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Abstract

This meta-analysis examined the effects of early interventions on social communication outcomes for young children with
autism spectrum disorder. A systematic review of the literature included 1442 children (mean age 3.55 years) across 29
studies. The overall effect size of intervention on social communication outcomes was significant (g=0.36). The age of the
participants was related to the treatment effect size on social communication outcomes, with maximum benefits occurring
at age 3.81 years. Results did not differ significantly depending on the person implementing the intervention. However,
significantly larger effect sizes were observed in studies with context-bound outcome measures. The findings of this meta-
analysis highlight the need for further research examining specific components of interventions associated with greater and

more generalized gains.
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Introduction

Autism spectrum disorder (ASD) is a developmental disor-
der characterized by: (1) deficits in social communication
and interactions with others and (2) repetitive or restricted
behaviors and interests (American Psychology Association
2013). According to the Centers for Disease Control, about
1 in 59 children are diagnosed with ASD (Baio et al. 2018).
Although both core features must be present for an ASD
diagnosis, social communication is of particular concern, as
deficits in communication are correlated with a host of other
developmental challenges, including decreased academic
performance, increased problem behavior, and difficulties
forming relationships with others (Koegel et al. 1992; Baum-
inger and Kasari 2000; Mundy et al. 1986). Early deficits in
language and communication are predictive of communica-
tion abilities into adulthood (Gillespie-Lynch et al. 2012).
Social communication is defined as the sharing of infor-
mation, thoughts, or ideas with another person (Mundy et al.
1986). The key feature of this definition is that it requires
intentional communication to another person, meaning that
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it goes beyond the ability to produce spoken language, and
can include nonverbal communication through gestures and
eye contact. Social communication is essential to initiating
joint attention, behavior regulation, and engaging in social
interaction. These early social communication skills are
important precursors to expressive language for children
with ASD, especially in the case of joint attention behaviors.
Correlational studies have found significant associations
between joint attention skills and later language abilities,
such that children with more early joint attention behav-
iors show better long-term expressive language outcomes
(Mundy et al. 1990; Sigman and Ruskin 1999; Charman
2003). In addition, children who received an intervention
targeting early social communication skills have shown
greater long-term language improvements than children in
a control group (Kasari et al. 2010). This research suggests
that interventions that increase a child’s social communica-
tion skills may result in improved language use, including
better long-term language and communication outcomes.
Early interventions addressing core behavioral and skill
deficits associated with ASD are of particular interest given
the large numbers of young children with ASD and current
policies for serving these children. Currently, the Ameri-
can Academy of Pediatrics Council on Children with Dis-
abilities recommends a minimum of 25 h per week in ASD
related interventions (Myers and Johnson 2007). Intensive
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behavioral interventions for children with ASD may cost as
much as $40,000-$60,000 per child per year (Amendah et al.
2011). Following recommendations for treatment of ASD
may present a sizable economic burden for families and the
high costs associated with treating this disorder are concern-
ing. In this context, it is especially important to determine
the effectiveness of early interventions for improving social
communication.

Intervention Components Related to Outcomes

By systematically evaluating current research on interven-
tions targeting social communication outcomes for children
with ASD, it would be possible to make more informed evi-
dence-based recommendations for treatment of this popula-
tion. This includes understanding how study characteristics,
including the characteristics of the study participants and
the intervention delivery, and study methodology, includ-
ing the measurement type and potential bias, are related to
study outcomes.

Age

Age of entry into intervention programs has been linked
to outcomes including school placement, such that earlier
placement in services was related to placement in more
inclusive school settings (Harris and Handleman 2000). In
a review of early intensive behavioral interventions (EIBI),
Granpeesheh et al. (2009) found a relationship between age
and treatment progress such that younger children (ages
2.5-5.15 years) made more progress in their treatment pro-
grams compared to older children (ages 5.15-7.14 years),
and younger children made greater gains even from lower
intensity programs. These studies support the need for
increased access to intervention at earlier ages.

Dosage

In addition to the relationship of age and intervention out-
comes, the dosage and duration of intervention have been
important factors to consider. In a meta-analysis of outcomes
from interventions using the principles of applied behavior
analysis (Virués-Ortega 2010), children who had received
longer-term interventions (at least 45 weeks with 10 h of
therapy per week) showed better outcomes. Similarly, in
addition to a relationship between age and outcomes, Gran-
peesheh et al. (2009) found a relationship between dosage
and treatment progress, such that children who had received
higher intensity treatment, or more hours of treatment per
week, mastered more treatment programs compared to chil-
dren who received lower intensity treatments. Although
these studies concluded that more treatment is better, other
studies have found inconclusive relationships between
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dosage and outcomes (e.g., Hampton and Kaiser 2016).
Understanding the effect of treatment dosage specifically
on social communication outcomes may have important
implications for policy and resource allocation.

Agent of Implementation

The person implementing the intervention is a critical fea-
ture in intervention delivery. Parents have been shown to
be effective implementers of language and communication
interventions (Roberts and Kaiser 2011). A recent meta-
analysis of spoken language outcomes for early interven-
tions for children with ASD reported that the largest out-
comes were associated with interventions that included
both a parent and a therapist in the intervention delivery
(Hampton and Kaiser 2016). The person implementing the
intervention can have an important impact on intervention
outcomes as this person brings prior skills and experience,
fidelity of implementation, and a relationship with the child
to the intervention context. Further, the person implement-
ing the intervention could have an important impact on dose
of intervention, such that parents and school staff have the
potential to implement intervention at a higher dose in the
child’s daily life than therapists alone.

