0.24;0.61] |
Boyd et al., 2014 9.1% 0.20[-0.11;0.50] T
Boyd etal, 2014 8.3% 0.20[-0.16;0.56] - Brian et al., 2017 5.1%  -0.20 (0.79; 0.40] ———mmm—— 1
Boyd etal, 2014 8.1% 0.24[-0.14;0.62] ~-_— Silva et al., 2015 8.7% 0.19[-0.24; 0.61] —

; . |- Boyd et al., 2014 11.1%  0.20 [-0.16; 0.56] —_—
B Ehn G ERE T

Y .0% . 145 0. : ———
Green et al., 2010 89% 0.51[0.19;0.83] e 3
Ray-Subramanian, 2012 95%  0.90[0.63;1.17] . -
Venker etal, 2014 96% 1.04[0.78;1.30] . - Lightdale et al., 2001  4.7%  0.06 [-0.56; 0.68]
} Lightdale etal., 2001  4.7%  0.09 [-0.53; 0.71] :
Total (95% CI) 100.0% 0.37[0.16; 0.59] > "
95% Cl [-0.30; 1.05] ‘ _T 3
i Tan (e — PR _ R_F0
Heterogeneity: Tau” = 0.0850; Chi” = 46.16, df = 12 (P < 0.01); I = 74% Total (95% Cl) 100.0%  0.26[0.13; 0.38] -
-1 05 0 05 1 95% ClI [-0.05; 0.56] —
Heterogeneity: Tau® = 0.0153; ChiZ = 7.70, df = 10 (P = 0.66); 12 =00%
-05 0 0.5
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Figure 16: PPVT- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
Std. Mean Difference  Std. Mean Difference Study or Weiahy 518 Mean Diffrence S, Mean Diffrenc
Study Weight IV, Random, 95% CI IV, Random, 95% CI Study or Std. Mean Difference  Std. Mean Difference whir'd elgnt. 1 Rencom, g5t " Random, 85%
Melamed et al, 2018 52% -048[-122;026] — —mm—t— Subgroup Weight IV, Random, 95% CI IV, Random, 95% Cl Gim ot al 2017 s&% 0%s10se 07l
Clionsky, 2015 6.7% -0.21[-0.83;0.41] ———— ;homas,SZr(]Nf? oo 12.2% g.ig [j.gef ?.ga] J—
Pellicano, 2012 9.8% -0.21 [‘067; 0-25] " Corbett et al. 2008 5.1% -0.03[-1.16;1.10] - piﬁﬁisﬁhiui Z: :l::zms e:4°2 o'.sz[[o.'1 ;;'1.4;‘]] —_—
Ginetal, 2017 55% -017[-089,05 ~— —emm— Corbeft ¢t al. 2008 S1% 009104123 ——————— —
Corbett et‘al 2008 26% ~0.03[-1 1611 10] : Peters-Scheffer et al. 2013 12.7%  0.33[-0.29; 0.96] —f—
Ginn et 2.2 oy 06 10,660 i Peters-Scheffer et al. 2013 12.6%  0.42[-0.21;1.04] —r—
CII'nn elia£010;7 gg; gOg {_ggg’gg} —— Petrs Sceforet ), 013 128% 0100110 | Clionsky, 2015 6.7% -0.21[-0.83;0.41]
lonsky, 5% - 0.06[-0.58;0. ‘ Peters-Scheffer et al. 2013 12.1%  0.82[0.17;1.47] — oo PR by

Hale et al, 2005 120% 0.07]-029; 0.4 S -~ Gt a1 2017 5o 017080050
Corbett et al, 2008 26% 009[-104128) — ———o — Petere-Sohallorctal. 2013 67% 0931 0.29:0.96]
Corbett et al. 2008 2.2% 0.25[-1.00; 1.49] ——— ; Peters-Scheffer et al. 2013  6.6% 053 [-0.10; 1.16]
Thomas, 2010 13.0%  0.25[-0.09; 0.58] -
Corbett et al.,2008 2.2% 0.28[-0.97;1.53] e — Pel 2012 181% 021 [-067:025]
Peters-Scheffer etal, 2013 6.7%  0.33[-0.29; 0.96] —— elicano, B i
Petors-Scheffer et al, 2013 6.6% 0.42[-0.21;1.04] — Hale et al. 2005 219%  007[-0.29;044) Cornelal 08 2e% 00311161301
Peters-Scheffer et al. 2013 6.6%  0.53[-0.10;1.16] Tr— gg:ﬁzx::::gggg 26% 009 {Z}%}fﬁ}
Peters-Scheffer etal,2013  6.4%  0.82[0.17;1.47] — ; Corbett et al.,2008 22%  0.28[-0.97;1.53]
Total (95% CI) 100.0%  0.13 [-0.04; 0.30] > Total (95% Cl) 100.0%  0.24 [-0.05; 0.53] -
95% Cl [-0.37;0.63] e 95% CI , , [-0.41; 0.89] . Total (95% CI) 100.0%  0.13 [-0.04; 0.30]
Heterogeneity: Tau? = 0.0474; Chi® = 1451, df = 15 (P = 0.49); 4 0% Heterogeneity: Tau" = 0.0859; Chi” = 8.97, df = 7 (P = 0.26); I = 22% P eneiy: Tau® - 0.0474: Ch - 1451, &l i o oongy # TG T T T T
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Figure 17: Reynell Expressive Language- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall

