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Abstract

The use of speech-generating devices (SGD) in early interventions for children with autism 

spectrum disorder (ASD) can improve communication and spoken language outcomes (Muharib 

& Alzrayer, 2018). The purpose of this study was to describe children’s responsiveness to SGD 

input modeled by a social partner during adult-child play interactions over a 24-week intervention 

trial and explore the effect of that responsiveness on spoken language growth. This secondary 

analysis consisted of 31 children with less than 20 functional words at study entry who received a 

blended behavioral intervention (JASPER+EMT) as part of a randomized controlled trial (Kasari 

et al., 2014). Significant improvements were seen in rate of responsiveness to both adult SGD 

models and adult natural speech models; only rate of responsiveness to SGD models at entry was 

a significant predictor of frequency of commenting and was a more robust predictor of number of 

different words post-intervention. Lastly, at entry, children with more joint attention and language 

responded to SGD models at significantly higher rates. Attention and responsiveness to SGD 

output may be important mechanisms of language growth and children who have more joint 

attention skills may particularly benefit from use of an SGD.

Keywords

Augmentative and alternative communication; Autism spectrum disorder; Language; Minimally-
verbal; Speech-generating device

Expressive language delays often present in the first years of life in children with 

autism spectrum disorder (ASD; Lord et al., 2012). Current interventions can successfully 

improve the language trajectories of individuals with ASD (Kasari et al., 2008; Smith & 
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Iadarola, 2015). This is significant, as strong expressive language skills during preschool 

predict positive social communication and adaptive outcomes in adolescence and adulthood 

(Anderson et al., 2009; McGovern & Sigman, 2005). Despite these positive trajectories for 

some individuals, there is a subgroup of around 30% of children with ASD who do not 

develop fluid, functional language by the age of 5. These children are often referred to as 

being minimally verbal (Tager-Flusberg, & Kasari, 2013). The vast majority of intervention 

research has focused on young children with ASD (toddlers and preschoolers) with fewer 

interventions developed for and tested with older children who are minimally verbal; thus, 

much less is known about how to teach spoken language skills to children who are older 

than 5-years and who are minimally verbal (Brignell et al., 2018; French & Kennedy, 2018; 

Sandbank et al., 2020).

Interventions aimed at this subgroup have had the most success with children who are 

between 5- and 7-years-old and when targeting requesting language (Pickett et al., 2009; 

Logan et al, 2017). A positive development in interventions for this subgroup has been the 

focus on speech-generating devices (SGD) to facilitate the acquisition of spoken language 

(Schlosser & Koul, 2015). SGDs display graphical symbols that produce synthesized 

or recorded speech outputs when the symbol is pressed. These devices have grown in 

popularity both in clinical practice and in research trials (Lorah et al., 2015; Schlosser & 

Koul, 2015; Van der Meer & Rispoli, 2010). The focus of a number of very recent trials 

in young children has been on evaluating the effects of aided augmentative and alternative 

communication (AAC), such as an SGD, on the production of vocal skills (Alzrayer et al., 

2021; Bishop et al., 2020; Gevarter et al., 2016).

In other clinical populations such as individuals with childhood apraxia of speech or 

developmental disabilities more broadly, aided AAC systems (including SGDs) have been 

found to be effective in improving children’s vocabulary use (Allen et al., 2017) and other 

expressive communication modalities (Biggs et al., 2018). However, one limitation of this 

body of evidence is that little attention has been given to the influence of pre-treatment 

characteristics such as receptive language and symbolic understanding on SGD use and 

the benefit provided by an SGD (Allen et al., 2017). There is evidence that pre-treatment 

cognitive ability, joint attention, language use and comprehension, and imitation skills may 

be predictive of progress in children who use aided AAC systems (Sievers et al., 2018).

Overall, most studies examining SGD use specifically in children with ASD report positive 

outcomes (i.e., 86%; Van der Meer & Rispoli, 2010), which include children learning to 

successfully operate SGDs (Durand, 1999; Franco et al., 2009), preferring devices over other 

communication methods such as picture exchange systems (Sigafoos et al., 2005), using 

devices to communicate for the purpose of requesting (Olive et al., 2007), and improving 

vocal speech production more broadly (Schlosser & Wendt, 2008). While these interventions 

show promise, they also have a number of limitations. Most of these studies were single-case 

experimental designs without systematic replication, which limits their external validity 

(Horner et al., 2005; Van Der Meer & Rispoli, 2010). Additionally, protocols and teaching 

techniques utilized varied greatly across SGD studies, making it difficult for clinicians and 

families to extrapolate a clear message about the effectiveness of SGD interventions for 

their children with ASD. Furthermore, they have primarily targeted requesting behaviors. 
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Requesting behaviors represent one function of language and are important for making sure 

children’s needs and wants are met but other functions, like commenting, may be more 

challenging to teach (Paparella et al., 2011). Interventions less often focus on developing 

spontaneous social language, used for the function of commenting, or question asking; 

therefore, improving social language in children who are minimally verbal remains a high 

priority for SGD intervention researchers (Pickett et al., 2009).

One randomized controlled trial found that minimally verbal children with ASD between 

5 and 8 years of age gained spoken language (including commenting language) faster 

if they received an SGD in the context of an evidence-based social communication 

intervention rather than the same intervention without the SGD (Kasari et al., 2014). The 

behavioral intervention in that trial was a combination of the Joint Attention, Symbolic 

Play, Engagement and Regulation (JASPER) intervention and Enhanced Milieu Teaching 

(EMT), which will be referred to as JASPER+EMT. These interventions focus on improving 

children’s spontaneous social communication through play routines and create opportunities 

to teach new skills through systematic prompting and milieu episodes. The interventions 

are discussed in more detail in the sections that follow. Of note, children also had more 

improvements in spoken language if they received aided input from an SGD from the 

beginning, rather than delaying introduction to the SGD 3-months into treatment.

While these are intriguing findings, it was not clear from the original data why the SGD led 

to more spoken language or for whom the SGD was most beneficial. Hypotheses suggest 

that children may benefit from the additional visual cues afforded by the SGD, the pairing 

of visual and auditory cues that remain the same each time they are heard (unlike the human 

voice that can change intonation), and the motor action of pressing the icon along with 

the visual and auditory cues (Blischak et al., 2003; Schlosser, 2003; Schlosser & Blischak, 

2001). The data from the previous trial (Kasari et al., 2014) showed that when the therapists’ 

paired natural speech along with models on the SGD (additional visual and auditory cues), 

the child may or may not have responded to that input with communication (spoken or SGD) 

of their own. Indeed, children’s device use was limited – only 10% of child communication 

initiations and responses were solely using the SGD (Kasari et al., 2014); thus, a much 

greater percentage of child initiations and responses were via spoken language with or 

without the pairing of the SGD (Kasari et al., 2014).

