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Abstract

Individuals with autism spectrum disorders (ASDs) have difficulty communicating in ways that 

are primarily for initiating and maintaining social relatedness (i.e., social communication). We 

hypothesized that the way researchers measured social communication would affect whether 

treatment effects were found. Using a best evidence review method, we found that treatments were 

shown to improve social communication outcomes approximately 54% of the time. The 

probability that a treatment affected social communication varied greatly depending on whether 

social communication was directly targeted (63%) or not (39%). Finally, the probability that a 

treatment affected social communication also varied greatly depending on whether social 

communication as measured in (a) contexts very similar to treatment sessions (82%) or (b) 

contexts that differed from treatment on at least setting, materials, and communication partner 

(33%). This paper also provides several methodological contributions.
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Difficulty with communication for social purposes is a core feature of autism spectrum 

disorders (ASDs; American Psychiatric Association, 2000). Children with ASDs exhibit a 

specific impairment in communication used to relate to others (i.e., social communication). 

In contrast, communication that is not underpinned by a desire to share with others, but that 

instead serves a regulatory or requesting function, is relatively spared (Shumway & 

Wetherby, 2009; Volkmar, Lord, Bailey, Schultz, & Klin, 2004; Wetherby, 2006). This 

paper synthesizes the best evidence from several decades of intervention research that 

measures treatment effects on social communication in preschool children with ASDs. This 

type of synthesis presents several methodological challenges, which we address in hopes of 
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providing guidance to the field. The findings and methods have important implications for 

practitioners and researchers, especially in regards to how we evaluate the effects of 

treatment on critical outcomes.

RESEARCH SYNTHESIS APPROACH

This review represents a “best evidence” synthesis of treatment studies that have measured 

social communication outcomes in preschoolers with ASDs over the last several decades. A 

best evidence synthesis focuses on evidence of treatment effects across only the most 

internally valid treatment studies (Slavin, 1986). A treatment effect is evidence that 

treatment is one of the causes of change. Only studies with strong evidence of internal 

validity were reviewed because weaker studies do not have the necessary control to warrant 

high confidence in inferring treatment effects (Millar, Light, & Schlosser, 2006). One 

disadvantage of this approach is that it reduces the number of studies reviewed. However, 

arguments that one can test whether the presence or size of the treatment effect varies as a 

function of the internal validity of the study assumes (a) that there is an effect size indicator 

that identifies the portion of change due to the treatment and (b) that there are sufficient 

number of studies to provide a sufficiently powered test of the effect. Neither is true in our 

case. Thus we restrict our review to the studies with the capacity to detect treatment effects 

with high confidence.

There is some disagreement about the definition of a treatment effect. Informal conversation 

with some single-case experimental experts indicates that at least some define a functional 

relation as evidence that the independent variable (e.g., the treatment) is the one and only 

cause of change in the dependent variable. This logic is best exemplified in withdrawal 

designs (e.g., ABAB). In contrast, group experimental design seeks to identify the portion of 

change that is due to treatment and interprets such as the treatment is only one of the causes 

of change in the dependent variable. A Cohen’s d that quantifies the difference between 

experimental and control groups of 2.0 corresponds to an R square of .50 (i.e., 50% of the 

variance in the change in the outcome is accounted for by the treatment group difference). 

As it is rare to find an internally valid treatment study with effect sizes over 2.0, it is clear 

that most internally valid treatment studies using the group experimental design logic that 

claim to have found a treatment effect demonstrate that the treatment accounts for a minority 

of the variance in change in the dependent variable. In contrast, single-case experimental 

methodology does not currently provide an agreed-upon way to identify the portion out 

change due to treatment versus change due to other factors. This may account for the 

difference in definition of a treatment effect. The important aspect that is shared by all 

treatment researchers is that at least some of the change in the dependent variable is 

attributable to the treatment by virtue of controlling for all other explanations for the 

findings the research design logic uses to infer treatment effects. We used the less restrictive 

meaning of treatment effect because we wanted to use a definition that addressed this point 

of agreement among treatment researchers.

We anticipated that many, if not most, of the available internally valid experiments testing 

treatment effects on social communication would be single-case experimental designs. We 
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have made the potentially controversial decision not to use an effect size as a continuous 

index of the degree to which a treatment effect was shown for two reasons.

First, none of the currently proposed single-case “effect size” indicators adequately reflect 

the degree to which the treatment causes (i.e., is functionally related to) change in the 

dependent variable (Wolery, Busick, Reichow, & Barton, 2010). A functional relation is 

marked by a shift in mean, trend, or variability from one design phase to another and by 

consistent replication of this shift across phases and tiers. The majority of single-case 

experimental design “effect size” indicators evaluate only one marker of effect (e.g., a shift 

in level) or are compromised by shifts in trend and thus are inadequate indicators of 

treatment effects (Campbell & Herzinger, 2010). To be fair, there have been recent attempts 

to improve our ability to quantify treatment effect sizes in single-case experiments (e.g., 

