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Abstract

Purpose: Autistic children with limited spoken language ability (LSLA) often do not respond to
traditional interventions, reducing their social inclusion. It is essential to identify effective

interventions, and sensitive measures to track their intervention response.

Methods: Using data from an RCT comparing music-mediated and play-based interventions, we
investigated the impact of spoken language ability on outcomes, and measured response to

intervention through natural language sample measures.

Results: Children with lower verbal 1Q, relative to higher verbal 1Q, made some greater gains over
the course of music-mediated intervention. Natural language samples were helpful in

characterizing communication and tracking change.

Conclusions: Music-mediated interventions hold promise as effective interventions for autistic
children with LSLA. Natural language samples are robust in characterizing this subgroup.
Keywords
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verbal, non-verbal
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Spoken language ability is highly variable among people on the autism spectrum!
(Anderson et al., 2007). Some degree of formal language difficulty is present in approximately
half of autistic children (Kjelgaard and Tager-Flusberg, 2001; Pickles et al., 2014) ranging from
those who can speak fluently but struggle with grammatical or semantic aspects of formal language
to those who are nonspeaking. When measured at preschool age, stronger spoken language in
autistic children positively predicts their social-adaptive functioning, socialization, and
independent living outcomes at adolescence (Venter et al., 1992) and adulthood (Howlin et al.,
2004). Moreover, even as adults, stronger spoken language ability, such as higher vocabulary,
continues to predict better vocational and social outcomes (Friedman et al. 2019).

Given the pivotal role of spoken language in outcomes, it is important to understand which
subgroups of autistic children benefit most from which interventions (Vivanti et al., 2014).
Response to intervention analyses examine how different predictors are impacted by a particular
intervention, and which are associated with favorable intervention outcomes. One type of predictor
that can be examined are baseline participant characteristics, such as spoken language ability
(Trembath and Vivanti 2014; Vivanti et al., 2014). When participating in interventions that target
spoken or non-spoken language, children on the autism spectrum who have lower baseline spoken
language ability make fewer gains in communication, daily living, social, and motor skills when
compared to their autistic peers with higher baseline spoken language (Fossum et al., 2018; Gordon
et al., 2011; Itzchak and Zachor, 2011). In order to identify interventions that are appropriate for

children with autism who have different levels of spoken language ability (Lombardo et al., 2015;

! Following recommendations on the use of terminology for autism (Bottema-Beutel et al., 2021, CASDA, 2020),
we use identity-first terms such as “autistic person” or neutral terms such as “person on the autism spectrum.” In
addition, we use the terms “spoken” or “speaking” rather than “verbal” due to their preferential acceptance by the
autistic community.
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Lord, Risi and Pickles, 2004; Tager-Flusberg et al., 2009), it is essential to properly define spoken
language ability. In this article, we use the term limited spoken language ability as an umbrella
term to refer to children on the autism spectrum who have significantly less spoken language than
their typically developing peers as well as those who are minimally-speaking, and those who are
nonspeaking?. Limited spoken language ability (LSLA) will be operationalized using verbal IQ in
Analysis 1, followed by a more comprehensive characterization in Analysis 2.

Different empirically established interventions (i.e., specific manualized interventions,
backed by rigorous high quality studies that demonstrate their effectiveness in supporting people
on the spectrum) as well as evidence-based practices (i.e., strategies or approaches supported by
scientific evidence that shows they support an autistic learner in achieving positive outcomes) have
been identified for children on the autism spectrum (Hume et al., 2021; National Autism Center,
2015; Wong et al., 2015). Of direct relevance, music-mediated interventions are one of 28
evidence-based practices identified by Hume et al., (2021). Relative to control interventions,
music-mediated interventions demonstrate positive gains in children on the autism spectrum with
respect to speech, expressive language, social-communication, and parent-child relationships
(Bharathi et al., 2019; Chenausky et al., 2016; Geretsegger et al., 2014; Sharda et al., 2018;
Thompson et al. 2014). Positive outcomes in social-communication include improvements in
initiating, responding, and maintaining social interactions as well as being able to understand
another person’s perspective. As reviewed by Brancatisano et al., (2020) for neurological disorders
more broadly, and by Srinivasan and Bhat, (2013) and Hume et al., (2021) with respect to autism

specifically, music-mediated interventions vary in format of implementation and intervention

2 Please see Supplemental Information — Section One for terms and definitions proposed for different segments of
LSLA subgroup in the literature.
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goals, but share music as a key feature of the intervention delivery. This includes music therapy,
which occurs in a therapeutic relationship with a trained music therapist, in addition to the planned
use of songs, melodic intonation, and/or rhythm to support the learning or performance of target
behaviors and skills in varied contexts (Hume et al., 2021, p. 4024).

Extending work on music-mediated therapy for aphasia, Wan and Schlaug (2010)
pioneered the idea that music-mediated interventions could hold promise for children with limited
spoken language ability, in particular, those who are nonspeaking. They and others have motivated
the use of music-mediated interventions in autism with findings of the neuroplasticity that results
from music-making in neurotypical and other populations (see Sihvonen et al., 2017 for a review).
With respect to autism, differences observed in neural connectivity between auditory and motor
regions can be engaged and potentially improved by music-making, for example listening to
someone sing while tapping a drum (Janzen et al., 2018; Srinivasan and Bhatt, 2013; Wan and
Schlaug 2010; Wan et al., 2011). Additionally, music and speech processing are subserved by
some of the same fronto-temporal circuits which are typically activated when listening to sung,
but not spoken, words by children on the autism spectrum (Sharda et al., 2015), suggesting that
music may be an alternative route that could be capitalized on during intervention.

Prior studies testing the effectiveness of music-mediated therapies for children with limited
spoken language included minimally or nonspeaking children and employed interventions such as
Auditory-Motor Mapping Training which involve imitating sung words in conjunction with motor
activity (e.g., tapping on a drum), with the outcome measure of children’s ability to speak the
taught words (Chenausky et al., 2016; Wan et al., 2011; Sandiford et al., 2013). The music-
mediated approach we investigate here is quite different in format and target, as implemented in

our prior randomized controlled trial (Sharda et al., 2018). It consisted of sessions where a music
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therapist engaged an autistic child in shared music-making activities that targeted communication,
social reciprocity, sensorimotor integration, and emotion regulation. A loose structure was
followed across participants, while adapting interaction to the individual child’s needs. This type
of approach has been termed improvisational music therapy (see Geretsegger et al., 2014;
Srinivasan and Bhat, 2013). In this randomized control trial (RCT), we demonstrated a significant
increase in social-communication in autistic children who took part in this music-mediated
intervention (MI), as compared to those who participated in a control play-based intervention
(nonMI) which shared the same intensity and intervention targets. Moreover, we found increased
functional connectivity between auditory and motor brain regions in children in the MI group,
which was related to behavioral improvements in their communication skills (Sharda et al., 2018).