Because children’s device use was limited and there was variability in response to input 

from the SGD in Kasari et al (2014), it is important to further unpack the role of language 

input from the SGD (Allen et al., 2017). From the previous study (Kasari et al., 2014), 

it remains unclear whether children were more likely to speak after the adult’s natural 

speech model or after the adult’s natural speech augmented by additional input from the 

SGD. While the children randomized to the SGD condition of the behavioral intervention 

(JASPER+EMT+SGD) produced more socially communicative utterances (a combination of 

spoken language involving requesting and joint attention language and gestures), it is not 

known whether the adult input provided on the SGD was a significant intervention element. 

There is some preliminary evidence in the literature that the language input that children 

receive is an important element in the success of augmented intervention for non-speaking 

toddlers (Binger & Light, 2007; Romski et al., 2010).
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The aims of the current study were to examine dyadic interactions between children who 

were minimally verbal and their therapists to (a) better understand if they responded (e.g., 

imitated or commented) at greater rates to augmented language (i.e., natural speech + SGD) 

from adults compared to natural speech only from adults, (b) determine whether rate of 

response to natural or augmented language at entry was related to language growth during 

the intervention and lastly, and (c) characterize those who responded to the device at higher 

rates at entry in order to better understand which children appeared to most benefit from 

access to the SGD.

Method

This study analyzed a subset of children who were part of a previously reported randomized 

controlled trial. That trial tested the effects of a blended behavioral and developmental 

intervention and the inclusion of an SGD on language of minimally verbal, school-aged 

children with ASD (Kasari et al., 2014). With the exception of the coding of video clips 

from the intervention sessions, no new data were collected for the current study beyond what 

was collected in the original RCT. The current study used a correlational design and was an 

extension of the previous trial and therefore used the same data collection procedures.

Participants

This study analyzed a subset of 31 children, 25 males and six females, with a mean age of 

6.44 years (SD = 1.23) and an average number of different words observed in a naturalistic 

language sample of 17.23 (SD=16.44). See Table 1 for more information. The original 

randomized trial, which took place in university clinics, included 61 participants, with a 

mean age of 6.31 years (SD=1.16). To be included in the secondary analysis, the children 

must have been in the treatment arm that was given access to the SGD from the start of the 

study. The children were recruited across three sites, each within large metropolitan areas. 

Inclusion criteria in the original study were (a) must have a confirmed diagnosis of ASD 

using the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000), (b) must be 

between 5- and 8-years-old at entry into the study, (c) must use fewer than 20 spontaneous 

words during the Natural Language Sample (NLS), (d) must have had received 2-years 

of behavioral interventions prior to entry, and (e) must have had at least a 24 months’ 

receptive language age. Exclusion criteria were (a) a serious medical condition, (b) deafness, 

(c) motor disability, (d) seizures, and (e) proficient use of an SGD. Informed consent was 

obtained from all participating families.

Research Design

The SGD intervention was embedded within a Sequential Multiple Assignment Randomized 

Trial (SMART) that involved two separate treatment phases that each lasted 12 weeks. In 

Phase 1 randomization, half of the children received a blended developmental/behavioral 

intervention (JASPER+EMT), and half received that same intervention with the addition 

of an SGD (JASPER+EMT+SGD). In Phase 2, early-responders remained in the same 

treatment for an additional 12-weeks whereas slow-responders in the JASPER+EMT+SGD 

were given increased dose and slow-responders in the JASPER+EMT condition were re-

randomized to increased dose or access to an SGD (Kasari et al 2014). The current study is a 
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correlational analysis of those originally randomized to the JASPER+EMT+SGD condition, 

this design was chosen because of our specific interest in children who had access to an 

SGD throughout the entire trial. The research was approved by each site’s Institutional 

Review Board.

Researchers—After being randomized, children were assigned a therapist who had 

achieved a treatment fidelity rating of greater than 90% prior to seeing study participants; 

their backgrounds included speech therapy, special education, and child psychology. 

Assessments were administered and coded by staff who were blind to the treatment 

condition and hypotheses of the study and who were trained to fidelity of over 90% on 

administration of all assessments.

The first author initiated the idea for the current study, coded the data with support from 

research assistants, and conducted data management. The first and second authors analyzed 

the data with the co-authors. The first, second, and senior authors wrote the manuscript, with 

edits and contributions from all other authors.

Materials and Measures

Autism Diagnostic Observation Scale (ADOS; Lord et al., 2000)—The ADOS is 

a play-based standardized assessment administered by trained and reliable assessors and 

coded for a number of behaviors that are related to ASD. The ADOS has been shown to have 

strong psychometric properties, particularly in research contexts (Lebersfeld et al., 2021). 

Each of the participants included in the analysis completed Module 1 of the ADOS, which is 

specifically designed for children with little to no language.

Leiter International Performance Scale-Revised (Leiter-R; Roid & Miller, 1997)
—The Leiter is a standardized assessment of non-verbal cognitive ability that can be used 

with a wide age range of children (2-20 years) and takes about 45 min to complete. It 

includes four subscales, reasoning, visualization, memory, and attention, which are used 

to obtain the non-verbal Brief IQ (BIQ). The Leiter has been explicitly validated for use 

in children with autism and is particularly useful for this study population as neither the 

assessor nor child are required to speak at any point (Tsatsanis et al., 2003).

Natural Language Sample (NLS; Kaiser & Roberts, 2013)—The NLS is a 

semi-structured observational assessment in which an adult and child engage around a 

standardized set of toys. The basic procedure involves the presentation of a number 

of different engaging toy sets (e.g., blocks and play food). The adult responds to all 

communication attempts (e.g., says ball if the child says ball) but never models new. This 

context allows the spontaneous expressive language of children to be estimated. All NLS 

assessments lasted exactly 20 min. NLSs are sensitive to change over time in populations of 

children with neurodevelopmental disabilities (Barokova & Tager-Flusberg, 2018) and avoid 

potential practice effects common of standardized assessments (Abbeduto et al., 2020).

Early Social Communication Scales (ESCS; Mundy et al., 2003)—The ESCS is a 

structured observational assessment that is used to measure children’s early communication 

skills. The assessment is approximately 15-min long, uses a standard set of toys, and 
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provides systematic opportunities for children to initiate both joint attention and requesting 

communication skills. For the purposes of this study, children’s frequency of initiations of 

joint attention (IJA) was coded from the administration of the ESCS. IJA refers to children’s 

use of gestures with and without eye-contact and language to share an object or event. The 

ESCS has been used as the outcome of a number of clinical trials of young children with 

autism and is a valid measure of early communicative abilities (Hansen et al., 2018).

