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There are limited data on the effects of adaptive social communication interventions with a
speech-generating device in autism. This study is the ﬁrst to compare growth in communications outcomes among three adaptive interventions in school-age children with autism spectrum disorder (ASD) who are minimally verbal. Sixty-one children, ages 5–8 years,
participated in a sequential, multiple-assignment randomized trial (SMART). All children
received a developmental behavioral communication intervention: joint attention, symbolic
play, engagement and regulation (JASP) with enhanced milieu teaching (EMT). The SMART
included three 2-stage, 24-week adaptive interventions with different provisions of a speechgenerating device (SGD) in the context of JASP+EMT. The ﬁrst adaptive intervention, with
no SGD, initially assigned JASP+EMT alone, then intensiﬁed JASP+EMT for slow responders. In the second adaptive intervention, slow responders to JASP+EMT were assigned JASP
+EMT+SGD. The third adaptive intervention initially assigned JASP+EMT+SGD; then
intensiﬁed JASP+EMT+SGD for slow responders. Analyses examined between-group
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differences in change in outcomes from baseline to Week 36. Verbal outcomes included
spontaneous communicative utterances and novel words. Nonlinguistic communication outcomes included initiating joint attention and behavior regulation, and play. The adaptive
intervention beginning with JASP+EMT+SGD was estimated as superior. There were signiﬁcant (p < .05) between-group differences in change in spontaneous communicative utterances and initiating joint attention. School-age children with ASD who are minimally verbal
make signiﬁcant gains in communication outcomes with an adaptive intervention beginning
with JASP+EMT+SGD. Future research should explore mediators and moderators of the
adaptive intervention effects and second-stage intervention options that further capitalize on
early gains in treatment.

INTRODUCTION
Signiﬁcant progress has been made in identifying core features of autism spectrum disorder (ASD) and developing
effective interventions for preschool-age children with this
disorder (National Research Council, 2001). However, until
recently, these efforts have generally overlooked the estimated 25%–30% of school-age children with ASD who do
not make signiﬁcant progress in spoken communication
despite access to (sometimes, years of) traditional interventions (Anderson et al., 2007; Kasari, Tager-Flusberg, &
Cooper, 2010). These older, minimally verbal children
with ASD are often excluded from research studies aiming
to develop or evaluate interventions (Tager-Flusberg &
Kasari, 2013). Given the often-cited ﬁnding that failure to
develop spoken language by the time children reach school
age increases the likelihood of a poor long-term prognosis
for social and adaptive functioning (Howlin, Goode, Hutton,
& Rutter, 2004; Lord, 2000; Rutter, 1978), this state of the
intervention science is of great concern to parents, teachers,
researchers, and other stakeholders.
One class of supportive interventions that is commonly
used with this population, for which there is a growing but
limited evidence base, is known as alternative and augmentative communication (AAC) interventions. AACs most commonly involve either a picture symbol system, for example, a
Picture Exchange Communication System (Frost & Bondy,
2002), or a speech generating device (SGD), such as a dedicated device or an off-the-shelf tablet with communication
software. In a review of 23 studies involving the use of an
SGD with children with ASD (van der Meer & Rispoli, 2010),
the great majority of the studies were single-case research
designs (Gast & Ledford, 2009)—there were 51 children in
total across all 23 studies—and none of the studies involved
randomized comparisons. Most of them focused on teaching
requesting or responding to questions. Few of these studies
addressed language used for broader, socially communicative
purposes. The majority of these studies focused on teaching a
child to use an SGD directly, rather than adding in the SGD to
an already tested early intervention model for improving social
communication and language outcomes in children with ASD.
Thus, a consideration in this study was whether using an SGD
in the context of an efﬁcacious developmental behavioral
intervention targeting social communication might prove

more effective with these older, minimally verbal children.
Studying the effectiveness of SGD is particularly important
given concern by some parents and providers that use of an
SGD might hinder (not improve) spoken language development (Cress & Marvin, 2003).
A key challenge in developing any type of intervention for
children with ASD who are minimally verbal is that this
group is highly heterogeneous (Anderson et al., 2007;
Tager-Flusberg & Kasari, 2013; Wodka, Mathy, & Kalb,
2013), both in their presentation at baseline and in their
progress over time in response to any single intervention.
Coupled with the closing developmental window for acquiring spoken communication, this argues for an adaptive
approach to intervention whereby treatment is adapted to
the evolving status of the child. Children exhibiting an early
slower response to a communication intervention that targets
spoken language may be subsequently offered an augmentation with SGD, whereas children exhibiting a faster response
to their initial intervention may remain on their current treatment (and not receive an SGD). A related rationale for an
adaptive, sequential approach to treatment is the consideration of cost, either in terms of monetary cost or in terms of
treatment burden. The example just given illustrates this idea
in that professionals may hesitate to recommend an SGD for
all children up-front due to concerns over the monetary cost
of an SGD (which could range from hundreds to thousands
of dollars), especially if some children may respond equally
well in the long-term without an SGD. Adaptive interventions
(Almirall, Nahum-Shani, Sherwood, & Murphy, 2014;
Nahum-Shani et al., 2012) provide one way to guide this
kind of sequential clinical decision making, which more
closely resembles the kind of treatment decision making
that occurs in actual practice. More formally, an adaptive
intervention is a sequence of treatment decision rules that
specify whether, how, or when, and based on which measures, to alter the dosage or type of treatment (Murphy &
Almirall, 2009). Adaptive interventions hold the promise of
improving outcomes for greater numbers of children with
ASD by guiding clinicians/therapists in how to take advantage of heterogeneity in response to treatment.
A recent sequential multiple-assignment randomized trial
(SMART) of 61 minimally verbal children with ASD
between the ages of 5 and 8 tested the effect of adding in
an SGD to a naturalistic, developmental intervention (Kasari
et al., 2014). Joint attention, symbolic play, engagement,
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and regulation (JASP; Kasari, Freeman, & Paparella, 2006;
Kasari, Paparella, Freeman, & Jahromi, 2008) has improved
social communication outcomes (e.g., initiating joint attention, play diversity) and behavioral spoken language in
preverbal children with ASD in a number of randomized
trials (Kasari et al., 2006; Kasari et al., 2014; Kasari et al.,
2008). In this study JASP was blended with a behavioral
spoken language intervention (enhanced milieu training
[EMT]) that has been applied to children with a variety of
language impairments (Hancock & Kaiser, 2006). The JASP
+EMT intervention was implemented with children with or
without the addition of an SGD. Speciﬁcally, children in this
study were assigned to one of three adaptive interventions,
which differed primarily with respect to the provision of a
speech-generating device in the context of JASP+EMT (see
Table 1). All three adaptive interventions were provided in
two stages (12 weeks each), over the course of 24 weeks. In
all three adaptive interventions, parents (or guardians) of all
children received a JASP+EMT parent training intervention
in Stage 2 (Shire et al., 2014).
Results of the primary study analyses indicated that participants who began an adaptive intervention with JASP+EMT
+SGD (vs. those who began adaptive interventions with
JASP+EMT) had signiﬁcant improvements in total number
of spontaneous communicative utterances (the primary spoken language outcome), as well as in total novel words and
comments (secondary outcomes). However, the initial report
did not analyze how the three adaptive interventions
impacted longitudinal outcomes from baseline through follow-up (Week 36), ﬁrst because this was not the primary aim
of the SMART study, and second because the statistical
methodology for this kind of analysis did not yet exist. The
original study also did not examine the key, nonlinguistic
outcomes that are typically examined in studies using JASP,
namely, initiating joint attention and play diversity.
This article presents a secondary analysis of the aforementioned SMART study, with the following two novel
contributions. First, this article uses new methods (Lu
et al., 2015) to examine the longitudinal impact of the
three adaptive interventions that are embedded within the

