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General Abstract

Rationale: Approximately 25-30 percent of children on the autism spectrum develop little
spoken language, thatis, are minimally speaking (Rose et al., 2016; Tager-Flusberg & Kasari,
2013). Teaching these children to use Augmentative and Alternative Communication (AAC)
is essential to increase their ability to communicate, promote socialinclusion, and improve
quality of life (McNaughton et al.,, 2019). There is empirical support for using AAC to
accomplish these outcomes (Dada et al., 2021; Drager & McNaughton, 2010; Leonet et al.,
2022; O’Neill et al., 2018; Syriopoulou-Delli & Eleni, 2022), but more research is needed to
understand what components (e.g., AAC display, theoretical approach) maximize the rate
at which an AAC system is learned. Furthermore, we must expand the options of language
assessment tools capable of capturing the full range of this autistic subgroup’s
communicative repertoire, including AAC use (Kasari et al., 2013a).

Methods: To address these gaps in the literature, in Chapter 1, we tested and compared the
effectiveness of two AAC interventions for minimally speaking autistic children that differ in
AAC display design (i.e., consistent- versus variable-symbol location) and theoretical
approach (naturalistic developmental behavioural versus behavioural only) when delivered
by caregivers who were coached remotely via telehealth. In Chapter 2, we modified a
caregiver-report assessment tool, MacArthur-Bates Communicative Development
Inventory: Words & Gestures, English Long Form (CDI: Words and Gestures; Marchman et
al., 2023), to explore how vocabulary size and composition are impacted by considering
minimally speaking autistic children’s non-spoken, as well as spoken, expressive

vocabulary.



Results: In Chapter 1, we demonstrated that both caregiver-implemented AAC
interventions significantly, and similarly, increased the frequency and complexity of child
AAC use. However, caregivers in the naturalistic developmental behavioural AAC
intervention mastered the implementation of their intervention in a shorter period when
compared to the caregivers implementing the behavioural only AAC intervention. In Chapter
2, we found that accounting for both spoken and non-spoken communication significantly
increased participants reported expressive vocabulary.

Implications/Contributions: In Chapter 1, we added to the literature on AAC interventions
by demonstrating that both interventions tested, which differed in display and approach,
were equally effective in increasing AAC use. However, we found that an AAC intervention
using a naturalistic developmental behavioural approach may be easier for caregivers to
learn. In Chapter 2, we demonstrated the value of including both spoken and non-spoken
modalities of communication when assessing the expressive vocabulary of minimally
speaking autistic children, therefore, expanding the number of language assessment tools

adapted for this population.



Résumé

Justification : Entre 25 et 30 pour cent des enfants sur le spectre de 'Autisme sont non-
parlants, c'est-a-dire développent peu de langage verbal (Rose et al., 2016 ; Tager-Flusberg
& Kasari, 2013). Il est essentiel d'apprendre a ces enfants a utiliser la Communication
Améliorée et Alternative (CAA) afin d’augmenter leur capacité a communiquer, de
promouvoir leur inclusion sociale et d’améliorer leur qualité de vie (McNaughton et al.,
2019). La CAA est soutenue par des études empiriques (Dada et al., 2021 ; Drager &
McNaughton, 2010 ; Leonet et al., 2022 ; O'Neill et al., 2018 ; Syriopoulou-Delli & Eleni,
2022), mais des études supplémentaires sont nécessaires pour comprendre quelles
composantes (par exemple, concernant l'affichage d'un systéme de CAA ou l'approche
théorique) maximisent le taux d'apprentissage d'un systéme de la CAA. De plus, il est
important d’élargir la gamme d’outils d'évaluation du langage permettant d’identifier
'étendue du répertoire communicatif de ce sous-groupe d’autistes, y compris l'utilisation
de la CAA (Kasari et al., 2013a).

Méthodes : Pour remédier a ces lacunes de connaissances, dans le chapitre 1, nous
présentons et comparons l'efficacité de deux interventions de CAA pour des enfants
autistes non-parlants administrées par des aidants que nous avons formé a distance via
télésanté. Ces deux interventions different quant a l'affichage du systeme de CAA (c.-a-d.,
positionnement constant ou variable des symboles) et a l'approche théorique ('une est
comportementale et développementale naturaliste, 'autre uniquement comportementale.
Dans le chapitre 2, nous présentons un outil d'évaluation modifié, le MacArthur-Bates

Communicative Development Inventory : Words & Gestures, English Long Form (CDI :



Words and Gestures; Marchman et al., 2023) rapporté par les aidants. Cela afin d'explorer
comment larichesse et la composition du vocabulaire sont affectées par la prise en compte
du vocabulaire expressif parlé et non-parlé d’enfants autistes non-parlants.

Résultats : Dans le chapitre 1, nous avons démontré que les deux interventions de CAA
administrées par les aidants augmentaient de maniére significative et comparable la
fréquence et la complexité de l'utilisation de la CAA par l'enfant. Cependant, les aidants de
l'intervention de CAA comportementale et développementale naturaliste ont maitrisé la
mise en ceuvre de leur intervention plus rapidement que les aidants administrant
lintervention de CAA uniguement comportementale. Dans le chapitre 2, nous avons
constaté que la prise en compte de la communication non parlée, en plus de la
communication parlée, augmentait de maniére significative le vocabulaire expressif
rapporté par les participants.

Implications/Contributions : Dans le chapitre 1, nous avons contribué a la littérature sur
les interventions de CAA en démontrant que les deux interventions testées, qui différaient
dans l'affichage d'un systeme de CAA et l'approche, étaient comparablement efficaces
dans Uincitation a utiliser la CAA. Cependant, nous avons constaté qu'une intervention de
CAA utilisant une approche comportementale et développementale naturaliste semblait
plus facile a apprendre/accessible pour les aidants. Dans le chapitre 2, nous avons
démontré l'intérét d'inclure les modalités de communication non-parlée lors de l'évaluation
du vocabulaire expressif d’enfants autistes non-parlants, et celui d’augmenter le nombre

d'outils d'évaluation du langage inclusifs de cette population.
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General Introduction

It is estimated that one in 66 children in Canada is diagnosed with autism (Ofner et
al., 2018). Approximately 25-30 percent of these children use little to no spoken language,
this is, are minimally speaking (Rose et al., 2016; Tager-Flusberg & Kasari, 2013). Often
excluded from autism research up until the mid-2010s (e.g., assessment tools and
protocols developed for children on the autism spectrum! with stronger language abilities),
little was known about this minimally speaking autistic subgroup (Tager-Flusberg & Kasari,
2013). However, over the past decade, we have begun to learn more about the language and

communication skills of minimally speaking autistic individuals.

Minimally Speaking Autistic Children — A Heterogenous Autistic Subgroup

Avariety of definitions exist to characterize an autistic child as minimally speaking (L.
Koegel et al., 2020). Some researchers have defined minimally speaking as a child, three to
fouryears or older, using 20 or fewer different functional spoken words (La Valle et al., 2024;
Pizzano et al., 2024) whereas others have defined minimally speaking as the absence of
phrase speech (e.g., they do not speak, use single words only, or use at most simple two-
word utterances) in a five to six-year-old child (Chen et al., 2023; Maes et al., 2024). Though
these definitions may give the appearance of a clear profile, recent findings highlight the

heterogeneity of this minimally speaking autistic group. Pizzano et al. (2024) categorized 344

! Following recommendations on the use of terminology for autism (Autism Alliance of Canada, 2024; Bottema-
Beutel, Kapp, et al., 2021), 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.

21



minimally speaking children? into three profiles based on cognitive, language, play, and
autism symptomology. Children falling into the Profile 1 group (n = 206) showed large delays
in all areas, including non-verbal cognition and language skills. The Profile 2 group (n = 95)
had stronger communication and non-verbal cognition than Profile 1. Finally, Profile 3 (n =
43) featured children who used a larger number of different spoken words and initiated
communication more frequently, with non-verbal cognition abilities between those of
Profiles 1 and 2.

Haebig et al. (2021) found that minimally speaking autistic children produce a
significantly higher percentage of verbs when compared to typically developing children
with vocabularies of a similar size.? Butler et al. (2023) also noted verb prominence in the
vocabulary of these children. Moreover, they observed that as minimally speaking autistic
children’s expressive vocabularies increased in size, their proportion of nouns and verbs
remained stable. The new words (e.g., yes, please, all done) they acquired often belonged
to lexical categories other than nouns and verbs. This is counter to what is commonly seen
in typical early expressive language development, where the proportion of nouns and verbs
increases as vocabulary size grows in what Bates et al., (1994) referred to as the first and
second “waves of lexical re-organization”. The composition and assessment of

expressive vocabulary in these children will be the focus of Chapter 2.

220 or less different spoken words during a 10-minute caregiver-child interaction video was used as the
definition of minimally speaking for this study.

3 It is important to note that lexical composition percentages in the Haebig et al. (2021) samples (both autism
and typically developing) were based on a particularly small number of words, so proportions could be
heavily influenced by only one or two words.
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Otherresearch has highlighted the use of nongenerative language (i.e., immediate or
delayed rote repetitions of words or phrases heard in their environment) as a salient feature
of the spoken production of many minimally speaking autistic children. A study by Maes et
al. (2024) showed that minimally speaking children produced significantly more
nongenerative language than spontaneous language and found that they produced
significantly more nongenerative language compared to children on the autism spectrum
who were verbally fluent.

In terms of receptive language, Chen et al. (2023) found that minimally speaking
autistic children demonstrate significantly lower abilities when compared with the
normative sample of standardized language assessments. Furthermore, the delay in
receptive understanding relative to age-based norms was larger in older minimally speaking
adolescents in comparison to minimally speaking children in their sample. A significant
discrepancy was found between the minimally speaking autistic group’s expressive and
receptive skills whereby receptive skills were significantly higher. However, this group effect
was driven by 25 percent of the sample. Therefore, a majority of the sample (i.e., 75 percent)
showed no significant differences between receptive and expressive language, highlighting
the equally pronounced receptive and expressive difficulties experienced by most of the

children and youth within this autistic subgroup.

23



Challenges in Spoken Language Comprehension and Production Among Minimally

Verbal Autistic Children: Exploring the Underlying Causes

Currently, there is no unified theory explaining why minimally speaking children on
the autism spectrum experience significant difficulties understanding and/or producing
spoken language. However, given the heterogeneity of profiles in this autistic subgroup,
there likely are multiple explanations — some of which we are only just beginning to
understand, while many remain unknown. The following provides an overview of the current
understanding.

First, widespread difficulties in receptive language could be accounted for, at least
in part, by co-occurring non-verbal cognitive difficulties. Many studies in the literature have
reported that a majority of minimally speaking autistic participants have non-verbal
coghnitive abilities below a standard score of 70 (i.e., extremely low) [Bal et al., 2016; Slusna
et al., 2021]. However, other studies have reported areas of relative strength in visually
based cognitive tasks such as pattern recognition [as measured on the Raven’s Colored
Progressive Matrices (Raven, 1998) or the block design subtest of the Weschler Preschool
and Primary Scales of Intelligence (Wechsler, 2012)] and visual search tasks such as the
Children’s Embedded Figures Test (Karp & Konstadt, 1963) where performance is similar to
neurotypical controls (Courchesne et al., 2015, 2019).

Second, there is also very preliminary evidence that receptive spoken language
difficulties seen in minimally speaking autistic individuals could be associated with
difficulties in perceiving and/or processing auditory stimuli. Research suggests that many

people on the autism spectrum, not just those who are minimally speaking, process
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auditory information differently from neurotypicals (O’Connor, 2012). These auditory
processing difficulties can manifest in various ways, such as challenges with perceiving
pitch, loudness, or prosody, and they are more likely to occur when processing complex
stimuli like speech as opposed to non-speech sound (O’Connor, 2012).

Schwartz et al. (2020b, 2020a) completed two studies examining the neural
responses of minimally speaking and low verbal autistic individuals to salient nonspeech
and speech stimuli. First, Schwartz et al. (2020b) found that minimally speaking and low-
verbal autistic individuals showed no significant difference in their early latency Mismatch
Response (MMR) when hearing their name versus a stranger's name in a multi-speaker
setting similar to a cocktail party. In contrast, a significant difference in neural responses
was observed in verbally fluent autistic individuals and neurotypical participants, aligning
with similar findings from Nijhof et al. (2018). The authors suggest that this distinct pattern
in minimally speaking autistic individuals may indicate difficulties in discriminating and
organizing linguistic information in complex auditory environments.

Furthermore, exploratory post-hoc analyses by Schwartz et al. (2020a) revealed that
more time spent engaging in atypical auditory behaviors (e.g., covering or cupping their ear
with their hand to avoid or amplify sound) was significantly associated with a weaker
Mismatch Negativity (MMN) neural response (i.e., shorter MMN waveform) to non-speech
sounds. Schwartz et al. also found that these minimally speaking autistic individuals
exhibited significantly more atypical auditory behaviors compared to verbally fluent autistic
individuals. These behaviors were negatively correlated with their receptive vocabulary

abilities. Taken together, these findings suggest a potential link between increased atypical
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auditory behaviors in minimally speaking autistic individuals and poorer neural processing
of sounds, which could impact language comprehension.

A third explanation for the spoken language difficulties in this subgroup is that many
minimally speaking autistic individuals are believed to have motor speech difficulties, which
hinder their ability to express themselves verbally. Developmental motor speech disorders
are difficulties planning, executing, controlling and/or coordinating motor movement used
to produce speech that occurs in childhood (American Speech-Language-Hearing
Association, 2024a, 2024b). Several studies have demonstrated that Childhood Apraxia of
Speech (a specific type of developmental motor speech disorder) presents itself more often
in children on the autism spectrum (Chenausky et al., 2023; Tierney et al., 2015; Vashdi et
al., 2021). Furthermore, Chenausky et al. (2019) reported that approximately a quarter of
minimally speaking and low verbal autistic children and youth in their sample demonstrated
five ormore speech characteristics consistent with Childhood Apraxia of Speech (as defined
by luzzini-Seigel et al., 2015). The speech production abilities of this subgroup significantly
predicted the group’s ability to produce spoken language (i.e., the number of different words
they were able to produce).

Maffei et al. (2023) further characterized the Chenausky et al. (2019) sample’s
speech production abilities by assigning a rating (zero = no impairment to four = profound
impairment) to 11 speech characteristics (e.g., consistency, intelligibility, pitch, vowel
precision, coordination) of each participant. Virtually all participants were rated as having
some level of impairment (i.e., a rating of one or higher) in consonant and vowel precision,

and intelligibility with many showing signs of difficulties in speech consistency and
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coordination [see Figure 1 in Maffei et al. (2023) for further details], concluding that many
minimally speaking and low verbal autistic participants in the Chenausky et al. (2019)
sample had motor speech difficulties. Finally, using the Directions Into Velocities of
Articulators (DIVA) computational model (Guenther, 1994, 2016), Chenausky et al., (2021)
identified two distinct profiles among minimally speaking autistic children with motor
speech difficulties: those with motor speech issues alone and those with both motor speech
and auditory processing difficulties.

Additionally, Butler and Tager-Flusberg (2023) provide preliminary evidence that
motor skills from other domains, such as fine motor skills, may be linked to speech
intelligibility. They found that poorer fine motor skills were associated with lower speech
intelligibility in minimally speaking autistic children, but not in verbally fluent autistic
children. Overall, these findings suggest that both speech and fine motor difficulties may be
more pronounced in this autistic subgroup and play a significant role in the challenges that
some minimally speaking autistic children face in producing intelligible speech.