Structured Play Assessment (SPA; Ungerer & Sigman, 1981)—The SPA is a 

semi-structured measure of children’s play skills. Children’s total types of play is calculated 

from the SPA. The types of play variable refers to the number of different spontaneous play 

acts within a level of play that the child demonstrated during the assessment. For example, 

putting a doll on a chair is one play act and brushing the doll’s hair is another, both play acts 

occur within the “child as agent” level of play. Each specific play acts can only be counted 

towards total types once. Symbolic play measured through the SPA has been associated with 

later expressive and receptive language (Chang et al., 2018).

NLS Coding during Intervention Sessions—Ten-minute video segments of the 

recorded 60-minute intervention sessions were coded following the same conventions as 

the NLS. These clips were from Minute 2 to Minute 12 of the sessions in order to allow a 

few minutes for the child to transition and settle into the session. Two, 10-minute sessions 

were taken from entry (Week 1), midpoint (Week 12) and exit (Week 24). On occasion two 

sessions were not available in these weeks due to missing or corrupted videos. In these 

cases, the next weeks sessions were used (e.g., Week 2 for the entry timepoint).

Procedures

Data Collection—Assessments were administered prior to the first intervention session 

(entry), at 12-weeks (midpoint) and following the final intervention session at 24-weeks 

(exit). Following the completion of the treatment phase, data from intervention sessions and 

assessments were coded.

Natural Language Sample (NLS).: NLS videos were transcribed using the Systematic 

Analysis of Language Transcripts (SALT; Miller & Iglesias, 2012). The transcripts were 

coded for both natural speech and augmented communication using the SGD. Spontaneous 

child language was coded for its function, such as requesting or commenting. Four 

variables were produced: (a) total number of spontaneous comments (Comments); (b) total 

number of spontaneous requests (Requests); (c) total spontaneous communicative utterances 

(Total Language/TSCU), which included Comments and Requests (including protests) and 

excluded scripted and nonsocial utterances; and (d) number of different word roots (Number 

of Words/NDWR). Spontaneous here is operationalized as language that was not prompted 

or elicited by the adult, for example, language not in response to a question or time delay. 

Also not counted as spontaneous were scripted utterances such as rote recitation of lyrics 

from a song.

Intervention Transcripts.: Six sessions (two entry, two midpoint, and two exit) were coded 

for each child. Each instance of adult language modeling that was contingent with a play act 
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was classified as either natural speech (NS) only or augmented (NS+SGD). This generated 

a frequency count of the amount of language input that was provided to the child during 

the session, coded to indicate whether the instances of input were adult natural speech 

only models or NS+SGD models. Next, the child’s responses during the 5 s following 

the adult language models were coded. Two child codes were possible: (a) a response, 

including functional and contingent natural speech and/or SGD use; or (b) no response. 

Responses could include imitations of adult language and approximations of words such as 

responding with buh [natural speech] if the adult said “block” [synthesized speech] on the 

SGD while playing with blocks. Examples of non-functional and non-contingent responses 

included stereotypic or repetitive language (e.g., repeating a word prior to the adult model 

and continued to say the same word after) or language not directed towards the adult (i.e., 

singing a song after an adult language model). Next, the percentage of child responses to 

each type of adult model was calculated. This was done by dividing the number of child 

responses to each type of model (i.e., NS only or NS+SGD models) by the number of 

adult models in each respective category. The result was two proportions, the proportion of 

response to adult NS only and to NS+SGD models. The two sessions at each time point were 

averaged to create a single proportion at entry, midpoint, and exit.

Intervention Sessions—The Joint Attention Symbolic Play Engagement and Regulation 

(JASPER; Kasari et al., 2010) intervention is a targeted early social communication 

intervention that focuses on children’s engagement, play and communicative gestures 

through play routines and strategies such as modeling new language and play and following 

children’s interests and motivations. Enhanced Milieu Teaching (EMT; Hemmeter & Kaiser, 

1994) is an early language intervention that takes place in natural contexts such as play and 

focuses on responding, expanding children’s language while arranging the environment to 

elicit and prompt for spoken language.

JASPER+EMT intervention sessions targeted joint attention, symbolic play, and 

spontaneous language within the context of child led play routines. These routines help 

to facilitate children’s engagement and provide opportunities to scaffold children towards 

developmentally appropriate communication and play targets. For example, if the child only 

spoke in word approximations the adult would label clear and salient actions with one- to 

two-word phrases to expose the child to appropriate and contextually relevant language (e.g., 

child put a block onto a tower they were building together and said, Block on! [natural 

speech]. Additional strategies used include environmental manipulations to elicit language 

and prompting strategies such as time delays (pausing at motivating moments in the play 

routines).

Children were given free access to the SGD during each play session, but adults were 

also required to pair at least half of their natural speech with language on the device 

(e.g., adult said, Block on [natural speech] while simultaneously pressing BLOCK [graphic 

symbol] on the device). The adult paused after their utterances to give the child time to 

reply or take a turn and to maintain a balance of turns. For low-rate talkers (less than one 

utterance per min), adults modeled on average up to five utterances per min. For moderate 

rate talkers (less than three utterances per min) adults modeled on average up to three 

utterances per min. Adults also used prompting strategies such as time delays to elicit device 
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use during motivating moments in the play routines. Device use was not required of the 

children, but the adult continued to model its appropriate use even if children were not 

using the device. The SGDs used in the study were either iPad1 or DynaVox2 devices and 

typically had approximately 12 symbols displayed on a page, though this could vary based 

on needs of the child. The protocols in the current study align with evidence-based clinical 

recommendations on the density (Binger & Light, 2007) and latency of communication 

input for SGD devices (Drager et al., 2006). For full descriptions of the JASPER and EMT 

interventions please refer to Kasari, et al. (2014) and Kaiser et al. (2000).

Reliability Measures—The overall NLS intra-rater reliability was calculated by averaging 

the exact-agreement ratings across each individual code. Agreement in the original RCT 

across the three coders was very high (88.1%). For the new intervention transcript codes, 

intraclass correlation coefficients calculated separately for adult’s language model codes 

and children’s response codes. The average ICC was .989 for adult natural speech models, 

.99 for adult natural speech models paired with augmented speech, .988 for natural speech 

responses and .966 for non-responses.

Treatment and Procedural Fidelity—All interventionists achieved greater than 90% 

fidelity prior to working with children in the study. All NLS, ESCS, and SPA were 

administered by staff who were trained to fidelity of over 90% on a pre-specified 

administration checklist.