Measurement

Lastly, there is evidence suggesting that the context in
which the outcome measures are assessed may influence
the reported magnitude of effects in social communication
interventions. In a review of 23 studies examining social
communication outcomes for children with ASD, Yoder
et al. found that studies using context-bound measures, or
measurement contexts in which the settings, materials, com-
munication partners, or interaction styles are highly similar
to the treatment context, had an 82% probability of a positive
treatment effect, compared to a 33% probability for studies
that used generalized measures (Yoder et al. 2013). Examin-
ing how the measurement context is related to the magnitude
of the results is especially important because children with
ASD have difficulty generalizing communicative behaviors
to untrained contexts (Hwang and Hughes 2000; Whalen
and Schreibman 2003). Context-bound measures may over-
estimate the impact of an intervention on functional com-
munication skills outside of the treatment setting.

Previous Reviews

To date, no quantitative meta-analyses have examined the
effects of early interventions on social communication out-
comes for children with ASD. In a best evidence review
of early social communication interventions, Yoder et al.
(2013) found that although the majority of the 23 included
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studies reported positive effects on social communication,
this finding may have been driven by the use of context-
bound outcome measures. Because the review included
both single case design studies and group design studies, the
authors categorized the outcomes in terms of effectiveness
(e.g., strong evidence of treatment effect was demonstrated
for 54% of the dependent variables) rather than calculating
an aggregated effect size metric. The current meta-analysis
extends the Yoder et al. (2013) review by examining group
experimental design studies through 2016 and calculating
an aggregated effect size to quantify the magnitude of effect.

A systematic review and meta-analysis of spoken lan-
guage outcomes from early interventions for children with
ASD was conducted by Hampton and Kaiser (2016). The
review included 1738 child participants under age 8 from
26 group design studies. In general, early intervention had
positive effects on spoken language for children with ASD;
a significant aggregated effect size of g=0.26 was reported.
Largest effects were found for interventions delivered by
both parents and clinicians (g =0.42), followed by parents
only (g=0.11) and clinicians only (g =0.08). The review
examined only spoken language outcomes and did not
include social communication outcomes.

Other reviews and meta-analyses have examined specific
types of interventions rather than outcome measures, includ-
ing social skills interventions (Bellini et al. 2007) and early
behavioral interventions (Eldevik et al. 2009) for children
with ASD. To date, no meta-analysis specifically examining
social communication outcomes has been conducted.

Purpose and Research Questions
The purpose of the current study was to conduct a systematic

review and meta-analysis of the effects of intervention on
social communication in children with ASD under age 8.

Table 1 Inclusion criteria and search terms

The following questions were addressed: (1) do early inter-
ventions result in significant increases in social communi-
cation behaviors for young children with ASD? (2) do the
sizes of treatment effects on social communication vary by
the age of the participants, dosage, person implementing the
intervention, and measurement context?

Method
Systematic Literature Search
Eligibility Criteria

Inclusion criteria are listed in Table 1. Studies were included
if they enrolled participants with ASD or at risk for ASD
under 8 years of age. Only studies examining educational,
naturalistic, or behavioral interventions were included in
this analysis; pharmacological or dietary treatments were
not included. Study design was restricted to group compari-
son studies (randomized control trials or quasi experimental
designs). All included studies were required to have a non-
treatment comparison group, which could include: busi-
ness as usual, waitlist control, or parent education only. All
included studies reported a measure of social communica-
tion as an outcome of the intervention. Studies reporting
expressive language outcomes were eligible for this review
only if the definition for expressive language specified that
a social indicator was paired with language. Studies that
reported standardized measures of expressive language only,
such as a vocabulary measure, a measure of direct imitation,
or a response to a prompt or question, were excluded. Stud-
ies that reported broader social behaviors using standardized
measures were not included unless the measurement instru-
ment had a specific subscale measuring social communica-
tion behaviors (e.g., ADOS Social Communication subscale;

Inclusion criteria Criteria

Corresponding search terms

Participants Autism spectrum disorder, younger than 8

Intervention Behavioral or developmental intervention, excluding phar-
macological or dietary components

Comparison Treatment as usual, waitlist control, general information
only, or referral to other services

Outcome Social communication

Study Design
quasi experimental design

Language English journals

auti* OR ASD OR PDD OR Asperger
intervention OR therapy OR teach* OR treat*

assign* OR “control group” OR BAU OR “wait list” OR RCT
OR random* OR quasi OR “treatment group” OR “interven-
tion group” OR “group design” OR (before AND after) OR
trial

“commun*” or “social interact*” or “social function*” or

“joint attention” or “joint engagement” or “ESCS” or
“CSBS”

Group design study, including randomized control trial and

La.exact(English)
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Lord et al. 2008). Only studies conducted in English were
included. Both published and unpublished studies were eli-
gible for inclusion.

Search Procedures

A total of 11 databases were searched through Proquest:
Dissertations and Theses at Vanderbilt University, ERIC,
International Bibliography of the Social Sciences, Linguis-
tics and Language Behavior Abstracts, PAIS International,
ProQuest Central, ProQuest Dissertations and Theses: UK
and Ireland, ProQuest Dissertations and Theses Full Text,
ProQuest Dissertations and Theses Global, PsycARTICLES,
and PsycINFO. The final search was conducted in December
2016. In addition to searching dissertations and theses using
the online databases, proceedings from relevant conferences
(e.g. International Meeting for Autism Research) and refer-
ence lists were searched to identify unpublished or “gray”
literature. The search and study selection process were com-
pleted by the first author and a graduate student.