SMART study. By comparing the three adaptive interventions on longitudinal outcomes, this study sheds additional
light on how SGDs impact the rate of change in outcomes in
the context of JASP+EMT, both overall and during each
stage of treatment. This can contribute to the development
of more reﬁned scientiﬁc models that explicate how SGDs
facilitate improvement in minimally verbal children with
ASD when used at varying stages in the course of naturalistic intervention such as JASP+EMT. Moreover, these
insights could help to more effectively target interventions
for minimally verbal children with ASD. For example,
adaptive interventions that demonstrate a slowing in the
extent of improvement during the second stage could be
improved in subsequent research. Because many children in
this population have already demonstrated limited progress
after intensive intervention, it is especially important to
understand the trajectory of effects produced by different
adaptive interventions so that they and future adaptive interventions can best be used to maximize long-term outcomes.
Second, this article focuses on the comparison of the
three adaptive interventions in terms of growth in both
verbal and key nonlinguistic outcomes. For the verbal outcomes, we examined treatment effects on the total number
of (a) spontaneous communicative utterances and (b) different word roots measured in a naturalistic language sample.
The total number of spontaneous communicative utterances
is the primary, direct measure of spoken communication in
this study. It includes the total number of unprompted comments and spontaneous requests made by the child, as well
as “other” uncategorized utterances. The total number of
different word roots is the total number of unique words
used (variants of the same word are counted as only once;
e.g., plurals, past tense of the a word are the same as the
root). Three additional outcomes were examined: (c) initiating joint attention, (d) initiating behavior regulation, and (e)
unique play actions. We chose to focus on these three
additional outcomes because increased initiating joint attention and play are two key mechanisms by which JASP is
expected to lead to improved spoken communication
(Kasari et al., 2008; Mundy & Newell, 2007; Mundy,

TABLE 1
Comparison of the Three Adaptive Interventions Embedded in the SMART Design
Adaptive
Intervention

Stage 1
Treatment

(No SGD, No SGD)

JASP + EMT

(No SGD, SGD)

JASP + EMT

(SGD, SGD)

JASP + EMT + SGD

Responder
Status

Stage 2
Treatment

Responder
Slow Responder
Responder
Slow Responder
Responder
Slow Responder

Continued JASP + EMT
Intensiﬁed JASP + EMT
Continued JASP + EMT
JASP + EMT + SGD
JASP + EMT + SGD
Intensiﬁed JASP + EMT + SGD

Cells in Figure 1

Participants

A+B

24

A+C

24

D+E

31

Notes. See main text for deﬁnition of Responder versus Slow Responder. Abbreviations: JASP—Joint attention, symbolic play, engagement, and
regulation; EMT—Enhanced milieu training; SGD—Speech generating device.
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Sigman, Ungerer, & Sherman, 1986) and, although initiating behavior regulation is not targeted as often as part of
JASP, it is expected to improve in concert with initiating
joint attention. Hence, our comparison of the three adaptive
interventions sheds light on the role of SGDs in amplifying
the intended effects of JASP+EMT.
We hypothesized that the three adaptive interventions
would differ on change in total number of spontaneous
communicative utterances and novel words, initiating joint
attention and initiating behavior regulation, but not on play.
Both joint attention and behavior regulation are components
of social communication (as well as communicative utterances and novel words) and are targeted directly with all
three adaptive interventions. Because the addition of SGD
provides additional support for performing these communicative acts, we hypothesized that JASP+EMT+SGD would
result in greater increases. Although play provides the
appropriate context for JASP+EMT, it is targeted similarly
across all three adaptive interventions; hence we hypothesized no effect on play. Although the primary focus of this
study was on between-group differences in change, all outcomes were expected to improve over time, on average.

METHODS
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JASP+EMT+SGD for 12 weeks (Stage 1). At the end of
12 weeks, children were assessed for responder versus slowresponder status to Stage 1 treatment (deﬁned immediately
next). At the beginning of the Stage 2 (beginning of Week
13), all responders continued with the same treatment for
another 12 weeks. For slow responders to JASP+EMT
+SGD, treatment was intensiﬁed. Slow responders to
JASP+EMT were rerandomized with equal probability to
intensiﬁed JASP+EMT versus augmented JASP+EMT
+SGD. The Institutional Review Board at each site
approved the study protocol.
Data Sources and Measures
Demographics questionnaire. At baseline, parents
of participating children completed a demographic questionnaire, which included age, ethnicity (Caucasian vs. other),
and gender.
Leiter International Performance Scale–Revised
(Leiter-R). At baseline, nonverbal intelligence was measured by the Leiter-R, a nonverbal cognitive assessment.
Tasks, which do not require verbal responses, include
matching, pattern completion, and sequential order. The
assessment provides two scores: a nonverbal intelligence
quotient (IQ) and an age-equivalent score.