Data Analysis—To answer the primary research question, a linear mixed effects model 

with a random intercept was fit to the data to determine whether the proportion of response 

varied differentially over time (entry, midpoint and exit) as a function of adult language 

model type. Four separate ANCOVA models were fit to examine the influence of the 

independent variables (i.e., child response to NS only and NS+SGD models at entry) on 

post-intervention scores across the four language outcomes of interest: Comments, Requests, 

Number of Words, and Total Language. The models controlled for cognitive ability (Brief 

IQ scores), site and entry scores of each respective outcome (e.g., entry Requests when 

predicting exit Requests).

The next step involved investigating whether particular child characteristics were associated 

with response to adult NS and NS+SGD models during the first intervention sessions. The 

relationship of the variables at entry (prior to direct intervention) was of interest in order 

to better understand the characteristics of the children who would benefit from access to 

an SGD with little explicit support. Two multiple linear regression models were used to 

examine which child characteristics were related to rate of response to adult NS and to 

NS+SGD models. The independent variables in both analyses were child frequency of IJA, 

cognitive ability (BIQ), play skills (total play types) and Total Language.

1The iPad is a product of Apple Computers Inc., Cupertino, CA. www.apple.com
2Dynavox is a product of Tobii Dynavox, https://us.tobiidynavox.com/
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Results

Response Rate

On average the children received 38.00 (SD= 20.96) NS and 19.88 (SD= 12.90) NS+SGD 

models across the 10-min sessions. At entry, the mean response rate to NS models was 

28% (SD=14%), increased to 37% (13%) by midpoint and to 38% (SD=16%) by exit. The 

mean response to NS+SGD models was 25% (SD=16%) at entry, increased to 37% (19%) 

by midpoint and was 35% (SD=23%) by exit. There was a significant effect of time from 

entry to midpoint X2 (1, 31) = 17.10, p <.001 and from entry to exit, X2 (1, 31) = 12.01, 

p < .001. The main effect of adult model type and the adult model type by time interaction 

were non-significant (p >.05). These results indicate that the proportion of response to both 

models (NS only and NS+SGD) increased from entry to midpoint and the gains maintained 

at exit, but the rate of increase over time did not differ between the two types of adult 

language models.

Relationship Between Response Rates and Language Trajectories

Response rate at entry to NS+SGD models was significantly related to post intervention 

Comments (p=.002) and Number of Words (p<.001). Response rate to NS-only models was 

not related to post intervention Comments (p=.33) but was related to Number of Words 

(p=.04). Neither children’s response rates to NS+SGD nor NS only models were related to 

post intervention Total Language (p=.06 and p=.94, respectively) or Requests (p=.52 and 

p=.38, respectively). See Tables 2-5 for full model summaries.

Predictors of Response Rate

The overall regression model was significant for NS+SGD, F (4,18) =6.59, p=.002. Total 

frequency of IJA and Total Language were related to response to NS+SGD models (p=.03 

and p=.04, respectively). Children with higher IJA and more communicative language at 

study entry responded at greater frequency to adult NS+SGD models during the early 

intervention sessions. The overall regression model was not significant for response to NS 

models alone, F (4, 20) p= .97, p=.44. Additionally, none of the predictors, BIQ, Total 

Language, play and IJA, were related to response to NS models (all p>.10).

Discussion

There have been a growing number of studies evaluating the efficacy of SGD use with 

children with ASD (Fletcher-Watson et al., 2015; Gilroy et al., 2018; Lorah et al, 2015; 

Thiemann-Bourque et al., 2018; see Schlosser & Koul, 2015 for a scoping review), apraxia 

(Ballard et al., 2015), and other developmental language disorders (Ganz et al., 2017; 

Romski et al., 2010). Despite the amount of research evaluating their efficacy, there has been 

a notable lack of empirical research exploring the role of SGDs within behavioral therapies 

for children with ASD , specifically, which components are necessary and sufficient for 

spoken language growth. This is largely a result of inconsistent reporting of intervention 

protocols, the large number of varied protocols that exist, and varied terminology across 

those protocols (Allen et al., 2017).
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A number of theoretical mechanisms of expressive language growth from SGD use have 

been proposed. These mechanisms can broadly be classified as those related to children’s 

speech output (the language that children produce) or speech input (what children hear 

and see). Examples of mechanisms related to speech input include the consistency of the 

presentation of the device (i.e., input sounds the same each time with no changes in vocal 

intonation or volume), the increased quantity of language models (i.e., more input), and the 

pairing of the speech with a corresponding visual representation (Binger & Light, 2007; 

Blischak et al., 2003; Drager et al., 2006). This current, secondary exploratory analysis 

specifically emphasized the role of language input (the language that children hear) and 

children’s attention to that input operationalized through responsiveness in the context of a 

social communication intervention for children with ASD.

First, on average, children’s responsiveness to adult bids improved over the course of 

the intervention period; however the rate of this increase did not depend on the type of 

model (NS only or NS+SGD). The lack of difference in response to the types of model 

may reflect that the behavioral component (i.e., JASPER+EMT) of the intervention likely 

drove the observed changes in overall responsiveness. Although the operationalization in 

the current study is slightly different, this finding is consistent with other clinical trials 

showing the effectiveness of behavioral interventions on children’s social engagement and 

communicative capacity (Kasari et al., 2006, 2015). High-quality behavioral interventions 

may augment the observed benefits of using SGD to teach social communication skills to 

young children with autism.

Next, controlling for cognitive ability and entry language levels, children’s responsiveness 

to utterances produced on the SGD during the first intervention sessions was strongly 

associated with improvement in spontaneous comments and a larger vocabulary. There was 

no association between responsiveness to utterances produced on the device during baseline 

intervention sessions with later spontaneous requests or total language; total language did 

increase over the course of the study. Although the JASPER+ EMT intervention encourages 

all communication, it explicitly targeted commenting language and language diversity (see 

Kasari et al., 2014). The fact that improvement in commenting language and vocabulary 

were most strongly associated with responses to NS+SGD models supports that this 

approach was successful in encouraging this type of language development. Specifically, 

interventionists were trained to model commenting language using a diverse vocabulary, 

a technique shown to be effective in a recent review (Sennott et al., 2016). The language 

input from the SGD may have been particularly potent in this behavioral intervention due 

to the emphasis on turn-taking and shared engagement within play routines. The idea of 

turn-taking (both an adult and child use the device concurrently) within routines has been 

used as a method of instruction mostly within the context of book-reading paradigms 

(Binger et al., 2008; Nunes & Hanline, 2007). Nunes and Hanline (2007) measured both 

children’s responses (imitated and generative) across AAC, verbal, and gestures and found 

large increases in AAC responses within play routines and moderate gains in gestural 

and vocal responses. While the original study (Kasari et al., 2014) demonstrated that 

access to SGDs improved social language development, the current study adds to the 

literature by demonstrating an association between improvements in children’s vocabulary 

and commenting and adults’ comments on the SGD during the intervention.
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The predictive strength of responsiveness to NS+SGD models over and above NS models 

alone has implications for the use of SGD within behavioral therapies. The language input 

children are exposed to was related to expressive language outcomes, but only when that 

language was paired with SGD use and when children were responsive to the input. The 

device itself did not make children more responsive (as evidenced by the comparable rates of 

response to NS and NS+SGD models) but those who were responsive to the SGD from the 

beginning of intervention saw more positive outcomes. They may have been more attuned 

to the input from the device right from the beginning and thus benefitted more from SGD 

access.