Fourth, as is the case for all children on the autism spectrum, minimally speaking
autistic children experience difficulties in social interaction, one of the core characteristics
of autism, which can manifest in several ways [e.g., reduced joint attention and
engagement] (American Psychiatric Association, 2013). Autistic individuals who exhibit
diminished attention to social cues may miss crucial opportunities to engage in reciprocal
communication, observe language use, and participate in interactive learning
environments. This reduced engagement can limit their exposure to the social feedback that

is critical for developing and practicing speech, ultimately hindering both spoken expression
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and broader language acquisition. Over time, this can contribute to delays or difficulties in
communication, as the essential building blocks of language learning such as turn-taking,
imitation, and conversational interaction are less frequently experienced. Therefore, when
these social difficulties are compounded with any or all the challenges mentioned in the
paragraphs above (e.g., sound processing difficulties, motor speech impairments), they can
lead to an amplification of spoken language difficulties.

Given the host of issues that converge to create barriers to understanding and
producing spoken language, it is crucial that minimally speaking autistic individuals are
introduced to methods of communication that do not rely on speech. Augmentative and
Alternative Communication emerges as a viable option to bridge the communicative gap

and meet the unique needs of this autistic subgroup.

The Minimally Speaking Autistic Experience - Communication Difficulties Acting as a
Source of Caregiver Stress and a Barrier to Social Connection

Caregivers of autistic children (not just those who are minimally speaking)
experience higher levels of stress compared to caregivers of children who are typically
developing (Hayes & Watson, 2013). According to the literature, stress experienced by
caregivers of autistic children is multifaceted, arising from challenges such as their child's
behavioural and communication difficulties, financial costs associated with services and
supports, limited access to respite and social networks, and worries regarding their child’s
future, particularly in terms of independent living and employment prospects (Curley et al.,

2023; Lai & Oei, 2014).
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For caregivers of minimally speaking autistic children, stress is also likely
multifactorial, influenced by the various factors listed above. However, communication
difficulties may play a particularly significant role in this autistic subgroup due to the
profound communication barriers experienced by these children. For instance, Suswaram
et al (2024) found a significant correlation between their child’s communication difficulties,
as reported by caregivers, and the caregivers’ stress levels, suggesting that greater
communication challenges are associated with higher caregiver-reported stress. These
concerns are not unfounded, as language ability predicts later outcomes in autistic children
whereby stronger spoken language abilities have been associated with better outcomes
related to social and academic performance, employment, and independent living in
adolescence and early adulthood (Howlin et al., 2004; Mayo et al., 2013; Venter et al., 1992).

Although first-hand accounts from minimally speaking autistic individuals are scarce
in the literature, a study by Tesfaye et al. (2022) captured the lived experience and needs of
autistic youth with a range of cognitive and spoken language abilities (including those who
were identified as minimally speaking) using an adapted interview protocol. Thematic
analysis revealed the autistic interviewees desire to seek social connections. However, as
Tesfaye et al. (2022) pointed out, only one of their minimally speaking autistic youth
participant had access to an Augmentative and Alternative Communication system. Given
the desire to connect, early access to non-spoken communication methods, such as

Augmentative and Alternative Communication, is crucial.
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Augmentative and Alternative Communication (AAC)

Augmentative and Alternative Communication (AAC) uses non-spoken methods to
enhance or replace spoken communication (Beukelman & Light, 2020). Most often used by
people with complex communication needs* which includes minimally speaking autistic
individuals, numerous studies have documented the positive effects of AAC on
communication, language production and comprehension, literacy, and social inclusion
(Dada et al., 2021; Drager & McNaughton, 2010; Leonet et al., 2022; O’Neill et al., 2018;
Syriopoulou-Delli & Eleni, 2022).

AAC can take various forms, such as using adapted signs, pointing to symbols on a
communication board, exchanging picture cards with a communication partner, or pushing
buttons on a speech-generating device. Aided AAC systems make use of physical materials
to support non-spoken communication whereas unaided AAC does not (Beukelman & Light,
2020). Aided AAC ranges from low-tech options such as a communication board to speech-
generating devices that use specialized communication applications or software. See
Figure 1.

An aided AAC system can be accessed (i.e., used) through various methods, ranging
from simple motor movements like pressing a button with an index finger to more advanced
techniques like using eye gaze to select an AAC symbol (Beukelman & Light, 2020). These
diverse access methods bypass the complex vocal motor skills required for speech

production, which often present challenges for individuals with complex communication

4 The term "complex communication needs," as used in the AAC literature, refers to people who have
cognitive, language, motor, and/or sensory difficulties which result in very limited speech and language
abilities (Light & Drager, 2007).
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needs. Additionally, being visually based, an aided AAC system can enhance the
understanding of spoken language when used by the AAC user’s communication partner
(Beukelman & Light, 2020).

The method by which an aided AAC system is organized can vary widely. For children
in the early stages of their communicative development (which includes most minimally
speaking autistic children) aided AAC systems that use either avisual scene or a grid display
are recommended (Light et al., 2019).

AAC symbols in a grid display are organized into rows and columns composed of
isolated cells that contain an AAC symbol (Light et al., 2019; Thistle & Wilkinson, 2015). For
emerging communicators, each language concept is represented by a symbol which varies
in level of iconicity (e.g., photo versus colour line drawing of a book). The symbolis displayed
in an isolated cell on a clear background in the grid. The grids vary in size (e.g., a 2 X 2 grid
with a total of four symbols to a 7 X 10 grid with a total of 70 symbols) where larger grids allow

children to select a wide array of symbols.

Figure 1. Examples of Aided AAC Systems
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Aided AAC systems using a grid display design are available in low-tech (e.g.,
communication boards or binders) and high-tech options (e.g., communication apps on an
iPad). Many emerging communicators may start with one grid (i.e., one page) that can
expand to multiple grids over time. Once this happens, grids are often grouped symbols by
activity, category, or theme (e.g., food or outdoor activities) with a main page that contains
all high-frequency symbols. When the child selects a symbol, itis spoken either by the voice
output of a high-tech device or by the child’s communication partner (e.g., caregiver or
peer). For example, a story time specific aided AAC grid might include color line-drawing
symbols that represent the language concepts: story time, book, stop, read, listen, ook,
what, who, surprised, sad, laugh, and bored. See Figure 2. Grid-based AAC interventions
(i.e., interventions that promotes the use of grid-based AAC systems) have been successful
in increasing communication, language, and social interaction in people with complex
communication needs (Biggs et al., 2018; O’Neill et al., 2018) including individuals on the

autism spectrum (Ganz et al., 2012).

Figure 2. Example of Aided AAC Grid-Based System

story time book stop
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Consistent-Symbol Location - An Aided AAC Grid Display Design Strategy

There are design strategies to enhance the efficiency with which an emerging
communicator uses a grid-based aided AAC system. These include using specific
background or border colours to categorize symbols (e.g., symbols representing verbs may
have a green border) or organizing symbols from left to right in a subject-verb-object order.
Consistent-symbollocation (CSL) is a design strategy whereby symbols are keptin the exact
same location (i.e., individual cell) as an aided AAC system expands and more symbols are
added (Thistle et al., 2018).

Building upon the traditional Motor Learning Theory proposed by Fitts and Posner
(1967), Dukhovny and Thistle (2019) hypothesize that using a CSL design strategy would
encourage the development of a motor program. In the first of three stages, also known as
the cognitive stage, cognitive systems are highly involved (Fitts & Posner, 1967). As the
motor movement is practiced and becomes more fluent and automatic, a motor program is
generated (i.e., the third autonomous stage). It is at this point where the cognitive system
initially involved in performing the motor movement is no longer required and instead relies
on the associated motor program, freeing up processing capacity.

In contrast, Dynamical Systems Theory (Kelso, 1995; Turvey, 1990), provides a more
updated account of motor learning, suggesting that motor patterns are learned in a non-
linear dynamic fashion through interactions of the motor system and other systems (e.g.,
sensory, cognition). Once all systems “self-organize”, a motor pattern is established and

performed with automaticity. Unlike Motor Learning Theory, Dynamical Systems Theory
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suggests that all relevant systems (e.g., motor, sensory, cognitive) remain connected and
involved even after the establishment of a stable motor pattern.

Though both theories differ on certain aspects, both theories acknowledge that a
greater involvement from each system (e.g., sensory, cognition) is required early on to
establish a fluent automatic movement. A CSL design allows for the establishment of a
movement pattern by maintaining AAC symbols in the same consistent location on the grid.
Once a motor pattern or program is fluent, the engagement of systems that support visual
scanning and tactile feedback are needed to a lesser degree. This is important because as
a child AAC user’s language becomes more developed and the use of an aided AAC system
becomes more complex (i.e., producing multi-symbol messages), a CSL design allows the
child to focus on the communicative rather than the motor aspects of their AAC system. This
is somewhat analogous to when we touch type on a keyboard and no longer need to search
for the location of each letter - though these children are simultaneously learning language,
adding another layer of complexity (Dukhovny & Thistle, 2019).

Studies involving neurotypical adults and children have demonstrated that grid-
based aided AAC systems that use a CSL design strategy result in more accurate and faster
access to learned symbols when compared with the grids that use variable symbol location
designs, that is, move symbols to different cells (Dukhovny & Gahl, 2014; Dukhovny & Zhou,
2016; Thistle et al., 2018).

The rationale for using a CSL design is intuitive and therefore, many speech-language
pathologists practicing in AAC recommend it but, to date, there is no empirical support

documenting the benefits of a CSL design with AAC users (Thistle & Wilkinson, 2015).
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Furthermore, Picture Exchange Communication System (PECS; Frost & Bondy, 2002), an
established aided AAC intervention that was developed for minimally speaking autistic

children does not use a CSL design but rather a variable-symbol design.

Picture Exchange Communication System (PECS) - An Aided AAC Intervention that
Uses Variable-Symbol Location Design

Established as an evidence-based intervention for autistic children, PECS is a
manualized aided AAC intervention composed of six teaching phases where children are
taught to communicate by exchanging pictures that symbolize a desired item, action, or
activity (Hume et al., 2021; Wong et al., 2015). Phases are taught in an ordered sequence
where the child must master one phase before the next phase can be initiated. The protocol
is designed to teach AAC communication skills in an isolated and gradual fashion where the
skill(s) learned in the previous phase(s) are carried forward and used in the current phase.
See introduction and methods sections of Chapter 1 for further details.

Unlike most other AAC systems, PECS is unique in using a variable-symbol location
design in which picture-symbols are moved and not kept in a static location. Initially, a single
picture-symbolis displayed on its own during Phase 1 (Figure 3a) and then on a binder using

Velcro during Phase 2 (Figure 3b).
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Figure 3. PECS Phases 1 and 2 - Single Preferred Picture-Symbol Array

a) Phase 1 b) Phase 2

In Phases 3a and 3b, the child is taught to visually discriminate among an array of the
Velcro picture-symbols. In Phase 3a, the picture array consists of a preferred picture-
symbol and distractor picture-symbol (i.e., picture array of two). See Figure 4. During Phase
3b, an array consists of preferred picture-symbols which begins with two and slowly

increases in size. See Figure 5a.

Importantly, in Phases 3a and 3b, picture-symbols are repositioned on the binder

cover between teaching trials to ensure the child identifies the correct symbol without
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relying on cues such as location. See Figure 5b for an example. Therefore, it is assumed that
in situations when a consistent-symbol location design is not feasible (e.g., transitioning a
child from a communication board to a communication app where symbol locations
change), the child is less likely to struggle with using the newly re-organized aided AAC

system.

Figure 5. PECS Phase 3b
a) Preferred Picture-Symbol Arrays Increasing in Size Over the Course of Phase
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Once a child can consistently discriminate between at least five symbols, Phase 3
concludes. At this point, it is recommended that the picture-symbols the child has learned

to visually discriminate be organized and kept in a consistent section in the binder whereby

37



picture-symbols belonging to the same category (e.g., food) are grouped on the same page
(pg. 142-143, Frost & Bondy, 2002). Though similar, this organizational recommendation
does notuse a CSL design as outlined by Thistle et al. (2018) which emphasizes within-page

consistency whereby picture-symbols are kept in the exact same location on the page.

Aided AAC Intervention for Minimally Speaking Autistic Children - Theoretical
Approaches and State of the Empirical Evidence

Equally important to design are the teaching strategies used to support minimally
speaking autistic children in using their aided AAC system. Interventions used to support
children on the autism spectrum are divided into three broad theoretical approaches
(Sandbank et al., 2023): behavioural, developmental, or an approach that combines both
approaches, referred to as naturalistic developmental behavioural interventions (NDBI;

Schreibman et al., 2015; Tiede & Walton, 2019). See Figure 6.

Figure 6. Three Main Theoretical Approaches Used in Intervention to Support
Autistic Children (With Specific Aided AAC Intervention Examples)

Naturalistic
Developmental
Behavioural Approach

Behavioural Approach
PP Developmental Approach

Example:
Picture Exchange Communication
System
(Frost and Bondy; 2002)

Example:
Aided Language Modeling
(Drager et al., 2006)

Example:
modified Natural Language
Paradigm
(Alzrayer et al., 2021)
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PECS, an aided AAC intervention described in the previous section, follows a
behavioural approach (Sandbank et al., 2023). Based on the science of Applied Behaviour
Analysis (ABA; Baer et al., 1968), the PECS protocol is broken down into discrete steps
whereby one AAC-related skill is taught at a time using detailed teaching instructions (Frost
& Bondy, 2002). When implementing PECS, therapists use operant learning principles. The
protocol emphasizes providing clear cues to initiate practice opportunities within a
structured, low-distraction environment. Therapists implementing PECS are taught to
follow the child’s motivation or interest in the moment to determine the timing and nature
of the communication opportunity. Therefore, contextually relevant reinforcement is used,
such as offering a child a glass of water immediately after they pass a picture-symbol for
water. Prompting, which involves explicit cues or hints to support AAC use, is also used. The
PECS protocolis recognized as an evidence-based intervention (Hume et al., 2021; Wong et
al., 2015). See the introduction and methods sections of Chapter 1 for further details.

In contrast, interventions that follow a developmental approach are child-led and
guided by developmental and cognitive theories (Wagner et al.,, 2014). Developmental
approaches do not use behaviour strategies such as prompting and reinforcement but
instead, focus on the interpersonal relationship between the child and the adult and are
implemented in natural play-based contexts. The sequence of typical development is often
used to support goal selection. Specific to aided AAC interventions, Aided Language
Modeling (ALM), as described by Drager et al. (2006), uses a developmental approach. ALM
involves the delivery of aided language models which involve a person selecting, touching,

or pointing to a symbol on an AAC system while simultaneously speaking it aloud to a child
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AAC user. These models typically focus on child interest (e.g., what they are oriented to
and/or engaging with at the moment) and are presented multiple times to emulate how
children are exposed to and eventually develop spoken language (Romski & Sevcik, 1996).

There is empirical support for interventions that use ALM demonstrating positive
gains in social communication and language with individuals with complex communication
needs including minimally speaking autistic children (O’Neill et al., 2018; Sennott et al.,
2016). However, two recent reviews of ALM interventions by Chazin et al. (2021) and Wandin
et al. (2023) highlighted that ALM interventions often also include behavioural strategies
(e.g., prompting, reinforcement) making it difficult to appraise the unique contribution of
aided language modelling as an active ingredient. In addition, of the nine ALM only
intervention studies reviewed by Chazin et al (2021), only four (44.4 percent) demonstrated
positive gains in AAC use with individuals with complex communication needs in contrast
to 23 out of 30 studies (76.7 percent) when the ALM intervention included behavioural
strategies.