In an RCT of improvisational music therapy by Crawford et al. (2017), the authors explored
relationships between baseline characteristics (e.g., gender, nonspeaking status) and intervention
outcomes in 304 children. They found that a larger proportion of nonspeaking children made
improvements on the social affect scale of the Autism Diagnostic Observation Schedule (Lord et
al., 2001; RR?: 1.45), compared to nonspeaking participants in the intervention-as-usual condition.
The intervention-related difference for nonspeaking participants was greater than the improvement
observed in the full sample on the same metric (RR: 1.25, Crawford et al., 2017, Figure 3). Sharda
et al., (2019) highlighted these findings, and echoing Wan and Schlaug (2010), hypothesized that
MlIs, including those broader in approach than those teaching specific speech sounds, might be

particularly beneficial for autistic children who have limited spoken language. We examine this

3 Risk ratio (RR) is defined as the probability of a condition (in this case, type of intervention), affecting the
outcome (e.g., improvements on the ADOS social affect scale). Here, RR = 1 indicates the intervention conditions
have equal effect on the outcome, RR > 1 indicates an increased effect of improvisational music therapy on the
outcome, RR < 1 indicates an increased effect of intervention-as-usual on the outcome.
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hypothesis, using data from our prior RCT (Sharda et al., 2018) to conduct post-hoc analyses. In
Analysis 1, we examine how baseline spoken language ability impacts response to MI with a
sample of school-age autistic children. Since traditional interventions are sometimes not optimal
for autistic children with limited spoken language ability, we hypothesize that M1, an intervention
that is less language-mediated but still targets communication skills, will be more effective for
them.

A second goal of this study is careful characterization of communication in children with
limited spoken language and identifying appropriate outcome measures for them. Children with
this language profile are often classified using only one domain of spoken language (Koegel et al.,
2020). As children on the autism spectrum often present with uneven or asymmetrical difficulties
across domains of language such as phonology, vocabulary, syntax and pragmatics (Tager-
Flusberg et al., 2009), their spoken language ability should be characterized using several language
domains. Another challenge that exists for this subgroup is the ability to sensitively measure and
track intervention outcomes (Kasari et al., 2013; Koegel et al., 2019; Trembath et al., 2019).
Children with limited spoken language ability are often unable to complete common standardized
tests of language due to a lack of prerequisite skills (Koegel et al., 2020; Trembath et al., 2019) or
floor effects (Barokava et al., 2021; Barokava and Tager-Flusberg, 2018). For example, formal
tests of spoken language ability require the child to follow increasingly complex instructions in an
assessment context which often does not reflect a child’s ability to spontaneously use spoken
communication in real life. For these reasons, it is important to identify alternative tools that are
better able to track spoken language and social communication as intervention progresses.

Kasari et al. (2013) called attention to the natural language sample (NLS) as a viable tool

to access the functional spoken communication skills of minimally speaking autistic children. An
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NLS is an objective yet flexible method of providing detailed information on spoken language and
non-spoken communication in a natural setting that does not require any pre-requisite language
skills, and is not subject to floor effects (Barokava et al., 2021; Barokava and Tager-Flusberg,
2018), and is thus an excellent choice for people with limited spoken language ability (Barokava
et al., 2020, 2021; Chiang, 2009; Kasari et al. 2014; Paul et al., 2013). Barokava et al., (2021)
developed and tested a language sample protocol, Eliciting Language Samples for Analysis
(ELSA), obtained through eight play, narrative, and conversation activities (20-25 minutes in
duration). The ELSA protocol and scoring procedures can be used reliably with autistic children
and youth who have a range of spoken language ability, including those who have limited spoken
language ability (Barokava et al., 2021).

As described below, our findings from Analysis 1 indicate that autistic school-age children
with limited spoken language (measured by verbal 1Q) do respond better to MI than a control
intervention. In Analysis 2 we go one step further by (1) carefully characterizing limited spoken
language ability in the Sharda et al., (2018) sample, using a combination of spoken language
measures (including NLS measures) and (2) tracking change over the course of intervention using
these measures. While conducting an independent NLS session using the ELSA NLS standardized
elicitation protocol would be ideal, it is not always feasible. For example, when conducting
assessment remotely where elicitation materials and trained personnel are not on-site with the
participant, or in our case when conducting a post-hoc analysis using available video data. Our
interest was to compare different measures of varying resource-intensiveness, rather than to
employ one measure comprehensively across all sessions. In addition to using some of the spoken
language measures used by ELSA (frequency of utterances, mean length of utterance, and number

of different words) (Barakova et al., 2020 and 2021), we included a more global measure of
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communication: frequency of intentional communication acts (ICA; Yoder et al., 2015). ICA
accounts for both intentional spoken and non-spoken communication, allowing for use with
children who are non speaking. Though exploratory in nature, we hypothesize that the NLS
procedure will more clearly and comprehensively characterize communication in this subgroup,
and that NLS measures will be sensitive in tracking change over the course of intervention.
Methods: Analysis 1

Participants
Our prior RCT (Sharda et al., 2018) was conducted with 51 six- to twelve-year-old children on the
autism spectrum who participated in a MI or nonMI. All participants were reported to have no
recent history of individual music therapy or music lessons and did not attend group music therapy
at school. The current analyses examine whether spoken language is a predictor of response to
interventions that were delivered in English. Therefore, we retained 47 children who had English
as a primary language, excluding four children from the original RCT who did not meet this
criterion. Verbal IQ was the spoken language predictor selected for Analysis 1 (see Language
Measure Selection — Predictor Variable section below) but was found to be non-equivalent
between the MI and nonMI groups at baseline (i.e., d = 0.39, variance ratio = 1.12). To match the
groups on verbal 1Q based on guidelines provided by Kover and Atwood (2013), two participants
with the highest verbal IQ from MI and three participants with the lowest verbal IQ from nonMI
were removed. This resulted in a final sample of 42 participants for Analysis 1 whose participant
characteristics and outcome measures at baseline are shown in Table 1.