Lastly, characteristics of the children who responded to the device at higher rates prior 

to intervention were explored. At entry, more frequent initiations of joint attention and 

more language were related to responsiveness to the NS+SGD models while none of the 

predictors (language, joint attention, cognitive ability, or play skills) were related to NS 

models. One potential explanation is that the ability to reference the device, toys, and social 

partner simultaneously requires a high level of joint attention and some baseline language 

abilities. As a result, those children with little joint attention or language skills at entry likely 

needed more support to benefit from access to the device, while those with higher levels of 

joint attention benefited from immediate access to an SGD. Overall, these findings further 

support the idea that a sub-group of children who are minimally verbal with ASD may be 

processing language input differently than other children (Bavin et al., 2014) and that input 

from the device may be particularly suited to their unique learning style.

Clinical Implications

Though these data should be taken as preliminary due to the correlational nature of the 

analyses and small sample size, they provide preliminary evidence that for some children 

little explicit training is needed to benefit from access to an SGD in a clinical setting. 

Furthermore, there may be some benefit for including SGD within behavioral interventions 

even if the child is not using the device to produce speech themselves. Because there were 

increases in responsiveness to adult speech input, behavioral interventions such as JASPER 

and EMT may be important supplements to other established interventions that directly 

teach children to use SGD. Lastly, for those children who are not responding initially to the 

inclusion of an SGD within their sessions, targeting non-verbal communication skills like 

initiations of joint attention, may improve their ability to engage successfully with an SGD.

Limitations and Future Directions

Given the relatively small sample and the correlation nature of the study design, these results 

should be considered exploratory. Furthermore, while the coding scheme for children’s 

responsiveness to adult utterances on the SGD was highly reliable, validation of the coding 

scheme with a second and larger sample of school-aged minimally verbal children with 

ASD is still needed. Furthermore, the average receptive language age equivalent scores for 

the sample was approximately 2 years-old. Prior reviews have emphasized the importance 

of receptive language to SGD device use (Barker et al., 2019). In order to promote 

generalizability, future studies should seek to replicate these findings in a sample with 

a wider range of receptive language ability. It will also be important in future studies 
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to evaluate how other interventions specifically developed at verbal language can be 

supplemented by the inclusion of an SGD.

Conclusion

The findings of the current study suggest that some minimally verbal children with ASD 

may benefit from the addition of an SGD into behavioral interventions targeting spoken 

language outcomes. Children with more initiations of joint attention and more words to 

begin with, appeared to benefit the most, although it should be noted that all children had 

little spoken language at entry. Further research is needed to explore the mechanisms of 

SGD and for whom these interventions are best suited.

Acknowledgments

This study was funded by the Eunice Kennedy Shriver National Institute of Child Health & Human Development 
of the National Institutes of Health: R01HD073975 (PI: Kasari), Autism Speaks #5666, Characterizing Cognition in 
Nonverbal Individuals with Autism. The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the National Institutes of Health.

References

Abbeduto L, Berry-Kravis E, Sterling A, Sherman S, Edgin JO, McDuffie A, Hoffman A, Hamilton 
D, Nelson M, Aschkenasy J & Thurman AJ (2020). Expressive language sampling as a source 
of outcome measures for treatment studies in fragile X syndrome: Feasibility, practice effects, 
test-retest reliability, and construct validity. Journal of Neurodevelopmental Disorders, 12(1), 1–23. 
10.1186/s11689-020-09313-6 [PubMed: 31906846] 

Allen AA, Schlosser RW, Brock KL, & Shane HC (2017). The effectiveness of aided augmented 
input techniques for persons with developmental disabilities: A systematic review. Augmentative 
and Alternative Communication, 33(3), 149–159. 10.1080/07434618.2017.1338752 [PubMed: 
28633531] 

Alzrayer NM, Aldabas R, Alhossein A, & Alharthi H (2021). Naturalistic teaching approach to 
develop spontaneous vocalizations and augmented communication in children with autism spectrum 
disorder. Augmentative and Alternative Communication, 1–11. 10.1080/07434618.2021.1881825 
[PubMed: 33840318] 

Anderson DK, Oti RS, Lord C, & Welch K (2009). Patterns of growth in adaptive social abilities 
among children with autism spectrum disorders. Journal of Abnormal Child Psychology, 37(7), 
1019–1034. 10.1007/s10802-009-9326-0 [PubMed: 19521762] 

Ballard KJ, Wambaugh JL, Duffy JR, Layfield C, Maas E, Mauszycki S, & McNeil MR 
(2015). Treatment for acquired apraxia of speech: A systematic review of intervention research 
between 2004 and 2012. American Journal of Speech-Language Pathology, 24(2), 316–337. 
10.1044/2015_AJSLP-14-0118 [PubMed: 25815778] 

Barker RM, Romski M, Sevcik RA, Adamson LB, Smith AL, & Bakeman R (2019). Intervention 
focus moderates the association between initial receptive language and language outcomes for 
toddlers with developmental delay. Augmentative and Alternative Communication, 35(4), 263–273. 
10.1080/07434618.2019.1686770 [PubMed: 31868037] 

Barokova M, & Tager-Flusberg H (2020). Commentary: Measuring language change through natural 
language samples. Journal of Autism and Developmental Disorders, 50(7), 2287–2306. 10.1007/
s10803-018-3628-4 [PubMed: 29873016] 

Bavin EL, Kidd E, Prendergast L, Baker E, Dissanayake C, & Prior M (2014). Severity of autism 
is related to children's language processing. Autism Research, 7(6), 687–694. 10.1002/aur.1410 
[PubMed: 25262588] 

Biggs EE, Carter EW, & Gilson CB (2018). Systematic review of interventions involving aided AAC 
modeling for children with complex communication needs. American Journal on Intellectual and 
Developmental Disabilities, 123(5), 443–473. 10.1352/1944-7558-123.5.443 [PubMed: 30198767] 

Sterrett et al. Page 12

Augment Altern Commun. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Binger C, & Light J (2007). The effect of aided AAC modeling on the expression of multi-symbol 
messages by preschoolers who use AAC. Augmentative and Alternative Communication, 23(1), 
30–43. 10.1080/07434610600807470 [PubMed: 17364486] 