Interventions Received

Study or . Std. Mean Difference Std. Mean Difference
Std. Mean Difference Std. Mean Difference Subgroup Weight 1V, Random, 95% CI IV, Random, ?5% cl

Study Weight IV, Random, 95% CI IV, Random, 95% Cl Eikeseth et al., 2002  2.5% —0.11[-0.91; 0.69] —_—
Roberts et al.,2011 3.7% -0.16 [-0.68; 0.36] — goger:s e: a:.,gg:} g.gzo -g.g; {j.gg; 3'2451} :—
Eikeseth et al., 2002  2.6% -0.11[-0.91;0.69] ———— T° orts e Ia 2014 4'2:" 04410 '33,;0 o1 .
Roberts etal, 2011 3.7% —0.07 [-0.60; 0.45] . S A SO G i B e
Roberts et al.,2011 3.8% -0.07[-0.59; 0.44] — Paelt et al., 2016 3.4% 0.23 {—0.40; 035} ——
Tongeetal, 2014 4.0% 0.14[-0.33;0.61] - Raett et al. 2016 4.0% 038[-0.15,0.89 T

: .,2015 45%  0.58[0.14;1.01] -
Goods et al., 2013 21% 0.15[-0.84;1.13] —— Kasari ot :L,2015 44%  0.66[0.23;1.10] —~—
Goods et al., 2013 1.9% 0.17[-0.88;1.22] — Kaale et al., 2014 41%  0.71[0.22; 1.20] ——
Tonge et al., 2014 40% 0.19[-0.28: 0.66 - Wood et al., 2017 4.0%  0.75[0.24;1.26] _—
aataiols 3o 029 040080 = e s onloi i —
Kasari et al., 2008 3.1% 0.30[-0.37;0.98] — Kasari et al., 2008 3.2%  0.95[0.30; 1.61] ———

) 09 35[-0.12: 0. P Woo et al., 2015 33% 1.14[0.51;1.78] —
gzg:: :: g:gg}g gg;: ggg {_81;23 ggg} - Eikeseth etal., 2002 23%  1.37[0.51;2.23] ’.
Kasari et al., 2008 3.0% 0.48[-0.20;1.16] —.- —_—
Tonge et al., 2014 4.0% 0.48[0.01;0.96] -

Kasari et al.,2015 4.2%  0.57[0.13;1.00] - i

Kasari et al.,2015 42% 0.58[0.14;1.01] - Roberts et al.,2011 3.9% -0.16 [-0.68; 0.36] —~—
Kasarietal.2015  4.2% 0.65[0.21;1.08] - %%d:;*;'-v 2013 2.0% 015 {:ggg S g} =
Kasari et al., 2015 4.2%  0.66[0.23;1.10] - Kasari et al., 2008 3.1%  0.30 [-0.37; 0.98] ——

Kaale et al., 2014 3.6% 0.69[0.14;1.24] i Paelt et al., 2016 4.2%  0.35[-0.12;0.82] T——

Kaale et al., 2014 3.9% 0.71[0.22;1.20] — ﬁ:g: ee: aall-, 22810‘? 3; ;« %t% [[—g-o 3; g]] ———
Wood et al., 2017 3.8%  0.75[0.24;1.26] - Kasarietal. 2015 4.5%  0.57[0.13:1.00] ——
Kasari et al., 2008 32% 0.79[0.15; 1.44] —_— Kasari et al., 2015 4.4%  0.65[0.21;1.08] -
Wong & Sun, 2010 3.4% 0.83[0.24;1.42] —— Kaale et al., 2014 3.8:/° 0.69[0.14; 1.24 —_~
Kasarietal, 2008  3.1%  0.91[0.24; 1.58] —_— Wong & Sun, 2010 3.5%  0.83[0.24;1.42] -
Kasarietal, 2008  3.2% 0.95[0.30;1.61] D —

Woo et al., 2015 32% 1.14[0.51;1.78] - i

Eikeseth etal., 2002 2.4% 1.37[0.51;2.23] Tr—— :

Wong & Sun, 2010 3.3% 1.41[0.78; 2.04] | Wong & Sun, 2010 3.3% 1.41[0.78;2.04] | ——
Woo et al., 2015 3.3% 1.71[1.09; 2.32] | — [ —
Total (95% Cl) 100.0%  0.55[0.38; 0.73] TS