Variables

Definitions of study variables are in Table 2. One effect size
was extracted from each study. If a study reported more than
one measure of social communication, the following hierar-
chy was used to select the measure for analysis: (1) scores
from structured observational assessments (e.g. Early Social
Communication Scales, Mundy et al. 2003), (2) scores from
unstructured observational assessments (e.g. an observa-
tion of the parent and child), and (3) parent or school staff
reported scores (Social Responsiveness Scale, Social Com-
munication Subscale, Constantino 2002). This hierarchy was
based on two reasons: first structured measures are more
reliable and less variable, and second, because many of the
studies used designs that included a parent or a member of
the school staff, observational scores and reports from these
individuals are susceptible to correlated measurement error
and the failure to use blind reporting.

Hedges’ g was used to calculate the standardized mean
difference effect size between treatment groups (intervention
and control) for social communication outcomes. Hedges’
g was selected because it corrects the slight bias in Cohen’s
d that occurs in studies with small sample sizes (Boren-
stein et al. 2009). Because of the variability in sample sizes
across studies, Hedges’ g was a more conservative estimate
of effect. When studies did not report means and standard
deviations, the effect size was calculated from an F-statistic
or a beta weight. In the case when F-statistics were used, the
effect size was derived from a group*time ANOVA, which
mitigates the concern of effect-size inflation.

Risk of Bias

Risk of bias was rated for each study to characterize the
quality of the studies included in the meta-analysis. Risk
of bias was rated on five applicable quality indicators rec-
ommended by the Cochrane Collaboration (Higgins et al.
2011): selection (use of random assignment and establish-
ment of pretreatment equivalence), detection (use of blind
coders and blind assessors), and attrition (use of intent to
treat analysis). Each item was scored using a binary scale,
with a score of one assigned for compliance with the quality
indicator and a score of zero assigned for noncompliance
or failure to report. Scores across indicators were summed,
for a total possible score of 5. Higher scores indicated more
compliance with quality indicators or a reduced risk of bias.
More information on risk of bias indicators is in Table 3.

Analytic Strategies

Due to the observed variability in types and dosage of inter-
vention in the included studies, a random effects model was
used to aggregate effect sizes. According to Borenstein et al.
(2009), a random effects model assumes that the true effects
of intervention are normally distributed with a between study
variance represented by 7°. A random effects model assigns
slightly more weight to smaller studies than a fixed-effects

Table 2 Variable definitions

Variable Definition
Age Mean age of participants (years)
Dose Total dose: total hours of intervention

Duration: total number of weeks of intervention

Person implementing

Clinician: intervention directly implemented by the researcher or therapist

Parent: parent implemented part or all of the intervention
School staff: any school employee implemented part or all of the intervention

Measurement type

Context bound: outcome was measured with the same person and in the same

context (setting and materials) as the intervention was conducted
Semi-generalized: outcome was measured with the same person and in a dif-
ferent context (setting and materials) as the intervention was conducted
Generalized: outcome was measured with a different person and in a differ-
ent context (setting and materials) as the intervention was conducted
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Table 3 Risk of bias definitions and quality indicators

Risk of bias Definition

Study quality indicator

Selection bias

hoc testing to establish group equivalence at baseline

Systematic differences between groups on relevant baseline
characteristics. Minimized by random assignment and post-

1. Did the study use random assignment of participants to treat-
ment groups?

2. Did the study use post-hoc testing to confirm between group
equivalence on relevant pre-treatment variables?

Performance  Systematic differences between groups are due to exposure Masking participants to a behavioral intervention is not gener-
other than the intervention of interest. Minimized by masking  ally possible. No variables coded
participants such that they are unaware of their group assign-
ment

Detection Systematic differences between groups on how outcomes are 3. Were assessors blind to group assignment?
measured. Minimized by using blind assessment of outcome 4. Were coders blind to group assignment?
variables

Attrition Systematic differences in withdrawals from study, including 5. Was an intent to treat analysis (i.e. analyzed as randomized)
removal from analyses. Minimized by including all rand- used?
omized participant in the analysis

Reporting Systematic differences in reporting of findings, such that sig- ~ Analysis of publication bias was used to identify possible gaps
nificant findings are reported and/or published and nonsig- in reporting
nificant findings are not reported

model. The heterogeneity of effect sizes was examined using Results

7> along with the Q statistic and /.

To address the second research question, subgroup analyses Study Selection

and meta-regressions were conducted for the variables identi-
fied. Continuous variables were examined via separate random
effect meta-regressions for the following variables: risk of bias,
dosage, and age. Risk of bias was included to understand the
potential relationship between study quality and outcomes.
Regression models were built using visual inspection of the
data and model fit statistics to determine the appropriate form
of the independent variable (e.g., quadratic). Fixed effects sub-
group analyses were used for categorical variables: measure-
ment type and person implementing. Fixed effect models were
used in subgroup analyses so that between-group differences
could be analyzed using Q.

All coded variables on 100% of included studies were coded
by two independent coders. Overall reliability of independent
ratings across all coded measures was 86.38% (SD =14.23;
range 68.96-100.00%). Disagreements were resolved via con-
sensus coding by the two observers and verified by examin-
ing the manuscript of the study such that 100% agreement on
all variables was reached. Lastly, although efforts were made
to minimize publication bias by including gray literature
searches, analyses were included to detect bias. Publication
bias was examined through visual analysis of a funnel plot and
the Egger’s test of small study bias (Egger et al. 1997).