Binger C, Kent-Walsh J, Berens J, Del Campo S, & Rivera D (2008). Teaching Latino 
parents to support the multi-symbol message productions of their children who require AAC. 
Augmentative and Alternative Communication, 24(4), 323–338. 10.1080/07434610802130978 
[PubMed: 18608143] 

Bishop SK, Moore JW, Dart EH, Radley K, Brewer R, Barker LK, Quintero L, Litten S, Gilfeather A, 
Newborne B & Toche C (2020). Further investigation of increasing vocalizations of children with 
autism with a speech- generating device. Journal of Applied Behavior Analysis, 53(1), 475–483. 
10.1002/jaba.554 [PubMed: 30900254] 

Blischak D, Lombardino L, & Dyson A (2003). Use of speech-generating devices: In 
support of natural speech. Augmentative and Alternative Communication, 19(1), 29–35. 
10.1080/0743461032000056478 [PubMed: 28443791] 

Brignell A, Chenausky KV, Song H, Zhu J, Suo C, & Morgan AT (2018). Communication 
interventions for autism spectrum disorder in minimally verbal children. Cochrane Database of 
Systematic Reviews, (11). 10.1002/14651858.CD012324.pub2

Chang YC, Shih W, Landa R, Kaiser A, & Kasari C (2018). Symbolic play in school-aged minimally 
verbal children with autism spectrum disorder. Journal of Autism and Developmental Disorders, 
48(5), 1436–1445. 10.1007/s10803-017-3388-6 [PubMed: 29170936] 

Drager KD, Postal VJ, Carrolus L, Castellano M, Gagliano C, & Glynn J (2006). The effect of 
aided language modeling on symbol comprehension and production in 2 preschoolers with autism. 
American Journal of Speech-Language Pathology, 15, 112–125. 10.1044/1058-0360(2006/012) 
[PubMed: 16782684] 

Durand VM (1999). Functional communication training using assistive devices: Recruiting natural 
communities of reinforcement. Journal of Applied Behavior Analysis, 32(3), 247–267. 10.1901/
jaba.1999.32-247 [PubMed: 10513023] 

Fletcher-Watson S, Petrou A, Scott-Barrett J, Dicks P, Graham C, O’Hare A, Pain H & McConachie 
H (2016). A trial of an iPad™ intervention targeting social communication skills in children with 
autism. Autism, 20(7), 771–782. 10.1177/1362361315605624 [PubMed: 26503990] 

Franco JH, Lang RL, O'Reilly MF, Chan JM, Sigafoos J, & Rispoli M (2009). Functional 
analysis and treatment of inappropriate vocalizations using a speech-generating device for a 
child with autism. Focus on Autism and Other Developmental Disabilities, 24(3), 146–155. 
10.1177/1088357609338380

French L, & Kennedy EM (2018). Annual Research Review: Early intervention for infants and young 
children with, or at-risk of, autism spectrum disorder: a systematic review. Journal of Child 
Psychology and Psychiatry, 59(4), 444–456. 10.1111/jcpp.12828 [PubMed: 29052838] 

Ganz JB, Morin KL, Foster MJ, Vannest KJ, Genç Tosun D, Gregori EV, & Gerow SL (2017). 
High-technology augmentative and alternative communication for individuals with intellectual and 
developmental disabilities and complex communication needs: A meta-analysis. Augmentative 
and Alternative Communication, 33(4), 224–238. 10.1080/07434618.2017.1373855 [PubMed: 
28922953] 

Gevarter C, O'Reilly MF, Kuhn M, Mills K, Ferguson R, Watkins L, Sigafoos J, Lang R, Rojeski L 
& Lancioni GE (2016). Increasing the vocalizations of individuals with autism during intervention 
with a speech- generating device. Journal of Applied Behavior Analysis, 49(1), 17–33. 10.1002/
jaba.270 [PubMed: 26640163] 

Gilroy SP, Leader G, & McCleery JP (2018). A pilot community-based randomized comparison of 
speech generating devices and the picture exchange communication system for children diagnosed 
with autism spectrum disorder. Autism Research, 11(12), 1701–1711. 10.1002/aur.2025 [PubMed: 
30475454] 

Hansen SG, Carnett A, & Tullis CA (2018). Defining early social communication skills: A 
systematic review and analysis. Advances in Neurodevelopmental Disorders, 2(1), 116–128. 
10.1007/s41252-018-0057-5

Sterrett et al. Page 13

Augment Altern Commun. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hemmeter ML, & Kaiser AP (1994). Enhanced milieu teaching: Effects of parent-
implemented language intervention. Journal of Early Intervention, 18(3), 269–289. 
10.1177/105381519401800303

Horner RH, Carr EG, Halle J, McGee G, Odom S, & Wolery M (2005). The use of single-subject 
research to identify evidence-based practice in special education. Exceptional Children, 71(2), 
165–179. 10.1177/001440290507100203

Kaiser AP, & Roberts MY (2013). Parent-implemented enhanced milieu teaching with preschool 
children who have intellectual disabilities. Journal of Speech, Language, and Hearing Research, 
56, 295–209. 10.1044/1092-4388(2012/11-0231)

Kaiser AP, Hancock TB, & Nietfeld JP (2000). The effects of parent-implemented enhanced milieu 
teaching on the social communication of children who have autism. Early Education and 
Development, 11(4), 423–446. 10.1207/s15566935eed1104_4

Kasari C, Freeman S, & Paparella T (2006). Joint attention and symbolic play in young children with 
autism: A randomized controlled intervention study. Journal of Child Psychology and Psychiatry, 
47(6), 611–620. 10.1111/j.1469-7610.2005.01567.x [PubMed: 16712638] 

Kasari C, Gulsrud AC, Wong C, Kwon S, & Locke J (2010). Randomized controlled caregiver 
mediated joint engagement intervention for toddlers with autism. Journal of Autism and 
Developmental Disorders, 40(9), 1045–1056. 10.1007/s10803-010-0955-5 [PubMed: 20145986] 

Kasari C, Gulsrud A, Paparella T, Hellemann G, & Berry K (2015). Randomized comparative efficacy 
study of parent-mediated interventions for toddlers with autism. Journal of Consulting and Clinical 
Psychology, 83(3), 554. 10.1037/a0039080 [PubMed: 25822242] 

Kasari C, Paparella T, Freeman S, & Jahromi LB (2008). Language outcome in autism: randomized 
comparison of joint attention and play interventions. Journal of Consulting and Clinical 
Psychology, 76(1), 125. 10.1037/0022-006X.76.1.125 [PubMed: 18229990] 