95% CI [-0.26; 1.36] —— Total (95% Cl) 100.0%  0.51 [ 0.35; 0.67] <>

ity Tau = . Chi2 = - hNP-dg% | T 1 95% Cl [-0.19; 1.21]

Heterogeneity: Tau” = 0.1476; Chi” = 63.16, df = 28 (P < 0'01;' = 16% o ) 5 Heterogeneity: Tau® = 0.1095; Chi® = 48.68, df =27 (P <0.01); P=45% | T |
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Figure 18: Reynell Receptive Language- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Interventions Received
Std. Mean Difference Std. Mean Difference S o ergn Syilean Diference St Mean Diference
Study Weight IV, Random, 95% CI IV, Random, 95% CI
Roberts et al.,2011 3.6% -0.26 [-0.78; 0.27] — Ec"(bertshet ali,Zgg :)2 gg“;o —8-?6 {—8.;8: ggg} ——
i . . ikeseth et al., 2% -0.17 [-0.97; 0.
Eikeseth etal., 2002  2.2% -0.17[-0.97; 0.63] —— e o oag . A2 ond osa o
Roberts et al., 2011 3.6% -0.11[-0.63;0.42] —— Roberts et al.,2011  4.0%  0.34 [-0.18; 0.86]
Wong & Sun, 2010 3.5% 0.07[-0.48;0.62] —— Paelt et al., 2016 4.1%  0.36[-0.15;0.87]
Goodsetal, 2013  1.7% 0.13[-0.85; 1.11] —— raenetal 20t Sl 058 [[-3.0225: N g’g]]
| asari et al.,| 0% X .02; 0.
Kasari et al., 2008 2.8%  0.21[-0.46; 0.88] ’ Kasari et al., 2008 3.0% 0.53[-0.12;1.18]
Tonge et al., 2014 4.0% 0.21[-0.26;0.68] - Eikeseth etal., 2002  2.3%  0.55 [-0.24; 1.33]
Tonge et al., 2014 4.0% 0.24[-0.23;0.71] S Kasari et al., 2008 3-1:/" 0.58 [-0-053 1.21]
Roberts etal 2011  3.7% 0.34[-0.18; 0.86] L e aow Siemaii s ——
Paelt et al.,2016 4.0% 0.34[-0.13;0.81] ——_ Kasari et al., 2008 2.9% 0.76[0.10;1.42] ——
Paelt et al.,2016 3.7% 0.36[-0.15;0.87] E Woo et al., 2015 3.2%  0.78[0.16;1.39] ————
Tongeetal, 2014  4.0% 0.37[-0.10; 0.84] = K ol o0s so omslosaied —
o N . o . asari et al., .0% . .24; 1. —
Paelt et al.,2016 3.0% 0.38[-0.25; 1.00] ———— -
Kasari et al.,2015 4.3%  0.45[0.02;0.88] (e
Kasari et al., 2008 2.7% 0.51[-0.17;1.19] ———
Kasari et al., 2008 2.9% 0.53[-0.12;1.18] T
Eikesethetal., 2002 2.3% 0.55[-0.24; 1.33] r—— Roberts et al.,2011 4.0% —0.11[-0.63; 0.42]
Wong & Sun, 2010 3.4%  0.58 [0.01;1.15] e— ﬁ;;’g::: ;'-’ 22333 ;-g:f 0.13[-0.85;1.11]
Kasari et al.,2015 4.3% 0.58[0.15;1.01] < Tonge stal. 2014 45%
Kasari et al., 2008 3.0% 0.58[-0.05; 1.21] -—- Paelt et al.,2016 4.5%
Goods et al., 2013 1.5% 0.60[-0.47; 1.68] —— Tonge et al.,, 2014 4'5:/" i 0
Wood etal, 2017  3.8% 0.65[0.15;1.15] e o o aev oasiooriiisy
Kasari et al.,2015 43% 0.69[0.26;1.13] e Kasari et al., 2015 4.9% 0.58[0.15;1.01] e
Kaale et a|.’ 2014 3.9% 0.73 [ 024’ 122] e Kasari et al.,2015 4.9% 0.69[0.26;1.13] et
Kaale et al., 2014 35% 0.73[0.18:1.28] —— Kaale et al., 2014 3.7%  0.73[0.18;1.28] :»—
Kasari et al., 2008 2.9% 0.76[0.10; 1.42] R —
Woo et al., 2015 3.1% 0.78[0.16; 1.39] ’
Kasari et al.,2015 4.2%  0.86[0.42; 1.30] -
Kasari et al., 2008 29% 0.89[0.24;1.54] —— Wong & Sun, 2010 3.7%  0.07 [-0.48; 0.62]
Woo et al., 2015 3.1% 1.67 [ 1.06; 2.28] ———
Total (95% CI) 100.0%  0.48[0.34;0.61] .
95% CI [-0.12; 1.08] = Total (95% Cl) 100.0%  0.43 [ 0.32; 0.55] <>
Heterogeneity: Tau® = 0.0814; Chi® = 45.68, df = 29 (P = 0.08); I = 37% T 95% Cl [-0.02; 0.89] !