The third type of theoretical approach for autistic children, naturalistic
developmental behavioural interventions (NDBIs), considered to be a “middle ground”,
offers a blend of both developmental and behavioural approaches. NDBIs are implemented
in natural contexts, use typical development to guide target selection, encourage a strong
relationship between child and caregiver to enhance learning, and use a behavioural
framework (i.e., antecedent-behaviour-consequence) and therefore include strategies such
as prompting and contextually appropriate reinforcement to increase the efficiency of

learning (Schreibman et al., 2015). NBDIs such as the Early Start Denver Model (ESDM;
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Dawson et al., 2010) and Joint Attention Symbolic Play Engagement and Regulation (JASPER;
Kasari et al., 2006) have many high-quality studies demonstrating their efficacy (Fuller et al.,
2020; Waddington et al., 2021). Pivotal Response Training (PRT; R. L. Koegel & Koegel, 2006),
another type NBDI, is considered to be evidence-based (Hume et al., 2021; Wong et al.,
2015).

NDBIs target several domains such as expressive and receptive language, play,
social communication and engagement, joint attention, and cognition (Tiede & Walton,
2019). Specific to language and communication, meta-analyses confirm that NDBIs lead to
significant positive increases in expressive language (g = 0.32 small-medium effect), social
communication (g = 0.36, small-medium effect), and social engagement (g = 0.65, large
effect) of young autistic children (Sandbank et al., 2023; Tiede & Walton, 2019).
Furthermore, in a meta-analysis, Pope et al. (2024) found that NDBIs that targeted aided
AAC system use (AAC-NDBIs) had very large positive effects (Tau-U = 0.85) on social
communication and language outcomes of autistic children aged three to 12 years old who
were minimally speaking. These results indicate that AAC-NDBIs enhance communication
and language outcomes when implemented with this autistic subgroup. However, of the
AAC-NDBI studies reviewed in Pope et al. (2024), none included a head-to-head comparison
with another aided AAC intervention that uses a different approach (i.e., developmental or

behavioural only).
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Aided AAC Intervention for Minimally Speaking Autistic Children - Testing the Promising
Combination of a Naturalistic Developmental Behavioural Approach and Consistent-
Symbol Location Design

Since the publication of Tager-Flusberg and Kasari’s 2013 article titled "Minimally
Verbal School-Aged Children with Autism Spectrum Disorder: The Neglected End of the
Spectrum”, we have begun to learn more about the language and communication skills of
minimally speaking autistic individuals. However, to support social inclusion and maximize
the quality of life of these children, more research is needed in the area of AAC (Tager-
Flusberg et al., 2023). To optimize the efficiency at which minimally speaking autistic
children can learn to use an aided AAC system, we must carefully consider a design and
theoretical approach that offers the most potential.

To date, the promising aided AAC design strategy, consistent-symbol location, has
not been explicitly tested in the context of an AAC intervention with minimally speaking
autistic children (Thistle et al., 2018). Furthermore, AAC-NDBIs have shown promise when
implemented with minimally speaking children on the autism spectrum (Pope et al., 2024).
However, this combination of consistent-symbol location design and naturalistic
developmental behavioural approach has yet to be directly tested against another AAC
intervention that uses a different theoretical approach such as PECS.

The interplay between AAC display designs and different theoretical approaches
makes it essential to examine both simultaneously to understand how these components

work together to support AAC use. In interventions like PECS, the teaching method
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(behavioural approach) directly shapes the display design (variable-symbol location),
showing that these dimensions are mutually reinforcing rather than independent.
Furthermore, although NDBIs have been well-researched, earning a recommendation from
the Canadian Academy of Health Sciences (2022) there remains a relative lack of research
specifically on AAC-NDBIs. By evaluating both variables together - display design
(consistent vs. variable symbol location) and approach (naturalistic developmental
behaviouralvs. behavioural), we can offer a more comprehensive understanding of the most
effective combinations.

Therefore, in Chapter 1, we compared the efficacy of an aided AAC intervention that
uses a naturalistic developmental behavioural approach and a consistent-symbol location
design against an empirically-supported aided AAC intervention that uses a behavioural
approach and a variable-symbol location design: Picture Exchange Communication System
(Frost & Bondy, 2002). The procedures and results of this comparison are provided in

Chapter 1.
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Chapter 1: Testing The Effectiveness of a Naturalistic Developmental Behavioural AAC
Intervention That Uses Consistent-Symbol Location

Abstract

Purpose: Approximately a quarter of children on the autism spectrum develop very little
spoken language or are minimally speaking. Teaching these children to use Augmentative
and Alternative Communication (AAC) is essential to enhancing communication, and
promoting independence, socialinclusion, and quality of life. Despite the prevalence of AAC
platforms such as communication boards where symbols are placed and remain in the
exact same location (i.e., use a consistent symbol location design; Thistle et al., 2018), we
do not know if this design feature has advantages compared to other AAC displays.
Moreover, there exists empirical support for AAC interventions that use naturalistic
developmental behaviour approaches or behavioural only approaches, but no study has
ever directly compared them in the context of an AAC intervention (Hume et al., 2021; Pope
et al.,, 2024; Wong et al.,, 2015). Therefore, we tested a naturalistic developmental
behavioural AAC intervention that uses a consistent-symbol location design (CSL-NDBI)
against an established aided AAC intervention that uses a behavioural approach and a
variable-symbol location design: Picture Exchange Communication System (PECS; Frost &
Bondy, 2002).

Methods: All aspects of the study were completed remotely. Eighteen caregivers and their
minimally speaking autistic children were recruited: 11 dyads in the CSL-NDBI group and
seven in the modified-PECS group. Each dyad received twelve weekly one-hour individual
remote coaching sessions with the first author. Using videos of caregiver-child interactions

collected at pre-, mid-, and post-intervention, naive coders calculated: caregiver
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implementation mastery, prompted/supported and independent AAC acts, mean length of
AAC utterance, and number of different AAC symbols used. A caregiver report measure on
child AAC use was also collected.

Results: Caregivers in both groups increased their percent mastery of intervention
strategies over the course of intervention (CSL-NDBI: p = 0.0002, modified-PECS: p = 0.07)
but the CSL-NDBI group’s percent mastery at mid-intervention was significantly higher (U =
62.0, p = 0.03, & = 0.61, large effect) than the mod-PECS group. However, at post-
intervention, the vast majority of caregivers in both groups achieved a percent mastery that
was greater than 80 percent. Children in both the CSL-NDBI and modified-PECS
interventions significantly increased their prompted/supported AAC acts (CSL-
NDBI: p = 0.0003, modified-PECS: p = 0.009). There was a trend for independent AAC acts to
increase marginally over time (p= 0.09) in the modified-PECS condition. However, no
significant differences were found when comparing the modified-PECS group’s
independent AAC acts with those of the CSL-NDBI group at mid- and post-intervention.
Mean length of AAC utterance (CSL-NDBI: p =0.0004, modified-PECS: p =0.007) and total
number of different AAC symbols used(CSL-NDBI:p=0.0003, modified-
PECS: p =0.02) increased significantly in both groups over the course of intervention. No
significant differences between groups were detected. The caregiver report measure was in
line with the results from video analyses.

Conclusions: Our findings suggest the CSL-NDBI intervention was mastered in a shorter
period, suggesting a naturalistic developmental behavioural AAC intervention may be easier

for caregivers to learn and implement than an AAC intervention that uses a behavioural
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approach. These results also demonstrate that both the CSL-NDBI and modified-PECS
interventions increase AAC use in minimally speaking autistic children to a similar degree.
Though gains in AAC were made, most of the AAC use was supported/prompted by
caregivers over this 12-week intervention. This highlights the need for continued AAC

services to increase independent AAC usage and complexity.
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Introduction

Approximately a quarter of children on the autism spectrum will develop none or very
little spoken language, that is, will be minimally speaking (Rose et al., 2016; Tager-Flusberg
& Kasari, 2013). For these children, teaching them to use Augmentative and Alternative
Communication (AAC) is essential to enhancing communication, and promoting
independence, social inclusion, and quality of life. AAC enables someone with complex
communication needs® to communicate using non-spoken methods such as adapted signs,
communication boards, pictogram cards or speech-generating devices (Beukelman & Light,
2020). However, AAC intervention options for minimally speaking autistic children are
critically lacking (Tager-Flusberg et al., 2023).

Similar to learning to fluently type on a keyboard, it is hypothesized that keeping AAC
symbols in the exact same location (i.e., using a consistent symbol location design; Thistle
et al., 2018) on AAC platforms such as communication boards and speech-generating
devices (also referred to as aided AAC), encourages the development of a motor pattern,
making AAC use more efficient and fluent (Dukhovny & Thistle, 2019). Despite the frequent
implementation of this design strategy by speech-language pathologists (Thistle &
Wilkinson, 2015), aside from a few single case studies, there is no empirical evidence of the
benefits of a consistent-symbol location design in comparison to an AAC intervention that

uses a variable location design (Thistle et al., 2018).

3 The term "complex communication needs," as used in the AAC literature, refers to children who have
cognitive, language, motor, and/or sensory difficulties which result in very limited speech and language
abilities (Light & Drager, 2007).
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Equally important to design are the teaching strategies used to help minimally
speaking autistic children learn to use their aided AAC system. Naturalistic developmental
behaviouralinterventions (NDBIs) that focus on aided AAC (AAC-NDBIs) have demonstrated
large positive improvements in language and communication when implemented with
minimally speaking autistic children (Pope et al., 2024). However, to date, AAC-NDBI group
studies with autistic children remain rare (i.e., Kasari et al., 2014) and no research team has
directly compared an AAC-NDBI to other aided AAC intervention that use different
theoretical approach, such as one based on behavioural theory. Furthermore, there exists
little empirical evidence documenting the efficacy of an AAC-NDBI when implemented by
caregivers of minimally speaking autistic children (Elmquist et al., 2023).

Giventhese critical gapsinthe literature and the importance of AAC use for minimally
speaking autistic children, we tested the efficacy of a caregiver-mediated AAC-NDBI that
uses a consistent-symbol location design against a caregiver-mediated, behaviorally based,

AAC intervention that does not use a consistent-symbol location design.

Aided AAC Display Designs and Their Rationales - Consistent- and Variable-Symbol
Location

Used inthe context of an aided AAC system that uses a grid-based display (i.e., where
each page within the AAC system is organized into rows and columns composed of isolated
cells that contain an AAC symbol), a consistent symbol location design has potential
benefits. Keeping an AAC symbol in the exact same location (i.e., individual cell) is likely to

support the development of a motor pattern (Kelso, 1995; Turvey, 1990). Greater
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involvement from each system (e.g., sensory, cognition) is required early on to establish a
fluent automatic movement. However, once a motor pattern is fluent, the engagement of
the systems that support visual scanning and tactile feedback is needed to a lesser degree.

Although many autistic children experience motor-related difficulties and delays in
motor development (Bhat, 2020; McCleery et al., 2013), evidence demonstrates that they
are capable of developing motor patterns (Izadi-Najafabadi et al., 2015). Therefore, it is
hypothesized that keeping the AAC symbol in a static position on their communication
board or speech-generating device will enable them to learn the motor pattern of a new
symbol. Once this motor pattern is established and the symbolis accessed by the child with
ease, they can focus on learning new symbols/language concepts and, therefore
establishing new motor patterns. This is important because as a child AAC user’s language
becomes more developed and the use of an aided AAC system becomes more complex(i.e.,
producing multi-symbol messages), a CSL design allows the child to focus on the
communicative rather than the motor aspects of their AAC system. This is somewhat
analogous to when we touch type on a keyboard and no longer need to search for the
location of each letter - though these children are simultaneously learning language, adding
another layer of complexity (Dukhovny & Thistle, 2019).

Studies involving neurotypical adults and children have demonstrated that AAC
platforms that use a consistent symbol location result in more accurate and faster access
to learned words or icons when compared with the arrays that use a variable symbol

location design (Dukhovny & Gahl, 2014; Dukhovny & Zhou, 2016; Thistle et al., 2018).
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The rationale for using a consistent-symbol location design is intuitive and therefore,
many speech-language pathologists practicing in the domain of AAC recommend it (Thistle
& Wilkinson, 2015). However, to date, there are only three single-subject design studies
documenting the positive outcomes of an aided AAC intervention that uses a consistent-
symbol location design as a part of their intervention package (Karnes, 2019; Mason, 2016;
Naguib Bedwani et al., 2015). Since none of the studies compared their consistent-symbol
location AAC intervention packages against an active control that used a different type of
design strategy, itis difficult to attribute the success of their interventions specifically to the
consistent-symbol location design.

In contrast, the Picture Exchange Communication System (PECS; Frost & Bondy,
2002), an aided AAC intervention protocol composed of six teaching phases, uses a
variable-symbol location design to promote visual discrimination. A single isolated picture
(hereafter referred to as a picture-symbol) is presented on its own during the first phase (i.e.,
Phase 1) and then displayed (using Velcro) on the front cover of a binder (with Velcro strips
on it) during the second phase (i.e., Phase 2). During the third teaching phase (i.e., Phases
3a/3b), the child is taught to visually discriminate between an array of different picture-
symbols. Beginning with an array of two picture-symbols and slowly building up to an array
of five (or more), the picture-symbols are moved to different locations on the binder cover
between each practice opportunity, to provide a stringent test that the child can select the
picture-symbol that represents the desired item or activity without relying on cues such as
consistent location (Frost & Bondy, 2002). Therefore, itis assumed that in situations when a

consistent-symbol location design is not feasible (e.g., transitioning a child from a
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communication board to a communication app where symbol locations change), the child
is less likely to struggle with using the newly re-organized aided AAC system.

Once a child has acquired the ability to visually discriminate among an array of at
least five picture-symbols, Phase 3b concludes. At this time, it is recommended that the
picture-symbols the child has learned to visually discriminate be organized and kept in a
consistent section in the binder. The picture-symbols belonging to the same category (e.g.,
food) are grouped on the same page (pg. 142-143, Frost & Bondy, 2002). Though similar, this
organizational recommendation does not use a consistent-location design as outlined by
Thistle et al. (2018) which emphasizes within-page consistency whereby the picture-symbol
is kept in the exact same location on the page. Furthermore, as the picture-symbols are
placed on Velcro strips, even if desired, applying a consistent-symbol design would likely be

difficult without altering the PECS binder display as outlined in the PECS manual.

Aided AAC Intervention Approaches - Naturalistic Developmental Behavioural
Interventions and Picture Exchange Communication System

Naturalistic developmental behavioural interventions (NDBIs) are well-established
evidence-based interventions for children on the autism spectrum that combine
developmental and behavioural theoretical approaches. (Sandbank et al., 2020, 2023;
Schreibman et al.,, 2015; Tiede & Walton, 2019). Examples of NBDIs include Pivotal
Response Treatment (PRT; R. L. Koegel & Koegel, 2006), Early Start Denver Model (ESDM;
Dawson et al., 2010), Joint Attention Symbolic Play Engagement and Regulation (JASPER;

Kasari et al., 2006), and Reciprocal Imitation Training (RIT; Ingersoll & Schreibman, 2006).
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Though differing in target areas and specific strategies used, NDBIs provide intervention in
natural contexts, use typical development to guide target selection, and encourage a strong
relationship between child and adult to enhance learning. In addition, NDBIs use a
behavioural framework (i.e., antecedent-behaviour-consequence) and therefore include
strategies such as prompting and contextually appropriate reinforcement to increase the
efficiency of learning (Schreibman et al., 2015).

Importantly, in a meta-analysis, Pope et al. (2024) found that AAC-NDBIs had very
large positive effects (Tau-U = 0.85) on the social communication and language of minimally
speaking autistic children. With that said, of the AAC-NDBI studies reviewed in Pope et al.
(2024), none included a direct comparison with another aided AAC intervention that used a
different theoretical approach such as PECS.