Lebersfeld JB, Swanson M, Clesi CD, & O’Kelley SE (2021). Systematic review and meta-analysis 
of the clinical utility of the ADOS-2 and the ADI-R in diagnosing autism spectrum disorders 
in children. Journal of Autism and Developmental Disorders, 51(11), 4101–4114. 10.1007/
s10803-020-04839-z [PubMed: 33475930] 

Logan K, Iacono T, & Trembath D (2017). A systematic review of research into aided AAC to 
increase social-communication functions in children with autism spectrum disorder. Augmentative 
and Alternative Communication, 33(1), 51–64. 10.1080/07434618.2016.1267795 [PubMed: 
28040991] 

Lorah ER, Parnell A, Whitby PS, & Hantula D (2015). A systematic review of tablet computers and 
portable media players as speech generating devices for individuals with autism spectrum disorder. 
Journal of Autism and Developmental Disorders, 45(12), 3792–3804. 10.1007/s10803-014-2314-4 
[PubMed: 25413144] 

Lord C, Luyster R, Guthrie W, & Pickles A (2012). Patterns of developmental trajectories in toddlers 
with autism spectrum disorder. Journal of Consulting and Clinical Psychology, 80(3), 477. https://
psycnet.apa.org/doi/10.1037/a0027214 [PubMed: 22506796] 

Lord C, Risi S, Lambrecht L, Cook EH Jr, Leventhal BL, DiLavore PC, Pickles A, & Rutter M 
(2000). The Autism diagnostic observation schedule—generic: A standard measure of social 
and communication deficits associated with the spectrum of autism. Journal of Autism and 
Developmental Disorders, 30(3), 205–223. 10.1023/A:1005592401947 [PubMed: 11055457] 

Kasari C, Kaiser A, Goods K, Nietfeld J, Mathy P, Landa R, Murphy S & Almirall D (2014). 
Communication interventions for minimally verbal children with autism: A sequential multiple 
assignment randomized trial. Journal of the American Academy of Child & Adolescent Psychiatry, 
53(6), 635–646. 10.1016/j.jaac.2014.01.019 [PubMed: 24839882] 

McGovern CW, & Sigman M (2005). Continuity and change from early childhood to 
adolescence in autism. Journal of Child Psychology and Psychiatry, 46(4), 401–408. 10.1111/
j.1469-7610.2004.00361.x [PubMed: 15819649] 

Miller J, Iglesias A (2010) Systematic analysis of language transcripts SALT, Research Version 2010 
[computer software]. SALT software, LLC.

Sterrett et al. Page 14

Augment Altern Commun. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://psycnet.apa.org/doi/10.1037/a0027214
https://psycnet.apa.org/doi/10.1037/a0027214


Muharib R, & Alzrayer NM (2018). The use of high-tech speech-generating devices as an evidence-
based practice for children with autism spectrum disorders: A meta-analysis. Review Journal of 
Autism and Developmental Disorders, 5(1), 43–57. 10.1007/s40489-017-0122-4

Mundy P, Delgado C, Block J, Venezia M, Hogan A, & Seibert J (2003). Early social communication 
scales (ESCS). Coral Gables, FL: University of Miami.

Nunes D, & Hanline MF (2007). Enhancing the alternative and augmentative communication use of a 
child with autism through a parent-implemented naturalistic intervention. International Journal of 
Disability, Development and Education, 54(2), 177–197. 10.1080/10349120701330495

Olive ML, De la Cruz B, Davis TN, Chan JM, Lang RB, O’Reilly MF, & Dickson SM (2007). The 
effects of enhanced milieu teaching and a voice output communication aid on the requesting of 
three children with autism. Journal of Autism and Developmental Disorders, 37(8), 1505–1513. 
10.1007/s10803-006-0243-6 [PubMed: 17066309] 

Paparella T, Goods KS, Freeman S, & Kasari C (2011). The emergence of nonverbal joint attention 
and requesting skills in young children with autism. Journal of Communication Disorders, 44(6), 
569–583. 10.1016/j.jcomdis.2011.08.002 [PubMed: 21907346] 

Pickett E, Pullara O, O'Grady J, & Gordon B (2009). Speech acquisition in older nonverbal individuals 
with autism: a review of features, methods, and prognosis. Cognitive and Behavioral Neurology, 
22(1), 1–21. 10.1097/WNN.0b013e318190d185 [PubMed: 19372766] 

Roid GM, & Miller LJ (1997). Leiter International Performance Scale-Revised: Examiners Manual. 
Wood Dale, IL: Stoelting Co.

Romski M, Sevcik RA, Adamson LB, Cheslock M, Smith A, Barker RM, & Bakeman R (2010). 
Randomized comparison of augmented and nonaugmented language interventions for toddlers 
with developmental delays and their parents. Journal of Speech, Language, and Hearing Research, 
53(2), 350–364. 10.1044/1092-4388(2009/08-0156)

Sandbank M, Bottema-Beutel K, Crowley S, Cassidy M, Dunham K, Feldman JI, Crank J, Albarran 
SA, Raj S, Mahbub P & Woynaroski TG (2020). Project AIM: Autism intervention meta-analysis 
for studies of young children. Psychological Bulletin, 146(1), 1. https://psycnet.apa.org/doi/
10.1037/bul0000215 [PubMed: 31763860] 

Schlosser RW, & Blischak DM (2001). Is there a role for speech output in interventions for persons 
with autism? A review. Focus on Autism and Other Developmental Disabilities, 16, 170–178. 
10.1177/108835760101600305

Schlosser RW (2003). Roles of speech output in augmentative and alternative 
communication: Narrative review. Augmentative and Alternative Communication, 19, 5–28. 
10.1080/0743461032000056450 [PubMed: 28443795] 

Schlosser RW, & Wendt O (2008). Effects of augmentative and alternative communication intervention 
on speech production in children with autism: A systematic review. American Journal of Speech-
Language Pathology, 17, 212–230. 10.1044/1058-0360(2008/021) [PubMed: 18663107] 

Schlosser RW, & Koul R (2015). Speech output technologies in interventions for individuals with 
Autism Spectrum Disorders: A scoping review. Augmentative and Alternative Communication, 
31(4), 285–309. 10.3109/07434618.2015.1063689 [PubMed: 26170252] 

Sennott SC, Light JC, & McNaughton D (2016). AAC modeling intervention research 
review. Research and Practice for Persons with Severe Disabilities, 41(2), 101–115. 
10.1177/1540796916638822

Sievers SB, Trembath D, & Westerveld M (2018). A systematic review of predictors, moderators, 
and mediators of augmentative and alternative communication (AAC) outcomes for children 
with autism spectrum disorder. Augmentative and Alternative Communication, 34(3), 219–229. 
10.1080/07434618.2018.1462849 [PubMed: 29706101] 