ity: . Chi T )
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Figure 19: SPA- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
Study or Std. Mean Difference Std. Mean Difference Study or Std. Mean Difference Std. Mean Difference
Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI Study or Std. Mean Difference Std. Mean Difference Subgroup Weight IV, Random, 95% CI IV, F m, 95% CI
Goods et 8l 2013 0.0% —0.32 [-1.30; 0.67) Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Shire et al., 2020 17% 003 [-0.69; 0.62] Kasari et al.,2014b  3.6% -0.21[-0.57;0.15] ———
Boyd et al., 2018 4.2% -0.03 [-0.33; 0.27] e Goods et al., 2013 1.0% -0.32[-1.30; 0.67] Shire et al., 2020 1.7% -0.03 [-0.69; 0.62]
Chang etal., 2016 2.4% —0.01[-0.53; 0.52] Kasari etal.2014b  3.9% -0.21[-0.57;0.15] — Wong, 2013 1.7% —0.03 [-0.68; 0.63]
Kasari etal.2014b  3.6% - Kasari etal.,2014b  3.7% —0.10[-0.48; 0.29] — Boyd et al.,, 2018 4.2% -0.03[-0.33; 0.27] -
e 590 = Kasari etal.2006  1.8% —0.09 [-0.77; 0.58] Wong, 2013 1.5% -0.02[-0.73; 0.70]
Goods et al., 2013 0.8% Boyd et al., 2018 4.3% -0.05[-0.37; 0.26] ~ Kasari et al.,2014b  8.6%  0.01[-0.35; 0.37] —~—
Kasari etal.2014b  3.6% —— Boydetal, 2018  4.5% -0.03[-0.33;0.27] - Kasari etal,2006  1.9%  0.09 [-0.52; 0.69]
Rasanetal.20lab  Sa% T Kasari etal.,2014b  3.9%  0.01[-0.35;0.37] e Goods etal, 2013 0.8%  0.09[-0.96; 1.14]
S:i:r:;ai"zuzu 2:50;: Boyd et al., 2018 43% 0.07 [-0.25; 0.38] - Kasari et al.,2014b 3.6°/o 0.13 [—0.225 0.49] —~—
Kasari et al.,2006  1.8% Kasarietal. 2006 ~ 2.2%  0.09 [-0.52;0.69] Shire et al., 2020 ! '70/° 51 " 0.801 gy
Chang etal. 2016 2.8% F— Kasarietal.2014b  3.7%  0.09 [-0.30;0.47] — Boydetal, 2018 4.2% 15;046]
Kasariot al. 2006 1.9% Dr— Goods etal, 2013 0.9%  0.09 [-0.96;1.14] Spire etal, 2020 2.6% Sli0em
i Kasari etal.,2006  1.8% 0.12[-0.55;0.79] C‘;‘fa” e‘fl" ols Do oo 4]
Kasari etal., 2008  1.8%  0.12[0.55; 0.79] ang etal, o 10741
: Kasari etal, 2006  1.9%  0.38[-0.23;0.99]
Kasari etal.,2014b  3.9%  0.13[-0.22;0.49] e Shire etal, 2020  25%  0.39 [-0.10: 0.89]
Kasari et al.2014b  3.6% —~r Kasarietal.2014b  8.7%  0.14[-0.24;0.53] —— Kasarietal, 2008  1.8% 0.44[-0.19;1.07]
Kasari etal.2014b  3.4% — Boydetal., 2018 4.5% 0.16[-0.15;0.46] - Kasarietal.2014b  3.6%  0.48[0.11; 0.84] pEN.
Boyd et al., 2018 4.0% —— Kasari et al.,2006 1.8% 0.16 [-0.52;0.83] Kasari et al..2006 1.8%  0.49 [-0.14;1.12]
Chang etal,, 2016 2.4% Kasarietal.,2014b  3.7%  0.18[-0.21;0.56] —p— Kasari etal. 2006  1.8% 0.52[-0.11;1.15]