Beretvas & Chung, 2008b, for review). Unfortunately, and particular salient for 

communication disorders, these attempts usually fail to address a critical single- case 

experimental design element for studies of treatment effects on nonreversible dependent 

variables (e.g., language development). Single-case experiments on nonreversible dependent 

variables most typically require a multiple baseline approach in which a critical criterion for 

inferring a functional relation is replication of a shift between baseline and treatment phase 

in dependent variable across tiers (Gast, 2010). Most proposals, including those using 

mixed-level modeling, quantify the degree of change within a tier or graph (Beretvas & 

Chung, 2008a, 2008b). One proposal for an effect size index that does attempt to address the 

“vertical replication” needed for multiple baseline design to demonstrate a functional 

relation is to use the proportion of attempted replications that were demonstrated (Reichow, 

Volkmar, & Cicchetti, 2008). However, this does not address other important design 

elements of the multiple baseline designs, such as the immediacy of change after the onset 

of the treatment phase (Lieberman, Yoder, Reichow, & Wolery, 2010). One might suggest 

that we report several effect size indictors for singlecase experiments, but this begs the 

question of what weight each index should have when aggregating a single index and 

whether this index would reflect the amount of change due to the treatment, rather than the 

amount of change that occurred while the participant was treated.

Second, the proposed “effect size” indicators for single-case experiments do not provide 

comparable information to the commonly used effect sizes for group experiments. Thus, a 

traditional metaanalytic approach using effect size as the primary metric of treatment effect 

would have necessitated either that we used unsatisfactory “effect size” indicators for single-

case experimental designs, or that we excluded the majority of the evidence on social 

communicative interventions. For these reasons, it was necessary to identify another 

informative and systematic method of synthesizing across group design and single-case 

studies.

We opted to classify the dependent variables within each internally valid study in a 

dichotomous manner to indicate the presence or absence of strong evidence of a causal 

effect between the treatment and the dependent variable change. This enabled us to weight 

evidence from singlecase experimental designs equally with evidence from group 

experiments.
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We also suspected that several studies may include multiple dependent variables that 

indexed effects of treatment on social communication. Research synthesis approaches often 

use statistical procedures that assume independence of analysis units to test hypotheses 

about the probability of treatment effects. This assumption is violated when multiple 

dependent variables are analyzed from the same study (Lipsey & Wilson, 2001).

One problematic approach to addressing multiple effects within a study is to select only a 

single dependent variable that meets criteria for inclusion from each study (Riley, 

Thompson, & Abrams, 2008). First, there is understandable disagreement among experts 

regarding the best selection method. Random selection of a dependent variable does not 

necessarily result in inclusion of an outcome that is “representative” of the set of dependent 

variables in the study. This is, in part, due to the fact that the set of dependent variables from 

which to sample is usually small. Selecting dependent variables based on a “favored” way of 

measuring a construct is also not feasible in many searches because either the preferred 

method is not represented or there is no consensus on the “best” way to measure a construct. 

Selecting the single dependent variable with the highest effect size results in positively 

biased results. Another strategy to address non-independence of effect sizes within a study is 

to use a single unweighted average across effects within a study. This approach ignores the 

degree to which effects are correlated within the study. Both approaches reduce the relevant 

information available for review. For all of these reasons, we opted not to select or create by 

averaging a single dependent variable from each study in this review. Instead, we utilized a 

statistical approach that enabled inclusion of multiple dependent variables from the same 

study while accounting for the intercorrelation among outcome variables within studies (i.e., 

clustered bootstrapping).

OUTCOME VARIABLE CATEGORIZATION

Within studies that have targeted social communication in young children with ASDs, there 

is great heterogeneity in both the types of dependent variables measured and the contexts or 

manner in which they are measured. As part of our research synthesis approach, we 

evaluated whether the likelihood of finding a treatment effect on a social communication 

outcome varied according to two attributes of social communication measures.

Each dependent variable was classified according to: (a) the proximity of the outcome to the 

intervention target, and (b) the potential boundedness of the outcome to the intervention 

context. Outcomes that are assessed by items or behaviors that have a high degree of overlap 

with treatment targets can be considered proximal to the treatment. Conversely, outcomes 

that are assessed by items or behaviors that are broader than what was taught can be thought 

of as distal to the treatment (Gersten, Fuchs, Compton, Coyne, Greenwood, & Innocenti, 

2005). Boundedness is the extent to which the occurrence of a behavior possibly depends 

upon the features of the treatment context. When behaviors are measured with settings, 

materials, communication partners, or interaction styles that are highly similar to treatment, 

it is possible that they may be limited to the context of treatment. We classified these 

outcomes as possibly context bound. In contrast, outcomes assessed in situations that differ 

from the treatment context on multiple dimensions (i.e., setting, activity, materials, person, 

and interaction style) more clearly reflect generalization of learning outside the treatment 
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context. These variables were classified as generalized. These concepts should not be 

confused with near- versus far-transfer (Schunk, 2004). Potentially context bound refers to 

findings that may not transfer past the treatment context at all and thus fall short of Schunk’s 

criteria for even near-transfer. We acknowledge that classifying dependent variables into 

dichotomous levels oversimplifies reality. We do so as a first step towards synthesizing 

results from previous work according to these dependent variable types. We believe these 

classifications are particularly useful for clinical fields such as speech–language pathology, 

special education, and clinical psychology, as they offer an index of the treatment’s ability 

to impact the child’s development.