All 42 children met DSM-IV criteria (Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition criteria) for Autism Spectrum Disorder. Verbal 1Q was measured using

the Wechsler Abbreviated Subtest of Intelligence — 2" Edition (WASI-II; Wechsler, 1999) and
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ranged from 55 to 130, with eight participants with a verbal 1Q above the average range (that is,
above a standard score of 115 and the 84th percentile), twelve with a verbal 1Q in the normal range
(between 85-115, or the 16th to 84th percentiles), and 21 with a verbal IQ below the average range
(below 85 or the 16th percentile). Verbal IQ information was unavailable for one participant who
had very limited spoken language skills, thus prohibiting administration of this measure.
Importantly, both MI and nonMI groups are equivalent in baseline verbal 1Q (i.e., d <.01, variance
ratio = 1.22).

Intervention

Of the 42 participants included in Analysis 1, 21 were randomly assigned to receive music-
mediated intervention (MI) and 21 to a play-based control intervention (nonMI) in the original
RCT (Sharda et al., 2018). MI consisted of music-mediated activities incorporating musical
instruments, using a child-centric approach (Bradt, 2012; Guerrero et al., 2014; Maossler et al.,
2019; Nordoff and Robbins, 2007) whereas, the active control, nonMI, used play-activities and
materials to support and engage the child. Both interventions were delivered in English and
matched on dosage (i.e., 45 minutes weekly sessions for 8-12 weeks), format (i.e., individual
sessions), and target areas (i.e., communication, social reciprocity and turn taking, sensorimotor
integration, and emotional regulation). MI and nonMI were delivered by the same accredited music
therapist in the same music center using the same session structure: (1) opening: hello song and
greeting, (2) choosing the order of four pre-selected activities using a schedule board, (3)
completion of four activities, (4) closure: goodbye song and farewell. See supplemental
information, section two (Figure and Table S1) and Sharda et al., (2018) for more details on the
implementation of the intervention.

Outcome Variables
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We examined the impact of intervention group (MI or nonMI) and baseline spoken language
ability on two outcomes reflecting key areas of difficulties in autism (DSM-V, American
Psychiatric Association, 2013): a) level of coordinated joint engagement, or attention to and
engagement with another person while involved in joint activities (Adamson et al., 2004) and b)
social communication ability and autism-related behaviors. The measures we chose for these
domains are detailed and appropriate to characterize behavior in children with less spoken
language; thus, they are potentially sensitive outcome measures for this population.

Joint engagement, recently highlighted as an active ingredient of music-mediated
interventions (Latif et al., 2021), can be defined as engagement involving two individuals and an
event whereby the individuals jointly attend to each other and participate in a shared event
(Girolametto et al., 1994). We adapted Adamson et al. (2004)’s joint engagement coding scheme,
previously shown to be sensitive to intervention effects (Kasari et al., 2010) in a school-age autistic
population, to our MI and nonMI intervention activities. Our coding scheme (Latif et al., 2021)
consists of four categories of joint engagement: coordinated joint, supported joint, object, and
other. Here we focus on the highest level of joint engagement, coordinated joint engagement,
exclusively and examine potential interactions with verbal 1Q. Coordinated joint engagement
states were coded when the child and the therapist were simultaneously engaged in the same
activity and the child initiated spoken or gestural communication directed to the therapist. Videos
from the intervention sessions (first and last) were coded by independent raters blind to timepoint,
intervention and hypotheses. Reliability for the coordinated joint code (ICC = 0.70, 95% CI =
0.57-0.79) was moderate, following guidelines by Koo and Li (2016), though other codes reached
a good level of reliability (Latif et al., 2021). The change score in percent time spent in a

coordinated joint engagement state between the last and first intervention session (i.e., last
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intervention session - first intervention session/ first intervention session + last intervention session
*100) was used as the outcome variable for this analysis.

Social communication and autism-related behaviour outcomes were obtained using a
parent report questionnaire, the Children's Communication Checklist — 2" edition (CCC-2,
Bishop, 2003). The CCC-2’s general composite score was reported as a primary outcome in Sharda
et al., 2018. Here, we examine another combination of scales in the CCC-2, the pragmatic-autism
composite score* (CCC-Pragaut), an unstandardized composite score obtained by summing six
CCC-2 subscales that address the ability to appropriately initiate, the use of stereotyped language,
pragmatic communication, non-verbal communication, social interaction, social awareness, and
the presence or absence of autism-type behaviours such as restricted and repetitive interests.
Unlike the general composite score, the CCC-Pragaut does not include scales that focus on
structural language such as semantics, syntax, speech, and coherence. The CCC-Pragaut was
chosen due to its breadth of constructs related to social-communication and autism-type
behaviours that could be used to evaluate change in daily life. The CCC-Pragaut has successfully
identified social communication difficulties (Leonard et al., 2011; Timler, 2014) in various clinical
populations (i.e., children with attention deficit/hyperactivity disorder) in comparison to
neurotypical children.

Language Measure Selection — Predictor Variable
For this post-hoc analysis, spoken language ability was the predictor of interest. Three measures,

with no significant differences between intervention groups at baseline, were identified: 1) the

4 Although this composite score has been termed ‘“Pragmatic-autism” in the prior literature, we consider it to be a
measure of broader social communication skills (see subscales included) rather than of language pragmatics alone
(See Norbury (2014) pp.209-210 for a discussion of this distinction).
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sentence repetition subtest from the Clinical Evaluation of Language Fundamentals — 4 edition
(CELF-4SR; Semel et al., 2004), i1) the Peabody Picture Vocabulary Test, a receptive vocabulary
test (PPVT-4; Dunn and Dunn; 2007), and iii) the verbal IQ subtest score from the WASI-II
(Wechsler, 1999). The WASI-II verbal 1Q subtest score was chosen to be the spoken language
ability predictor variable for this analysis as 1) it focused on spoken language ability unlike the
PPVT-4 and 2) in comparison to the CELF-4-SR, provided more robust information on spoken
language (i.e., assessed spoken language through labelling items and identifying similarities as
opposed to simply repeating a sentence). Please see supplemental information, section three for a
further description of the WASI-II.

Finally, the intervention group was included as an independent variable based on findings
from Sharda et al. (2018) where gains in social-communication were significantly higher for
participants in the MI group. If MI is indeed more effective for children with limited or lower
spoken language ability than a nonMI control intervention, we would expect to observe a
significant interaction between spoken language ability and intervention group.

Variable Transformation and Statistical Analysis

The data set had a total of 13 missing data points in which 12 were imputed. Please see
supplemental information, section four for details on the missing data and imputation techniques.
Two fixed effects multiple linear regression models with effects of intervention group (MI vs.
nonMI), spoken language ability (verbal IQ score), and their interaction were estimated for each
outcome measure, coordinated joint engagement and CCC-Pragaut. Linear regression models were
carried out in R version 3.6.2 (R Core Team, 2013) using the Im function in the tidyverse package.
To help facilitate interpretation of the resulting models, the intervention group variable was

releveled to make nonMI the reference level, the CCC-Pragaut was transformed from a raw to z-
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score as it was unstandardized, and verbal 1Q was centered. Model diagnostic plots for both the
coordinated joint and CCC-Pragaut models were examined and assumptions for linearity and
normality were generally met.