Study Design
Complete study design details, including a CONSORT diagram, detailed demographic information concerning the
study sample at baseline, more detailed information concerning the treatments provided, power/sample size considerations, and the results of the primary aims of this trial are
provided elsewhere (Kasari et al., 2014).
Brieﬂy, the inclusion criteria were (a) ASD diagnosis; (b)
between 5 and 8 years of age; (c) minimally verbal, with fewer
than 20 spontaneous novel words in a 20-min natural language
sample; (d) at least 2 years of previous intervention; and (e) at
least 24 months developmentally. The exclusion criteria
included (a) SGD proﬁciency, (b) Fragile X, (c) Down syndrome, (d) tuberous sclerosis, (e) cerebral palsy or other major
motor disability, (f) blindness, (g) deafness, or (h) uncontrolled
seizures. One hundred thirty-four children were screened, and
61 children met criteria to participate in the study (for details,
see CONSORT diagram in Kasari et al., 2014).
The study design was a longitudinal (research outcomes
collected at baseline and Weeks 12, 24, and 36), multisite
(UCLA, Vanderbilt University, and Kennedy Krieger
Institute) SMART (Lavori & Dawson, 2000; Murphy,
2005). The SMART included two stages of treatment for
all children (each stage was 12 weeks in duration) plus a
follow-up stage. The study duration was 9 months
(36 weeks). Figure 1 depicts the study design. At baseline,
the 61 children who met inclusion/exclusion criteria were
randomized with equal probability to JASP+EMT versus

Autism
Diagnostic
Observation
Schedule
(ADOS). At baseline, diagnosis of ASD was based on a
30- to 45-min behavioral observation using the ﬁrst module
of the ADOS (Lord et al., 2000). The ﬁrst module of the
ADOS was used because this module focuses speciﬁcally
on children who are not exhibiting phrase speech. The total
baseline ADOS score is the sum of subscales of social
communication, reciprocal social interaction, and restricted
and repetitive behavior.
Naturalistic language sample (NLS). Various measures of spoken communication were extracted from a series
of NLSs, administered at baseline and at the end of Weeks
12, 24, and 36. The NLS is a 20-minute standardized,
naturalistic interaction between the child and an adult. A
standardized set of toys was used with all children; toys
included a set of blocks and cars, food with dolls, Play-Doh,
and a book. The aim of the NLS is to evaluate the child’s
spontaneous expressive language ability. NLS videos were
then transcribed by independent evaluators/coders who were
blind to randomly assigned treatment using standard
Systematic Analysis of Language Transcripts conventions
(Miller & Chapman, 1985). The following variables were
coded from the NLS: total number of spontaneous communicative utterances (TSCU), proportion of spontaneous communicative utterances (PSCU), number of different word
roots (NDWR), mean length utterances in words (MLU),
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FIGURE 1 Schematic of the sequential multiple assignment randomized trial (SMART) design, with sample sizes at each stage. Notes. See main text for
deﬁnition of Responder versus Slow Responder. Abbreviations: JASP—Joint attention, symbolic play, engagement, and regulation; EMT—Enhanced milieu
training; SGD—Speech generating device.

words per minute (WPM), total number of comments
(TCOM), unique word combinations (UWC), and total
number of spontaneous requests (SPRQ).
Early Social Communication Scales (ESCS).
Measures of early social communication behaviors were
obtained at baseline and at the end of Weeks 12, 24, and 36
using the ESCS (Mundy et al., 2013). The ESCS is a
structured observation-based assessment, requiring
15–25 min to administer. Two measures were derived
from the ESCS: total initiating joint attention (IJA) and
total initiating behavioral regulation (IBR). IJA measures
the frequency with which a child uses language, gesture,
and/or eye contact to share an object or event (e.g., child
points at a toy to share his excitement for the toy with a
social partner). IBR measures the frequency with which a
child uses these social communication behaviors to request
or have his needs met (e.g., giving or reaching for an
object for help).
Structured Play Assessment (SPA). Measures of
play were obtained at baseline and at the end of Weeks
12, 24, and 36 using the SPA (Ungerer & Sigman, 1981).
The SPA is also a semistructured observation-based assessment, requiring 15–20 min to administer. The total number
of unique play actions (UPA) measure was derived from the
SPA. This measure refers to the total number of spontaneous

novel play acts initiated by the child. For play acts that are
initiated by the child more than once, only one count contributes to this total measure.
Study Outcomes
Five longitudinal outcome measures (two verbal and three
nonlinguistic) were considered. The two verbal outcomes—
TSCU and NDWR—were taken from the NLS. The three
nonlinguistic outcomes were IJA and IBR taken from the
ESCS, and UPA taken from the SPA. All outcomes were
continuous. For all outcomes, a larger value was regarded as
better.
Interventions
Interventions included (a) Stage 1 treatment options, (b) the
identiﬁcation of responders and slow responders to Stage 1
treatment, and (c) Stage 2 treatment options. The treatment
options in Stage 1 included JASP+EMT or JASP+EMT
+SGD, deﬁned as follows.
ASP+EMT. Children initially assigned to JASP+EMT
received 2-hr-long sessions per week of JASPER blended
with EMT for 12 weeks. JASP focused on socialcommunication skills (Kasari et al., 2008) by creating
contextually relevant learning opportunities with parents

LONGITUDINAL EFFECTS OF ADAPTIVE INTERVENTIONS

and therapists; responding to child interest and actions;
modelling; and expanding play, engagement and language.
EMT focused on spoken language acquisition skills (Kaiser
& Roberts, 2013) using responsive interaction strategies,
modeling target language, expansions, and behavioral
prompts to support learning and use of functional spoken
language in everyday interactions. All of the skills that were
the focus of JASPER and EMT are known to be predictive
of later spoken communication in children with autism
(Mundy, Sigman, & Kasari, 1990).
ASP+EMT+SGD. Children initially assigned to
JASP+EMT+SGD also received 2-hr-long sessions per
week of JASP+EMT for 12 weeks, with the addition of
an SGD. The device used was an iPad with an AAC app or
a dedicated communication device (e.g., DynaVox V or
DynaVox Maestro) programmed with picture symbols
representing activity-relevant vocabulary. The device was
always available during JASP+EMT sessions for these
children; Devices were not provided for use at home. For
the child to learn how to use the device, during JASP
+EMT sessions, the therapist was required to model
language using the device a minimum of 50% of the
time. Children were not required to use the device.
However, even if the child did not use the device to
initiate communication, the therapist was required to
expand on the child’s spoken or gestural communication
using the device at least 80% of the time.
Response versus slow response to Stage 1
treatment. Seven measures of spoken communication,
measured in two different contexts, were used to
determine response versus slow response to Stage 1
treatment. The seven measures—TSCU, PSCU, NDWR,
MLU, WPM, TCOM, and UWC—were extracted from the
NLS (see earlier) and from session intervention transcripts,
which were also coded for these seven measures using the
same procedures used for the NLS. A child was considered
a responder if he or she exhibited greater than or equal to
25% improvement from baseline to Week 12 on at least
seven of the 14 measures; otherwise, the child was
considered a slow responder.
The treatment options in Stage 2 included JASP+EMT
+SGD, Continued JASP+EMT, Continued JASP+EMT
+SGD, Intensiﬁed JASP+EMT, or Intensiﬁed JASP+EMT
+SGD. JASP+EMT+SGD in Stage 2 was administered just
as it was in Stage 1. All responders to Stage 1 treatment
continued on their assigned Stage 1 treatment (e.g.,
Continued JASP+EMT or Continued JASP+EMT+SGD)
for another 12 weeks. The two intensiﬁed treatment options
(i.e., Intensiﬁed JASP+EMT or Intensiﬁed JASP+EMT
+SGD) are similar to their Stage 1 counterparts, except
that they occurred for three sessions (or hours) per week
rather than two sessions (or hours) per week.