Developed by Lori Frost and Andy Bondy in 1985, PECS is a manualized aided AAC
teaching method where children are taught to communicate using picture-symbols that
symbolize desired items, actions, or activities. The PECS protocol which uses a behavioural
approach, is taught through a sequential progression of six phases. The child must master
the current phase before instruction of the next phase can begin (Frost & Bondy, 2002). PECS
is derived from the science of Applied Behaviour Analysis, or behavioural approaches (i.e.,
the “B” in NDBI). Therefore, there is overlap between PECS and AAC-NDBIs. While they differ
slightly in their application (e.g., PECS is more structured), both PECS and AAC-NDBIs use
child choice, reinforcement, prompting, and the antecedent-behavior-consequence

sequence to structure practice opportunities.
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In the context of requesting, the objective of each PECS phase is different. Phase 1
(i.e., “How” to Communicate) focuses on teaching a child to initiate a request by exchanging
a single picture-symbol with their communication partner (e.g., a familiar adult). If the
child’s interest switches to another item or activity, the physical prompter (i.e., a second
adult who supports the picture-symbol exchange) removes the previous picture-symbol and
places another picture-symbol (symbolizing the new interest) in front of the child. In Phase
2 (i.e., Distance and Persistence), the child begins removing the picture-symbol from the
front cover. The focus is on getting them to exchange a picture-symbol but at a distance and
with no artificial cues (e.g., the communication partneris no longer oriented to the child with
an expectant look and an open hand waiting to receive the picture-symbol). In Phase 3a (i.e.,
Picture Discrimination — Preferred vs Non-Preferred), the child is taught to make a request
by selecting between the picture-symbol corresponding to their preferred item or activity
and a distractor picture-symbol (i.e., a picture-symbol of a neutral item such as socks). The
objective of Phase 3b (i.e., Picture Discrimination — Preferred vs Preferred) is teaching the
child to discriminate between an increasing number of preferred picture-symbols to make a
request, starting with two and building up to five. In between trials, the picture-symbols are
moved around on the cover to different locations. By the end of this phase, practice is set
up to teach the child to access their binder and select a picture-symbol to make a request.
Finally, the objectives of Phases 4-6 include learning to request using the sentence starter
“l want” paired with the picture-symbol of a desired item or activity (Phase 4), learning to
respond to the question, “What do you want?” (Phase 5) and learning to comment (Phase

6).
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PECS has many empirical research studies demonstrating its effectiveness (Flippin
et al., 2010; Hart & Banda, 2010; Preston & Carter, 2009; Tien, 2008; Tincani & Devis, 2011).
Given this evidence-based support, the PECS protocol remains a common “go-to”
intervention protocol to teach beginner AAC skills to autistic children. However, in a
systematic review of the PECS intervention literature (n = 58 across 17 studies), Forbes et
al. (2024) found that across PECS studies, while most participants (n = 56) successfully
mastered Phases 1 and 2, only 48 percent were able to master Phase 3b by the end of their
respective interventions. Importantly, they found that those introduced to Phase 3b only
learned to select, on average, from an array of three picture-symbols. Given most did not
complete Phase 3b where participants have free access to multiple picture-symbols inside
their binders, this may greatly limit the functionality of the PECS binder as an AAC system.
Therefore, it is essential to compare other potential aided AAC interventions with PECS to
explore the efficacy of new approaches and to expand the empirical evidence on AAC

intervention for minimally speaking autistic children.

Caregiver-Implemented Aided AAC Interventions

In a systematic review, Elmquist et al. (2023) concluded that caregiver-implemented
AAC interventions were effective at increasing communication in children with intellectual
or developmental disabilities including children on the autism spectrum with complex
communication needs. Of the 25 studies reviewed, 24 were conducted in home settings,
where caregivers demonstrated a high level of intervention implementation (M = 95.3

percent, range = 83-100 percent). Three PECS caregiver-implemented studies showed
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positive gainsin communication (Chaabane et al., 2009; Park et al., 2011; Stiebel, 1999) with
other five studies published after this review’s search (i.e., 2018), showing similarly positive
results (Alsayedhassan et al., 2020; Moore, 2023; Scott, 2023; Stamp, 2023; Treszl et al.,
2022).

Though promising, Elmquist et al. (2023) point out that a majority (23 out of 25
studies) of the caregiver-implemented interventions reviewed used a behavioural approach.
Given that NDBIs promote strong interpersonal bonds to enhance learning and are well-
suited for implementation in real-life daily contexts, this theoretical approach may be
particularly effective when applied by caregivers. Therefore, we must explore the potential
to improve communication outcomes through the use of caregiver-implemented aided AAC
interventions that use an NDBI approach.

Furthermore, only four studies included in the Elmquist et al. (2023) review were
conducted using telehealth whereby the caregivers were coached on AAC intervention
implementation via video conferencing. In Canada, autistic children and their families are
spread out over a large geographical area with many living in rural and remote areas and
many do nothave accesstoin-person services (D. Parsons et al., 2017). Therefore, to ensure
minimally speaking autistic Canadians have access to high-quality AAC coaching services

regardless of where they reside, further investigation is warranted.

Rationale, Objectives, Questions, and Hypotheses
Currently, minimally speaking autistic children remain an understudied group who

critically lack evidence-based AAC intervention protocols (Brignell et al., 2018; Tager-
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Flusberg et al., 2023). To maximize the efficiency at which an aided AAC system is learned,
we should explore the aided AAC display design strategy, consistent-symbol location
(Thistle et al., 2018). Moreover, when considering theoretical approaches, AAC-NDBIs have
shown promise when implemented with minimally speaking autistic children (Pope et al.,
2024). However, such an intervention has not been directly compared with an active control.
The PECS protocol, an empirically supported, behaviorally-based aided AAC intervention
using a variable-symbol location design, presents a strong comparison option (Hume et al.,
2021; Wong et al., 2015). Furthermore, to our knowledge, a naturalistic developmental
behavioural AAC intervention coached remotely and implemented by caregivers, has yet to
be tested for effectiveness in the literature (Elmquist et al., 2023).

Therefore, we tested the effectiveness of a remotely coached caregiver-
implemented naturalistic developmental behavioural AAC intervention that uses a
consistent-location design (CSL-NDBI) against a modified version of Picture Exchange
Communication System (mod-PECS) that is also caregiver-implemented and coached

remotely.

Primary Research Questions

Caregiver Implementation Mastery: When coached remotely, did caregivers in the CSL-
NDBI and the mod-PECS groups demonstrate similar trajectories of intervention mastery?
It was hypothesized that most caregivers would learn to implement their assigned
intervention with competency by post-intervention with no significant difference between

the CSL-NDBI and mod-PECS groups at mid- and post-intervention.
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Child AAC Use: Did the minimally speaking autistic children in the CSL-NDBI intervention
group increase their AAC use to a similar degree as children in the mod-PECS condition (a
modified version of an established AAC intervention)?

We hypothesized that children in both the CSL-NDBI and mod-PECS groups would
significantly increase their AAC use to comparable levels with no significant differences
between groups at mid- and post-intervention. As we recruited children who did notuse AAC
consistently or independently and the intervention period was only 12 weeks with one, 1-
hour individual coaching session per week, we suspected a majority of the AAC use would
be supported (i.e., prompted) by their caregivers.

Child AAC Complexity: Did the AAC use of children in the CSL-NDBI group become more
complex (i.e., longer AAC utterances and higher number of different picture-symbols) in
comparison to children in the mod-PECS group over the course of intervention? Given the
hypothesized benefits of a consistent-symbol location design, we predicted that, compared
to the mod-PECS group, children in the CSL-NDBI group using an aided AAC system with a
CSL design would produce significantly longer AAC utterances and use a significantly

greater variety of picture-symbols.

Secondary Research Questions

Potential Negative Emotional Impact of Intervention on the Child: There has been a call
for intervention researchers in the field of autism to better track potential adverse events
(Bottema-Beutel, Crowley, et al., 2021; Bottema-Beutel et al., 2023). Given this and the

particular vulnerability of our child participants (i.e., autistic children with very limited
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means of communication), we investigated change and potential group differences in
caregiver-by-proxy reported child anxiety, stress, and anger by asking, did caregivers report
any significant negative changes in children's emotional state in either group from pre- to
post-intervention? We hypothesized no significant changes (i.e., increase or decrease) in
any of the caregiver-reported dimensions of child anxiety, stress or anger from pre- to post-
intervention in either intervention group.

Intervention Acceptability: From the caregiver’s perspective, did they report their assigned
AAC intervention (CSL-NDBI or mod-PECS) to be acceptable? It was hypothesized that
caregivers would report both interventions as acceptable with no significant difference
between groups.

Caregiver Self-Efficacy, Stress, and Perception of their Child and Child Quality of Life:
The potential impact on intervention on caregiver self-efficacy, stress, and positive
perception of their child as well as child quality of life were also investigated. More
information on the measures used to track these outcomes can be found in the methods

section.

Methods

Participants

Thirty-seven potential families were recruited through a combination of responses
from social media posts and direct referrals. The McGill Faculty of Medicine and Health
Sciences Institutional Review Board approved the study. A screening questionnaire
completed by the caregiver was used to assess eligibility for all criteria (see below) except

the minimally speaking criterion. Confirmation of our definition of minimally speaking was
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done by the first author® through a review of caregiver-child interaction videos as described
in detail below.

To be included as minimally speaking, children’s spontaneous spoken language
abilities had to be less developed than consistent phrase speech (e.g., they did not speak,
used single words only, or used at most simple two-word utterances) during 10 minutes of
caregiver-child interaction video obtained at the start of the study. This criterion is used in
the Autism Diagnostic Observation Schedule, 2nd edition manual (ADOS-2 manual; Lord et
al., 2012, pg. 9-13) to assign children to the lowest language level (i.e., module 1 of the
ADOS-2)". However, this criterion is typically used with children who are five years and older
(Bal et al., 2016; Chen et al., 2023), as children younger than age five may present with
language delays that they will not retain at age five. To address this concern, children who
were between the ages of 3;1 and 4;11 years old (n =5) had to meet a more stringent criterion
to be included as minimally speaking. In addition to being identified as an ADOS-2 module 1
candidate, they needed to speak 20 or fewer different words across the 10 minutes of video
available. Pizzano et al. (2024) used the criterion just described to characterize children as
young as three years old as minimally speaking.

In addition to being minimally speaking, to be eligible for the study, children needed

to (1) have a confirmed diagnosis of Autism Spectrum Disorder from a qualified licenced

¢ A speech-language pathologist with over a decade of expertise in working with autistic children and trained
to administer the Autism Diagnostic Observation Schedule (ADOS-2; Lord et al., 2012).

7 This is the most commonly used criterion in the autism research literature to identify minimally speaking
children (Bal et al., 2016).
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professional [i.e., physician or psychologist],® (2) be between three and nine years old, (3)
be English-language dominant (i.e., their communication is mainly in English), (4) not use
AAC (or not use it proficiently)’ (5) not currently be receiving any AAC intervention in the
home setting, and (6) have no fine motor, visual or hearing impairments significant enough
to impact their ability to use a communication board.!°

Caregivers needed to (1) be able to speak, read, and comprehend English well
enough to participate in intervention sessions and complete questionnaires, (2) not have
received any prior formal instruction or coaching on how to support AAC use, and (3) have
access to a laptop, computer or smartphone with high-speed internet capable of hosting
video conferencing calls. Please see the flowchart provided in Figure 1 for details on
recruitment, enrollment, assignment, and attrition.

Eighteen dyads of children and their caregivers (n = 36) were screened in and agreed
to participate. Please see Table 1 for child and caregiver demographic and pre-intervention
characteristics. Given the focus of the intervention, the child’s standard score of the
Peabody Picture Vocabulary Test — 5th Edition (PPVT-5; Dunn, Douglas, 2019) was used to

assign a dyad to either the AAC-CSL or the mod-PECS group, to have a similar range of

8 Caregivers submitted a letter or diagnostic report confirming their diagnosis. One participant was on the
waitlist for an autism assessment and upon completion of the study received a formal diagnosis of Autism.
Following participation in the study, the participant received an official diagnosis of autism (as shared by the
family through personal communication). This first author confirmed behaviours consistent with an autism
diagnosis through the caregiver-child interaction videos.

9 Non-proficient AAC use, adapted from Simacek et al. (2017) was defined as the child communicating using
a total of five or fewer different communicative acts with their AAC system. For example, using a picture-
symbol to request “juice” would be counted as one bid.

19 Confirmed via the screening questionnaire submitted by caregivers and confirmed by first author during the
characterization session.
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receptive language ability in each group. Child age and sex were also keptbalanced between

the two groups.

Figure 1. Flow Chart of Enrollment, Assignment, and Attrition

Ass'e ssed for Excluded
Eligibility N=19
N =37
- Did Not Meet Inclusion
Criteria: N =8
-Declined To Participate:
N=2
-Met Inclusion Criteria But
Did Not Follow Through:
\ 4 =
N=8
Baseline
Assessments & -Made Initial Contact But
Pre-Intervention Did Not Follow Through:
. N=1
Videos and Measures
N=18
Non-Random
Assignment
N=18
\ 4 y
CSL-AAC Intervention mod-PECS Intervention
N=11 N=7
Did Not Receive Allocated Did Not Receive Allocated
Intervention: N =0 Intervention: N =0
A 4 A 4
Total At Total At Discontinued: N =1
Mid-Intervention . . Increasing spoken
N=11 Mld-ln't‘leivgntlon language intervention
Discontinued: N = 0 B hours (no time)
Mid-Intervention
Videos
N=17
\4
Post-.lrr?tt::vl::\tion Total At Discontinued: N =1
- Post-Intervention »| Relocating to another
_ N'— 1 N=5 province
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Post-Intervention

Post-Intervention . =
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Note. CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention
that uses a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication
System
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Table 1. Child and Caregiver Characteristics at Pre-Intervention

Intervention Group

CSL- mod-
NDBI? PECS®
(N=11) (N =7)
Child Characteristics M M p-value® Cohen’sd Variance
(range) (range) Ratio
Age (year;month) 6;4 5;10 0.57 0.28 1.20

(3;1-9;10) (3;1-8;0)

Receptive Vocabulary® 49 55 0.14 0.46 0.35
(40-63) (40-78)

Non-Verbal Cognition® <0.5' <0.5 0.13 0.36 3.20/
(<0.5-50)  (<0.5-10)

Social Abilities' 58 59 0.60 0.25 1.35
(50-74) (51-68)

Motor Skills® 69 70 0.90 0.05 5.02
(56-97) (59-75)
# of Direct Additional 40.9 411 0.99 0.004 1.98

Service Hours During (0-192) (0-144)
Intervention"

Child Characteristics % % p-value® Cramér’s
v

Sex

Male 81.8 85.7 1.00 <0.001

Female 18.2 14.3

Visible Minority"

Yes 45.5 57.1 1.00 <0.001

No 54.5 42.9

Previous AAC Services

Yes 45.5 42.9 1.00 <0.001

No 54.5 57.1

Current AAC Services

(outside the home)

Yes 9.1 14.3 1.00 <0.001
No 90.1 85.7




Intervention Group

CSL- mod-
NDBI? PECS®
(N=11) (N =7)
Caregiver % % p-value® Cramér’s
Characteristics "4
Sex
Male 9.1 14.3 1.00 <0.001
Female 90.9 85.7
Visible Minority"
Yes 54.6 42.9 1.00 <0.001
No 45.4 57.1
Residency
Canada <5years ago 27.2 14.2 0.81 0.15
Canada > 5 years ago 36.4 42.9
Always in Canada 36.4 42.9
Languages Spoken
1 Language 9.0 28.6 0.31 0.36
2 Languages 45.5 57.1
3 Languages 45.5 14.3
Education
High School 18.2 14.3 0.28 0.46
Bachelor’s Degree 27.3 71.4
Professional Degree 9.1 0
Master’s Degree 45.5 14.3
Employment
Employed 100 100 1.00 0
Not employed 0 0
Household Income
< $25k 18.2 0 0.18 0.65
$25k - $50k 9.1 14.3
$50k - $100k 9.1 57.1
$100k - $150k 9.1 14.3
$150k - $200k 36.3 0
> $200k 18.2 14.3

Note. Standardized tests were administered remotely. a) CSL-NDBI = consistent-symbol location-augmentative and alternative communication,
b) mod-PECS = modified version of Picture Exchange Communication System, c) p-value from t-test, d) Peabody Picture Vocabulary Test, Fifth
Edition Standard Score, e) Raven’s 2 Coloured Progressive Matrices Percentile, f) Vineland Adaptive Behaviour Scales, Second Edition, Survey
Interview Form (Vineland-ll) Socialization Domain Standard Score, g) Vineland-Il Motor Domain Standard Score, h) total number of non-home-
based direct intervention services provided over the course of this 12-week AAC intervention study. Services included in the total were speech-
language pathology intervention services, naturalistic developmental behavioural intervention, and applied behaviour analysis intervention, i)
median calculated, j) Raven’s raw scores used for calculation, k) p-value from Chi-square test, ) term used by the Canadian government to describe
a person who is non-white in colour or non-Caucasian in race (Statistics Canada, 2021), p-value significance levels: *p <.05, **p <.01, ***p <.001,
Cohen's d: avalue of 0.2, 0.5, and 0.8 indicates a small, medium, and large effect size, respectively, showing the standardized difference between
two means. Cramér's V: a value of 0.1, 0.3, and 0.5 indicates a small, medium, and large effect size, respectively, showing the strength of
association between two categorical variables.
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Design, Procedure and Materials

Data for this study was collected between May 2022 and February 2023. All steps
including the consent, child characterization, and AAC coaching sessions were
administered remotely by the first author!! on the secure video conferencing platform
Webex®, which caregiver-child dyads joined from their homes. The study was approved by
the McGill Faculty of Medicine and Health Sciences Institutional Review Board.