Methods: Analysis 2
Participants
The goal of Analysis 2 was to characterize and track the outcomes of autistic children with limited
spoken language abilities, irrespective of intervention group membership. Therefore, we
conducted two rounds of screening, starting with all 47 children who had English as a primary
language. Please see supplemental information, section five for details on the screening procedure.
Of these, 19 participants were identified as potentially having limited spoken language for more
detailed characterization using our multi-criteria definition described below.
Multi-Criteria Definition of Limited Spoken Language
A multi-criteria definition of limited spoken language ability (LSLA) was created to capture ability
in three spoken language areas: 1) spoken language imitation ability, 2) lexical diversity, and 3)
syntactic complexity. First, performance on the CELF-4-SR subtest, a standardized measure of
spoken language repetition, was also used. Children needed to receive a scaled score of 4 or less,
indicative of below average performance. Four participants who obtained a scaled score of 6 or
above for the CELF-4-SR were excluded, as they demonstrated an average or above average ability
to repeat sentences and thus indicating that their spoken language ability was not limited. From
there, 15 children were analyzed using the natural language sample transcription procedure which
provide the second and third criteria for the definition of LSLA. Second, children needed to have
a total number of DRW (different root words) that was two standard deviations or greater below

the mean provided by Leedholm and Miller (1994). A root word is defined as a spontaneous,
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intelligible, and unique root word present in an NLS (Miller et al., 2016). For example, the words
go and going would be counted as 1 root word. Finally, a mean length of utterance in words
(MLUw) of three words or below was required. MLUw is the average number of words in an
utterance. This cut-off was chosen as it closely resembles the minimally speaking or low spoken
skill inclusion criteria used in Pecukonis et al. (2019). This is based on the administration criteria
of the ADOS-2 module one (Lord et al., 2012), and is the currently most used criterion to define
minimally speaking participants (Bal et al., 2016). The MLUw and DRW data were collected using
an NLS from each participant’s first intervention session (described in detail below). All three
criteria were required to capture difficulties in both length and variation in spoken language and
provide a comprehensive multi-criteria definition of limited spoken language. One participant met
the CELF-4-SR and DRW criteria but had an MLUw of 4.52 and therefore was excluded from
Analysis 2 resulting in a final sample of 14 participants, 6 in the MI group and 8 in the nonMI
group.

Natural Language Sample Coding Procedures

Videos from the first (timepoint 1) and last (timepoint 2) session in our prior RCT (Sharda et al.,
2018) were used for natural language sampling. Timepoint 2 was 7 to 11 weeks later where eight
of the fourteen participants completed all twelve sessions, two completed 11/12 sessions, two
completed 10/12 sessions, and 2 completed 9/12 sessions. As mentioned, MLUw and DRW at
timepoint 1 were used as a part of the multi-criteria definition of limited spoken language ability.
The first 15 minutes® of spoken language-based interactions were transcribed and coded for MLUw

and DRW. In addition, the number of spontaneous and intelligible spoken utterances, referred to

3 Note that the first 15 minutes for children in the MI group were collected in between musical activities resulting in
a longer total time. Musical activities were not coded as they did not involve any spoken interactions.
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as non-imitative spoken communication acts (NISCA) were also tabulated (Yoder and Stone,
2006). Finally, non-spoken intentional communication was coded using the definition of
intentional communication act (ICA): a spoken or nonspoken act that serves to intentionally
communicate a message (Yoder et al., 2015). For example, an ICA can be conventional or non-
conventional gestures, sign language, intentful non-word vocalizations, or imitative symbols that
are coordinated towards a communication partner.

NLS video transcription and coding was evenly split between the first author and a second
coder who was blind to condition and timepoint and had not been involved in screening. The
second coder was introduced to the procedures using an in-house NLS manual. Transcription of
spoken language followed the Systematic Analysis of Language Transcripts (SALT) procedures
outlined by Miller et al. (2016) but was adapted to include instructions on how to transcribe play
and music-mediated intervention videos. Following this, the first author and second coder jointly
coded three training videos. Coding discrepancies were discussed, and adjustments were made to
the manual. Once training was completed, they transcribed and coded 14 videos each. The total
dataset included twenty-eight 15-minute NLS videos (e.g., 14 participants x 2 timepoints).
Inter-Rater Reliability
The first author and blind coder double transcribed and double coded 19 of the 28 videos,
representing 68 percent of the dataset. Intraclass coefficients based on a single rater, agreement,
two-way random effects model were calculated using the IRR package in R (version 3.6.2) for
each NLS variable. Excellent reliability (e.g., values 0.90 or higher, Koo and Li, 2016) was
obtained for all dependent variables: ICA (ICC =0.98, 95% CI = 0.95, 0.99), NISCA (ICC =0.99,
95% CI=0.97, 0.99), DRW (ICC = 0.97, 95% CI = 0.91, 0.99), MLUw (ICC = 0.99, 95% CI =

0.97, 0.99).
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Statistical Analysis
Correlations using R version 3.6.3 between NLS variables were obtained to determine the level of
collinearity in order to assess the NLS procedures used for characterization. All four NLS
variables: MLUw, DRW, ICA, and NISCA, were found to have moderate to strong correlations
(see Table 2), demonstrating that all four variables are highly associated. Due to the exploratory
nature and small sample size, a full convergent validity analysis was not conducted.
Results: Analysis 1

As shown in Table 3, a significant interaction was found between verbal 1Q and
intervention group (8= -0.52, t = -2.28, p = 0.029) for the Coordinated Joint Engagement model.
As illustrated in Figure 1, for children receiving MI, those with lower verbal IQ scores experienced
a greater increase in percent time spent in Coordinated Joint Engagement. No significant main
effects of verbal 1Q or intervention group were found.

For the CCC-Pragaut model, a significant main effect for intervention group (3= 0.81,t=
2.74, p = 0.009) shown in Table 4 and illustrated in Figure 2, shows more improvement in the
CCC-Pragaut scores in the MI group in comparison to children in the nonMI group, demonstrating
an overall improvement in social communication and autism-like behaviours in the MI
participant’s contexts outside of intervention as reported by their parents. No significant effects
were detected for the remaining variables (i.e., verbal IQ, or the interaction between intervention
group and verbal 1Q).