Table 1 provides a matrix depicting the four possible categorizations that result from 

classification of each dependent variable along the two dimensions. Most commonly, distal 

outcomes are highly generalized outcomes. However, to demonstrate that proximity and 

boundedness are separable dimensions, we highlight here an unusual case of a potential 

distal effect that is measured in treatment sessions (i.e., the upper right quadrant of the 

matrix in Table 1). Similarly, proximal outcomes are often measured in potentially context-

bound ways, especially in singlecase experiments. However, to reinforce the point that 

proximity and boundedness are potentially separable, we also highlight here the moderately 

common case of examining the highly generalized use of a directly taught skill (i.e., the 

lower left quadrant of the matrix in Table 1).

It stands to reason that we are most likely to effect change on those behaviors that are 

directly targeted (i.e., are proximal to the treatment) and that are assessed in situations 

highly similar to, or identical to, how such behaviors were trained (i.e., are potentially 

context bound). For example, if we target responding to joint attention bids, we are more 

likely to observe changes in the child’s responding to joint attention behavior and less likely 

to see changes in other developmentally downstream impairments associated with ASDs, 

such as initiating joint attention. Turning to the boundedness of behavior change assessment, 

if the child in the aforementioned example developed responding to joint attention skills in 

the clinic while interacting with an interventionist in a highly structured condition with 

highly preferred toys, we might expect that the child is more likely to subsequently display 

responding to joint attention behavior in the same setting with the same communication 

partner, interaction style, and materials. In contrast, the child may be less likely to 

spontaneously respond to a joint attention bid in a home or community setting while 

interacting with a family member in a natural manner in response to a nonpreferred stimulus. 

We might particularly anticipate this to be the case in children with ASDs, who are often 

reported to have difficulties with generalization (Fein, Tinder, & Waterhouse, 1979; Horner, 

Dunlap, & Koegel, 1988; Hume, Loftin, & Lantz, 2009). There is universal agreement that 

seeing intervention targets utilized in generative, flexible, and highly generalized ways is the 

eventual goal of early intervention. However, to our knowledge, previous reviews have not 

differentiated the effects of treatment by whether or not such desirable outcomes have been 

achieved. The detail provided in this paper regarding classification of outcome variables 

may improve specification of treatment effects in future studies and, thus, may be 

considered one of the most important contributions of this paper.
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There is already a call for distinguishing treatment outcomes in research syntheses by 

proximity. In a recent randomized, controlled trial of a naturalistic, parent-mediated 

communication intervention, Green and colleagues (2010) noted a progressive attenuation of 

intervention effects as dependent variables became more distal relative to the treatment 

targets. Although they found positive effects of treatment for behaviors that were explicitly 

targeted by the treatment, they did not observe a favorable change in general autism 

symptoms (i.e., severity of broader autism symptoms as indexed by Autism Diagnostic 

Observation Scale (ADOS) social communication algorithm total score). Of course, global 

measures are not designed to be sensitive to treatment effects. However, failure to find 

evidence of treatment effects on distal variables highlights the need to consider different 

dimensions of dependent variables when quantifying and summarizing the effects of 

treatments. The authors of the Green et al. (2010) study observed that research reporting 

positive treatment effects on social communication skills of young children with ASDs has 

tended not to evaluate distal dependent variables and called for a reanalysis of study results 

with systematic consideration of this methodological factor.

Less attention has been dedicated to the potential variation of treatment effects by the 

boundedness of dependent variables. The distinction between generalized and potentially 

context-bound behavior change is particularly important in evaluating whether intervention 

has an effect on development. When a newly acquired social communication behavior 

generalizes outside of the treatment context, a child will have more opportunities to practice 

the behavior in interactions across settings and communication partners. Ongoing 

opportunities for practice, even for proximal behaviors, may bootstrap further development 

so that more distal achievements are realized over time. In contrast, when a behavior change 

remains context bound, a child has fewer opportunities to practice the newly learned 

behavior outside of the treatment setting. Thus, context- bound behaviors are less likely to 

naturally scaffold future development. Furthermore, if a social communication behavior is 

only elicited by a very specific combination of contextual factors, it is unclear to what extent 

the behavior reflects a change in the child’s intrinsic motivation to communicate for the 

purpose of sharing experiences with others.

RESEARCH QUESTIONS AND HYPOTHESES

In summary, a review of the extant literature was necessary to evaluate the evidence that 

existing treatments impact development of social communication in children with ASDs. 

Past intervention research on social communication in young children with ASDs has varied 

in measurement of treatment outcomes. There were both logical and empirical reasons to 

believe that the way that dependent variables had been measured had influenced the 

likelihood of finding a causal effect of the intervention. Therefore, this synthesis further 

evaluated whether the likelihood of finding a treatment effect varied according to dependent 

variable type. Specific research questions were as follows: (a) Across dependent variable 

types, what is the across-study probability of a treatment effect on social communication in 

preschoolers with ASD? (b) Does the probability of a treatment effect significantly favor 

proximal dependent variables compared to distal dependent variables? (c) Does the 

probability of a treatment effect significantly favor potentially context- bound changes in 
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social communication skills compared to generalized changes in social communication 

skills?