447

In addition, in Stage 2, all parents were trained in JASP
+EMT with the aim of teaching them to deliver JASP+EMTlike intervention in the home (Shire et al., 2014). For children
in a treatment condition receiving SGD during Stage 2, parents
were trained in the use of the device with the JASP+EMT
intervention.

Adaptive Interventions
An adaptive intervention is a sequence of clinical care
decision rules that leads to individualized sequences of
treatment (Lavori & Dawson, 2000, 2004; Lavori,
Dawson, & Rush, 2000). This SMART had three twostage adaptive interventions embedded within it, by design
(Almirall, Compton, Rynn, Walkup, & Murphy, 2012;
Almirall et al., 2014; Nahum-Shani et al., 2012). Table 1
describes the three adaptive interventions and how each
arises from the study design (i.e., relation to cells A–E in
Figure 1). Each adaptive intervention involves a Stage 1
treatment option, the classiﬁcation of children as responders
or slow responders to Stage 1 treatment, and a decision rule
linking response/slow-response status to a Stage 2 treatment
option. An important, but perhaps subtle, point is that adaptive interventions guide the provision of sequences of treatment for both responders and slow responders (this is made
explicit in Table 1). In the statistical literature, adaptive
interventions are known as dynamic treatment regimens
(Chakraborty, 2011; Chakraborty & Moodie, 2013; Lavori
& Dawson, 2014; Moodie, Richardson, & Stephens, 2007;
Orellana, Rotnitzky, & Robins, 2010; Zhang, Tsiatis, Laber,
& Davidian, 2013).
All three adaptive interventions in the SMART involved
JASP+EMT, but differed primarily in their provision of a
SGD in the context of JASP+EMT; indeed, the three adaptive interventions can be ordered in terms of “dosage of
SGD.” In the ﬁrst adaptive intervention, children were initially assigned JASP+EMT alone in Stage 1, slow responders
were assigned intensiﬁed JASP+EMT in Stage 2, and
responders remain on JASP+EMT in Stage 2. This adaptive
intervention did not involve SGD; we denote it by the pair
(No SGD, No SGD) referring to each stage of treatment. In
the second adaptive intervention, children were initially
assigned JASP+EMT in Stage 1, slow responders to JASP
+EMT were assigned JASP+EMT+SGD in stage 2, and
responders remained on JASP+EMT in Stage 2. This adaptive intervention assigned SGD only in Stage 2 and only for
children who were slow responders; we denote it by (No
SGD, SGD). In the third adaptive intervention, labeled
(SGD, SGD), children were initially assigned JASP+EMT
+SGD in Stage 1, slow responders were assigned intensiﬁed
JASP+EMT+SGD in Stage 2, and responders remained on
JASP+EMT+SGD in Stage 2. This adaptive intervention
involved SGD in both stages of treatment, for all children;
we denote it by (SGD, SGD).
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As a result, the three adaptive interventions differed,
secondarily, in terms of the number of clinical sessions per
week. The adaptive interventions (No SGD, No SGD) and
(SGD, SGD) both provide an increase in the number of
sessions per week for slower responders (from two to
three), whereas all children in the (No SGD, SGD) adaptive
intervention always receive two sessions per week.
Statistical Analysis
Study sample and descriptive statistics. In
accordance with intention-to-treat principles, all 61
children who were randomized at Stage 1 were used in all
statistical analyses. Pretreatment descriptive statistics (mean
and standard deviation), overall and by assigned Stage 1
treatments, were conducted for age; race; gender; site;
ADOS score; and baseline measures of TSCU, NDWR,
TCOM, SPRQ, IJA, IBR and UPA.
Longitudinal
adaptive
intervention
effect
analyses. The aim of the statistical analyses was to
compare growth in verbal and social communication
outcomes between the three adaptive interventions just
given. Longitudinal regression models, adapted for the
analysis of data arising from a longitudinal SMART (Lu
et al., 2015), were used to examine between-group
differences
(i.e.,
differences
between
adaptive
interventions) in change in outcomes from baseline
through Weeks 12, 24, and 36. Separate models were ﬁt
for each longitudinal outcome, speciﬁed as follows: For
each of the three adaptive interventions, a piecewise-linear
model with a knot at Week 12 was used to model the
temporal trend over the course of the study, that is, linear
trend from baseline to Week 12 and a linear trend from
Week 12 to Week 36. A piecewise linear growth model
was chosen to allow for changes/deﬂections in the average
trend following Week 12, when all children transitioned to
second-stage treatment. (In addition, note that the more
common approach of using a linear trend from baseline to
Week 36 for all three adaptive interventions would not allow
for a proper comparison of the two adaptive interventions
beginning with JASP because they are identical, by design,
from baseline to Week 12; a piecewise linear model allows
for greater ﬂexibility in comparing the three adaptive
interventions.) Hence, in these models, each adaptive
intervention has its own slope in Stage 2. In Stage 1, there
were only two slopes because two of the three adaptive
interventions share the same trend between baseline and
Week 12, that is, the two adaptive interventions beginning
with JASP+EMT (no SGD) are identical up to Week 12.
Each model included the following baseline covariates: age
(in years), gender (female as referent), indicator for White
versus non-White, site (indicators for UCLA and Vanderbilt,
with Kennedy Krieger Institute as referent), and total ADOS

score at baseline. An exchangeable (i.e., compound
symmetric) working correlation structure was used to
model the within-person correlation in the repeated
outcome measures. All assumptions, such as the choice of
baseline covariates, piecewise linear model for time, and
correlation structure were speciﬁed a priori, that is, prior
to analyzing the data.
Weighted and replicated generalized estimating equations
were used to estimate each longitudinal model (e.g., to
estimate and compare the slopes at each stage for each
adaptive intervention). By design, slower responders to
JASP+EMT had a one in four chance of following their
assigned treatment sequence (slower responders to JASP
+EMT were randomized twice with probability one of
two), whereas responders to JASP+EMT and children who
began with JASP+EMT+SGD had a 1/2 chance of following their assigned treatment sequence (these children were
randomized once with a probability of one in two).
Weighting is used to account for this known underrepresentation of slow responders to JASP+EMT. Speciﬁcally,
slower responders to JASP+EMT were assigned a weight
of 4 of following their assigned sequence of treatments; all
other children were assigned a weight of 2. In addition,
because responders to JASP+EMT are consistent with two
of the three adaptive interventions being compared, the data
for responders to JASP+EMT were replicated (i.e., used
twice) to facilitate a more efﬁcient comparison of the three
adaptive interventions. For more details on weighting and
replication, see Nahum-Shani et al. (2012); for details on the
extension of weighting and replication to the analysis of
longitudinal outcomes, see Lu et al. (2015). Bootstrapped
standard errors, which account for the multiple (longitudinal) observations per child, replication, and sampling variation in the unknown distribution of the weights, were used.
Data were analyzed using the geepack package in R (Yan,
Hojsgaard, & Halekoh, 2015).