Sigafoos J, O'Reilly M, Ganz JB, Lancioni GE, & Schlosser RW (2005). Supporting self-determination 
in AAC interventions by assessing preference for communication devices. Technology and 
Disability, 17(3), 143–153. 10.3233/TAD-2005-17302

Smith T, & Iadarola S (2015). Evidence base update for autism spectrum disorder. Journal of Clinical 
Child & Adolescent Psychology, 44(6), 897–922. 10.1080/15374416.2015.1077448 [PubMed: 
26430947] 

Sterrett et al. Page 15

Augment Altern Commun. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://psycnet.apa.org/doi/10.1037/bul0000215
https://psycnet.apa.org/doi/10.1037/bul0000215


Tager-Flusberg H, & Kasari C (2013). Minimally verbal school-aged children with autism spectrum 
disorder: The neglected end of the spectrum. Autism Research, 6(6), 468–478. 10.1002/aur.1329 
[PubMed: 24124067] 

Thiemann-Bourque K, Feldmiller S, Hoffman L, & Johner S (2018). Incorporating a peer-mediated 
approach into speech-generating device intervention: Effects on communication of preschoolers 
with autism spectrum disorder. Journal of Speech, Language, and Hearing Research, 61(8), 2045–
2061. 10.1044/2018_JSLHR-L-17-0424

Tsatsanis KD, Dartnall N, Cicchetti D, Sparrow SS, Klin A, & Volkmar FR (2003). Concurrent 
validity and classification accuracy of the Leiter and Leiter-R in low-functioning children 
with autism. Journal of Autism and Developmental Disorders, 33(1), 23–30. 10.1023/
A:1022274219808 [PubMed: 12708577] 

Ungerer JA, & Sigman M (1981). Symbolic play and language comprehension in autistic 
children. Journal of the American Academy of Child Psychiatry, 20(2), 318–337. 10.1016/
S0002-7138(09)60992-4 [PubMed: 6167603] 

Van der Meer LA, & Rispoli M (2010). Communication interventions involving speech-generating 
devices for children with autism: A review of the literature. Developmental Neurorehabilitation, 
13(4), 294–306. 10.3109/17518421003671494 [PubMed: 20629595] 

Sterrett et al. Page 16

Augment Altern Commun. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sterrett et al. Page 17

Table 1

Participant Demographics at Baseline (N= 31)

Characteristics % n

Sex

 Male 79% 25

 Female 21% 6

Race

 White 48% 15

 African American 25% 8

 Asian American 16% 5

 Hispanic 7% 2

 Other 4% 1

Mother’s education

 High school or less 8% 3

 College 27% 8

 Graduate school 65% 20

Site

 UCLA 39% 12

 Vanderbilt University 32% 10

 Kennedy Krieger Institute 29% 9

Age (years) 6.44 (1.23)
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Table 2

Predicting Comments at Study Exit

Model Estimate Standardized
slope

Standard 

error

t value p (>∣t∣)

Intercept −46.04 0.000 13.91 −3.31 0.005

Proportion of response to natural speech + SGD 94.36 0.84 24.42 3.86 0.002

Site: UCLA 11.34 0.33 7.72 1.47 0.163

Site: Vanderbilt −2.22 −0.06 7.99 −0.28 0.785

Proportion of response to natural speech models −26.73 −0.23 26.33 −1.02 0.326

Total comments at entry −0.51 −0.10 0.97 −0.52 0.608

Leiter Brief IQ 0.60 0.63 0.18 3.38 0.004

Note. Reference group for site is Kennedy Krieger Institute.
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Table 3

Predicting Number of Words at Study Exit

Model Estimate Standardized
slope

Standard
error

t value p (>∣t∣)

Intercept −81.52 0.000 16.24 −5.02 0.0002

Proportion of response to natural speech + SGD 157.24 0.94 33.99 4.63 0.0003

Site: UCLA 27.88 0.55 8.10 3.44 0.0036

Site: Vanderbilt 12.71 0.24 6.65 1.90 0.076

Proportion of response to natural speech models −70.97 −0.41 31.32 −2.27 0.039

Entry: Number of Words −0.04 −0.02 0.33 −0.14 0.892

Leiter Brief IQ 1.12 0.79 0.24 4.58 0.0004

Note. Reference group for site is Kennedy Krieger Institute
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Table 4

Predicting Total Language at Study Exit

Model Estimate Standardized
Slope

Standard
error

t value p (>∣t∣)

Intercept −18.99 0.000 23.22 −0.82 0.426

Proportion of response 
to natural speech + SGD

111.98 0.55 56.24 1.99 0.065

Site: UCLA 22.47 0.36 11.67 1.93 0.073

Site: Vanderbilt 1.07 0.02 11.55 0.09 0.927

Leiter brief IQ 0.25 0.14 0.36 0.69 0.504

Proportion of response to natural speech models −3.90 −0.02 49.22 −0.08 0.938

Entry: Total language 0.54 0.34 0.34 1.57 0.138

Note. Reference group for site is Kennedy Krieger Institute
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Table 5

Predicting Requests at Study Exit

Model Estimate Standardized
slope

Standard
error

t value p (>∣t∣)

Intercept 9.45 0.000 13.86 0.68 0.505

Proportion of response to natural speech + SGD −19.18 −0.25 29.07 −0.66 0.519

Site: UCLA 11.24 0.48 7.47 1.50 0.153

Site: Vanderbilt 8.39 0.35 7.37 1.14 0.273

Proportion of response to natural speech models 26.43 0.33 29.47 0.90 0.384

Entry: Requests 0.38 0.33 0.35 1.08 0.296

Leiter Brief IQ −0.11 −0.17 0.19 −0.58 0.573

Note. Reference group for site is Kennedy Krieger Institute
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Table 6

Predicting Response to Natural Speech +SGD Models

Model Estimate Standardized
slope

Standard
error

t value p (>∣t∣)

Intercept 0.251 0.000 0.097 2.582 0.018

Leiter brief IQ −0.002 −0.239 0.002 −1.392 0.181

Total language 0.005 0.58 0.001 3.347 0.004

Total initiations of joint attention 0.011 0.539 0.004 2.346 0.030

Diversity of play −0.006 −0.365 0.005 −1.597 0.128
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Table 7

Predicting Response to Natural Speech Models

Model Estimate Standardized
slope

Standard
error

t value p (>∣t∣)

Intercept 0.121 0.000 0.117 1.034 0.313

Leiter brief IQ 0.001 0.18 0.002 0.752 0.461

Total language 0.009 0.12 0.002 0.496 0.625

Total initiations of joint attention 0.004 0.22 0.006 0.108 0.487

Diversity of play 0.0004 0.03 0.005 0.708 0.915
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