METHODS

Locating and initial screening of the sample of relevant studies

This review was limited to children from birth to 71 months of age who had a diagnosis of 

autistic disorder (AD), pervasive development disorder–not otherwise specified (PDD-

NOS), or Asperger’s syndrome (AS) according to criteria from the third edition, fourth 

edition, or fourth edition, text revision of the Diagnostic and Statistical Manual of Mental 
Disorders (DSM–III, DSM–IV, or DSM–IV–TR; American Psychiatric Association, 1980, 

1994, 2000). Additionally, the review was restricted to empirical studies using experimental 

research designs in which the independent variable was an intentional teaching or therapy 

method implemented over at least five sessions. Two methods were used to identify the pool 

of potentially relevant studies: (a) general-purpose databases, and (b) ancestry searching of 

recent review articles. When the first method was conducted, five databases (PsycInfo, 

PsycArticles, ERIC, CSA Linguistics and Language Behavior Abstracts, and Pubmed) were 

searched simultaneously using ProQuest for the period between 1980 and 2012, inclusive. 

Four sets of descriptor terms were created to describe dependent variables, age, diagnosis, 

and methodology: (a) communicat*, joint atten*, social adj interact*, turn adj tak*, 

discourse, convers*, social adj skill*; (b) preschool, early childhood, pre-k, toddler*, infan*; 

(c) autis*, Asperger*, PDD*, ASD; and (d) interven*, experiment*, treat*, therap*, teach*. 

The team conducted a preliminary screening by reading titles and abstracts to identify 

review articles. From the total pool of review articles, the five most recent, relevant reviews 

were selected (Howlin, Magiati, & Charman, 2009; Marans, Rubin, & Laurent, 2005; 

McConnell, 2002; Prizant & Wetherby, 2005; Reichow & Volkmar, 2010). The titles of 

articles in the reference sections of these five reviews were searched to identify articles that 

appeared potentially relevant (i.e., “ancestry searching”). If not already identified by the 

databases, these articles were added to the list of potentially relevant studies. Three hundred 

and ninety-one potentially relevant studies were identified.

Criteria for inclusion and exclusion

A secondary screening process was conducted to exclude empirical studies that clearly did 

not meet the selection criterion. Initial exclusion was based on: (a) not meeting participant 

inclusion criteria; (b) having no, or an insufficient number of, treatment sessions; (c) using a 

nonexperimental research design (e.g., nonrandomized group experiments, correlational 

designs, pre–post treatment studies without randomized control groups, AB single-case 

studies, single-case experiments with insufficient tiers or design phases to afford sufficient 

replication, single-case experiments with insufficient data within a phase to afford visual 

analysis of trend or variability; see Table 2 for details); or (d) not written in English. In some 

instances articles were excluded at this stage based on absence of a social communication 

outcome, but most often these judgments were deferred for in-depth analysis regarding 

whether the dependent variables met our definition for social communication. Two hundred 

and forty-nine reports were excluded during this secondary screening, leaving one hundred 
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and forty-two potentially relevant studies. See Figure 1 for an illustration of the exclusion 

process.

We based our definition of social communication on the specific deficits that are seen in 

children with ASDs—communication to relate to others. Our definition of social 

communication includes behavior that is at least in part: (a) intentionally communicative 

(i.e., directed toward another person and about a topic); (b) primarily used for the purpose of 

sharing affect or interest; (c) not an immediate imitation of a model with no intervening 

activity; and (d) not exclusively a single response form to a single prompt or question form. 

A range of dependent variables, such as initiations and responses to peers, initiating and 

responding to joint attention, the ADOS-G Social Communication Algorithm, and the 

Vineland Socialization subscale score met these criteria for inclusion (a comprehensive list 

of variables that met inclusion criteria is delineated in Table 3 along with study 

characteristics). We excluded dependent variables that only measured (a) spoken language 

that was not explicitly defined as communicative; or (b) communication that was not, at 

least in part, for the purposes of relating to others (e.g., only requesting, protesting, 

directing). We excluded these dependent variables because we suspected that they might be 

more readily facilitated by treatment in young children with ASDs. Additionally, 

noncommunicative language and instrumental communication are not the core deficits of 

children with ASDs.

Studies in this review included outcomes that either (a) clearly and exclusively met this 

narrow definition of social communication, or (b) met this definition at least in part, but also 

aggregated social communication according to our definition with communication for 

nonsocial purposes (i.e., was in part, but not solely, for the purpose of sharing affect or 

interest). To address potential concerns about this decision, additional analyses were 

conducted with such aggregated variables excluded (see Table 3).

The final screening involved thorough reading and coding of all remaining potentially 

relevant studies. A detailed coding manual (available from the first author upon request) 

guided decisions at this stage. The primary screening and coding judgments were made by 

four readers (one full professor in Special Education, one postdoctoral fellow in Special 

Education, one PhD student in Special Education, and one PhD student in Speech–Language 

Pathology). These readers met weekly for three months to develop and master the coding 

system. The training method involved teams of two readers reviewing two to five articles 

independently and discussing discrepancies each week. Disagreements among paired readers 

were discussed within the full group and resolved through a consensus process. In the event 

that a consensus was not reached within paired or whole-group discussion, the content lead 

(the full professor in Special Education) settled the dispute.