Before beginning the intervention, the child and their caregiver participated in a 1.5-
hour characterization session where the Raven’s Coloured Progressive Matrices (Raven’s;
Raven, 1998), the social and motor sections of the Vineland Adaptive Behavior Scales —
Survey Interview Form - 2" edition (VABS-II; Sparrow et al., 2005), and the PPVT-5 were
administered by the first author. Following this session, aresearch assistant sent caregivers
a secure link to complete all pre-intervention questionnaires on the digital survey platform
Limesurvey (Limesurvey, 2017) which were completed again at post-intervention. See
Figure 2 for a timeline for all pre-, mid-, and post-data collection.

Caregivers submitted five 5-minute videos (two at pre-intervention, one at mid-
intervention, and two at post-intervention) over the course of the study. For each video,
caregivers were given standardized instructions to record themselves with their child at
home, doing an activity or routine that the child finds enjoyable which involves some form of
communication or interaction. If the child had an AAC system, caregivers were encouraged

to haveit presentduring the recording. The two five-minute videos recorded at pre- and post-

' The first author is a speech-language pathologist and board-certified behaviour analyst who has over a
decade of experience working with minimally speaking autistic children and has experience implementing
AAC interventions including PECS for which she has completed the PECS Basics Workshop.
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intervention were recorded on the same day using two different activities.!? See Figure 2 for

a timeline of data collection.

Figure 2. Study Data Collection Timeline

Pre-Intervention Mid-Intervention Post-Intervention

Caregiver-Child Video X 2 Caregiver-Child Video Caregiver-Child Video X 2
(1 day - 3 wks before tx) (6 - 8 wks after 1st session) (1 - 3 wks after tx)

T

|
Intervention Sessions

C Questionnaires \ | 1-hourindividual remote / Questionnaires )

(1 - 2 wks before tx) / g coaching e =\ (1 - 3 wks after tx)

median = 12 sessions
Child Characterization Session
(1 - 2 wks before tx)

(range =9 -12)
Note. tx = intervention, wks = weeks

Vocabulary Package. Following recommendations put forth by Laubscher and Light (2020),
a majority of vocabulary items (n = 408) included in the standard set came from a
developmentally-informed source, the vocabulary checklists of the MacArthur-Bates
Communicative Inventories: Words & Gestures and Words & Sentences (Fenson et al.,
2007). In addition, caregivers completed the Vocabulary Selection Questionnaire for
Preschoolers Who Use Augmentative and Alternative Communication (Fallon et al., 2001).
Responses were used to create up to 40 additional personalized picture-symbols that were

added to their child’s individualized package.

12 At post-intervention, one participant from the CSL-NDBI group, submitted one 10-minute video of one
activity.
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For both intervention groups, the package included an 11.75 X 9.75-inch,1-inch-wide
white binder and a standard set!'® of 423 (1 X 1 inch) AAC symbols, hereafter referred to as
picture-symbols. Most of the picture-symbols were created using the PICS for PECS© image
collection (e.g., coloured line drawing of a cat with the word “cat” written above). Coloured
borders using the modified Fitzgerald Key (e.g., a green border was added to picture-
symbols representing a verb) were added to each picture-symbol (Fitzgerald, 1929; Thistle
& Wilkinson, 2009). See Figure 3 for examples of picture-symbols. Packages also included

additional Velcro, glue tape, and a smartphone tripod.

Figure 3. Picture-Symbol Examples

cat blow blue

=
&

by

AAC Board versus mod-PECS Binder. The front cover of the CSL-NDBI participants’ AAC
board had a 70-box grid (a 10 X 7 grid with 1 X 1-inch boxes) under the binder’s plastic cover.
On top of the plastic cover, a piece of Velcro was placed in the centre of each box. The 70-
box grid was pre-filled with 18 picture-symbols. Below the grid was a laminated beige carton

strip with Velcro on it (hereafter referred to as the sentence strip). Four additional pages

13 Each caregiver-child dyad in the CSL-NDBI intervention group was sent two copies of the standard set (i.e.,
one was the Velcro set and the other was the Shadow set). See AAC Board versus mod-PECS binder for further
details.
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were provided inside with 7 X 7 grids (with 49 boxes per page, making 266 boxes in total).
These pages were left blank. To ensure the picture-symbols were kept in the same location,
all picture-symbols had two copies: Velcro and Shadow. The Velcro picture-symbol had a
piece of Velcro on the back, whereas the Shadow picture-symbol did not. For a given
location, the Shadow picture-symbol was placed under the plastic cover, whereas the
Velcro picture symbol was placed directly on top of it, attached to the Velcro on the plastic
cover. See the figures forimages of the CSL-NDBI front cover for Figure 4a — without Velcro
picture-symbol where the Shadow image underneath can be seen and Figure 4b — with
Velcro tiles affixed. In most cases, children exchanged the Velcro picture-symbols to

communicate with their caregiver.

Figure 4. Front Cover of AAC Board

a) Shadow picture-symbols b) Velcro picture-symbols

g 100 100000
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The front cover of the mod-PECS binder was modelled off the binder shown in the

Picture Exchange Communication System Training Manual — Second Edition on page 63
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(Frost & Bondy, 2002). The front cover had four strips of Velcro running from the top to the
bottom of the binder with a sentence strip at the bottom. Four additional inside pages three
strips of Velcro per page were also included. The cover and inside pages were left blank. See

Figure 5 for an image of the front cover of the mod-PECS binder.

Figure 5. Front Cover of mod-PECS Binder

Naturalistic Developmental Behavioural AAC Intervention that Uses a Consistent-

Symbol Location Design (CSL-NDBI)

Children were taught to use their AAC boards using a consistent-symbol location
design (Dukhovny & Thistle, 2019) whereby picture-symbols remained in the exact same
location (i.e., same box in the grid) throughout the intervention. As previously mentioned,
the AAC board was pre-filled with 18 picture-symbols (see Figure 4b), but as intervention
progressed, additional picture-symbols were added to the board. See Figure 6. The first
author who acted as the caregiver coach for all dyads, encouraged the addition of picture-
symbols that were specific to the child’s interests (e.g., Peppa Pig) but, when possible, also

developmentally informed (e.g., go). See Table 2 for front cover picture array size of each
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CSL-NDBI participants’ AAC boards at pre-, mid-, and post-intervention (contrasted with
those of the mod-PECS participants).'

Table 2. Front Cover Picture-Symbol Array Per Participant During Each Five-Minute
Caregiver-Child Interaction Video

CSL-NDBI® (n = 11) Mod-PECS® (n = 7)

ID°  Pre? Mide® Post' ID Pre Mid Post
1 0 39 55 6 0 1 20
2 0 42 70 7 13¢ 1 2
3 0 38 31 8 0 n/al n/al
4 3¢ 43 35 9 0 1 1
5 0 67 n/a" 11 0 1 1
10 O 31 70 12 0 1 n/aj
14 O 24 51 13 0 1 1
15 0 21 46
16 O 18 58
17 0 31 49
18 66¢ 33 47

Note. picture array = number of picture-symbols displayed on child’s AAC board or mod-PECS binder during five-minute
caregiver-child interaction. Reminder: picture-symbols are always kept in a consistent-location in the CSL-NDBI condition
(not in the mod-PECS condition. This table was created using a combination of study data: snapshots from videos, photos
of the AAC board or mod-PECS binders provided by caregivers at post-intervention, and intervention session logs. a) CSL-
NDBI = consistent-symbol location augmentative and alternative communication intervention, b) mod-PECS = modified
version of Picture Exchange Communication System, c) ID = participant identification number, d) pre = pre-intervention, e)
mid = mid-intervention, f) post = post-intervention, g) child’s current AAC system not was not used independently or
consistently, h) not applicable as video not submitted, i) child reached the end of phase 3b, therefore picture-symbols
began to be placed in consistent location in their binder, j) not applicable as participant dyad dropped out.

14 Please see supplemental section 3, Table S3 for final total picture count for all participants in both
conditions at post-intervention.
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On the front cover, picture-symbols
were grouped according to their border colour
(e.g., all green-bordered picture-symbols, and
verbs, were placed together) and organized
from left to right in subject-verb-object order.
The front cover was where most picture-
symbols were added for quick access but the
additional inside pages were sometimes used
to group picture-symbols according to activity
or category (e.g., outdoor activities, animals,
colours, body parts).

When two similar picture-symbols
(e.g., on and off) were added to the
communication board,!> they were placed
diagonal to each other (or in a top-bottom
visual

arrangement) to support

discrimination. During the intervention,
suspected selection errors (i.e., when a child
is suspected to have chosen the wrong
picture-symbol) were tracked whereby the

caregiver coach documented in her session

Figure 6. Example of Picture-Symbol
Additions Over the Course of
Intervention in the CSL-NDBI Condition

Intervention Session 1
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Intervention Session 12
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15 Most picture-symbols were visually distinct from each other, so this type of placement was rarely needed.
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log each instance where a child's observed behavior conflicted with the selected picture-
symbol. Forexample, hypothesizing it was a request for a hug, the child selected the picture-
symbol for Hug but then pushed the caregiver away when one was offered). If a suspected
selection error occurred multiple times with a specific picture-symbol, the coach would
encourage the caregiver to increase the number of practice opportunities devoted to this
picture-symbol where the caregiver would be instructed to provide a supportive cue (i.e.,
prompt) to help the child select the accurate picture-symbol. In the very rare event that a
suspected selection error persisted, the coach would recommend moving the picture-
symbol to another location or switching it out for another more visually distinct picture-
symbol. Over the course of intervention, the coach only recommended moving two picture-
symbols for one participant (who had a final total of 47 picture-symbols on the front cover
of his communication board).

During the first intervention session, the coach supported the caregiver in choosing
an AAC communication goal to target with their child. The coach supported goal selection
by guiding the caregiver to choose a goal that was related to the child’s interests/motivation,
and current developmental level, and would address a gap in their communicative
repertoire (e.g., protesting a non-desired item or activity, requesting using verbs, initiating
where questions). Information from the Vocabulary Selection Questionnaire (Fallon et al.,
2001), the child participant’s baseline assessment measure results (collected during the
child characterization session), and the pre-intervention videos and questionnaires were

reviewed in advance by the caregiver coach to help guide the discussion.
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In addition to using a consistent-symbol location design, the CSL-NDBI intervention
used strategies consistent with Naturalistic Developmental Behavioural Interventions
(NDBI; Schreibman et al., 2015). Specifically, the following strategies which are common
components of NDBIs, were used in the CSL-NDBI intervention: arranging the environment
to promote communication, following the child’s lead/motivation to create opportunities to
use their AAC board, using prompts to support learning and fading them as independence
emerges, providing reinforcement that directly relates to the context (i.e., natural
reinforcement), and structuring AAC practice opportunities within antecedent-behaviour-
consequence sequence. The main objective was to create opportunities for the child to
practice the use of their AAC board. Also, to encourage the maintenance of communication
abilities already in the children’s repertoires (e.g., saying the word Help to request
assistance or shaking/nodding their head in response to a yes/no question), caregivers were
encouraged to reinforce/follow through on any clear communicative bids. See
supplemental materials section 1 for the caregiver mastery checklist for the CSL-NDBI
intervention condition.

To respect the child’s bodily autonomy as much as possible, physical prompting was
avoided as much as possible. Caregivers were instructed to point using their index finger
(paired with an open hand) to prompt a picture-symbol exchange (i.e., AAC act). If this cue
was unsuccessful, a hand-over-hand physical prompt was used sparely and only if the child
assented (i.e., did not show any signs of discomfort when the adult contacted and moved
their hand). In the rare event when a physical prompt was used and the child showed

obvious signs of discomfort, the physical prompt was immediately discontinued, and the
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child practice opportunity was terminated (e.g., if the child was making a request, the
request item or activity was given to them with no need to exchange the corresponding
picture-symbol). The practice opportunity was re-attempted using a less invasive, positional
prompt (i.e., moving the AAC board closer to the child) while also providing the index finger
point/open hand prompt. This prompt strategy was also used in the mod-PECS intervention
condition (i.e., modified to replace the immediate and sole use of hand-over-hand physical
prompting).

Finally, if a child demonstrates an interest in communicating something that was not
currently on their AAC board, caregivers in the NDBI condition added the new picture-
symbol(s). If this situation occurred in the mod-PECS condition, caregivers would switch out
the current picture-symbol request for another picture-symbol that corresponded to their

child’s new request.

Modified Picture Exchange Communication System Intervention

All children in the mod-PECS condition were taught to use their PECS binders as
described (with a few small modifications), in the PECS training manualworking in sequence
through six possible phases (Frost & Bondy, 2002). In addition to the modified prompting
strategy described in the previous section, during Phase 1, the picture-symbol was
displayed on the front cover of the binder, as was done in Phase 2, rather than being
displayed on its own. This modification was introduced to give children more practice in

removing the Velcro-attached picture-symbol from the cover.
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A child needed to demonstrate the skill(s) required of each phase (as described in
the PECS Training Manual) at a level of 80 percent or more during two sessions with at least
three different picture-symbols before the next phase was initiated. Regardless of the phase
the child had attained when a new picture-symbol was introduced, the caregiver was
instructed to complete a few practice opportunities of each phase (starting with Phase 1)
with the new picture-symbol. Of the five children in the mod-PECS condition who completed
the study, two mastered Phase 2, one mastered Phase 3a, one mastered Phase 3b, and one
participant did not master any phases. Please see supplemental materials section 4,
Table S4 for full details.

In contrast to the CSL-NDBI condition (see previous section for further details), visual
discrimination was explicitly taught in Phases 3a and 3b. As mentioned in the introduction,
in Phase 3a, the children were taught to discriminate between picture-symbols
corresponding to their preferred item or activity and a distractor picture-symbol (e.g., sock)
within the context of a request. If a child selected the corresponding picture-symbol, they
were given the preferred item whereas if they selected the distractor picture-symbol, a four-
step error correction sequence was completed which culminated in the child receiving the
desired item (as described on pg 128; Frost & Bondy, 2002). Similarly, in Phase 3b, children
were taught to discriminate between multiple preferred picture-symbols when making a
request. Another distinct four-step error correction sequence was used (as described on pg
139; Frost & Bondy, 2002).