Contrasts of Clinical Interest and Effect Sizes
For all ﬁve outcomes, slope estimates at each stage were
calculated for each of the three adaptive interventions.
Larger slopes indicate more improved outcomes. Betweengroup differences in slope at each stage were also provided.
To facilitate the comparison of each adaptive intervention
using a single-number summary (as opposed to two slopes),
the average area under the longitudinal curve from baseline
to Week 36 divided by 36 (AUC, for short) was calculated
for each adaptive intervention, as well as estimates of the
between-group differences in AUC. The AUC has the interpretation as the average of the outcome over the course of
the study. In nonlinear trend models (e.g., the piecewise
linear models we employ, or in models with quadratic
trends), the AUC is a useful single-number summary of
the mean outcome trajectory across both stages of treatment.
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Ninety-ﬁve percent conﬁdence intervals (CIs) were calculated for all point estimates.
For each outcome, we report the results of the multivariate hypothesis test that there is no between-group difference in slope at any point in the course of the study. This
is a test of the null hypothesis that the three adaptive interventions have equal slope at both stages. (This null hypothesis implies that there is no between-group difference in
AUC.) A p value of less than .05 (two-sided) was considered statistically signiﬁcant for this hypothesis test.
To enhance clinical interpretation of the results, effect
sizes (Cohen, 1988) were calculated for the differences in
slope at Stage 1, differences in slope at Stage 2, and the
differences in AUC. Effect sizes are deﬁned as point estimates divided by an estimate of the standard deviation of
the slopes or AUC, respectively. Effect sizes of 0.2, 0.5, and
0.8 are generally regarded as small, moderate, and large,
respectively. Plots of the average trend under each adaptive
intervention are provided.
Missing Data
Multiple imputation was used to replace missing values in
the outcomes, and other measures. A sequential regression
multivariate imputation algorithm, adapted for SMART studies (Shortreed, Laber, Stroup, Pineau, & Murphy, 2014),
was implemented using the mice package in R (Buuren &
Groothuis-Oudshoorn, 2011). For additional details, including the percentage of missing data, the imputation model
used, and a sensitivity analysis of robustness to the missingat-random assumption, see Kasari et al. (2014). Twenty
imputed data sets were generated. All point estimates, standard errors, and hypothesis tests reported next were calculated using standard rules (Schafer, 1999) for combining the
results of identical analyses performed on each of the 20
imputed data sets.

RESULTS
Descriptive statistics prior to treatment are provided in
Table 2. Children were between the ages of 4.42 and 9.00
(M = 6.31, SD = 1.16); the majority of them were nonWhite (52%) boys (83%). At baseline, children had an
average of 20.07 on the ADOS (SD = 4.4), an average
nonverbal IQ of 68.2 (SD = 19.0), mental age of 4 years
on the Leiter-R, 29.44 spontaneous communicative utterances (SD = 25.37), 17.2 different word roots
(SD = 16.44), 6.02 total comments (SD = 8.17), 7.62
requests (SD = 7.62), 6.43 instances of initiating joint attention (SD = 7.98), 14.32 instances of initiating behavioral
regulation (SD = 10.23), and 14.39 unique play actions
(SD = 9.61). Children assigned to JASP+EMT versus
JASP+EMT+SGD did not differ in clinically or statistically
signiﬁcant ways on any of these pretreatment measures.
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Stage-speciﬁc slope and AUC estimates are given in
Table 3 for each of the three adaptive interventions. There
were statistically signiﬁcant differences in slopes (at Stage 1
or Stage 2) among the three adaptive interventions on two of
the ﬁve outcomes considered: TSCU (p < .01) and IJA
(p = .046). Figure 2 shows the estimated average trajectories
for each adaptive intervention, for these two outcomes. For
each of these outcomes, (SGD, SGD) was the adaptive
intervention with the largest estimated AUC value, (No
SGD, SGD) had the second-largest estimated AUC, and
(No SGD, No SGD) had the smallest estimated AUC
value. In addition, the greatest change in each of these
measures was with SGD during Stage 1.
Table 4 provides additional detail concerning estimates
of the pairwise differences in slopes and AUC (and associated standardized effect sizes) among the three adaptive
interventions. For the primary outcome TSCU, there was a
moderate to large difference in Stage 1 slope (estimate,
1.94; effect size, 0.8), 95% CI [0.7, 3.2], between (SGD,
SGD) and adaptive interventions beginning with No SGD.
The difference in Stage 2 slope between the two adaptive
interventions beginning without SGD was small (estimate,
0.33; effect size, 0.13), 95% CI [−0.05, 0.8]. Based on AUC
for TSCU, we ﬁnd moderate differences suggesting that
(SGD, SGD) > (No SGD, No SGD) (estimate, 18.6; effect
size, 0.67), 95% CI [8, 29], and (SGD, SGD) > (No SGD,
SGD) (estimate, 15.7; effect size, 0.58), 95% CI [6, 25], yet
little evidence that (No SGD, SGD) differed from (No SGD,
No SGD) (estimate, 2.6; small effect size, 0.1), 95% CI [0.4,
5.6]. For completeness, we descriptively examined the percentage of TSCU that were comments (TCOM) or requests
(SPRQ); we did this at each time point, among children with
TSCU > 0. The average proportion of comments and
requests stayed relatively stable over time, with comments
accounting for 19.4%–21.4% and requests accounting for
28.6%–33.8% of TSCU.
The differences in trends among the three adaptive interventions were especially interesting for the social outcome
IJA (Figure 2). Introducing the SGD initially (for all children) or delaying its introduction until later (for slower
responders, only) led to comparable AUC, such that
(SGD, SGD) > (No SGD, No SGD) (estimate, 2.9; moderate
effect size, 0.43), 95% CI [0.39, 5.5], and (No SGD, SGD)
> (No SGD, No SGD) (estimate, 0.54; small effect size,
0.08) 95% CI [0.03, 1.0], yet there was less evidence that
(SGD, SGD) differed from (No SGD, SGD). This was, in
part, due to slightly greater change in IJA in Stage 2 by
introducing the device versus intensifying JASP+EMT (estimated difference in Stage 2 slopes, 0.07; small effect size,
0.08) 95% CI [0.004, 0.13].
Although there was no evidence of between-group differences in slopes (and therefore, AUC) in novel words
(NDWR; p = .12), there was evidence of Stage 1 improvement in novel words for all children, on average (overall
Stage 1 slope estimate, 0.99; p < .01), 95% CI [0.5, 1.5].
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TABLE 2
Pre-Treatment Descriptive Statistics, Overall and by Stage 1 Randomization
Overall
n = 61