s 10w Kasarietal., 2008  2.0% 0.25[-0.39;0.89] Changetal, 2016  2.8%  0.60[0.14;1.06] ——
Shire etal, 2020 1.7% Kasarietal. 2008 ~ 1.8% 0.27[-0.41;0.94] Kasarietal, 2008  1.8%  0.61[-0.03; 1.24]
Boyd et al., 2018 4.2% < Kasari et al.,2006 2.1% 0.38[-0.23;0.99] Kasari et al.,2006 1.8% 0.63[-0.01;1.27]
Shire et al., 2020 2.6% Kasari etal., 2008  2.0% 0.4 [-0.19;1.07] Kasari et al., 2006 1.9%  0.70[0.08; 1.33] S —
Kecorictal 2008 1% 025100, 0a6] I Kasari otal,2014b  3.9%  048(0.11;084) — Changetal, 2016  27%  0.75[0.26; 1.22 —
Kasari et al., 2008 1.6%  0.27 [-0.41; 0.94] Kasari et al.,2006 2.0% 0.49[-0.14;1.12] Kasari et al., 2008 1.7%  0.98[0.31;1.66] ————
Chang etal., 2016 2.8% 0.74] Kasarietal.,2006 ~ 2.0% 0.52[-0.11;1.15] nd
E:::: :: ::22%001 :gj 0.38 [-0.2 ?gg} Kasarietal., 2008  2.0% 0.61[-0.03;1.24]
Kasari etal 2014b  3.6%  0.48[0.11;0.84] ——— Kasarietal.2006 ~ 2.0%  0.63[-0.01;1.27]
Kasari et al 2006  1.8%  0.52[-0.11; 1.15] Kasari etal.,2006 ~ 2.1%  0.70[0.08;1.33] e—
Kasari et al., 2008 1.8%  0.61[-0.03; 1.24] Kasari et al., 2008 1.8% 0.98[0.31;1.66] —
Kasari et al., 2008 1.7%  0.98[0.31;1.66] —_— PY Goods et al., 2013 0.9% -0.32[-1.30; 0.67]
- Kasari etal.,2014b  3.4% —0.10 [-0.48; 0.29] —_—
- Kasari etal, 2006  1.7% -0.09 [-0.77; 0.58]
Boyd et al., 2018 4.0% -0.05[-0.37;0.26] i
Changetal., 2016  2.4% -0.01[-0.53;0.52]
Chang etal., 2016  2.4%  0.01 [-0.52; 0.53] Chang et al., 2016 2.4% 0.01[-0.52;0.53]
ohang etal., 2016  2.7% 0.75[[ 0.28; 1.22]] — KVIOHQY 2013 1-9:/° -0.03 [-0.68; 0.63] Boydget al.,, 2018 4.0% 0.07 [-0.25; 0.38] P
g; 2013 1.7%  -0.02[-0.73;0.70] Kasari et al.,2014b  3.4%  0.09 [-0.30; 0.47] —~—
Changetal., 2016  2.6% -0.01[-0.53;0.52] Changetal., 2016  24% 0.12[-0.41;0.64]
Changetal., 2016~ 2.6%  0.01[-0.52;0.53] Kasari et al,2006  1.7% 0.12[-0.55; 0.79]
Changetal., 2016 2.6% 0.12[-0.41;0.64] Kasarietal, 2008  1.7% 0.12[-0.55;0.79]
Kasari et al.,2006 1.7% —0.09 [-0.77; 0.58] Changetal., 2016  3.1%  0.29 [-0.17;0.74] Kasari et al.,2014b  3.4%  0.14 [-0.24; 0.53] —~—
agng o A [-0.68; 0.63] Changetal, 2016 3.0%  0.60[0.14;1.06] F— Kasari etal.,2006  1.7%  0.16[-0.52;0.83]
ng. o Changetal., 2016  3.0% 0.75[0.28;1.22] ——— Kasarietal.,2014b  3.4%  0.18[-0.21; 0.56] ——
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—— g
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Figure 20: SRS Total- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall

Cognitive Split

Interventions Received

Study Weight
Leaf et al., 2017 0.4%
Lopata et al.,2018 1.1%

Odonnell, 2012 0.5%
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Meta-Regression Bubble Plots
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Figure 21: SRS Cognition- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Cognitive Split

Interventions Received

Study

Melamed et al.,2018
Odonnell, 2012

Bass et al., 2009
Frye et al.,2018
Boyd et al., 2014
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Meta-Regression Bubble Plots
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Figure 22: SRS Social Communication- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
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Figure 23: SRS Social Awareness- Plots
Forest Plots for Sub-Group Analyses and Overall Pooled Effect

Overall Cognitive Split Interventions Received
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Figure 24: SRS Social Motivation- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Meta-Regression Bubble Plots
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Figure 25: Vineland Communication- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Meta-Regression Bubble Plots
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Figure 26: Vineland Socialization- Plots

Forest Plots for Sub-Group Analyses and Overall Pooled Effect
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Meta-Regression Bubble Plots
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Appendix A- Supplementary Material

A- 1: Search Terms and Strategy

The syntax used was modified for each individual database. The search syntax below represents a title and
abstract search for the PsychINFO Database. First, broken up for clarity and then provided as it was entered.

Syntax broken up by category

"Pervasive development™* disorder*" OR Autis* OR PDD OR PDD-NOS OR Asperg* OR asd

AND

(Child* OR infan* OR kindergarten* OR pediatric OR toddler OR pre-school* OR preschool* OR "primary
school*" OR "elementary school*")

AND

("free play" OR "parent child interaction" OR "caregiver child interaction" OR "caregiver play interaction” OR PCX
OR CCX OR "mother child interaction" OR "behavioral rating" OR "MacArthur Communicative Development
Inventory" OR MCDI OR "Griffiths Scale of Infant Development" OR VABS OR "Vineland Adaptive Behavior
Scale" OR "preschool language scales" OR PLS OR "Communication symbolic behavior scales" OR CSBS OR
"Mullen Scales of Early Learning" OR MSEL OR "Leiter International Performance Scale" OR Leiter OR "Early
intervention developmental profile" OR EIDP OR "Preschool Developmental Learning Accomplishments Profile"
OR "Comprehensive Assessment of Spoken Language" OR CASL OR GMDS OR "Griffiths Mental Development
Scales" OR BPVS OR "British Picture Vocabulary Scale" OR SICD OR "Sequenced Inventory of Communicative
Development"” OR DANVA OR "Diagnostic Analysis of Non-Verbal Accuracy" OR WASI OR "Wechsler
Abbreviated Scale of Intelligence”" OR SSRS OR "Social Skills Rating System" OR JAMES OR "Joint Attention
Measure from ESCS" OR "Early Social Communication Scales" OR ESCS OR "Natural Language Sample" OR
"structured play assessment" OR SPA OR "Social Communication Questionnaire” OR SCQ OR "Social
responsiveness scale" OR "Imitation Battery" OR "Imitation disorders evaluation scale" OR "pre-verbal
communication schedule" OR "social communication behavior codes" OR "Clinical Evaluation of Language
Fundamentals" OR CELF OR "Expressive one-word picture vocabulary test" OR EOWPVT OR "receptive one-
word picture vocabulary test” OR ROWPVT OR "Illinois Test of Psycholinguistic Abilities" OR "Peabody picture
vocabulary test" OR PPVT OR "Battelle Developmental Inventory" OR "Bayley Scales of Infant Development" OR
"Stanford-Binet Intelligence Scale" OR "autism diagnostic observation schedule" OR ADOS)

Combined Search Syntax

TS=("Pervasive development* disorder*" OR Autis* OR PDD OR PDD-NOS OR Asperg* OR asd) "AND" (Child*
OR infan* OR kindergarten* OR pediatric OR toddler OR pre-school* OR preschool* OR "primary school*" OR
"elementary school*") "AND" ("free play" OR "parent child interaction" OR "caregiver child interaction" OR
"caregiver play interaction" OR PCX OR CCX OR "mother child interaction" OR "behavioral rating" OR
"MacArthur Communicative Development Inventory” OR MCDI OR "Griffiths Scale of Infant Development” OR
VABS OR "Vineland Adaptive Behavior Scale" OR "preschool language scales" OR PLS OR "Communication
symbolic behavior scales" OR CSBS OR "Mullen Scales of Early Learning"” OR MSEL OR "Leiter International
Performance Scale" OR Leiter OR "Early intervention developmental profile" OR EIDP OR "Preschool
Developmental Learning Accomplishments Profile" OR "Comprehensive Assessment of Spoken Language" OR
CASL OR GMDS OR "Griffiths Mental Development Scales" OR BPVS OR "British Picture Vocabulary Scale"
OR SICD OR "Sequenced Inventory of Communicative Development” OR DANVA OR "Diagnostic Analysis of
Non-Verbal Accuracy"” OR WASI OR "Wechsler Abbreviated Scale of Intelligence" OR SSRS OR "Social Skills
Rating System" OR JAMES OR "Joint Attention Measure from ESCS" OR "Early Social Communication Scales"
OR ESCS OR "Natural Language Sample" OR "structured play assessment" OR SPA OR "Social Communication
Questionnaire” OR SCQ OR "Social responsiveness scale" OR "Imitation Battery" OR "Imitation disorders
evaluation scale" OR "pre-verbal communication schedule" OR "social communication behavior codes" OR
"Clinical Evaluation of Language Fundamentals" OR CELF OR "Expressive one-word picture vocabulary test" OR
EOWPVT OR "receptive one-word picture vocabulary test"” OR ROWPVT OR "Illinois Test of Psycholinguistic
Abilities" OR "Peabody picture vocabulary test" OR PPVT OR "Battelle Developmental Inventory" OR "Bayley
Scales of Infant Development" OR "Stanford-Binet Intelligence Scale" OR "autism diagnostic observation schedule"
OR ADOS)
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A- 2: Quality Assessment Tool

Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies

Criteria

Yes

No

Other
(CD, NR, NA)*

1. Was the research question or objective in this paper clearly stated?

2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least 50%?