See Tables 2 and 4 for criteria used to determine whether a study had the design control for 

alternative explanations to findings used to infer a causal relation. These decisions were 

paramount because only types of studies can rule out alternative explanations for results that 

might otherwise appear to show treatment effects. For group research designs, only 

randomized between-group experiments were accepted for review. The quality indicators 

widely accepted for group experiments were required (Gersten et al., 2005, Table 4). For 
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single-case experimental designs, best practice principles were used to identify essential 

quality indicators using a widely accepted guide (Kratochwill et al., 2010, Table 2).

One exception to the usual rules for selecting internally valid studies was made in this 

review: The examiner or reporter could or did have knowledge of timing or membership of 

the treatment condition. This exception was necessary because, in single-case experimental 

designs, the dependent variable is most often measured during the treatment session, 

preventing blindness to treatment condition.

This final screening resulted in the exclusion of an additional 118 articles. Thus, only 24 

articles were selected as “best evidence” for evaluating potential effects of a treatment on 

social communication dependent variables in young children with ASDs.

Data extraction

The process to classify social communication dependent variable is illustrated in Figures 2 

and 3. These variables were categorized in two ways. First, variables were distinguished by 

whether they were proximal (i.e., directly taught by the treatment) or distal (i.e., beyond 

what was directly taught) to the treatment targets. The second distinction involved 

determining whether change due to intervention was potentially context bound (i.e., possibly 

limited to the treatment context) or more clearly generalized (i.e., measured in a manner that 

reflected generalization of learning to contexts that differed from treatment).

We subsequently coded each dependent variable as warranting “high” or “other” confidence 

of a treatment effect on the basis of criteria in Tables 2 and 4. For group research designs, 

only statistically significant and clinically important (defined as having a Cohen’s d greater 

than 0.5) between-group differences were coded as having a “high” degree of evidence of a 

causal effect. For single-case experimental designs, the decision process was more 

complicated. Achieving a “high” rating of causal effect in a single-case experimental study 

required: (a) that the dependent variable showed a minimum of three basic effects involving 

a change in variability, level, and/or trend; and (b) that the majority of planned replications 

showed an effect (Kratochwill et al., 2010). Additionally, for multiple baseline studies, the 

change in the dependent variable had to begin within one month of treatment onset 

(Lieberman et al., 2010), and there could be no change in the dependent variable during 

baseline when the prior tier’s treatment phase began. Withdrawal designs had to demonstrate 

a countertherapeutic trend or an 80% reduction from the treatment phase median in the 

withdrawal phase. For alternating treatments designs, there had to be at least five data points 

with a therapeutic separation of level, trend, or variability across contrasting conditions 

(Kratochwill et al., 2010).

Agreement on the major coding decisions

The process described above was implemented by consensus teams, which consisted of pairs 

of trained coders. One half (12) of the studies was independently coded by a second team of 

coders blind to the previous coding decisions. Agreement between the first and second 

teams was estimated using agreements/(agreements + disagreements). For the other half of 

the studies, the second team referred to the first consensus team’s decisions, then either 
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confirmed or changed the previously determined decision (i.e., verification). In this way, all 

major decisions were checked by all four judges.

The percentage agreement was calculated for key coding dimensions: (a) proportion of 

agreed upon social communication dependent variables with agreedupon level of proximity 

to what was taught (i.e., proximal vs. distal) = .90; (b) proportion of agreed-upon social 

communication dependent variables with agreedupon level of boundedness (possibly context 

bound versus generalized) = .90; and (c) proportion of agreed-upon social communication 

dependent variables with agreed-upon decision regarding whether a treatment effect was 

demonstrated = .90. This set of procedures allowed us to estimate agreement, while ensuring 

that studies were coded as accurately as possible.

Coding minor elements of the selected studies

Participant information and additional treatment descriptors were also coded. The age, IQ, 

developmental level, and diagnosis of participants were summarized, if available. This 

coding was conducted by two graduate students and a research staff member. Training 

involved a three-way consensus to decide on the description of 10 studies. Once agreement 

reached .8 among all three coders; a primary coder made the sole decisions for the 

remaining 14 studies. Twenty-one percent of the studies were randomly selected and 

independently coded by a second observer with the following results: (a) proportion of 

participants with a particular autism spectrum disorder (i.e., AD, PDD-NOS, AS) = 1.0; (b) 

mean chronological age = .8; (c) mean IQ = .8; (d) mean expressive language age = 1.0. 

Table 3 includes details about the participants, research designs, and treatments represented 

by the 24 studies that met criteria for inclusion in the present review.

Statistical procedures

As we suspected, multiple dependent variables were often nested within individual studies. 

In fact, only eight studies included a single social communication dependent variable. One 

study included a total of 22 dependent variables meeting our definition of social 

communication. Furthermore, two reports included in our review presented results on the 

same participants (Kasari, Freeman, & Paparella, 2006; Kasari, Paparella, Freeman, & 

Jahromi, 2008). The clustered bootstrapping approach that we utilized allows for 

dependence among variables, but requires that studies are independent. Thus, these two 

reports were treated as one, reducing the number of “studies” for the sake of our analyses to 

23.