These two findings indicate improvements in key targets of intervention during the session
(i.e., joint engagement coded from session video) as well as generalized improvement to daily life

(i.e., parent report of social communication and autism-like behaviours), noting more improvement
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in joint engagement for children with lower verbal 1Q scores in comparison to those with higher
verbal IQ scores.
Results: Analysis 2

Fourteen participants met the multi-criteria definition of LSLA at timepoint 1, 6 from the
MI group (LSLA-MI) and 8 from the nonMI group (LSLA-nonMI). Table 5 presents demographic
and NLS measures for this subsample at baseline. Figure 3 presents change from timepoint 1 to
timepoint 2 in each of the four NLS measures: DRW, MLUw, NISCA, and ICA for this subsample.

As mentioned in the introduction, children with LSLA perform near floor levels on many
standardized language measures, rendering these measures incapable of tracking change over the
course of intervention. For instance, on the formal language-based measures employed at baseline
in the RCT for this subsample, 6 of 14 children were at floor on the CELF-SR (i.e., sentence
repetition subtest from the Clinical Evaluation of Language Fundamentals — 4" edition), and 12 of
14 were at floor on the WASI-II (i.e., Wechsler Abbreviated Subtest of Intelligence — 2" Edition).
In contrast, there are minimal floor effects for the NLS measures. Through visual inspection of
Figure 3, change from timepoint 1 to timepoint 2 can be seen for many participants, and this is the
case for all four variables. In comparison to DRW and MLUw (Figures 3a and 3b), greater
increases in NISCA and ICA (Figures 3¢ and 3d) can be seen for some participants. This could be
in part because NISCA and ICA track the total quantity of spoken and in the case of ICA, spoken
and non-spoken communicative bids whereas DRW and MLUw track linguistic complexity (i.e.,
diversity and length) of spoken communicative bids.

Discussion: Analysis 1
Using data from Sharda et al. (2018) we explored response to MI in autistic children, with

a focus on differences in spoken language ability as a potential predictor, given the proposal that
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MI may, in particular, benefit children with limited spoken language ability (Chenausky et al.,
2016; Sharda et al., 2019; Wan and Schlaug 2010; Wan et al., 2011,). We observed an interaction
between verbal 1Q and intervention group. Specifically, children with lower verbal IQ scores
receiving MI had a significantly greater increase in coordinated joint engagement with the therapist
over the course of intervention, compared to children with higher verbal 1Q scores who also
underwent MI. The reliability of our coordinated joint engagement measure was moderate (ICC =
.70), similar to the value reported for this code in the original joint engagement coding scheme for
toddler-parent interactions (Adamson et al., 2004, p. 1178). This finding complements a finding
from another post-hoc analysis (Crawford et al., 2017) where a larger portion of nonspeaking
children on the autism spectrum in their MI group made gains in social affect than those in their
control group.

Why did we not observe similar gains in joint engagement in children receiving MI who
had stronger spoken language ability? We speculate that the children with stronger spoken
language ability were able to engage in the activities of the music intervention, independently from
the therapist. The music-mediated intervention implemented in Sharda et al. (2018) used a
structured format where the focus was exclusively on musical interaction. This may have left little
room for autistic children who have stronger spoken language skills to incorporate their own play
interests or to express themselves through speech within the musical set up, which we sometimes
observed. This could have contributed to less coordinated joint engagement over the course of the
MI intervention (see data point in the bottom right corner of Figure 1).

We hypothesize that the play-based activities in the nonMI condition were better a medium
for engagement for children with stronger spoken language skills as they were more open-ended

(e.g., playdoh, lego, finger puppets), allowing the child to voice their specific play ideas and to
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have them mirrored or followed through by the therapist (e.g., child makes a playdoh cat and asks
the therapist to make food for the cat) thus potentially leading to more coordinated joint
engagement over time (e.g., both engaging in the playdoh activity together). Thompson and Elefant
(2019) discuss the need to adapt MI implementation for autistic children who have strong spoken
language ability and may engage with music in different ways and may also prefer spoken play
activities. They recommend allowing these children to carry out their alternative play activity
while the therapist layers in musical components (e.g., the child acts out a play scheme while the
therapist plays music to go along with the play scheme) rather than trying to get the child to actively
participate in the music component. Though the child is more of a passive participant to the musical
experience, they argue that MI can still be used to improve key social and communicative
outcomes.

Second, with respect to the outcome of parent-reported social communication and autism-
related behaviours, the entire MI group experienced a greater increase in skills than did children
who underwent the control play-based nonMI intervention; there were no differences based on
spoken language ability. This parallels our prior finding in Sharda et al. (2018), where we found a
significant improvement in the MI group compared to the nonMI group on the CCC-2 general
composite score, a measure of social-communication that also includes items related to structural
language, relative to the CCC-Praugaut score investigated here. This suggests that music-mediated
interventions may hold benefits in targeting core areas of difficulties in autism such as social-
communication and restricted and repetitive interests, regardless of their spoken ability. This falls
in line with the previous MI studies that have reported gains in similar areas (Bharathi et al., 2018,
Geretsegger et al., 2014, Sharda et al., 2018, Thompson et al. 2014). Coordinated engagement was

measured by blinded coders from intervention session videos, whereas CCC-Pragaut data was
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based on parent-report of behaviour observed in daily life and was broader in scope, covering
social interaction, non-spoken communication, pragmatics, and autism-type behaviours. On the
one hand, coordinated engagement coding in the lab may be a more detailed and sensitive measure
for capturing response to short term interventions, on the other hand, CCC-Pragaut reflects
behaviours parents observe in generalized settings. Future research using multiple measures of
each construct are needed to clarify the difference observed here.

Overall, children with limited spoken language ability, undergoing MI, making more gains
in joint engagement than children with stronger spoken language, is an important finding as
previous response to intervention research has shown that autistic children who have limited
spoken language often do not make as many gains in social-adaptive skills in comparison to their
peers with stronger spoken language (Fossum et al., 2018; Gordon et al., 2011; Itzchak and Zachor,
2011). In particular, nonspeaking and minimally speaking autistic children are an understudied
subgroup (Tager-Flusberg and Kasari, 2013) and do not have many effective evidenced-based
intervention options (Brignell et al., 2018; Koegel et al., 2019; Rose et al., 2016). Therefore, music-
mediated interventions represent an intervention where improvement in core areas of difficulties
in autism are possible for this subgroup of autistic children (Chenausky et al., 2016; Crawford et
al.,2017; Wan and Schlaug 2010; Wan et al.2011). However, future research is needed to replicate
this finding and continue investigating interventions that are effective for autistic children who
have limited spoken language ability.

Discussion: Analysis 2

Of the 47 children with English as a primary language from the larger RCT sample, 14 met

our multi-criteria definition of Limited Spoken Language Ability (LSLA) for further analysis.