4. Were all the subjects selected or recruited from the same or similar populations (including
the same time period)? Were inclusion and exclusion criteria for being in the study pre-
specified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates
provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the
outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an association
between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of
the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as
continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and
implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and
implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants?

13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted statistically for their
impact on the relationship between exposure(s) and outcome(s)?

Quality Rating (Good, Fair, or Poor) (see guidance)
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Rater #1 initials:

Rater #2 initials:

Additional Comments (If POOR, please state why):

*CD, cannot determine; NA, not applicable; NR, not reported
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A- 3: Names of Included Social Communication Measures

ABAS-Social Subscale
ABBLS-R

ABC Total

ABC Social
Withdrawal

ABC Inappropriate

Language

AEPS-Social
Communication

AEPS-Social

ADI-Communication

ADI-Social Interaction
ADOS Severity

ADOS Social Affect

ADOS Language
ADOS Play
ADOS Social
Interaction

ADOS Total

ASQ Social-Emotional
ASQ Communication
Autism Symptom
Rating Scale
ATEC-Language
ATEC-Social
BASC-Social Skills

BASC-Functional
Communication

Bayley
Communication
Bayley Social
Emotional
BOSCC Social
Affect

BOSCC Total
CARS

CCC-
Communication
CCC Social
Interaction
CELF-4
Communicative
Developmental
Inventory

CBRS Initiations

CBRS Affect

CBRS Joint
Attention

CBRS Interest
CBRS Attention

CSBS Social
Communication

CSBS Speech
CSBS-Symbolic

CSBS
Developmental
Profile 3
Communication
Developmental
Profile 3 Social

EOWPVT

ESCS Gestures

ESCS IJA
ESCS RJA

ESCS Requesting
Expressive
Vocabulary Test

FEAS

FEAS
Developmental
Questionnaire

GARS

GMDS Language

GMDS Social

GFTA
HKBABS
Communication

HKBABS Social
Communication
Joy and Fun
Questionnaire
PEP-R Overall
Communication

PJAM Finding Faces

PJAM IJA
PJAM RJA

PJAM Turn Taking

PLS Expressive
KTEA Oral
Language
KTEA
Comprehension

MCDI
Comprehension

MCDI Expressive
MCDI Gestures
MCDI MLU

PLS Receptive

PLS Total
PIA Total
PIA Understanding

PIA Social
Reciprocity

PIA Non-Verbal
Communication
PDD-Behavioral
Inventory
Preschool
Kindergarten
Behavior Scales
Social
Communication

PPVT-Receptive
PPVT-Word Count

Merrill Palmer- R

Mullen Expressive
Language

Mullen Receptive
Language

Mullen Verbal
Combined

PEP-R Expressive

PEP-R Receptive

PEP-R Verbal Cognitive
Reynell Total

Reynell Expressive

Reynell Receptive
ROWPVT

Scales of Independent
Behavior- Social Interaction
Scales of Independent
Behavior- Expressive

Scales of Independent
Behavior- Receptive
Schlichting Test of Language
Production

Social Communication
Checklist Social Engagement

Social Communication
Checklist- Language

Social Communication
Checklist-Play

SCQ
SPA

SPACE
SRS Total
SRS Cognition

SRS Social Awareness

SRS Social Communication
SRS Social Motivation

SSIS

SSRS-Positive
Social Behaviors
SSRS-Negative
Social Behaviors

Symbolic Play Test
TOLD3 Language

Quotient

TOPP-Pretend Play

Test of Playfulness

VB-MAPP
Vineland
Communication

Vineland Expressive
Vineland Receptive

Vineland
Socialization

Note. ABAS= Adaptive Behavior Assessment System, ABBLS= The Assessment of Basic Language and learning Skills, ABC= Aberrant Behavior
Checklist, AEPS= Assessment, Evaluation and Programming System, ADI= Autism Diagnostic Interview, ADOS= Autism Diagnostic Observation
Schedule, ASQ= Ages and Stages Questionnaire, ATEC= Autism Treatment Evaluation Checklist, BASC= Behavior Assessment System for Children,
BOSCC= Brief Observation of Social Communication Change, CARS= Childhood Autism Rating Scales, CCC= Children’s Communication Checklist,
CBRS= Conner’s Comprehensive Behavior Rating Scales, CSBS= Communication and Symbolic Behavior Scale, EOWPVT= Expressive One Word
Picture Vocabulary Test, ESCS= Early Social Communication Scales, FEAS= Functional Emotional Assessment Scale, GARS= Gilliam Autism Rating
Scale, GMDS= Griffiths Mental Development Scale, GFTA= Goldman-Fristoe Test of Articulation, HKBABS= Hong Kong Based Adaptive Behavior
Scale, PEP-R= Psychoeducational Profile-Revised, PJAM= Precursors of Joint Attention Measure, PLS= Preschool Language Scales, KTEA= Kaufman
Test of Educational Achievement, MCDI= Macarthur Communicative Development Inventories, PIA= Parent Interview for Autism, PDD= Pervasive-
Developmental Disorder, PPVT=Peabody Picture Vocabulary Test, ROWPVT= Receptive One Word Picture Vocabulary Test, SCQ= Social
Communication Questionnaire, SPA= Structured Play Assessment, SRS= Social Responsiveness Scale, SSIS= Social Skills Improvement System, SSRS=
Social Skills Rating System, TOLD= Test of Language Development, TOPP= Test of Pretend Play, VB-MAPP= Verbal Behavior Milestones and