We used a clustered bootstrapping method (Feng, McLerran, & Grizzle, 1996) to account 

for the intercorrelation among dependent variables within studies. Two statistics of interest 

were derived: (a) the probability of a treatment effect across studies (i.e., the number of 

dependent variables showing a treatment effect divided by the total number of dependent 

variables in sample) and (b) the difference in probability of finding a treatment effect 

according to our two dichotomized dependent variable types. Two types of difference scores 

were computed: (a) one for the proximal versus distal contrast, and (b) one for the context-

bound versus generalized contrast. The number of studies resampled was 23 (i.e., equal to 

the 23 independent studies we reviewed). The lower and upper limits of the 95% confidence 
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interval for the statistic of interest were identified using the proportion of bootstrapped 

estimates in tails of the empirical bootstrap distribution of estimates correcting this for bias 

(Efron, 1981). Confidence intervals need to be adjusted for bias because the empirical 

distributions generated by the resampling process are often asymmetrical. More details on 

the analysis process are available from the corresponding author. Simulation studies have 

shown that bootstrapping in this way retains the intercorrelation among dependent variables 

without biasing the probability of an effect or its confidence interval (Harden, 2011).

RESULTS

In the 23 independent samples, 60 social communication dependent variables were 

evaluated for treatment effects. These are described in Table 3. Of the social communication 

dependent variables included in our review, 62% (37/60) were classified as measuring 

change in a manner that was highly generalized relative to the treatment context. 

Additionally, 35% (21/60) of the dependent variables were classified as measuring 

behaviors distal to the treatment targets. Thus, there was sufficient opportunity to 

demonstrate treatment effects on the most informative outcomes, assuming that evidence of 

a treatment effect on distal and generalized social communication development is the 

ultimate goal of intervention in young children with ASDs.

Probability of strong evidence of a treatment effect

Our first research question relates to the average probability of a treatment effect on social 

communication dependent variables in preschoolers with ASD. Strong evidence of a 

treatment effect on social communication was demonstrated in 54% of the dependent 

variables. The 95% confidence interval around this estimate is 38% to 77%. Thus, the 

probability of finding a treatment effect on social communication was greater than chance 

(i.e., the confidence interval does not include 0). Very similar findings occurred when 

aggregate dependent variables were excluded (53% probability of a treatment effect, 95% CI 

[34%, 71%]). This finding does not classify the probability of finding a treatment effect by 

type of dependent variable.

The probability of a treatment effect varied by proximity of the outcome

The treatment effect difference was 24%, favoring proximal dependent variables. This 

difference was significantly greater than expected by chance; 95% CI [1%, 62%]. The 

probability of strong evidence of a treatment effect on proximal dependent variables was 

63%; 95% CI [43%, 81%]. In contrast, the probability of a treatment effect for distal social 

communication outcomes was estimated at only 39%; 95% CI [14%, 67%]. When aggregate 

dependent variables were excluded, the difference in probability of a treatment effect was 

14% favoring proximal outcomes, 95% [7%, 29%].

The probability of a treatment effect varied by boundedness of the outcome

The treatment effect difference was 50%, favoring context-bound dependent variables. This 

difference was also greater than expected by chance; 95% CI [21%, 77%]. The probability 

of strong evidence of a treatment effect on potentially context-bound measures of social 

communication was estimated at 82%; 95% CI [60%, 95%]. In contrast, the probability of a 
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treatment effect for highly generalized social communication was estimated at only 33%; 

95% CI [14%, 60%]. When aggregate dependent variables were excluded, the difference in 

probability of a treatment effect was 56% favoring potentially context bound outcomes, 95% 

CI [44%, 75%].

DISCUSSION

This quantitative synthesis evaluated treatment effects on social communication in well-

designed studies across several decades of treatment literature involving young children with 

ASDs. Our findings allow us to draw two primary conclusions from the most rigorous 

research on treatment of social communication in preschoolers with ASDs. First, the 

majority of the evidence from well-designed studies suggests that, as a whole, established 

interventions can impact critical social communication skills in young children with ASDs, 

even when we exclude variables that exclusively measure instrumental communication or 

outcomes that include language use that may not be communicative. Second, the likelihood 

of finding effects of treatment on social communication depends on how social 

communication is measured.

Effects for social communication vary according to dependent variable type

It is encouraging to find that just over one half (54%) of the social communication outcomes 

from well-designed studies representing a wide range of treatment approaches (see Table 3) 

were influenced by treatment. However, it is also clear that we are more likely to conclude 

that treatments improve social communication in young children with ASDs when we 

measure change (a) in behaviors that are directly targeted, or (b) in conditions that 

approximate the intervention context. The differences in the probability of finding a 

treatment effect were quite striking along both of our dichotomized dimensions. As we 

suspected, there was a greater likelihood of finding a treatment effect for proximal versus 

distal outcomes (63% versus 39%, respectively) and for potentially context-bound versus 

highly generalized variables (82% versus 33%, respectively). It may be tempting to dismiss 

the results of this review because it might seem we “already knew” that results vary by 

boundedness and proximity of the dependent variable. Indeed, on some level, most 

clinicians and researchers probably do have some sense that these factors influence the 

likelihood of finding an effect for a given treatment. However, to our knowledge, this 

synthesis provides the first empirical support for our feeling that how we measure change 

matters. Likewise, it is important that the developmental implications of how change is 

measured is made clear in future intervention research syntheses.