Although this intensive characterization of spoken and non-spoken communication is not practical
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to implement in all contexts, a robust description is required as this sub-population has discrepant
ability across language domains (Tager-Flusberg et al., 2009). Our NLS variables sampled
multiple domains including syntactic complexity, lexical diversity, and quantity of spoken
communication and also the global measure of intentional communication acts which can be used
with children who are nonspeaking as it measures non-spoken communication. All NLS variables
exhibited moderate to high inter-correlations. Therefore, only one measure may need to be coded
as the primary intervention outcome, thereby decreasing the time demand that this procedure
presents. However, it is recommended that this be confirmed using a larger sample.

This exploratory analysis further adds support to the use of NLS to track outcomes in
intervention. In comparison to the sentence repetition task from the CELF-SR and the spoken
language verbal intelligence subtests from the WASI-II, DRW, MLUw, and NISCA presented
with minimal floor effects and only one participants’ MLUw was not coded as they did produce
enough utterances to calculate it. This demonstrates NLS variables are sensitive enough to track

change across intervention in autistic children with LSLA.

General Discussion
Here we examined response to intervention in autistic children who have limited spoken
language ability, using data from a prior RCT (Sharda et al., 2018) comparing music-mediated
(MI) and play-based (nonMI) interventions for school age children on the autism spectrum. The
type of MI employed in this RCT involved improvised shared music-making between therapist
and child and did not focus on spoken language specifically, but rather targeted the broader
intervention goals of communication, social reciprocity, sensorimotor integration, and emotional

regulation. In Analysis 1, we examined how baseline spoken language ability, measured by verbal
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IQ, and type of intervention impacted outcomes in the key areas of 1) joint engagement with the
therapist during the intervention and 2) parent-reported social communication skills and autism-
related behaviours. First, we found that children with limited spoken language (i.e., lower verbal
IQ) who underwent music-mediated intervention had a significantly greater increase in percent
time spent in coordinated joint engagement in comparison to those with stronger spoken language
ability undergoing the same intervention. While this finding could reflect that music-mediated
interventions are potentially well-suited for children with limited spoken language ability (Sharda
et al., 2019; Wan and Schlaug, 2010) and less-suited for children with stronger spoken language
ability, it must be interpreted with caution given the small sample size and because it reflects a
particular implementation of music-mediated intervention which may not have been ideally suited
for children with stronger spoken language skills (Thompson and Elefant, 2019), as mentioned in
Discussion: Analysis 1. In Latif et al., (2021) we found that both joint engagement, on one hand,
and the involvement of movement, on the other, are active ingredients or processes that give rise
to positive outcomes of music-mediated interventions for children across the autism spectrum, and
discuss the evidence supporting these factors at length. Further research is needed to investigate
which specific aspects of music-mediated interventions are the most potent active ingredients for
children with limited spoken language ability. We suggest, as previously proposed by other
researchers (Janzen et al., 2018; Srinivasan and Bhatt, 2013; Wan and Schlaug 2010; Wan et al.,
2011) that hearing music while engaging in the movement involved in music-making may be
critical to engaging and improving auditory-motor region brain connectivity, and in turn language
and communication. This could be implemented, as seen in Crawford et al. (2017), Kim et al.

(2008), and Sharda et al. (2018), in a dyadic intervention format involving moving with a therapist
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in joint music-making, where the therapist flexibly adapts interaction to the child by imitating,
reinforcing or complementing his/her music making, allowing for moments of synchronization.

Second, we observed that all children in the music-mediated intervention group, with a
range of spoken language ability, made significantly greater improvements in social
communication skills and autism related behaviours than those who participated in play-based
intervention. This adds to the literature demonstrating that music-mediated interventions can
improve social-communication, a core area of difficulty in autism. However, this outcome measure
was based on parent report and may be biased as parents were aware of the intervention group
their child participated in.

Overall, these findings partially support the hypothesis that autistic children who have
limited spoken language may respond better to music-mediated interventions than autistic children
who had stronger spoken language ability by showing that these children became more engaged
with their therapist and activities during intervention. It is possible that active participation in
musical activities created the optimum circumstances for children with limited spoken language
ability to engage.

In exploratory Analysis 2, going beyond verbal 1Q, to appropriately characterize and
measure change in autistic children who have limited spoken language we developed a
comprehensive definition using a combination of measures including those derived from natural
language samples across multiple language domains. Natural language sample measures were used
to track change from first to last intervention session in this small but well-defined sub-sample.

Unlike traditional standardized measures such as the CELF-SR and the WASI-II verbal 1Q
subtests, NLS measures such as DRW, MLUw, NISCA, and ICA are more sensitive at detecting

change in autistic children with LSLA as these measures are less subject to floor effects and can
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be used with children on the autism spectrum with a variety of spoken language ability including
those with limited abilities. Future research, using larger evenly matched groups in terms of spoken
language ability, should examine the potential impact a non-language focused intervention, such
as a music-mediated intervention, has on spoken language in comparison to a language-focused
intervention for children with limited spoken language ability.

Limitations

Though the results of Analysis 1 are promising, as it was a post-hoc analysis, leading to decreased
internal validity, 1 - this limits what can be concluded regarding the impact that spoken language
ability has on joint engagement in the context of music-mediated intervention and 2 -as the original
Sharda et al. (2018) RCT was not conceived with the purpose of recruiting autistic children who
had limited spoken language ability, this led to a very small sub-sample in Analysis 2. Further
replication of this finding is needed.

Given that parents in the RCT were aware of their child’s group assignment, future research
should include a direct comprehensive measure of communication that is not subject to potential
parental bias, in addition to parent report on the CCC-2. In terms of comprehensive measures of
communication, children with LSLA often demonstrate floor effects on standardized measures, so
using a natural language sample ( as was done in Analysis 2) is recommended. However, it should
be noted that our natural language samples came from available video data of intervention sessions.
It would be ideal to employ an independent, standardized elicitation protocol at pre, mid and post
intervention, such as the. Eliciting Language Samples for Analysis (Barokova et al., 2021). . Future
work should explore response to music-mediated versus comparison interventions in much larger

samples of autistic children who have limited spoken language ability.
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Conclusion
In Analysis 1, school-age children on the autism spectrum undergoing music-mediated
intervention who had limited spoken language (as measured by verbal IQ) made the most
improvement in joint engagement. This is striking because children with limited spoken language
often have poorer response to language and communication-based interventions (Fossum et al.,
2018; Gordon et al., 2011; Itzchak and Zachor, 2011). Importantly, in addition to music-mediated
interventions that teach specific spoken words using melody (Chenausky et al., 2016; Wan and
Shlaug, 2010), music-mediated interventions with broader intervention goals such as the one
implemented in Sharda et al., (2018) are effective for autistic children who have limited spoken
language.