A total of 2007 studies were identified in the search after
duplicates were removed. After the initial and full-text
screening of the identified articles, a total of 29 studies
(24 published manuscripts and 5 dissertations/theses)
were included in the final analysis. A PRISMA diagram
of exclusion procedures is in Fig. 1.

Study Characteristics

Descriptive statistics for the included studies are shown
in Table 4. A total of 1592 participants (at pretest) were
included across the 29 selected studies. Data on social
communication outcomes for 1442 participants were
included in the final analysis: 786 intervention participants
and 656 control participants. The mean age of participants
was 3.55 years. Twenty-six studies measured social com-
munication outcomes using observational measures (Early
Social Communication Scales, Mundy et al. 2003; Com-
munication and Symbolic Behavior Scales; Wetherby and
Prizant 2002; parent—child interactions; ADOS social
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E (n=29) Outcome: social communication
S (n=83)
= Language: English (n=33)
Follow-up (n=43)
Total: (n=337)
—
communication subscale; Lord et al. 2008; and Precursors Risk of Bias

of Joint Attention Measure; Schertz et al. 2013) and three
used a parent report (Social Responsiveness Scale, Con-
stantino 2002; Parent Interview for Autism; Stone et al.
2003). The duration of intervention varied greatly, ranging
from 1 week to 2 years.

Main Effects

Figure 2 shows the results of the meta-analysis examining
the effects of early interventions on social communica-
tion for children with ASD. The effect size and confidence
interval for each of the 29 studies are shown. Larger black
boxes around the effect sizes represent larger weights in
the meta-analysis. The random effects model aggregated
the effect sizes for an overall effect size of g=0.355 (95%
CI [0.207-0.503], p<0.001). These findings suggest that
children in early interventions showed significantly greater
improvements on measures of social communication com-
pared to children in control groups. The results also indi-
cated that there was a significant amount of heterogene-
ity between the studies (Q=49.83, p=0.007, >=43.8%,
72=0.065). This level of observed heterogeneity justified
the use of the predetermined subgroup analyses and meta-
regression analyses.
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The studies varied in compliance with quality indicators,
with an average rating of 2.93 out of 5 (SD=1.33). The
most frequent risks of bias were failure to use, or to report
the use of, blind assessors, followed by the failure to use an
intent to treat analysis. A meta-regression analysis showed
that the risk of bias score was not significantly related to
the treatment effect size on social communication outcomes
(#=-0.034, p=0.576). Additionally, risk of bias scores did
not explain any of the observed heterogeneity in the sample
(1>=45.25%, Adjusted R =0%).

Age of Participants

A quadratic meta-regression was used to evaluate the
relationship between the mean age of the participants and
the treatment effect size on social communication out-
comes, shown in Fig. 3. A quadratic term was included
in the analysis based on (1) visual inspection of the
data and (2) model fit statistics. The mean age of par-
ticipants, in years, was a significant predictor of treat-
ment effect size on social communication outcomes, such
that older participants were associated with larger out-
comes (f=0.84; p=0.039). The quadratic of participant
age was also a significant predictor of treatment effect
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Fig.2 Main effect of interven- Author ES (95% Cl)
tion on social communication :
outcomes. Random effect meta- Goods 2013 = : -0.39 (-1.48, 0.71)
regression of social communica- Kasari 2010 PR E— -0.18 (-0.80, 0.44)
tion outcomes from 29 included Turner Brown 2016 —a— -0.16 (-0.74, 0.42)
s Mehed et s ol e o1 S et
by black boxes and standard Kamps 2015 ! 0.04(-0.38, 0.47)
errors are represented by black Remington 2007 ] 0.05 (-0.59, 0.68)
bars. Hedges’ g effect sizes Keen 2010 | 0.05 (-0.57, 0.67)
and confidence intervals are Rogers 2012 | 0.07 (-0.36, 0.50)
reported Venker 2012 T 0.09 (-0.89, 1.07)
Clionsky 2015 : 0.10 (-0.60, 0.79)
Chang 2016 . 0.11 (-0.38, 0.60)
Green 2010 . 0.14 (-0.18, 0.45)
Kasari 2015 —il— 0.16 (-0.27, 0.59)
McCalla 2014 S e R— 0.22 (-0.65, 1.09)
Boyd 2014 —l— 0.32 (-0.01, 0.65)
Openden 2005 —T— 0.33 (-0.35, 1.01)
Hardan 2015 i 0.41 (-0.16, 0.98)
Karst 2010 —a— 0.48 (-0.21, 1.17)
Kasari 2006 — 0.60 (0.03, 1.17)
Lawton 2012 — 0.63 (-0.33, 1.59)
Aldred 2004 —}—I— 0.71 (-0.03, 1.45)
Wetherby 2006 —_—— 0.81 (0.14, 1.49)
Salt 2002 — 0.85 (-0.18, 1.88)
Ingersoll 2012 —_—— 0.86 (0.09, 1.63)
Nefdt 2007 ——8——  0.89(0.12, 1.66)
Solomon 2014 . —i— 0.92 (0.54, 1.31)
Field 1997 —:—I— 0.98 (0.12, 1.83)
Shertz 2013 —:—l— 1.03 (0.19, 1.87)
Casenhiser 2013 i —— 1.22(0.63, 1.81)
Overall (I-squared = 43.8%, p = 0.007) <> 0.36 (0.21, 0.50)
|
T ' T
-1.88 0 1.88

size, but in the opposite direction (B=—0.11; p=0.049),
indicating that the benefit of age diminished as children
approached 8 years. Optimal outcomes were observed at
age 3.81 years. Including age in the model explains some
of the observed heterogeneity in the sample (z>=0.052,
I?=37.28%, Adjusted R>=24.40%).