Given the remote nature of the study and the availability of only one caregiver to

participate for several reasons (e.g., single-parent household), the procedures in the first
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two phases were modified to have the caregiver take on both the communication partner
and secondary prompter roles, as opposed to having two different people take on eachrole.
See supplemental materials section 2 for the caregiver mastery checklists for the mod-

PECS intervention condition.

Caregiver Coaching Dosage, Session Structure, and Approach

Apart from the two dyads that dropped out after the fourth and fifth sessions
respectively, each dyad received between nine and twelve one-hour individual coaching
sessions (median = 12 sessions) from the first author who acted as the caregiver coach for
both intervention conditions. Coaching sessions took place on Webex®, with the caregiver
and their child logging on from their home.

At the start of each intervention session, the caregiver and the coach checked in. The
caregiver provided feedback on how their AAC intervention implementation went over the
past week and took the opportunity to ask the coach any questions or to problem-solve any
challenges related to implementation. Based on the previous session and check-in, the
coach and the caregiver decided on a “focus” strategy for the session (i.e., a strategy that
the caregiver needed more practice) and set up for the session. Once the environment was
set up, the caregiver began engaging with their child to promote AAC use. Once practice
concluded, the caregiver and coach did a final check-in where they debriefed on how the
session went and discussed how the caregiver should apply the “focus” strategy at home

during the coming week. The coach monitored the caregiver’s skill acquisition using an in-

75



session monitoring checklist that was updated at the end of each session. See
supplemental materials Section 5 for the monitoring checklists.

To coach the caregiver on the “focus” strategy, the caregiver coach used a Behaviour
Skills Training informed approach (M. Parsons et al., 2012) whereby she first verbally
described the focus strategy, modelled it using her own AAC board or mod-PECS binder,
and allowed the caregiver to practice the strategy while providing live feedback (e.g., both
positive and constructive). In addition, the caregiver coach incorporated components of
Rush and Shelden’s Early Childhood Coaching approach (Rush & Shelden, 2020) which was
used by Vismara et al. (2018) who carried out a remote caregiver-implemented NDBI
intervention with young autistic learners. Coaching skills such as acknowledging the
caregiver’s existing knowledge, interacting in a non-judgemental manner, and providing

balanced positive and constructive feedback were included.

Caregiver Coaching Procedural Integrity Checks

Before commencing coaching the CSL-NDBI and mod-PECS interventions, the coach
(i.e., the first author) developed a caregiver implementation mastery checklist for each
condition. In addition, she took the PECS Knowledge Test to verify her knowledge base
(obtained a score of 100 percent) and reviewed and practiced the first four phases as
outlined in the PECS training manual (with modifications).

Following each intervention session, the coach completed a brief self-assessment
checklist to evaluate her coaching skills. Given the overlap between the Behaviour Skills

Training and the Rush and Sheldon coaching approaches, the Coaching Practices Rating
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Scale from the Early Childhood Coaching Handbook (p.290, appendix 9A; Rush & Shelden,
2020) was used. This checklist was comprised of 10 items. See supplemental materials
Section 6, for the coaching checklist. Self-assessment of coaching skills was 91 percent

across all intervention sessions.

Primary Outcome Measures
Caregiver Implementation Mastery

Intervention mastery was assessed by a speech-language pathologist with expertise
working with autistic children who use AAC, including PECS, and who has completed the
PECS Basics Workshop. She was naive to timepoint and research questions/hypotheses.!®
Implementation mastery was assessed using a checklist. The CSL-NDBI implementation
mastery checklist was developed by the first author. See supplemental materials section
1. For PECS, using the Picture Exchange Communication System Second Edition Training
Manual - 2" Edition (Frost & Bondy, 2002), the first author and the speech-language
pathologist developed implementation mastery checklists for PECS Phases 1, 3a, and 3b
(i.e., the phases that the caregiver opted to implement in the recorded videos. Phase 2 was
not implemented during any recording). See supplemental materials section 2.

Using the appropriate mastery checklist, the naive speech-language pathologist
rater reviewed a video and assessed the correct application of a set of pre-determined

strategies by assigning each strategy as observed (+), not observed (-) or not applicable

16 As she has prior knowledge of PECS and AAC in general and was tasked with assessing implementation
mastery, she could be not naive to what AAC intervention she was assessing.
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(N/A). The number of observed strategies was summed and divided by the total number of
strategies to generate the percent mastery for the video. For each session, the caregiver was
assigned an implementation mastery category of Not Competent (0-49 percent), Emerging
Competence (50-79 percent), Competent (80-99 percent), and Highly Competent (100
percent). The naive speech-language pathologist rater assessed atotal of 50 videos. The first
author acted as a second rater to assess the reliability of 32 percent of these (i.e.,16 videos).
For both main and reliability coding, the first author ensured an equal distribution of
timepoint and intervention group. Inter-rater reliability indicated substantial agreement with
a Cohen’s Kappa of 0.79 (percent agreement = 97.5 percent).

Two five-minute caregiver-child videos were recorded at pre- and post-intervention.
At the mid-intervention, only one 5-minute video was recorded. To ensure an equivalent
sampling across each timepoint, the video with the highest percentage of implementation

mastery!” was chosen to represent the pre- and post-intervention timepoints.

Child AAC Variables Observed

The same set of videos used to assess caregiver implementation mastery was also
used to calculate the following: (1) total number of prompted/supported AAC acts (i.e.,
number of times the child used their AAC system with support from their caregiver), (2) total

number of independent AAC acts (i.e., humber of times the child used their AAC system

7When the percent mastery was the same across both videos, the first video was chosen. In addition, two
participants had only pre-intervention one video each that was recorded with the “target” caregiver (i.e., the
caregiver who completed the coaching). Therefore, for these two participants, the “target” caregiver videos
were used for analysis.
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without support from their caregiver), (3) mean length of an AAC “utterance” (i.e., average
number of symbols used in an AAC act), and (4) total number of different AAC picture-
symbols. The total number of prompted/supported AAC acts was included as an outcome
variable, considering both the child and their caregiver had minimal to no exposure to AAC
and the intervention was only 12 one-hour caregiver coaching sessions.

All AAC variables were coded by three coders (two psychology undergraduates and
one doctoral student) naive to timepoint, condition, and research questions/hypotheses.
The AAC coders reviewed a training manual developed by the first author and then practiced
coding training videos as a group and then individually until they achieved at least 80 percent
agreement with the first author for a minimum of two training videos. The coders used ELAN
- Linguistic Annotator software (Hellwig & Sloetjes, 2022) to code 16 to 17 videos each. (i.e.
two coders coded 17 videos each, one coder coded 16 videos). Fourteen videos (28 percent)
were double-coded to check for reliability. Each of the three coders acted as a reliability
coder for four to five videos each (i.e. two coders coded five videos each for reliability, one
coder coded four videos for reliability). For both main and reliability coding, the first author
ensured an equal distribution of timepoint and intervention group.

The intra-class coefficient for the quantity of AAC acts was 0.99 (percent agreement
=93.8 percent) which indicates almost perfect agreement. The Krippendorf’s alpha value for
evaluating each AAC act as independent or prompted was 0.78 (percent agreement = 93.0
percent). Finally, the Krippendorf’s alpha value for labelling the picture-symbol(s) used in

each AAC act was 0.62 (percent agreement = 86.7 percent).
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For each video, the coder identified all occurrences of the child AAC use (i.e., when
a child removed the Velcro picture-symbol from their AAC board or PECS binder and placed
it in their caregiver’s hand). In addition, for each occurrence, the coder wrote the
corresponding label of the picture-symbol (e.g., wrote “water” for the picture-symbol water)
and the number of picture-symbol(s) used in the AAC “utterance”. Finally, for each identified
AAC act, the coder specified if the act was completed independently or with the support of
the caregiver (i.e., was prompted). A support/prompt was defined as a hint or cue provided
by the caregiver to encourage, facilitate or support the child in using their AAC board or PECS
binder. Promptsranged from an explicit cue such as averbalinstruction (e.g., “Use your AAC
board or PECS binder.”) to a more subtle hint such as a positional prompt (e.g., The caregiver
looks expectantly and nudges the AAC board or PECS binder in the direction of the child to
encourage AAC use).

Finally, the same naive speech-language pathologist who rated the caregiver’s
intervention implementation mastery (see caregiver implementation mastery section in
methods for details) also evaluated the AAC acts for suspected selection errors across the
entire video set for both the CSL-NDBI and mod-PECS conditions. A suspected selection
error was defined as an instance where a child's behaviour did not correspond with the
picture-symbol they had just selected (e.g., the child selects the picture-symbol water, the
caregiver hands the child a glass of water, the child pushes the glass of water away). If a
suspected selection error was observed, the speech-language pathologist coded the AAC
act as a suspected selection error in the corresponding ELAN file. When the AAC data were

extracted from ELAN, all AAC acts coded as being suspected selection errors were
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subtracted and not included. See Table S7 in the supplemental section 7 for the number

of suspected selection errors coded across each video.

Child AAC Variable Reported

To complement our video-based observational measures, caregivers completed a
modified version of the Checklist of Communicative Functions and Means (CCFM;
Wetherby, 1995): the Ways and Reasons Checklist (Hearing and Speech Nova Scotia, 2010)
at pre- and post-intervention. This was done to capture changesin child AAC use asreported
by their caregiver.

Both the CCFM and the Ways and Reasons Checklist were designed to profile the
early developing communicative functions a child engages in (e.g., requesting actions) and
the means they use to communicate it (e.g., requesting actions by saying single words). The
CCFM contains 12 functions and 17 means whereas the Ways and Reasons has 16 functions
and 10 means. The Ways and Reasons Checklist was chosen as it included picture-symbol
as an option for a communicative way and allowed caregivers to report on a larger number
of communicative reasons compared to the CCFM.

The Ways and Reasons Checklist is presented in a grid format where the caregiver is
instructed to review each reason (e.g., protests) and when applicable, check off the primary
way their child uses to communicate it (e.g., protests by engaging in pre-symbolic
behaviours). If their child did not use any way to communicate a reason, they selected the

not yet/does not do option. See supplemental materials section 8.
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The results of this checklist are typically used to profile the communicative repertoire
of a child and support the selection of intervention targets. For our study, the Ways and
Reasons Checklist was plotted and descriptively analyzed. Picture-symbol use from pre- to
post-intervention across each condition were discussed. All communicative ways primarily
communicated through gestures, picture-symbols, or spoken word(s) were added together
to make a Social Function Total that was compared from pre- to post-intervention and

across groups at each timepoint.

Secondary Outcome Measures
Potential Negative Emotional Impact of Intervention on the Child

Given the absence of a direct measure of intervention acceptability from the child,
three sub-scales from the emotional distress domain (i.e., anxiety, psychological stress,
and anger) of the Patient-Reported Outcomes Measurement Information System - Autism
Battery - Youth (PAB-Y; Graham Holmes et al., 2020) taken at pre- and post-intervention
were plotted and analyzed. The sub-scales were filled out by the child’s caregiver and
allowed for monitoring of any significant negative change in the emotional state of the child
from pre- to post-intervention, which could potentially be attributed to participation in
intervention.

The PAB-Y is a part of the PROMIS Autism Battery-Lifespan (PAB-L) and was
assembled by Graham-Holmes et al. (2020) using the National-Institutes of Health’s
Patient-Reported Outcomes Measurement Information System (PROMIS) measures. The

PAB-Y covers various domains of functioning, can be used with people on the autism

82



spectrum from five to 17 years old (via caregiver proxy or self-report), and allows for
comparison with the general population norms.

Despite five participants being under five years old (3;1 to 4;11), we chose the PAB-Y
measure due to its broad applicability and unique strengths. The PAB-Y provides
comprehensive insights into quality of life (QoL) aspects that other tools often lack, covering
areas such as social relationships and emotional well-being. While not specifically
validated for children under 5, the robustness and relevance of this measure to our
population justified its use across the broad age range of our sample (3;1 to 9;11). We will
interpret our results with this limitation in mind and exercise caution in drawing conclusions
for the younger participants.

The PAB-Y (n = 106 items) is comprised of four domains one of which is emotional
distress. Most items are rated on a five-point Likert-type scale. Many scales range from (1)
"never" to (5) "always ". Emotional Distress (n = 27 items) is made up of the constructs of
anger (n = five items), anxiety (n = eight items), psychological stress (n = eight items), and
depression (n = six items). Each construct is scored individually to generate a T-score (M =
50, SD = 10). A higher T-score indicates a stronger presence of that specific quality-of-life
indicator (e.g., higher T score for anxiety = lower quality of life).

Intervention Acceptability

At post-intervention, caregivers filled out the Treatment Acceptability Form - Revised
(TAF-R; Reimers & Wacker, 1992). Sixteen of the 21 items use a seven-point Likert-type scale
ranging from (1) "not at all acceptable" to (7) "very acceptable”. The other five items are

reverse-scored. Higher scores indicate higher levels of satisfaction. As was done in Simacek
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et al. (2017) and Suess et al. (2014), the TAF-R instructions and items were revised to focus
on the theme of AAC intervention and communication. In addition, six additional Likert-
scale questions were added to allow the caregivers to rate specific aspects of the
intervention (e.g., duration, format, setting). Finally, an optional open-ended question was
added at the end to allow caregivers to give their overall impressions of the intervention.
Caregiver Self-Efficacy

Given that this AAC intervention study was implemented by caregivers, we
investigated their perception of self-efficacy in supporting their child’s communication
difficulties. At pre- and post-intervention, caregivers completed the Parental Sense of
Competence Scale (PSOC; Gibaud-Wallston, 1978), which consists of 17 items examining
caregiver role satisfaction, efficacy, and interest on a six-point Likert scale (i.e., (1) “strongly
agree” to (6) “strongly disagree”). Higher scores (maximum possible total score = 102)
indicate higher ratings of caregiver self-efficacy. Following the methods used by Ingersoll et
al. (2016), the total score of the PSOC was used to assess caregivers’ perceived ability to
support their child's communication skills.
Caregiver Stress and Positive Perception of their Child

The Family Impact Questionnaire - Revised (FIQ-R; Donenberg & Baker, 1993) was
completed by caregivers to report any change in stress and the positive perception they have
of their minimally speaking autistic child from pre- to post-intervention. The questionnaire

has 50 items. Most items are rated on a four-point Likert-type scale ranging from (1) "not at
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all" to (4) "very much".'® The FIQ-R’s items are grouped into six sub-scales: the impact their
child has on their social life, stress levels, finances, relationship with their partner and
siblings (if applicable), and general feelings and attitudes towards the child. All items from
the social life and feeling/attitudes subscales (n = 8 items) were averaged to generate a
mean Positive Perception of Child rating. All stress related items (n = 10 items) were
averaged to create a mean Caregiver Stress rating (procedure taken from Ingersoll et al.,
2016). Higher scores for caregiver stress indicate a greater negative child impact, whereas
higher scores for positive perception reflect a greater positive child impact.

Child Quality of Life

Improvement of quality of life (as opposed to improvement in autism diagnostic
symptomology) has been identified as a valued outcome by autistic people and their
families (Ne’eman, 2010; Pellicano et al., 2014; Robertson, 2009). Therefore, we explored
the potential impact of intervention on child quality of life using the PAB-Y (Graham Holmes
et al., 2020) that was filled out by the child’s caregiver at pre- and post-intervention.