Findings from Analysis 2 demonstrated that measures taken from natural language
samples are helpful in characterizing the spoken and non-spoken communicative abilities of
autistic children with limited spoken language abilities as traditional measures are often not

sensitive enough.
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Figure 1

Analysis 1 - Change in Coordinated Joint Engagement as a Function of Intervention Group and
Verbal IQ (n = 42)
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Figure 2

Analysis 1 — Change in CCC-Pragaut as a Function of Intervention Group and Verbal IQ (n =

42)
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Figure 3

Analysis 2 — NLS Variables as a Function of Timepoint in the Limited Spoken Language Ability
Subsample (n = 14)
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Table 1

Analysis 1 - Participant Characteristics and Outcome Measures at Baseline for Main Sample (n
=42)

MI group: nonMI groupe

Participant Characteristics n Mean SD n Mean SD p Cohen’s d/ Variance
value  Chi-Square Ratio

Age (years) 21 10.6 1.9 21 10.1 20 050 0.27 1.11
Sex (male: female) 21 16:5 - 21 19:2 - 0.20 1.54; -
Autism Symptoms: 21 70.1 9.8 21 728 11.4 054 0.25 1.35
Performance 1Qu 19 1053 16.0 17 103.6 163 0.22 0.10 1.04
Verbal IQ: 20 92.0 19.67 19 9184 21.7 0.20 <0.01 1.22
% Language Impairment 19 58 - 22 53 - 0.66 0.11 -
Receptive Vocabulary Ability: 21 892 242 21 893 284 034 <0.01 1.38
Outcome Measures at Baseline
% Time Spent per Activity in 21 121 14.1 21 103 10.1  0.27 0.15 1.95
Coordinated Joint Engagementr
CCC-Pragaut Composite: 20 322 12.3 19 325 13.6  0.80 0.02 1.22

MI group: music-mediated intervention group, b) nonMI: non-music-mediated intervention control group, ¢) SRS-2: Social
Responsiveness Scale, 2« Edition T-score: higher scores indicate poorer skills, d) Wechsler Abbreviated Scale of Intelligence, 2~
edition, e) Wechsler Intelligence Scale for Children, 4» & 5» editions: mean of 100 with SD of 15, f) Percent of participants
meeting criteria for language impairment based on scaled scores 1 SD or greater below (=7) of the mean (=10) on Clinical
Evaluation of Language Fundamentals, 4+ edition sentence repetition subtest, g) Peabody Picture Vocabulary Test, 4« edition
standard score, h) Percent time spent per activity in a coordinated joint engagement state at timepoint 1, i) Children’s
Communication Checklist, 2~ edition pragmatic and autism unstandardized composite score at timepoint 1 which is the sum of 6
subscales scaled scores (individual scaled score range: 1-16): lower scores indicate poorer skills, j) Chi-square statistic used, *p <
0.05, **p < 0.01, ***p <0.001, Cohen’s d small effect = 0.2, medium effect = 0.5, large effect = 0.8
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Table 2
Analysis 2 - Correlation Between NLS Variables Used For The Limited Spoken Language Ability

Subsample (n = 14)

NLS Measure? ICA NISCA DRW MLUw
ICA® -

NISCA® 0.9 -

DRW! 0.9 0.9 -

MLUw*® 0.6 0.6 0.8 -

a) NLS = natural language sample, b) ICA = intentional communication act, ¢) non-spoken
intentional communication act, d) DRW = total number of different root words, e¢) mean length
of utterance in words, 0 = no correlation, <0.3 = small correlation, <0.5 = moderate correlation,
<1.0 = strong correlation, 1 = perfect correlation
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Table 3

Analysis 1 - Regression Table for Fitted Coordinated Joint Engagement Model
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Cocfficient B

Intercept 4.28
Intervention Group  1.63
Verbal 1Q 0.12

Group:Verbal 1Q -0.52

SE (8)
3.45
4.82
0.16

0.23

t

1.24

0.34

0.75

-2.28

p

0.222

0.738

0.457

0.029*

Multiple R?= 0.1497, Adjusted R?= 0.081, RSE = 15.43(df=37),n =42, F=2.172, p = 0.1077,

*p < 0.05
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Table 4

Analysis 1 - Regression Table for Fitted CCC-Pragaut Model

45

Coefficient B SE (B) t p
Intercept -0.44 0.21 -2.11 0.042*
Intervention Group  0.81 0.29 2.74 0.009**
Verbal IQ <0.01 <0.01 0.06 0.95
Group:Verbal 1Q <0.01 0.01 0.13 0.90

Multiple R?= 0.1702, Adjusted R2= 0.1029, RSE = 0.9398(df=37), n =42, F=2.53,p =
0.07206, *p < 0.05, **p < 0.01
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Table 5
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Analysis 2 - Participant Characteristics and Outcome Measures at Baseline for Participants in
the Limited Spoken Language Ability Subsample (n = 14)

Baseline Variables

(n=6)
Participant Characteristics Mean
Age (years) 10.5
Sex (male: female) 4:2
Autism Symptoms® 77.3
Performance 1Q%° 100.3
Verbal 1Q%¢ 74.2
Outcome Measures at Baseline
ICAf 99.7
NSICA® 68.3
DRW" 62.3
MLUw! 2.11

LSLA-MI group®

SD

1.8

7.8

16.8

6.3

334

36.9

37.1

0.80

LSLA-nonMI

group® (n=8)

Mean

7:1

74.1

92.1

62.4

73.8

56.3

513

1.84

SD

0.8

18.6

9.3

41.1

40.2

41.2

1.19

p value

0.27
0.35
0.55
0.42

0.026*

0.22
0.57
0.61

0.61

Cohen’s d/
Chi-square

0.65
0.881
0.32
0.46

1.49

0.89
0.31
0.28

0.27

Variance

Ratio

5.06

2.25

1.23

2.18

1.51

1.19

1.23

2.21

a) LSLA-MI group: limited spoken language ability music-mediated intervention group, b) LSLA-nonMI: limited spoken
language ability non-music-mediated intervention control group, ¢) SRS-2: Social Responsiveness Scale, 2" Edition T-score:
higher scores indicate poorer skills, d) Wechsler Abbreviated Scale of Intelligence, 2" edition, €) Wechsler Intelligence Scale for
Children, 4" & 5™ editions: mean of 100 with SD of 15, f) ICA = intentional communication act, g)NSICA = Non-spoken
intentional communication act, h) DRW = total number of different root words, i) MLUw = mean of length of utterance in words,
j) Chi-square statistic used, *p < 0.05, **p < 0.01, ***p <0.001, Cohen’s d small effect = 0.2, medium effect = 0.5, large effect =

0.8
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Supplemental Information - Section 1

Using terms and definitions proposed by Koegel et al., (2020), we sought to categorize the LSLA
subsample into three subgroups based on increasing severity of language difficulty: (1) limited
speaking: children who have significantly less spoken language than their typically developing
peers, (2) minimally speaking: children who have a total spoken vocabulary of less than 50 words
and do not combine words, and (3) non speaking: children who are over 18 months and do not
produce any spoken language. Using these definitions, we used the natural language sample

intervention video data at Timepoint 1 to assign each participant to one of these three subgroups.