Dosage of Intervention

The total dosage of intervention (measured as the total num-
ber of hours) and the duration or intervention (measured as
length in weeks) were used as two measures of intervention
dosage. Total dosage and duration were not significant pre-
dictors of treatment effect sizes on social communication
outcomes, using separate meta-regressions (total dosage:
p=-—0.00003, p=0.746; duration: f=0.00082, p=0.972).
Additionally, neither dose nor duration explained any of the
observed heterogeneity in the sample (dosage: 1> =48.34%
Adjusted R?=0%; duration: I>=45.81% Adjusted R*>=0%).

Favors Control  Favors Intervention

Person Implementing

A subgroup analysis examined the effect of the person who
delivered the intervention. The results of this analysis are
shown in Fig. 4. A total of 19 studies included the parent
in the intervention, four studies included school staff in the
intervention, and six studies were implemented directly by
clinicians (researcher or therapist). The largest effect sizes
were shown when the intervention was delivered by clini-
cians (g=0.587,95% C1[0.258-0.916], p<0.001, 0=5.26,
I?=4.9%, k=6), followed by parents (g =0.330, 95% CI
[0.203-0.447], p<0.001, Q=39.35, I*=54.3%, k=19),
and school staff (g=0.218, 95% CI [—0.006 to —0.441],
p=0.057,0=1.91, P=0%,k= 4). The only effect size that
was not statistically significant at the 0.05 level was the
effect for interventions implemented by school staff; how-
ever, this effect size was calculated from only four studies.
There was no significant between-group variance (Q =3.32,
p=0.190), indicating that the effect size of intervention did
not differ significantly based on the interventionist.
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Fig.3 Bubble plot of meta regression outcomes for the quadratic relationship between age and effect size. Size of the circle represents the stud-

ies’ relative weight in the random effects model

Measurement Type

The type of measure was examined with a subgroup
analysis of the three measurement types: context-bound,
semi-generalized, and generalized. The results of this
analysis are shown in Fig. 5. The largest effect sizes were
observed when the measurement tool was context-bound,
or measured with the same partner, setting, and materi-
als as the intervention was delivered. For context-bound
measures, the aggregated effect size was g=0.615 (95%
CI [0.394-0.836], p<0.001, 0=16.75, I’ =64.2%, k="7).
For semi-generalized measures, where the partner was
the same but the setting and materials were different, the
aggregated effect size was smaller but remained significant
(g=0.279, 95% CI1 [0.077-0.481], p=0.007, Q=10.65,
P=249%, k= 9). For generalized measures, in which the
partner, setting, and materials were different in the meas-
urement context compared to the intervention context, the
aggregated effect size was smaller compared to the effect

@ Springer

size for context-bound measures but similar to the effect
size of the semi-generalized measures (g =0.234, 95% CI
[0.086-0.381], p=0.002, Q=14.14, ’=15.1%, k=13).
There was significant between-group variance (Q = 8.29,
p=0.016), indicating the effect size of intervention dif-
fered significantly based on the measurement type.

Relationship Between Variables

Table 5 provides information on the relationships between
variables. There were no significant relationships (using
ANOVASs) between the two categorical variables (person
implementing and measurement type) and the four con-
tinuous variables (risk of bias, age, hour of intervention,
or weeks of intervention), with the exception that interven-
tions delivered by school staff was associated with higher
average ages of participants.
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Author

Parent

Kasari 2010
Turner Brown 2016
Carter 2011
Remington 2007
Keen 2010

Rogers 2012
Venker 2012

Clionsky 2015
Green 2010
Kasari 2015
Openden 2005
Hardan 2015

-

Karst 2010 —
Aldred 2004 L
Wetherby 2006 ——
Nefdt 2007 : L
Solomon 2014 | —-—
Shertz 2013 : =
Casenhiser 2013 1 ——
Subtotal (l-squared = 54.3%, p = 0.003) o

'
Clinician 1
Goods 2013 :
McCalla 2014 i
Kasari 2006 +
Salt 2002 : =
Ingersoll 2012 t L
Field 1997 : =

Subtotal (I-squared = 4.9%, p = 0.386)

School Staff

Kamps 2015

Chang 2016

Boyd 2014

Lawton 2012

Subtotal (l-squared = 0.0%, p = 0.591)

Heterogeneity between groups: p = 0.190
Overall (l-squared = 43.8%, p = 0.007)

0

=
Y

ES (95% Cl)

-0.18 (-0.80, 0.44)
-0.16 (-0.74, 0.42)
-0.12 (-0.66, 0.42)
0.05 (-0.59, 0.68)
0.05 (-0.57, 0.67)
0.07 (-0.36, 0.50)
0.09 (-0.89, 1.07)
0.10 (-0.60, 0.79)
0.14 (-0.18, 0.45)
0.16 (-0.27, 0.59)
0.33 (-0.35, 1.01)
0.41 (-0.16, 0.98)
0.48 (-0.21, 1.17)
0.71 (-0.03, 1.45)
0.81 (0.14, 1.49)

0.89 (0.12, 1.66)
0.92 (0.54, 1.31)
1.03 (0.19, 1.87)
1.22 (0.63, 1.81)
0.33 (0.20, 0.46)

-0.39 (-1.48, 0.71)
0.22 (-0.65, 1.09)
0.60 (0.03, 1.17)
0.85 (-0.18, 1.88)
0.86 (0.09, 1.63)
0.98 (0.12, 1.83)
0.59 (0.26, 0.92)

0.04 (-0.38, 0.47)
0.11 (-0.38, 0.60)
0.32 (-0.01, 0.65)
0.63 (-0.33, 1.59)
0.22 (-0.01, 0.44)

0.33 (0.23, 0.44)

-1.88
Favors Control
Fig.4 Subgroup analysis of social communication outcomes by per-

son implementing the intervention. Diamonds represent the aggre-
gated effect size of each subgroup using a fixed effect meta-analysis.