JASP+EMT
n = 30

JASP+EMT+SGD
n = 31

%

n%

n%

Gender
Male
Female

83%
17%

51
10

87%
13%

26
4

79%
21%

25
6

Race
White
Non-white

48%
52%

29
32

47%
53%

14
16

48%
52%

15
16

Site
UCLA
Vanderbilt
Kennedy Krieger

39%
33%
28%

24
20
17

40%
33%
27%

12
10
8

39%
32%
29%

12
10
9

Mean (SD)

Mean (SD)

Mean (SD)

Age
Years

6.31 (1.16)

6.18 (1.08)

6.44 (1.23)

Cognitive Assessment (Leiter-R)
Non-verbal IQ
Age-equivalent

68.2 (19.0)
4.00 (1.12)

68.7 (21.3)
3.93 (1.12)

67.6 (16.8)
4.07 (1.14)

20.07 (4.40)

19.55 (4.27)

20.60 (4.55)

29.44
17.20
6.02
7.62

(25.37)
(16.44)
(8.17)
(9.63)

28.37 (29.96)
16.78 (19.52)
7.01 (11.0)
7.19 (10.26)

30.48 (20.35)
17.61 (12.91)
5.07 (3.8)
8.03 (9.09)

6.43 (7.98)
14.32 (10.23)

6.52 (8.80)
15.65 (11.87)

6.29 (7.04)
13.03 (8.28)

14.39 (9.61)

13.73 (9.40)

15.03 (9.82)

Autism Diagnostic
Observation Schedule
ADOS
Natural Language
Sample
TSCU
NDWR
TCOM
SPRQ
Early Social
Communication Scale
IJA
IBR
Structured Play
Assessment
UPA

Notes. Abbreviations: JASP—Joint attention, symbolic play, engagement, and regulation; EMT—Enhanced milieu training; SGD—Speech generating
device; TSCU—Total socially communicative utterances; NDWR—Number of direct word roots; TCOM—Total number of comments; SPRQ—Spontaneous
requests; IJA—Initiating joint attention; IBR—Initiating behavioral regulation; UPA—Unique play acts.

Similarly, although there was no evidence of between-group
differences in slopes in IBR (p = .31), there was evidence of
Stage 1 improvement in initiating behavioral regulation for
all children, on average (overall Stage 1 slope estimate, 0.28;
p = .01), 95% CI [0.07, 0.49]. The two preceding results—
which represent average time-trends in the outcome, rather
than between-group differences in trends—are not provided
in Table 3. For UPA, there was neither evidence of betweengroup differences in slopes/AUC (p = .52) nor evidence of
overall or within-group differences in change.

DISCUSSION
This article presents results of a secondary data analysis of
61 minimally verbal children ages 5 to 8 with ASD who
participated in the SMART (Kasari et al., 2014) The goal of
this analysis was to compare three adaptive interventions
involving different provisions of an SGD in the context of a
naturalistic, developmental behavioral intervention, JASP
+EMT for increasing spoken language. The three twostage adaptive interventions were compared in terms of
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TABLE 3
Estimates for the Slope at Each Stage and AUC for the Three Embedded Adaptive Interventions
Estimate (95% CI)
(No SGD, No SGD)

Natural Language
Sample
TSCU
NDWR
Early Social
Communication
Scale
IJA
IBR
Structured Play
Assessment
UPA

(No SGD, SGD)

Stage 1
Slope*

Stage 2
Slope

AUC

0.61
(–0.3,1.5)
0.60
(–0.05,1.2)

0.06
(–0.5,0.6)
0.0
(–0.3,0.3)

33.4
(25,42)
21.7
(15.1,28.3)

0
(–0.2,0.2)
0.19
(–0.1,0.5)

0.06
(–0.1,0.2)
0.06
(–0.1,0.2)

0.17
(–0.1,0.4)

–0.04
(–0.18,0.1)

Stage 2
Slope

(SGD, SGD)

Test of No Difference in Slopes**

AUC

Stage 1
Slope

Stage 2
Slope

AUC

I-value

0.38
(–0.2,1.0)
0.20
(–0.2,0.6)

36.0
(28,44)
23.2
(16.6,29.9)

2.56
(1.6,3.5)
1.39
(0.7,2.1)

–0.07
(–0.6,0.4)
0.02
(–0.2,0.3)

51.8
(43,60)
29.8
(23.4,36.1)

<0.01

6.6
(5.0,8.2)
16.1
(13.0,19.2)

0.13
(0.001,0.26)
0.11
(–0.1,0.3)

7.1
(5.5,8.7)
16.5
(13.2,19.8)

0.35
(0.03,0.7)
0.36
(0.1,0.6)

–0.02
(–0.2,0.1)
0.08
(–0.1,0.3)

9.5
(7.3,11.7)
18.0
(14.8,21.2)

<0.05

15.3
(13.2,17.5)

-0.03
(–0.2,0.1)

15.4
(13.2,17.5)

0.06
(–0.2,0.3)

0.1
(–0.03,0.2)

15.4
(13.1,17.5)

0.52

0.12

0.31

Notes. Abbreviations: SGD—Speech generating device; TSCU—Total socially communicative utterances; NDWR—Number of direct word roots; IJA—
Initiating joint attention; IBR—Initiating behavioral regulation; UPA—Unique play acts; AUC—the average area under the estimated longitudinal curve from
baseline to week 36 (has the interpretation as the average outcome over the course of the study).
Slopes with a 95% conﬁdence interval that does not include zero are boldfaced.
*The two adaptive interventions beginning with No SGD have identical stage 1 slopes; hence, we only report it once under (No SGD, No SGD).
**This is the hypothesis test that there is no difference in slopes between the three adaptive interventions, at any stage; note that no difference in slopes
implies that there is no difference in AUC.