Placement Program.
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Appendix B- Less Commonly Used Outcomes

Figure B- 1 Bubble Plots for CSBS- Social Communication Effect Sizes
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Figure B- 2: Bubble Plots for EOWPVT Effect Sizes
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Figure B- 3: Bubble Plots for FEAS Effect Sizes
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Figure B- 4: Bubble Plots for GMDS Language Effect Sizes
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Figure B- 5: Bubble Plots for GMDS Personal Social Effect Sizes

Length

Age

Year

o o ©
g g BB
< <
S o <
3
N | O
3 S ~
s
g 7
5 5 B
8 8 H s
H 5 H 8
& & S
§ §
€ £ g
H 3 g
H H 3
g g H
g
g g €
o z
o 7 e o 7 -
o
: : £ 3
H H
£ (€] £ H
§ § §
& g E )
£ £ 5
&
o o
S Bl
? ? N
EQ
7
.| . | o
] 3
s
3
T T T T T T T T T T T T T T
5 10 15 20 25 30 35 40 30 35 40 45 50 55
T T T T T
Length in Months. Age 2012 2014 2016 2018 2020
Study Year

124



Figure B- 6: Bubble Plots for MCDI Gestures Produced Effect Sizes
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Figure B- 7: Bubble Plots for Mullen Expressive and Receptive Combined Effect Sizes
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Figure B- 8: Bubble Plots for PEP-R Verbal Cognitive Effect Sizes
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Figure B- 9: Bubble Plots for PIA Nonverbal Communication Effect Sizes
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Figure B- 10: Bubble Plots for PIA Social Reciprocity Effect Sizes
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Figure B- 11: Bubble Plots for PLS Expressive and Receptive Combined Effect Sizes
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Figure B- 12: Bubble Plots for Social Communication Questionnaire Effect Sizes
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Figure B- 13: Bubble Plots for SSIS Effect Sizes
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Figure B- 14: Vineland Expressive Language Subgroup Effect Sizes

Overall Interventions Received
Std Mean Diﬁerence Std Mean Diﬁerence Study or Std. Mean Difference Std. Mean Difference
StUdy Welght |V, Random, 95% C| |V, Random, 95% c| Subgroup Weight 1V, Random, 95% CI IV, Random, ?5% Cl
Frje e, 2013 A 004034107 ? :?nr::tr)]uestcﬁlétzaol?52017 ;i:f 8‘;3 {:gggg% ::
Hardan et al., 2015 8.7% 0.14]-043,0.72] ; Hinnebusch etal, 2017 22.1%  0.41[0.15;0.68] <
Himebusch etal, 2017 9.1%  020[-0.36;0.73 : Ll s 5% 091[020,161) —_—
Boydetal, 2014 15.5% 0.22[-0.08;0.52] gt il
Frye et al, 2013 40% 025073129 ——
Boydetal, 2014 133% 032[-0.06;0.70) -
Hinebusch et al, 2017 166%  0.41[0.15;068] <> Sorieta. oo a7 Omlooe0 =
Boyd etal, 2014 18.7% 0.4470.08;0.81) - .
Leord et al. 2015 6.7% 091[0.20; 1.61) <.—'
Hardan et al., 2015 8.4% 1.100.50; 1.69) | ——
; Frye etal. 2013 31%  0.04[-0.94; 1.02] —
: Frye et al. 2013 31% 0.25[-073;1.23] ——
Total (95% Cl) 100.0% 0.40[0.19; 0.61] <& e
95% Cl [-0.19;0.99] p—
Heterogeneity: Tau’ = 0.0563; O = 1059, ot =9 (P=031) Pt T 1 T T Tolal @5%C)  1000% 0.34[0.19; 048] -
-15-1-050 05 115 azzrgeneiw:Tau2=o.o199; cmz=4.74,[:1?'=0§;(g'=7%].79); PLowl T T

-15-1-050 05 1 15

133



Figure B- 15: Bubble Plots for Vineland Expressive Language Effect Sizes
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Figure B- 16: Vineland Receptive Language Subgroup Effect Sizes
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Figure B- 17: Bubble Plots for Vineland Receptive Language Effect Sizes
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