0

Favors Intervention

1.88

Hedges’ g effect sizes and confidence intervals are reported. Nonsig-
nificant heterogeneity between groups (p=0.190) indicates no signifi-
cant different results dependent on implementer
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Author

Semi-generalized
Kasari 2010

ES (95% Cl)
i

-0.18 (-0.80, 0.44)

— e
Kamps 2015 —E—: 0.04 (-0.38, 0.47)
Venker 2012 L 0.09 (-0.89, 1.07)
Kasari 2015 —.-:— 0.16 (-0.27, 0.59)
McCalla 2014 l: 0.22 (-0.65, 1.09)
Hardan 2015 ——— 0.41 (-0.16, 0.98)
Aldred 2004 ' i 0.71 (-0.03, 1.45)
Wetherby 2006 0.81 (0.14, 1.49)
Shertz 2013 1.03 (0.19, 1.87)
Subtotal (l-squared =24.9%, p = 0.222) 0.28 (0.08, 0.48)

Generalized

Goods 2013
Carter 2011
Remington 2007
Keen 2010
Rogers 2012
Chang 2016
Green 2010
Boyd 2014
Kasari 2006
Lawton 2012
Salt 2002
Ingersoll 2012
Field 1997
Subtotal (I-squared = 15.1%, p = 0.292)

Context bound
Turner Brown 2016

-0.39 (-1.48, 0.71)
-0.12 (-0.66, 0.42)
0.05 (-0.59, 0.68)
0.05 (-0.57, 0.67)
0.07 (-0.36, 0.50)
0.1 (-0.38, 0.60)
0.14 (-0.18, 0.45
0.32 (-0.01, 0.65
0.60 (0.03, 1.17)

)
)

0.63 (-0.33, 1.59)

0.86 (0.09, 1.63)
0.98 (0.12, 1.83)
0.23 (0.09, 0.38)

(
(
(
0.85 (-0.18, 1.88)
(
(
(

-0.16 (-0.74, 0.42)

Clionsky 2015 0.10 (-0.60, 0.79)
Openden 2005 0.33 (-0.35, 1.01)
Karst 2010 0.48 (-0.21, 1.17)
Nefdt 2007 : I 0.89 (0.12, 1.66)
Solomon 2014 | —.— 0.92 (0.54, 1.31)
) }
Casenhiser 2013 , =—fl—— 1.22(0.63,1.81)
Subtotal (l-squared = 64.2%, p = 0.010) :<> 0.61 (0.39, 0.84)

Heterogeneity between groups: p = 0.016
Overall (l-squared = 43.8%, p = 0.007)

}
}
1
Q 0.33 (0.23, 0.44)
}
1

-1.88

Favors Control

Fig.5 Subgroup analysis of social communication outcomes by
measurement type. Diamonds represent the aggregated effect size of
each subgroup using a fixed effect meta-analysis. Hedges’ g effect
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Favors Intervention
sizes and confidence intervals are reported. Significant heterogene-

ity between groups (p=0.007) indicates significant different results
dependent on measurement type
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Table 5 Relationship between variables

Subgroup Risk of bias (SD) Age (SD) Dosage-hours (SD) Dosage-weeks (SD) % Context % Semi- % Generalized
bound generalized
Parent (k= 19) 3.11 (1.29) 3.23(0.94) 4.4 (7.28) 27.16 (26.55) 37% 26% 37%
Researcher (k=6) 2.17 (1.33) 3.98 (0.63) 1.92 (1.46) 13.67 (13.23) 0% 17% 83%
School (k=4) 3.25(1.5) 4.42(0.93)% 8.31 (14.47) 55.75 (55.73) 0% 25% 75%
Risk of bias (SD) Age (SD) Dosage-hours (SD) Dosage-weeks (SD) % Parent % Researcher % School
Context bound (k=7)  2.86 (1.46) 3.85(0.86) 5.99 (8.01) 23.14 (21.53) 100% 0% 0%
Semi-generalized (k=9) 2.79 (1.09) 3.55(1.26)  1.40(0.92) 30.44 (32.88) 78% 11% 11%
Generalized (k= 13) 3.08 (1.50) 3.39(0.85) 5.67(9.92) 29.62 (35.97) 38% 38% 24%
*Significant between-subgroup difference
o communicative initiation every 5-min. Although this may
FARN seem like a small change, this is a notable increase for chil-
// \\ dren with ASD who are characterized by functional deficits
> //. ) \\ in this area. In addition, because initiations of social com-
S o+ // oo \\\ . munication set the occasion for responsive communication
ﬁ /: J \\\ and linguistic input from others, this change in child behav-
5 //.' . ¢ \\\ e ior may be important. In general, the more the child with
é J/ ° RN ASD initiates, the more frequently other persons respond.
E ] // . * oo \\ Increased social initiations may result in increased contin-
@ // . . \\ gent language modeling as well as more positive responses
/ . AN from others, which may reinforce the child for communi-
© | ’ ¢ ) cating. Increased social initiations are especially important
g 5 0 5 ! 1’5 given evidence that social communication correlates with
Hedges'g

Fig.6 Funnel plot of included studies: effect size and standard error

Publication Bias

A funnel plot of the relationship between effect size and
standard error is shown in Fig. 6. An Egger’s test of small
study bias had a p-value of 0.267. The null hypothesis that
no small-study bias exists from this value cannot be rejected,
suggesting that the slight asymmetry in the funnel plot is not
a significant concern.