FIGURE 2 Estimated average trajectories under each of the embedded adaptive interventions. Notes. See Table 1 and Figure 1 to understand how the three
adaptive interventions are deﬁned. Trajectories are shown for the two signiﬁcant outcomes: (a) total spontaneous communicative utterances (TSCU) and (b)
initiating joint attention (IJA). Abbreviations: SGD—Speech generating device.
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TABLE 4
Differences in Slopes at Each Stage and AUC Between the Three Embedded Adaptive Interventions
Difference / Effect Size (95% CI for Difference)
(SGD, SGD) vs
(No SGD, No SGD)

Natural Language Sample
TSCU
NDWR
Early Social
Communication
Scale
IJA
IBR
Structured Play
Assessment
UPA

(SGD, SGD) vs
(No SGD, SGD)

(No SGD, SGD) vs
(No SGD, No SGD)

Stage 1
Slope*

Stage 2
Slope

AUC

Stage 2
Slope

AUC

Stage 2
Slope**

AUC

1.94 / 0.8
(0.7,3.2)
0.79 / 0.46
(–0.1,1.7)

–0.13 / –0.05
(–0.9,0.6)
0.01 / 0.01
(–0.33,0.37)

18.6 / 0.67
(8,29)
8.1 / 0.37
(–0.2,16.3)

–0.46 / –0.18
(–1.2,0.3)
–0.18 / –0.13
(–0.62,0.27)

15.7 / 0.58
(6,25)
6.5 / 0.30
(–1.7,14.8)

0.33 / 0.13
(–0.05,0.8)
0.19 / 0.13
(–0.05,0.43)

2.6 / 0.1
(–0.4,5.6)
1.5 / 0.07
(–0.4,3.4)

0.36 / 0.43
(0.02,0.7)
0.17 / 0.21
(–0.2,0.6)

–0.08 / –0.1
(–0.28,0.13)
0.03 / 0.03
(–0.21,0.27)

2.9 / 0.43
(0.39,5.5)
1.9 / 0.24
(–0.7,4.5)

–0.15 / –0.18
(–0.36,0.06)
–0.03 / –0.03
(–0.28,0.22)

2.4 / 0.35
(–0.1,4.8)
1.5 / 0.19
(–1.3,4.3)

0.07 / 0.08
(0.004,0.13)
0.05 / 0.06
(–0.05,0.15)

0.54 / 0.08
(0.03,1.0)
0.4 / 0.05
(–0.4,1.1)

–0.11 / –0.16
(–0.4,0.2)

0.14 / 0.24
(–0.05,0.3)

0.03 / 0
(–2.1,2.1)

0.13 / 0.23
(–0.07,0.33)

–0.03 / 0
(–2.2,2.2)

0.01 / 0.01
(–0.07,0.09)

0.06 / 0.01
(–0.6,0.7)

Notes. Abbreviations: SGD—Speech generating device; TSCU—Total socially communicative utterances; NDWR—Number of direct word roots; IJA—
Initiating joint attention; IBR—Initiating behavioral regulation; UPA—Unique play acts; AUC—the average area under the estimated longitudinal curve from
baseline to week 36 (has the interpretation as the average outcome over the course of the study).
Comparisons with a 95% conﬁdence interval that does not include zero are boldfaced.
*The stage 1 slopes comparison for (SGD, SGD) vs (No SGD, No SGD) and (SGD, SGD) vs (No SGD, SGD) are identical; hence we report it only once in
the (SGD, SGD) vs (No SGD, No SGD) column.
**The two adaptive interventions beginning with No SGD have identical stage 1 slopes; hence, for the (No SGD, SGD) vs (No SGD, No SGD)
comparison, we only report a stage 2 pair-wise comparison.

their trajectories and AUC from baseline to Week 36 on ﬁve
key communication outcomes including two verbal outcomes (TSCU and NDWR) and three nonlinguistic outcomes (IJA, IBR, and UPA).
Among the three adaptive interventions that were compared, the (SGD, SGD) adaptive intervention was found to
be superior. This adaptive intervention is made up of the
following intervention components: (a) treatment begins
with JASP+EMT+SGD twice per week for 12 weeks, (b)
responder status is assessed at the end of Week 12 (see the
Adaptive Interventions section for details on this intervention component), (c) children showing an early response to
treatment at the end of 12 weeks continue with JASP+EMT
+SGD for an additional 12 weeks, and (d) children exhibiting a slower response by the end of 12 weeks receive
intensiﬁed JASP+EMT+SGD from twice per week to three
times per week. This adaptive intervention led to improved
spontaneous spoken communicative utterances and initiating joint attention relative to the (No SGD, No SGD)
adaptive intervention, with moderate AUC effect sizes of