The PAB-Y is comprised of four domains: social functioning, subjective well-being,
health, and emotional distress. Each domain is further divided into separate constructs.
Social functioning (n =15 items) is made up of two constructs: peer (n = seven items) and
family (n = eight items) relationships. The Subjective Well-Being domain (n = 24 items)
contains three constructs containing eight items each: life satisfaction, positive affect, and

meaning & purpose. The health domain (n =40 items) has five constructs: sleep disturbance

¥ The two remaining items are rated using two different seven-points scales: one ranging from (1) "much
easier" to (7) "much more difficult" and the other ranging from (1) "much less positive" to (7) "much more
positive”.
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(n = eight items), sleep impairment (n = eight items), physical activity (n = eight items),
cognitive function (n = seven items), and global health (n = nine items). Finally, the emotional
distress domain (n = 27 items) is made up of the constructs of anger (n = five items), anxiety
(n = eight items), psychological stress (n = eight items), and depression (n = six items). See
the above section Potential Negative Emotional Impact of Intervention on the Child for
further details on the PAB-Y.

Given the purpose of this study (i.e., testing the effectiveness of a 12-week AAC
intervention), the subjective well-being, social functioning, and emotional distress domains
will be reported. All T-scores from each construct within a domain were averaged to obtain

the mean T-score per domain.

Results
Imputation of Missing Data for Intervention Efficacy Analyses

Two caregiver-child dyads in the mod-PECS group withdrew from the study and one
dyad from the CSL-NDBI group did not submit their post-intervention video recordings.
Given the small sample size, rather than removing their data, an intention-to-treat analysis
(Armijo-Olivo et al., 2009) was carried out. The missing data points were imputed using data
fromthe prior available timepoint (i.e., pre- or mid-intervention, when post-intervention data
was missing), referred to as the Last Observation Carried Forward method (Shao & Zhong,
2003).

Given the descriptive nature of the analysis, data from the Ways and Reasons

Checklist was plotted and descriptively analyzed using only participants that completed the
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measure at both pre- and post-intervention (CSL-NDBI n = 10, mod-PECS n = 5). As the
intervention acceptability questionnaire was only collected at post-intervention, no
imputation was completed. This analysis included a total of 16 responses (CSL-NDBIn =11,
mod-PECS n = 5). All other analyses included the full sample (CSL-NDBI n =11, mod-PECS

n=7).

Analysis Plan

Before analysis, all outcome variables were assessed for normality within each
group. Plots were visually inspected and Shapiro-Wilk tests, commonly used to assess
normality for small to moderately-sized samples, were carried out (Ghasemi & Zahediasl,
2012; Rani Das, 2016). The assumption of equal variance between groups was also tested.
Primary caregiver and child variables and intervention acceptability outcome variables were
not normally distributed, therefore non-parametric tests were employed except as indicated
below.

We went beyond basing our results on a p-value alone by also calculating and
reporting the appropriate measure of effect size (Kraft, 2020). Interpretation of each type of
effect size used in this study can be found in Table S9 in supplemental materials, section
9. Large or greater effect sizes were discussed and interpreted regardless of the p-value’s
significance level (Bakker et al., 2019).

For variables sampled at pre-, mid-, and post-intervention, taken from the caregiver-
child interaction videos, a Friedman test was used to examine within-group change over the
three timepoints. Kendall’s coefficient of concordance (i.e., Kendall’s W) was used as a

measure of effect size. Variables sampled at pre- and post-intervention were analyzed using
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Wilcoxon signed-rank tests, with a rank bi-serial correlation (i.e., r) reported as an effect
size.

Statistical comparisons between the two intervention groups at pre-, mid-, and post-
intervention were analyzed using a Mann-Whitney U test with continuity correction, with
effect size reported using Cliff’s Delta (i.e., d). Interpretation will focus on the mid- and post-
intervention timepoint.

The secondary outcome variables of caregiver self-efficacy, stress, positive
perception of their child, and most child quality of life domains'® were normally distributed
and had equal variance between groups. For these variables, repeated measures ANOVAs

were employed. Generalized Eta squared (i.e., 112) is reported as an effect size.

Primary Outcome Variables
Caregiver Implementation Mastery

In looking at Figure 7 at pre-intervention, most (i.e., 13 out of the 18) caregivers in
both intervention groups had a percent mastery under 50 percent, categorizing them as Not
Competent. The other five caregivers were categorized as Emerging Competence (i.e., 50 to
79 percent) with a percent of mastery that fell between 50 to 55.5 percent. At mid-
intervention, the percent mastery was variable with a range of 42.8 to 100 percent for the
CSL-NDBI group and 0 to 100 percent for the mod-PECS group. Finally, at post-intervention,

a majority of all caregivers across both groups (i.e., 13 out of 15) were categorized as either

19 The child quality of life domain of Emotional Distress was normally distributed but did not have equal
variance between the two intervention groups. Therefore, a linear mixed effect model was used to analyze
this variable instead of a repeated measures ANOVA.
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Competent (80 to 99 percent) or Highly Competent (100 percent) with the two remaining
participants categorized as Emerging Competence (i.e., 66.6 percent for one participant in

CSL-NDBI group, 77.7 percent for one participant in mod-PECS group).

Figure 7. Caregiver Percentage of Implementation Mastery Across Group and Timepoint

% Implementation Mastery

Pre Mid Post
Timepoint

Group: B¥ CSL-NDBI B8 mod-PECS

Note. red dashed line = borderline between the mastery rating of Not Competent and Emerging Competence, blue dashed
line = borderline between the mastery rating of Emerging Competence and Competent, pre = pre-intervention, mid = mid-
intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative
communication intervention that uses a consistent-symbol location design group, mod-PECS = modification of Picture
Exchange Communication System group

Differences Over Time. From pre-, mid- and post-intervention, there was a significant
increase in caregiver implementation mastery (x’(2, n=11) = 17.66, p = 0.0002, Kendall’s W
= 0.80) in the CSL-NDBI intervention group. Kendall’s W effect size was large. For the mod-
PECS intervention group, the increase in implementation mastery was trending towards

significance with a medium effect size (x*(2, n=7) =5.33, p = 0.07, Kendall’'s W = 0.38).
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Differences Between Groups. There were no significant differences between the two
intervention groups at pre-intervention (U = 53.5, p = 0.18, 8 = 0.39). Therefore, we see that
in both groups caregivers had similarly low levels of mastery at the beginning of intervention.
However, at mid-intervention, the CSL-NDBI group percent implementation mastery was
significantly higher than the mod-PECS group’s (U=62.0, p=0.03, 5 =0.61, large effect) and
marginally significant at post-intervention (U=56.0, p=0.10, 8 =0.46, medium-large effect).
Though the CSL-NDBI group showed significantly stronger mastery at mid-intervention, both
groups increased implementation mastery throughout intervention where a majority of
caregivers in both groups achieved a level of competence, allowing for the interpretation of

changes in child AAC variables due to intervention effects.

Child AAC Variables Observed
1) Prompted/Supported AAC Acts

The medians and ranges for each intervention group showed a sizable increase in
prompted/supported AAC acts from pre- to mid-intervention. From mid- to post-
intervention, the CSL-NDBI group made a small increase in prompted/supported AAC acts
whereas the number decreased in the mod-PECS group from mid- to post-intervention. See

Figure 8.
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Figure 8. Box Plot of Total Prompted/Supported AAC Acts Across Group and Timepoint
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Note. pre = pre-intervention, mid = mid-intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental
behavioural augmentative and alternative communication intervention that uses a consistent-symbol location design
group, mod-PECS = modification of Picture Exchange Communication System group

Differences Over Time. Across the three timepoints, both the CSL-NDBI [X*(2, n=11) =
16.55, p =0.0003, Kendall’s W =0.75] and mod-PECS [)(2(2, n=7)=9.36, p =0.009, Kendall’s
W = 0.69] had large and significant increases in prompted/supported AAC acts.

Differences Between Groups. There were no significant differences detected in
prompted/supported AAC acts at pre- (U = 36.5, p = 0.80, & = 0.05) and mid-intervention (U
=42.0, p = 0.78, 8 = 0.09). However, at post-intervention, children in the CSL-NDBI group
produced a significantly larger number of prompted/supported AAC acts compared to the

mod-PECS group (U=67.5, p=0.009, 6 =0.75).
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2) Independent AAC acts

Medians and ranges for each group at each timepoint can be visualized in Figure 9.
The median independent AAC acts for the CSL-NDBI group was zero (range = 0-5) at pre-
intervention, zero (range = 0-1) at mid-intervention, and zero (range = 0-3) at post-
intervention. The medians and ranges for the mod-PECS group were zero (range = 0-1) at pre-
intervention, two (range = 0-6) at mid-intervention, and three (range = 1-9) at post-
intervention.

Figure 9. Box Plot of Total Independent AAC Acts Across Group and Timepoint

10-

# Independent AAC Acts
(6}

Pre ' ' Mid ' ' Post
Timepoint

Group: EE CSL-NDBI| @ mod-PECS

Note. pre = pre-intervention, mid = mid-intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental
behavioural augmentative and alternative communication intervention that uses a consistent-symbol location design
group, mod-PECS = modification of Picture Exchange Communication System group

Difference Over Time. There was no significant difference in the CSL-NDBI group [X*(2,

n=11)=2.24, p = 0.33, Kendall’s W = 0.10] across the three timepoints. However, it is worth
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noting that the mod-PECS group’s total number of independent AAC acts was trending
towards significance [X°(2, n=7) = 4.78, p = 0.09, Kendall’s W = 0.34].

Difference Between Groups. Comparisons between groups at each timepoint did not
reveal any significant differences (pre-intervention: U = 37, p = 0.87, 8 = -0.04, mid-

intervention: U=24,p=0.17, 8 =-0.38, post-intervention: U =23, p =0.14, 8 =-0.40).

3) Mean Length of AAC Utterance

As AAC acts increased (see earlier sections in the results), the mean length of AAC
utterance also increased. Children in both groups began producing AAC acts that were, for
the most part, one picture-symbol in length. However, one child in the mod-PECS group at
mid-intervention and two children in the CSL-NDBI group at post-intervention began
producing AAC acts that were two picture-symbols in length. The medians and ranges for

each group at each timepoint are reported in Table 3.

Table 3. Medians and Ranges of Mean Length of AAC Utterance Across Group and Timepoint

CSL-NDBI® Mod-PECS"

median (range) median (range)

Pre° Mid¢ Post® Pre Mid Post
0(0-1) 1(0-1) 1(1-1.17) 0(0-1) 1(1-1.25) 1(1-1)

Note. a) CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention
that uses a consistent-symbol location design group, b) mod-PECS = modification of Picture Exchange Communication
System c) pre = pre-intervention, d) mid = mid-intervention, e) post = post-intervention
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Differences Over Time. Both the CSL-NDBI and mod-PECS groups made significant
increases in the mean length of AAC utterance [CSL-NDBI: x*(2, n=11) = 15.79, p = 0.0004,
Kendall’'s W = 0.72, mod-PECS: x*(2, n=7) = 10.0, p = 0.007, Kendall’s W = 0.71].

Differences Between Groups. All between groups comparisons revealed no significant
differences (pre-intervention: U = 40.0, p = 0.89, & = 0.04, mid-intervention: U = 35.5, p =

0.73, 6 =-0.08, post-intervention: U=41.0, p =0.58, 5 =0.13).

4) Different AAC Picture-Symbols

The medians and ranges for each group at each timepoint can be visualized in Figure
10. A notable increase in the number of different picture-symbols from pre- to mid-
intervention in both groups can be visualized.

Figure 10. Box Plot of Different AAC Symbols Across Group and Timepoint
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# Different Picture-Symbols

Pre ‘ ' Mid ' ' Post
Timepoint

Group: B CSL-NDBI| B® mod-PECS

Note. pre = pre-intervention, mid = mid-intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental
behavioural augmentative and alternative communication intervention that uses a consistent-symbol location design
group, mod-PECS = modification of Picture Exchange Communication System group
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Differences Over Time. Both the CSL-NDBI and mod-PECS groups had significant
increases in the number of different AAC symbols across all three timepoints [CSL-NDBI:
x*(2, n=11) = 16.55, p = 0.0003, Kendall’s W = 0.75, mod-PECS: x*(2, n=7) = 7.52, p = 0.02,
Kendall’s W = 0.54].

Differences Between Groups. When compared, there were no significant differencesin the
number of different symbols between groups at pre- (U=39, p=1.0,5=0.01), mid- (U=46.5,

p=0.47,5=0.21), and post-intervention (U=52, p =0.23, 5 =0.35).

Child AAC Variables Reported

Upon review of the Ways and Reasons Checklist, a small increase in picture-
symbol use (shown in red in Figures 11 and 12) from pre- to post-intervention in both
intervention groups was noted. This indicates a small proportion of children are using
picture-symbols as their primary method to communicate certain social functions as per
caregiver report.

At pre-intervention, the Social Function Total [i.e., functions primarily
communicated through gestures, picture-symbols, or spoken word(s)] for the CSL-NDBI
group had a median of two (range = 2-10) which increased to five (range = 0-16) at post-
intervention. The mod-PECS group had a median of five (range = 2-12) at pre-intervention
which increased to six (range = 4-15) at post-intervention. Overall, the proportion of children
communicating the 16 different social functions [using gestures, picture-symbols, or

spoken word(s)] increased from pre- to post-intervention. This trend can be visualized in
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Figures 11 and 12 where more colours (depicting an increase in communicative ways) are

present at post-intervention (right panel) in comparison to pre-intervention (left panel).

Figure 11. Proportion of Participants Different “Ways” Used to Communicate Different
“Reasons” From Pre- to Post-Intervention in CSL-NDBI Intervention Group (n=11)
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Note. CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that
uses a consistent-symbol location design group
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Figure 12. Proportion of Participants Different “Ways” Used to Communicate Different
“Reasons” From Pre- to Post-Intervention in mod-PECS Intervention Group (h =5)
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Note. mod-PECS = modification of Picture Exchange Communication System group

Secondary Outcome Variables

Potential Negative Emotional Impact of Intervention on the Child
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There were no significant differences detected between the pre- and post-

intervention T-scores of anxiety, psychological stress, and anger for each intervention

group. Notably, however, the pre- to post-intervention decrease in the psychological stress

T-scores (W=1.0,p=0.20, r=0.47) in the mod-PECS group had a medium-large effect size.

No significant differences between intervention groups for each variable were found at pre-

and post-intervention. See Figure 13.
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Figure 13. Box Plot of Child Psychological Stress Across Group and Timepoint
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Note. dashed line = mean T score (i.e., 50), SD = 10, small difference compared to mean = 0.5-1.0 SD, moderate difference
compared to mean = 1.0-2.0 SD, large difference compared to mean = >2.0 SD, pre = pre-intervention, post = post-
intervention, CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication
intervention that uses a consistent-symbol location design group, mod-PECS = modification of Picture Exchange
Communication System group

Intervention Acceptability

The median acceptability score for the CSL-NDBI group was 5.8 (range = 4.5-6.7) and
5.8 (range = 5.1-6.6) for the mod-PECS group. These median scores indicate that caregivers
from both groups found their AAC interventions to be acceptable (e.g., scores of 4.0 =
neutral and 7.0 = very acceptable). No significant difference between groups was found (U
=25.5,p=0.86, 5 =-0.07). See supplemental materials section 10, Figures S10a-S10d for
box plots of caregiver’s ratings of specific aspects of the intervention (e.g., frequency, virtual

format, home location, coaching).
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Caregiver Self-Efficacy

At pre-intervention, the mean self-efficacy score of the CSL-NDBI group was found
to be significantly larger compared to the mod-PECS group [t(16) = 2.23, p = 0.04, d = 1.0].
There were no significant differences in caregiver self-efficacy across timepoint and group.
However, the effect of intervention group was trending towards significance; there were
higher scores in the CSL-NDBI group with a large effect size [F(1,16) = 3.32, p = 0.09, n’g =
0.14]. See Figure 14.