Discussion

This meta-analysis examined the effects of early interven-
tions on social communication outcomes for young children
with ASD. A random effects model of the 29 included stud-
ies resulted in an aggregated effect size of g =0.355. Par-
ticipants in intervention groups showed significantly greater
improvements on social communication outcomes than
participants in control groups (p <0.001). This effect size
represents about five additional initiations of social commu-
nication during the ESCS or approximately one additional

positive long-term language outcomes (Mundy et al. 1990;
Sigman and Ruskin 1999; Charman 2003). Thus, the find-
ings of this meta-analysis are important in demonstrating
that social communication can be increased as a result of
early intervention.

Mean study age was associated with treatment effect size
on social communication outcomes; optimal social com-
munication outcomes were observed when the mean age of
the participants was 3.81 years, with positive effects dimin-
ishing somewhat after that age. This finding is important
from a practical standpoint as it may indicate an optimal
age to focus early intervention for this particular skill. Alter-
natively, children with ASD around this age may be more
developmentally ready to learn the skills targeted in these
interventions than children at younger ages. Further research
is needed to better understand why interventions to improve
social communication are most effective at this age includ-
ing examining developmental covariates such as symbolic
play, emerging verbal repertoire, and responsiveness to joint
attention. In addition, further research is needed to develop
more effective strategies for improving social communica-
tion in children with ASD at younger ages. However, these
findings should be taken cautiously; the meta-regression
used the study-level variable of mean participant age to
predict the between-group difference effect size of social
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communication outcomes across studies. Using individual
data would be better suited for this question; however, it was
not possible to acquire individual participant data from all
29 included studies.

Although the magnitude of effects of social communica-
tion interventions varied depending on the type of individual
providing the intervention, the differences were not signifi-
cant. The largest effect sizes were associated with clinician-
implemented intervention. Studies in which a researcher or
therapist provided the intervention had the largest aggre-
gated effect (g=0.587). When parents were included in the
delivery of the intervention, the effects tended to be smaller
in magnitude and more variable, but remained significant.
When school staff implemented the intervention, the effect
was not significant. The overall effect size for parents was
£=0.330 which is comparable to the effect sizes for commu-
nication outcomes in a meta-analysis of parent-implemented
interventions (Roberts and Kaiser 2011). However, these
findings differ from those of Hampton and Kaiser (2016)
in which the parent plus clinician model of implementa-
tion resulted in the largest increases in spoken language.
Further research needs to examine factors that may explain
the apparent reductions in effectiveness when interventions
are delivered by parents or teachers rather than clinicians or
researchers. One reason may be in issues related to inter-
vention fidelity. Few studies measured and reported both
the researcher’s fidelity in training the parent or school staff
member and the parent or school staff member’s fidelity in
delivering the intervention to the child. By understanding
fidelity at these two levels, we can better identify whether it
is the training protocol for teaching adults to implement the
intervention strategies or the fidelity with which intervention
strategies are implemented with the child that reduces the
benefits of intervention. Furthermore, measures of dosage,
discussed below, are difficult to estimate in studies where
parents or school staff are trained to deliver an interven-
tion across daily activities at home or in the classroom. In
schools, where staff may teach several children with ASD in
one classroom, the dosage may be variable based on child
characteristics and staffing assignments. Lastly, the finding
should be considered cautiously because only four studies
examined interventions delivered by school staff members,
and these studies included children who were older com-
pared to studies implemented by parents and researchers.
More research is needed to better understand the potential
effects of school-based social communication interventions.

The magnitude of effect sizes was associated with meas-
urement type, consistent with Yoder et al.’s previous findings
(2013). Studies reporting context-bound measurements had
an aggregated effect size more than two times the size of
the aggregated effect of studies reporting semi-generalized
and generalized measures. To put this into perspective, the
aggregated effect size for studies using a proximal measure

@ Springer

equates to about 8.6 more initiations of social communica-
tion compared to the control group during a 25-min observa-
tion, whereas interventions that measured communication
with a generalized measure would show a benefit of only
about 3.6 communicative initiations in the same amount
of time. This finding is important for two reasons. First, it
demonstrates that the measures used in a study can have
a substantial impact on the study findings. Second, it may
indicate that although the interventions used across these
studies are, in general, effective in improving social commu-
nication outcomes, optimal performance of these behaviors
may depend on partner support. Both context-bound and
semi-generalized measures are dyadic in nature. That is to
say, because the person implementing the intervention is
being trained in novel strategies, the outcome measure is
capturing the child’s behavior change in the presence of the
partner’s behavior change. The smaller effect sizes associ-
ated with generalized outcome measures indicate that chil-
dren may not be demonstrating changes in communication
behaviors to the same extent in the absence of the trained
partner. Although the aggregated effect size of semi-gen-
eralized measures was more similar to that of generalized
measures than to that of context-bound measures, the same
limitations of measurement are also true of semi-general-
ized outcomes measures, given that these measures are also
dyadic in nature. The smaller effect sizes associated with
semi-generalized measures could indicate that the child is
not generalizing the social communication behaviors to the
new context with the trained partner, or could indicate that
the partner is not generalizing their newly trained interven-
tion strategies to an untrained context. In this meta-analysis,
the majority of studies (k=16) used a dyadic measure of
social communication, which limits the interpretations of
the results. It is crucial for future studies that use a medi-
ated approach to intervention (delivered by either parent or
school staff) to include a measure of generalization to an
untrained partner. Further research is needed to examine the
relationship between social communication and measure-
ment context and to improve generalization of social com-
munication across contexts and to untrained partners.