Supplemental Table 1

Analysis 2 - Classification of Limited Spoken Language Ability Subsample (n = 14) using Koegel
etal., (2020)

Baseline Variables LSLA-MI group® (n=6) LSLA-nonMI group®
(n=8)
Participant Characteristics ~ Mean SD Mean SD p value Chi-square
# Non Speaking® 0 - 0 - - -
# Minimally Speaking? 2 - 4 - 0.87 0.03
# Limited Speaking® 4 - 4 - 0.35 0.88

a) LSLA-MI group: limited spoken language ability music-mediated intervention group, b) LSLA-nonMI: limited spoken
language ability non-music-mediated intervention control group, c¢) participants with no spoken words based intervention video at
timepoint 1, d) participants with 50 spoken words or less and mean length of utterance in words (MLUw) of less than 2 units
based on intervention video at timepoint 1, e) participants with DRW of two standard deviations below typical age peers using
Leedholm and Miller, 1994 norms and a MLUw of 3 or less units based on cut-off from Pecukonis et al. (2019) using
intervention video at timepoint 1, *p < 0.05, **p < 0.01, ***p <0.001
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Supplemental Information - Section 2

Fig. S1. Intervention design: Both interventions, Music and Non-Music consisted of 45-minutes

sessions. Each session had a defined structure with a ‘hello’ greeting, followed by selection of 4

activities per session using a visual schedule. A session log was used to ensure that each child

participated in each of 9-11 activities an equal number of times. The sessions ended with a

‘goodbye’ theme and ‘clean up’. Both interventions targeted similar skills with and without the

use of music.

Intervention Design

Session Structure
Hello Greeting

sessions

interaction

Clean up and Goodbye sessions

Table S1. Intervention activities

Music OR Non-Music

8-12 weeks of 45
minute, one-on-one

+ Combination of child-
and therapist-led

*  9-11 activities
counterbalanced over

Skills targeted

Communication

Social reciprocity
and turn-taking

Sensorimotor
integration

Emotion regulation

Goal Music activity

Non-music activity

Harmonica. Singing, Pete-

Verbal Communication | the-Cat Story board with

song. Recorder.

Piano. Xylophone, Pete-the-
Reciprocal Social
Cat Story board with song.
communication
Djembe

Piano. Xylophone. Egg
Fine motor skills
Shakers. Drums

Drums. Handheld
Multisensory
Percusion. Xylophone.
integration
Melodica

Emotional regulation Drums. Singing.

Pete-the-Cat Story board without
song. Finger Puppets. Story book.
Play Doh

Pete-the-Cat Story board without
song. Finger Puppets. Egg Shakers.
Darts, Textured Bean Bags

Darts. Play Doh. Lego. Finger

puppets.

Bubbles, Play Doh. Jigsaw. Lego.

Finger Puppets

Finger Puppets. Play Doh, verbal

interaction during activities
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Supplemental Information - Section 3

WASI -1I - Verbal IQ Measure

The WASI-II (Wechsler Abbreviated Scale of Intelligence — 2" Edition) verbal 1Q measure is
composed of two subtests: vocabulary and similarities. In the vocabulary subtest, participants are
asked to label a picture and for more advanced items, participants are given a spoken word and
asked to define it. In the similarities subtest, participants are asked to identify two pictures that
have similar qualities. More advanced items require the participant to describe the similarities
between two spoken words. If scores from the Wechsler Abbreviated Intelligence Scale 4™ or 5%
editions (WISC-IV/V; Wechsler, 2003; Wechsler, 2014) from the previous two years were

available, its verbal IQ score was used instead of the WASI-II.



51
Running head: RESPONSE TO MUSIC-MEDIATED INTERVENTION IN AUTISTIC
CHILDREN WITH LIMITED SPOKEN LANGUAGE

Supplemental Information - Section 4

Missing Data Imputation

There was a total of 13 missing data points for the verbal IQ, coordinated joint engagement, and
CCC-Pragaut variables combined. Eight data points (two verbal IQ at pre-intervention & six CCC-
Pragaut with three at pre-intervention and three at post-intervention) were missing due to
participants having very limited spoken language skills (i.e., non or minimally speaking),
prohibiting administration of these spoken language measures. In these cases, the lowest possible
score for that particular measure was assigned (i.e., verbal IQ = 55, CCC-Pragaut scaled score = 1
for each subscale for a total score of 6). Four additional data points (i.e., one CCC-Pragaut & three
coordinated joint engagement at post-intervention) were missing due to attrition from the original
RCT (Sharda et al., 2018). As was done in Sharda et al., (2018), the intention-to-treat principle
was applied whereby these missing data points were assigned the participant’s pre-intervention
score indicating no change. Finally, in some cases participants provided IQ scores from a previous
assessment conducted in the past two years. In one of these cases, a verbal 1Q subtest result was

not available, only a full-scale 1Q score. For this single data point, no imputation was carried out.
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Supplemental Information - Section 5§

Analysis 2 - Screening Process for the Limited Spoken Language Ability Subsample

An initial screening was conducted by three undergraduate research assistants in order to identify
participants, who were suspected as having limited spoken language ability, for later time-
intensive NLS transcription and coding. Screening criteria were having little or no spoken
language or using an average of three spoken words or less per utterance with little variation in the
words used. Research assistants watched the first 20 minutes of the first intervention session for
each participant. Twenty-seven participants met the initial screening criteria.

A second round of screening was conducted by the first author, a speech-language
pathologist with ten years experience assessing children on the autism spectrum, using the same
criteria as applied by the undergraduate research assistants. Eight participants were found not to
meet the outlined criteria: three children demonstrated their full spoken language ability later in
the first session as they became comfortable with the therapist, and five children who presented
with difficulties in spoken language but upon closer inspection spoke in sentences of on average
four words and used a greater variety of words. This resulted in a sample of 19 participants for

Analysis 2.
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