0.43 and 0.67, respectively. Relative to the (No SGD, SGD)
adaptive intervention, (SGD, SGD) led to improved spontaneous spoken communicative utterances with a slightly
more attenuated AUC effect size of 0.58. A separate analysis of participant and therapist communication interactions
during the intervention sessions found that children in the
(SGD, SGD) adaptive intervention demonstrated greater
increases in the amount of time that they spent engaged in
reciprocal communication with the therapist (DiStefano,
Shih, Kaiser, Landa, & Kasari, 2016). Taken together,
these results may suggest that using an SGD within an
effective naturalistic developmental behavioral intervention
may facilitate longer and more frequent reciprocal communication interactions, leading to gains in verbal and nonlinguistic communication skills. It is interesting to note that
within this intervention, the therapist did not provide direct
instruction to the child to use the SGD and the child was
never required to use the SGD—indeed, providing the SGD
did not lead to children using the SGD to communicate (see
p. 643 of Kasari et al., 2014). Instead, the therapist (a)
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consistently used the SGD (along with spoken language)
and (b) responded to child use of the SGD. This raises the
possibility that the communication gains made by children
in the (SGD, SGD) adaptive intervention (relative to the
other adaptive interventions) could be explained by the
therapist modeling SGD use, with or without child SGD
use. Future work is needed to examine this and other potential mechanisms.
Although there was no evidence in this analysis of a
statistically signiﬁcant difference in novel words between
the three adaptive interventions (p = .12), it was estimated
that, on average, over the course of the 6-month study,
children would have eight additional novel words, 95% CI
[−0.2, 16.3] (effect size, 0.37) under the (SGD, SGD) adaptive intervention (AUC = 29.8) relative to the (No SGD, No
SGD) adaptive intervention (AUC = 21.7), and six additional novel words, 95% CI [−1.7, 14.8] (effect size, 0.3)
under (SGD, SGD) relative to the (No SGD, SGD) adaptive
intervention (AUC = 23.2). Developing and evaluating
interventions that improve novel words is an important
challenge for researchers, given that this represents a higher
bar relative to changing the total number of spontaneous
communicative utterances. Increases in spontaneous communicative utterances may represent a child using the same
small set of words more frequently, whereas increases in
novel words indicates that the child has developed an
expanded expressive vocabulary. A difference over time of
eight novel words between (SGD, SGD) and (No SGD, No
SGD), a small to moderate effect size of 0.37, coupled with
an overall estimated change of one novel word per week
during Stage 1 (slope averaged over SGD and No SGD,
0.99), 95% CI [0.51, 1.48] is both clinically signiﬁcant and
encouraging. Future ASD interventions research could beneﬁt from larger sample sizes in order to detect moderatesmall changes in NDWR of the kind observed here.
A signiﬁcant gain in initiating joint attention in Stage
2 was observed under the (No SGD, SGD) adaptive
intervention (slope, 0.13), 95% CI [0.001, 0.26], which
provided SGD access at Week 12 only to slow responders
to JASP+EMT. Although this gain was (in absolute
terms) slower than the gain in IJA observed during
Stage 1 under the (SGD, SGD) adaptive intervention
(slope, 0.35), 95% CI [0.03, 0.7], children under the
(No SGD, SGD) adaptive intervention on average appear
to “catch up” to peers who followed the (SGD, SGD)
adaptive intervention, which provided SGD from the
beginning (see Figure 2). This ﬁnding is important
because, although all children who received the (SGD,
SGD) intervention had access to the SGD over 24 weeks
in total, only an estimated 40% of children (12/30) who
received the (No SGD, SGD) intervention had access to
the SGD and only for last 12 weeks, yet IJA outcomes
were on average similar at Week 36 under both of these
adaptive interventions.
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There was no evidence in this analysis of a statistically
signiﬁcant difference in IBR (p = .31) among the three
adaptive interventions. Although requests are a part of
JASP+EMT (in addition to comments) especially when it
seemed developmentally appropriate, JASPER places a heavier focus on social commenting (IJA) over requesting (IBR).
It is not surprising, then, that the provision of the SGD
alongside JASP+EMT did not have an effect on IBR.
Nevertheless, it is encouraging that overall positive changes
in IBR were observed among the minimally verbal children
in this study, given that initiating behavioral regulation would
be expected to increase as children gain additional communication skills, even without being speciﬁcally targeted.
For all outcomes considered, except for play, children in
the (SGD, SGD) adaptive intervention demonstrated, on
average, a rapid Stage 1 increase that then stabilized in
Stage 2 and maintained through follow-up. Recall that
under the (SGD, SGD) intervention, all children received
JASP+EMT+SGD initially, slower responders received
intensiﬁed JASP+EMT+SGD, and responders continued
on JASP+EMT+SGD. The lack of positive change under
the (SGD, SGD) adaptive intervention from Week 12
onward (on all outcomes) may suggest areas for improvement. Future studies may develop and evaluate approaches
for extending the gains under JASP+EMT+SGD. For example, strategic introduction of new play materials and activities along with expanded SGD symbol displays may help to
extend the novelty of the intervention context and SGD, as
well as introduce new vocabulary. This in turn could facilitate continued motivation for social communication. Future
studies may also evaluate other alternatives for slower
responders to JASP+EMT+SGD. One approach may be to
blend JASP+EMT+SGD with other existing behavioral
interventions designed to improve spoken communication,
such as with core principles of discrete trial training (Smith,
2001), and similar to the priming used in earlier versions of
JASPER (Kasari et al., 2006).
At study entry, children demonstrated a low rate of
socially communicative utterances. Of interest, on average
children demonstrated both spontaneous requests and comments at entry although communication occurred at low
rates initially. The current article highlights an important
measurement distinction when examining the form and
function of social communication. All too often, composite
outcome variables including both requesting and joint
attention skills are presented. In such cases, the reader is
not able to discern which behaviors are changing and if
change in only one function is driving the overall changes
in the children’s outcomes. In contrast, the transcription
and coding systems utilized in this study allowed for clear
differentiation of children’s communication by function
including communication to request and more challenging,
communication to share (joint attention, commenting). The
current ﬁndings uniquely highlight that children who are
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minimally verbal can make gains over time in both
requesting skills and social sharing—a challenging outcome to move forward.
Total unique play acts was the only outcome of the ﬁve
for which there was evidence of neither differences among
the three adaptive interventions nor signiﬁcant change over
time overall or under any one of the adaptive interventions.
Across treatment arms, play was targeted within the same
developmental framework from early simple cause and
effects actions on objects through symbolic pretend play
(Kasari & Chang, 2014). Therefore, within the sessions
both children’s play diversity (number of unique types of
acts) and advances in the level of children’s play were
targeted. Although no signiﬁcant change within groups
was noted in children’s play diversity (UPA) as measured
by the Structured Play Assessment, it is possible that
children made gains in play skills that were not captured
by this variable within an assessment context. Further
examination of overall gains in play, including gains in
speciﬁc type of play (e.g., symbolic vs. presymbolic) are
examined in greater detail by Chang, Shih, Kaiser, Landa,
and Kasari (2016).
To our knowledge, this is the ﬁrst study to examine the
longitudinal effects of different sequences of decision rules
(i.e., adaptive interventions) guiding the provision of JASP
+EMT and a SGD among children with ASD who are
minimally verbal. Both the SMART study design used to
collect the data and the longitudinal statistical methods
employed in this analysis (Lu et al., 2015) are novel. The
SMART design allowed us to compare the effectiveness of
three adaptive interventions—two that introduce the SGD at
different time points (and for different children) and one that
does not provide an SGD to any child. The analyses allowed
us to examine how outcome trajectories differ at the time
points where the adaptive interventions differ (i.e., at baseline and Week 12). More common alternative research
designs do not provide the appropriate data for answering
this question (e.g., a two-arm randomized trial in which
children are randomized to JASP+EMT+SGD vs. JASP
+EMT does not provide data on the provision of SGD in
the context of an adaptive intervention) or are not as efﬁcient as the SMART in addressing this question (e.g., a
three-arm randomized trial in which children are randomized to one of the three adaptive interventions).
Although there is much interest in adaptive interventions,
and in the use of SMART designs to develop empirically
based adaptive interventions, additional substantive and
methodological work is needed. Future substantive work
in children with ASD who are minimally verbal could
focus on identifying the type of children at baseline who
would beneﬁt more or less or equally from one adaptive
intervention over another (i.e., moderators analysis). For
example, building on the novelty argument just presented,
it may be that the effect of the SGD is minimized for
children who have previous experience with an SGD, or

for minimally verbal children who have a relatively larger
number of spontaneous communicative utterances at baseline. In addition, we conjecture that children with lower
nonverbal IQ will beneﬁt more from (No SGD, SGD)
because their ability to understand and use the SGD will
likely be increased by waiting until the JASP+EMT context
has become more familiar, whereas children with higher
nonverbal IQ would beneﬁt more from (SGD, SGD). Such
additional analyses would have clear clinical implications in
that they could be used to develop more deeply tailored
sequences of interventions for children with ASD who are
minimally verbal by taking advantage of the heterogeneous
disposition of these children at baseline. As noted earlier,
future substantive work could also focus on further examining the mechanisms by which the (SGD, SGD) adaptive
intervention led to improved outcomes relative to the other
adaptive interventions. There is also a need for additional
methodological advancements. Many state-of-the-art methods that we have become accustomed to using—such as
random effects models (Verbeke & Molenberghs, 2009) to
extend the longitudinal analyses presented here by examining longitudinal variance components, or mediation analyses (MacKinnon & Fairchild, 2009) for examining
mechanism(s) by which the (SGD, SGD) adaptive intervention led to improved outcomes relative to the other adaptive
interventions—have not been developed or applied for use
with data arising from a SMART.
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