Implications for research and clinical practice

Thus, these findings have important implications for both research and clinical practice. 

From a researcher’s standpoint, it should be obvious that treatment effects will more readily 

be observed for proximal and potentially context-bound variables. However, one should 

consider that effects on these types of variables provide less convincing evidence of the 

efficacy of social communication treatments than effects on distal and highly generalized 

outcomes. Thus, to demonstrate that treatment impacts children’s general propensity to 

socially communicate, researchers must include assessment procedures that differ from the 
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treatment procedures on multiple dimensions. Likewise, to truly conclude that treatment has 

impacted downstream social communication development, researchers must index change in 

behaviors beyond the treatment targets (i.e., in distal dependent variables).

However, proximal and potentially context bound outcomes still have their place in our 

research toolkit. Proximal outcomes that are measured in a context that is very similar to, or 

identical to, the treatment context are more likely to show more rapid and larger changes 

than are distal or generalized outcomes. Learning and developmental theorists from widely 

different camps posit that practicing a skill under highly scaffolded conditions can enable 

independent, generalized use and eventual integration with other social skills (e.g., Skinner, 

1953; Vygotsky, 1978). Whether, and to what extent, proximal and context-bound outcomes 

will lead to distal and generalized outcomes must be empirically tested by using appropriate 

research designs and not taken as an assumption.

From a clinical perspective, this synthesis provides a useful guide for evaluating a 

treatment’s potential to impact social communication in young children with ASDs. When 

considering a particular treatment approach, a clinician should reference well-designed 

studies that have measured effects of the treatment on social communication (Table 3 

provides a current, but not necessarily exhaustive, list of the well-designed studies that met 

our definition for social communication). Clinicians should consider the types of dependent 

variables included. We recommend placing more confidence on treatments when researchers 

demonstrate that the effects were seen on aspects of development that extend beyond what 

was directly taught and were measured in context that differed from the treatment on all of 

the primary dimensions of stimulus generalization (i.e., setting, communication partners, 

interaction styles, and materials). Clinicians should then consider whether they can be 

confident that there was a therapeutic effect of the treatment achieved on social 

communication outcomes given the evidence provided (Tables 2 and 4 provides criteria for 

judging evidence of a treatment effect for both single-case and group designs). These 

considerations will all help the clinician evaluate whether they are likely to achieve distal 

and highly generalized effects on a child’s social communication with a given intervention.

Additional methodological contributions

In addition to illustrating the importance of distinguishing the class of dependent variables 

on which treatment effects are shown, two other methodological contributions were made. 

First, we illustrated a logic that allowed a quantitative synthesis of effects across both single-

case and group experimental designs. Many have struggled unsuccessfully with this 

challenge because of the issues surrounding the use of “effect size” indicators for single-case 

experimental designs (Wolery et al., 2010). Second, we applied a statistical approach that 

enabled the inclusion of multiple dependent variables from individual studies (clustered 

bootstrapping). These methods collectively allowed us to consider a much larger amount of 

the existing evidence for effects of treatment on social communication in young children 

with ASDs.
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Limitations

There are limitations to this review. First, limited resources prevented back and forward 

searching all selected articles and prevented finding unpublished studies. Thus, this review 

might not be exhaustive, and the extent to which the pool of potentially relevant studies is 

representative of the universe of currently available relevant studies is unknown. However, 

exclusion of studies was conducted strictly by the indicated criteria. And the lack of an 

exhaustive review does not negate the value of the points made in this review.

Second, postdiscussion consensus was used to ultimately decide which articles were 

selected. This process has been appropriately criticized because it reduces replicability of the 

process (Bornstein, Hedges, Higgins, & Rothstein, 2009).

Third, there are caveats to our decision to dichotomize the evidence for a treatment effect as 

either “high” or “other” (i.e., moderate or under). This “vote counting” procedure ignores 

treatment effect size beyond that required to be rated as a high effect in group designs. 

While this approach allowed us to consider both single-case and group design studies using 

an approach that utilizes the respective design elements to infer a treatment effect, there has 

been criticism of this approach (Lipsey & Wilson, 2001). Critics point out that (a) small 

studies are given as much weight as large studies, and (b) treatment effects that some would 

call trivial are given as much weight as treatment effects that all would consider substantial. 

Once the field has a useful and comparable effect size indicator for single-case experiments, 

the latter concern can be addressed. While group experimental effect sizes have confidence 

intervals that are informed by the sample size of the study, there may continue to be 

disagreement regarding whether single-case experiments should be given as much weight as 

group experiments. However, the currently illustrated synthesis approach does attend to the 

issue of “clinically important effect” by: (a) requiring at least a moderate effect size for large 

group studies; (b) including only statistically significant effects in small group studies 

(which will only leave large effects); and (c) distinguishing between effects on dependent 

variables that vary in the degree to which an effect on development is demonstrated.