Limitations

One limitation was the wide range of outcome variables the
studies reported. The majority of studies used observational
measures, and many of these used different criteria to deter-
mine the construct of social communication. For this reason,
this meta-analysis included all intentional communication
with a social partner in the definition of social communica-
tion. Considering the important nature of this specific skill
as a core feature of ASD, future studies should attempt to
measure this behavior using a consistent and systematic defi-
nition of the behavior.
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A second limitation was in the definition of dosage used
in the analysis. Intervention dosage (total number of hours)
and intervention duration (total number of weeks) were not
associated with outcomes. This is contrary to the expectation
that interventions with a higher dosage would be associ-
ated with more positive outcomes. However, this finding is
consistent with Hampton and Kaiser’s (2016) findings that
intervention dosage was not significantly related to spoken
language outcomes for young children with ASD. This find-
ing may be due, in part, to the difficulty in estimating the
exact dosage of the interventions in this sample of studies.
Of the 29 included studies, 23 studies used a mediated treat-
ment approach, meaning that parents or school staff mem-
bers were trained to implement the intervention with the
participating children. In the majority of these studies, the
dosage of intervention reported was not the time the imple-
menters used the intervention strategies with the children,
but rather the time research personnel were training the par-
ents or school staff. The sessions typically included practice
with the target children, but the proportion of session time
allocated to teaching the implementer vs the implementer
delivering the intervention was not reported. Studies rarely
reported the implementers’ use of the social communica-
tion intervention when the research personnel were not pre-
sent. Thus, it is difficult to accurately measure the dosage of
intervention that the children received in studies that used a
mediated approach. For this reason, duration was included
as a more appropriate measure of dosage than total hours of
intervention. However, there are limitations with this as well,
given the variability in intensity of intervention, particularly
for long term studies. For example, Kamps et al. (2015) pro-
vided an intervention that was low in dosage over a long
period of time (0.46 h per week for 104 weeks) while Boyd
et al. (2014) provided high-dosage, early intervention pro-
grams over the same period of time (25.6 h per week for 104
weeks). Overall, estimated dosage for studies in this sample
may not be an accurate indicator of the amount of interven-
tion children actually received. Additionally, both measures
of dosage were measured on a continuum; threshold effects
of dosage could not be modeled.

Another limitation was variability within the sample of
studies. The studies included a wide range of measures,
dosage, intervention types, and intervention agents. This
variability is likely the reason for the significant amount of
heterogeneity in the analysis. Although some study-level
variables accounted for a part of the heterogeneity, a moder-
ate amount of heterogeneity (I =37.28%) was unexplained.
Additional analyses could further examine this heterogene-
ity, but measures of important child-level variables such as
IQ, autism severity, and treatment history and intervention-
level variables such as implementation fidelity were not
consistently reported across studies to conduct additional
analyses. Consistent and comprehensive reporting of child

and intervention characteristics would allow for a future
meta-analysis that could analyze the active ingredients of
intervention that are associated with better outcomes for
children with ASD. Identifying the active ingredients of
intervention would have a critical impact on the develop-
ment of more efficient and effective intervention strategies
for this population.

The last limitation of this analysis was in the coding defi-
nitions used to assess risk of bias. Risk of bias was not sig-
nificantly associated with outcomes. It is possible that bias
in the body of literature had an effect on the outcomes, but
that a more comprehensive measure of bias was needed to
detect this. However, due to inconsistent reporting of study
procedures, a more comprehensive measure of bias was not
possible. For example, many studies failed to report neces-
sary measures such as fidelity (including both the fidelity
of the researcher training the parent and the fidelity of the
parent implementing the strategies with the child), assess-
ment fidelity, and coding reliability. Future studies should
more consistently report these methodological aspects that
are related to study quality.

Conclusions

The findings of this meta-analysis indicate that social com-
munication is a characteristic of children with ASD that can
be improved by early intervention. Largest effect sizes were
observed for studies that had an average age of participants
of 3.81 years. Although the largest effects were observed
when the intervention was delivered by clinicians, the out-
comes of interventions implemented by parents were also
significant. However, the effect sizes following intervention
were largest for outcomes measured in contexts similar to
the intervention context, and smaller in size when the effects
were measured in a generalized setting. Given these results
are based on meta-analyses of 29 group experimental design
studies, the results appear to be both trustworthy and impor-
tant, with the limitations discussed.

Future research should examine the specific components
of interventions that are associated with greater gains in
social communication and should include strategies for
improving the delivery of effective intervention strategies
by parents, school staff, and other community providers, as
well as improved abilities to generalize social communica-
tion behaviors to novel contexts and untrained partners. It
is important to continue to develop interventions for young
children with ASD during the period when social commu-
nication typically emerges.
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