Fourth, the same can be said for our dichotomization of the proximity and boundedness of 

dependent variables. Each construct is probably more accurately represented as a continuum. 

However, we do not currently have valid and reliable means to place variables along such 

continua for these dimensions. The current paper provided decision trees for the 

dichotomous decision as a starting point to making these important distinctions in future 

quantitative syntheses.

Finally, our review did not uncover a sufficient number of internally valid studies for each 

type of treatment approach (e.g., naturalistic, developmental, traditional behavioral, other) to 

evaluate whether the likelihood of finding effects for different types of outcomes (e.g., distal 

or generalized outcomes) varied by treatment type. This is due, in large part, to the fact that 

some types of approaches tended to be tested by one specific type of dependent variable, 

rather than to be represented by a wide range of dependent variable types. For example, 

effects of traditional behavioral approaches were most often tested by proximal and context-

bound dependent variables, and effects of “other” approaches (i.e., not naturalistic, 

developmental, or traditional behavioral) tended to be represented by distal and generalized 
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outcomes. Based on the current data, possible conclusions about the best treatment approach 

for generalized outcomes, for example, would be biased by this covariance of type of 

treatment with type of dependent variable. Our ability to evaluate the potential for different 

treatment approaches to impact social communication in ASDs would be bolstered by future 

research that employs a broader variety of dependent variable types.

CONCLUSION

In conclusion, this synthesis provides encouraging evidence that treatments can have an 

effect on the most difficult aspects of communication in preschoolers with ASD. However, 

researchers should be aware that the manner in which they measure social communication 

will impact not only the likelihood that treatment effects will be detected, but also the degree 

to which treatment effects are demonstrated to affect social communicative development. 

Additional work needs to be done to improve our understanding of how interventions impact 

social communication outcomes in young children with ASDs.
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Figure 1. 
Study exclusion process.
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Figure 2. 
Variable proximity decision tree.
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Figure 3. 
Variable boundedness decision tree.
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Table 1

Matrix of dependent variable types

Proximal Distal

Context bound Variables that are directly taught by the intervention and 
are only experimentally measured within the intervention 
or similar context. Example: Responding to joint attention 
measured within an intervention that targets responding 
to joint attention.

Variables that are not directly taught by the intervention and are 
only measured within the intervention or similar context. 
Example: Initiating joint attention for declaratives measured 
within an intervention session that targets responding to joint 
attention.

Generalized Variables that are directly taught by the intervention and 
are measured in a context other than the intervention 
context. Example: Responding to joint attention measured 
in a parent–child session after a researcher-led 
intervention that targets responding to joint attention.

Social communication that is not directly taught by the 
intervention and is measured in a context other than the 
intervention context. Example: Initiating joint attention for 
declaratives measured in a parent–child session using materials 
not used in treatment after a researcher-led intervention that 
targets responding to joint attention.
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Table 2

Basis for judging strong evidence of a treatment effect for single-case studies

Criteria Rationale Source

Must show evidence of reliability among coders, measured across phases. Gross 
agreement must be >.9 OR point by point agreement must be >.8 OR Cohen’s 
kappa is >.6 OR coders are blind to phase

Protects against researcher bias 
favoring the treatment group in 
outcome scores

Kratochwill et 
al., 2010

Must have a minimum of 3 data points per phase Allows for a reasonably accurate 
visual analysis of intervention effects 
(e.g., variability can be observed with 
a minimum of 3 data points)

Kratochwill et 
al., 2010

Design must include >3 planned replications of a basic effect Provides adequate opportunity to 
determine if effects are due to the 
treatment and not to chance 
occurrence or the effect of an 
unobserved variable

Kratochwill et 
al., 2010

Must employ variant-specific design elements: Multiple baseline

• The baseline trend is generally flat or countertherapeutic, or there is 
an immediate, large shift in level or trend

• Treatment phase begins after change in dependent variable is seen in 
immediately preceding tier

• >3 tiers (do not consider repetitions with <3)

• Withdrawal of treatment

• >4 phases/case (don’t consider cases with <4)

• >3 adjacent phase replications

• Alternating treatments

• Context-bound dependent variables are functionally independent

• Goals in each condition are equally difficult relative to participant’s 
readiness to learn (adapted only)

• A baseline is present in designs where treatments may have 
interfered with one another

Ensures that the research design is 
implemented adequately so that there 
is a possibility of demonstrating a 
functional relationship between the 
treatment and dependent variable

Kratochwill et 
al., 2010
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Table 4

Basis for judging strong evidence of a treatment effect for group design studies

Rationale Source

Subjects must be randomly assigned to groups of >10 subjects, 
with at least three variables thought to correlate with the outcome 
shown to have no significant differences between groups at 
pretreatment

Provides evidence of equality between control and 
treatment groups

Gersten et al., 2005

Attrition must be under 20% or intent to treat analysis must be used Ensures that events that occur after treatment 
assignment are unlikely to affect between group 
comparability on all relevant variables

Gersten et al., 2005

The unit of randomization must be the unit of analysis Ensures that statistical tests match design features Gersten et al., 2005

If an observational measure was used, the coders must be blind to 
group assignment

Protects against researcher bias favoring the 
treatment group in outcome scores

Gersten et al., 2005
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