Figure 14. Box Plot of Caregiver Self-Efficacy Across Group and Timepoint
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Note. pre = pre-intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental behavioural augmentative
and alternative communication intervention that uses a consistent-symbol location design group, mod-PECS =
modification of Picture Exchange Communication System group
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Caregiver Stress and Positive Perception of their Child

See supplemental materials section 11, Figure S11a and S11b for box plots of
caregiver stress and positive perception of their child. There were no significant differences
in either caregiver stress or caregiver positive perception across intervention groups,

timepoints, or the interaction between intervention group and timepoint.

Child Quality of Life

See supplemental materials section 12, Figure $S12a-S12c¢ for box plots of the
PROMIS subjective well-being, social functioning, and emotional distress domains.
Statistical analyses revealed no significant effects of group, timepoint or the interaction of

group and timepoint.

Table 4. Results Summary Table — Primary Outcome Variables

Difference Over Time Difference Between Groups
(within a group) (at different timepoints)
CSL-NDBI? mod-PECS" Mid- Post-

Intervention Intervention

Primary Outcome Variables

Caregiver Yes Marginal Yes Marginal
Implementation
Mastery

Child AACe¢ Variables Observed

1) Yes Yes No Yes
Prompted/Supported

AAC Acts

2) Independent AAC No Marginal No No
Acts
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3) Mean Length of AAC Yes Yes No No
Utterance
4) Different AAC Yes Yes No No
Picture-Symbols
Child AAC Variables Reported

Picture-Symbol Use & Small Small N/A No
Social Function Total increase in increase in

descriptive descriptive

stats stats

Note. a) Naturalistic developmental behavioural augmentative and alternative communication intervention that uses a
consistent-symbol location design group, b) modified-Picture Exchange Communication System group, c) augmentative

and alternative communication

Table 5. Results Summary Table — Secondary Outcome Variables

Difference Over Time

Difference
Between Groups

CSL-NDBI® mod-PECS®

Post-Intervention

Secondary Outcome Variables

Potential Negative No No No
Emotional Impact of

Intervention on Child

Intervention Acceptability N/A N/A No

Time Effect Group Effect Interaction of
Time and Group

Caregiver Self-Efficacy No Marginal® No
Caregiver Stress No No No
Caregiver’s Positive No No No
Perception of Their Child

Child Quality of Life No No No

Note. a) Naturalistic developmental behavioural augmentative and alternative communication intervention that uses a
consistent-symbol location design group, c) marginal difference is related to a significant difference between the CSL-
NDBI and mod-PECS groups found at pre-intervention. See Caregiver Self-Efficacy results for further details.
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Discussion

Minimally speaking autistic children critically lack evidence-based AAC intervention
options (Tager-Flusberg et al., 2023). The main objective of this study was to test the
effectiveness of a remotely coached caregiver-implemented naturalistic developmental
behavioural AAC intervention that uses a consistent-location (CSL-NDBI) design. This was
compared against a modified version of the Picture Exchange Communication System
(mod-PECS), which was also caregiver-implemented and remotely coached. Specifically,
we wanted to know if 1) caregivers in the CSL-NDBI group could learn to implement their
AAC intervention as well as the caregivers in the mod-PECS group, 2) a CSL-NDBI
intervention was just as effective as a mod-PECS intervention at increasing AAC use, and 3)
children in the CSL AAC group’s AAC use was more complex than their counterparts in the

mod-PECS group.

Primary Research Questions
Did caregivers in the CSL-NDBI and the mod-PECS groups demonstrate similar

trajectories of intervention mastery?

Caregivers in both the CSL-NDBI and mod-PECS groups successfully learned to
implement their assigned AAC interventions over the course of the study. The improvements
made by caregivers in the CSL-NDBI group were highly significant, with a large effect size.
Meanwhile, caregivers in the modified-PECS group also demonstrated gains in

implementation mastery, which were marginally significant, with a medium effect size.
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As shown in Figure 7, when directly comparing each group at each timepoint,
caregivers in the CSL-NDBI group demonstrated significantly stronger intervention
implementation at mid-intervention (U = 62.0, p = 0.03, 6 = 0.61, large effect) compared to
caregivers in the modified-PECS group. This points to the possibility that caregivers in the
CSL-NDBI group mastered the implementation of their intervention in a shorter period than
those in the mod-PECS group.

We hypothesize that the superior implementation mastery seen in the caregivers in
the CSL-NDBI group at mid-intervention could be due to the different intervention
approaches (i.e., naturalistic developmental behavioural versus behavioural).

First, the strategies taught in the mod-PECS intervention condition were highly
operationalized in comparison to the intervention strategies in the CSL-NDBI condition. See
supplemental materials sections 1 and 2. For example, at mid-intervention, only one
caregiver in the mod-PECS group received credit for the Immediate Reinforcement of AAC
Use strategy as most caregivers did not provide reinforcement as their first action following
the child’s AAC act as defined in the mod-PECS implementation mastery sheet created
using the PECS manual. For example, the caregiver would not receive credit if they first put
the picture-symbol back on the binder cover and then reinforced/followed through on their
child’s request. In comparison, a majority (i.e., 9 out of 11) of caregivers received credit
rating on the equivalent CSL-NDBI strategy which is more openly defined (i.e., Following a
child AAC or spoken act, the caregiver immediately follows through and/or responds to it
within a couple of seconds or as soon as it is reasonable to do so.”). Strategies were more

openly defined and kept flexible to accommodate slight deviations with the idea of allowing
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caregivers the ability to apply these strategies across a multitude of naturally occurring daily
settings and activities (where naturalistic developmental behavioural interventions are
implemented). With that said, a detailed definition of each strategy in the CSL-NDBI
intervention was provided to ensure consistent application.

Second, given the naturalistic approach used in the CSL-NDBI intervention,
strategies related to child engagement and child choice were included. Though caregivers
in the mod-PECS group did assess child interest to select items or activities to use for AAC,
explicit strategies related to engagement and following the child’s lead were not a part of the
skill breakdown in the PECS manual and consequently not included in the mod-PECS
mastery checklist. Therefore, given the inclusion of these strategies in the CSL-NDBI
mastery checklist and the fact that it was explicitly implemented by caregivers in this
condition, it is plausible that many either came in knowing how to engage and follow their
child’s lead (or, if not, quickly picked it up), boosting their percent of mastery at each
timepoint.

Finally, the group difference seen in implementation mastery could have been
attributed to the mod-PECS group’s significantly lower self-efficacy score at pre-
intervention compared to the CSL-NDBI group. This compounded with the learning of a more
technical intervention, may have led to lower implementation mastery in the mod-PECS
group.

Regardless, at post-intervention, after having received between nine and twelve
remote one-hour coaching sessions (median = 12 sessions), a majority of caregivers from

both the CSL-NDBI (9 out of 10) and mod-PECS (4 out of 5) groups were competent
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implementers of their assigned intervention, achieving an implementation mastery percent
of 80 percent or higher. Therefore, this increases our confidence that any gains observed in

AAC use are a consequence of receiving the intervention.

Did children in the CSL-NDBI intervention group increase their AAC use to a similar

degree as children in the mod-PECS group?

Both the CSL-NDBI and mod-PECS interventions were effective at increasing AAC
use as evidenced by the significant increases in prompted/supported AAC acts over the
course of intervention as observed in caregiver-child interaction videos. From pre-, mid-,
and post-intervention, the number of independent AAC acts did not significantly increase in
the CSL-NDBI group and increased marginally in the mod-PECS group. Although the
increase in the number of independent AAC uses over time was trending towards
significance in the mod-PECS group, there were no statistically significant differences
between the groups at any timepoint, including post-intervention.

At post-intervention, children in the CSL-NDBI group were producing a significantly
greater number of prompted/supported AAC acts compared to children in the mod-PECS
group. This may be partly attributed to the AAC boards in the CSL-NDBI group, which used a
consistent-symbol location design. These boards allowed for a large number of directly
accessible AAC symbols, which grew substantially over the course of the intervention
compared to the limited number of symbols available on the front cover of the mod-PECS
binders (see Table 2). Therefore, children in the CSL-NDBI group likely required more

support from their caregivers to navigate the larger arrays, resulting in significantly more
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prompted AAC acts in the CSL-NDBI condition. In contrast, in the mod-PECS condition, itis
hypothesized that the simplicity of the much smaller picture arrays used (see Table 2)
allowed children in that group to produce slightly more independent AAC acts from mid- to
post-intervention which likely contributed to the significant decrease in prompted AAC acts
seen in Figure 8 at post-intervention.

The above findings are supported by caregiver report. From pre- to post-intervention,
on the Ways and Reasons Checklist, more (but not most) children were reported to use
picture-symbols as a primary method to communicate several different communicative
functions in both groups (shown in red in Figures 11 and 12). This increase is very modest
and indicates, for the most part, children are not yet using their AAC boards or mod-PECS
binders as a functional system to communicate, which is not surprising given all children
were only introduced to these AAC systems at the start of intervention which was nine to
twelve weeks long.

Therefore, in sum, at mid- and post-intervention, though not independent, whenin a
supported context with their caregivers, children in both CSL-NDBI and mod-PECS
intervention groups were using AAC to communicate.

Finally, of note, though not significant, when comparing the number of independent
AAC acts between each group at each timepoint, children in the mod-PECS group appeared
to trend towards a higher number of independent AAC acts compared to childrenin the CSL-
NDBI group. This trend is supported by decreasing p-values and increasing effect sizes [pre-
(U=37,p=0.87,5=-0.04, negligible effect), mid- (U=24,p=0.17, 5 =-0.38, medium effect),

post- (U =23, p = 0.14, & = -0.40, medium effect)]. It is hypothesized that with continued
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practice using a small array of picture-symbols (as outlined in the PECS protocol), children
in the mod-PECS group would have started to produce significantly more AAC acts

independently compared to children in the NDBI-CSL who used much larger picture-arrays.

Did the AAC use of children in the CSL-NDBI group become more complex (i.e., longer
AAC utterances and higher humber of different picture-symbols) in comparison to

children in the mod-PECS group over the course of intervention?

Now that we’ve established that the AAC use was similar between both groups, let’s
look at complexity. Over the course of intervention, mean length of AAC utterance and
number of different picture-symbols, as observed via caregiver-child interaction videos,
increased significantly in both the CSL-NDBI and mod-PECS groups. For mean length of AAC
utterance, the significant increase is attributed to the fact that most children were not using
AAC at pre-intervention and were using at mid- and post-intervention (i.e., going from a
mean length of AAC utterance of zero to one). There was no significant difference in the
mean length of AAC utterance between the CSL-NDBI and mod-PECS groups at post-
intervention.

For the number of different picture-symbols, the level of significance as well as the
effect size were more pronounced in the CSL-NDBI group (p = 0.0003, Kendall’s W =0.75) in
comparison to mod-PECS group (p = 0.02, Kendall’s W = 0.54) when looking at change over
time. However, there was no statistical difference in the number of different picture-

symbols used when directly comparing each group at mid- and post-intervention.
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Therefore, by the end of intervention, children in the CSL-NDBI group using a
consistent-symbol location design AAC board did not produce longer and more diverse AAC
acts than the mod-PECS group which is counter to our initial hypothesis. In comparison
children in the mod-PECS group who, for the most part, had access to one to two picture-
symbols at atime, childreninthe CSL-NDBI group were better positioned to produce diverse
multi-symbol AAC acts given the consistent-symbol location design of their AAC board
provided direct access to many picture-symbols. However, all children began the 12-week
intervention study not using AAC, attaining only a novice level of AAC use by the end. Given
the large number of new picture-symbols introduced and subsequently displayed on the
front cover of their new AAC boards (see Table 2), itis possible that children in the CSL-NDBI
group did not have an opportunity to establish stable motor patterns through practicing and
therefore reap the potential benefits of the consistent-symbol location design. Additionally,
this highlights that for minimally speaking autistic children in the CSL-NDBI group, diverse
AAC use was not solely about ensuring ready access to picture-symbols. In comparison, the
mod-PECS group typically had direct access to only one or two picture-symbols at a time
(asshowninTable 2). It also underscores the criticalimportance of having someone actively
support the learning process, particularly when teaching children to use complex multi-
symbol, grid-based AAC systems.

With that said, though not statistically significant, when comparing the number of
different picture-symbols between each group at each timepoint, children in the CSL-NDBI
group appeared to trend towards using a higher number of different picture-symbols. This

trend is supported by the following results: [pre- (U =39, p =1.0, 6 = 0.01, negligible effect),
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mid- (U = 46.5, p = 0.47, 6 = 0.21, small effect), post- (U =52, p =0.23, 6 = 0.35, medium
effect)]. Therefore, itis possible that given more time and practice with continued access to
a large array of picture-symbols, children in the CSL-NDBI group would have begun to

produce a significantly higher number of picture-symbols in comparison to the mod-PECS

group.

Secondary Research Questions
Did caregivers report any significant negative changes in children's emotional state in

either group from pre- to post-intervention?

No significant negative changes (i.e., increases) in child anxiety, psychological
stress, and anger were reported from pre- to post-intervention. Also, though not a specific
objective of the study, caregiver proxies in the mod-PECS group reported a decrease in their
child’s stress from pre- to post-intervention. This provides some evidence that these
interventions, as implemented in this study, did not negatively impact the emotional states

of the participating children.

Did caregivers report their assigned AAC intervention (CSL-NDBI or mod-PECS) to be

acceptable?

Caregivers in both the CSL-NDBI and mod-PECS groups found their assigned
intervention to be acceptable. In addition, in response to the additional questions related to

specific aspects of the intervention (i.e., format, location, duration), caregivers also rated
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each as acceptable. All caregivers found the coaching format to be very acceptable,
assigning a rating of six or seven (maximum rating = seven). Apart from four caregivers, all
caregivers found the virtual format to be very acceptable (i.e., rating it a six or seven out of
seven). ltis suspected thatthe neutralratings (i.e., four out of seven) fromthe four caregivers
could have been impacted by the COVID-19 pandemic (i.e., the period in which intervention
sessions took place) when health restrictions and social distancing measures were in place,
forcing many normally in-person events to take place online. In sum, these findings indicate
that the two 12-week remote AAC interventions, carried out by caregivers from their homes,

were satisfactory.

Did caregivers report an increase in self-efficacy from pre- to post-intervention?

From pre- to post-intervention, there was no statistically significant change in
caregivers’ self-efficacy scores in both groups. As the CSL-NDBI group’s self-efficacy score
at pre-intervention (M = 69.7) was significantly higher than that of the mod-PECS group
(mod-PECS: M =58.6), it is possible that there was less room to increase the perception of
their abilities (maximum score = 102). Though there was no statistical difference found in
the self-efficacy score of the mod-PECS from pre- to post-intervention, the mean score did
increase by six points (see Figure 14). This six-point increase is similar to what was reported
by the two caregiver groups in the Ingersoll et al. (2016) intervention study where each
intervention group reported a statistically significant increase of 5.4 and 6.8 points. This
demonstrates that caregivers in the mod-PECS group did see meaningful improvements in

their perceptions of being able to support their child’s communication difficulties.
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Did caregivers report any change in stress and the positive perception they have of

their minimally speaking autistic child from pre- to post-intervention?

Caregiver stress and positive perception remained stable from pre- to post-
intervention in both the CSL-NDBI and mod-PECS groups. No difference between the
groups at post-intervention was found. These findings indicate that over the course of
intervention, there was no substantial decrease in stress and no substantial increase in
positive perception. A study by Suswaram et al. (2024) found that greater communication
difficulties were associated with higher caregiver-reported stress for caregivers of minimally
speaking children. Therefore, it is possible that stress did not decrease because caregivers
in both groups did not perceive any global changes in their child’s ability to communicate
which aligns with their responses on the Ways and Reasons Checklist.

When comparing the pre-intervention mean stress scores of the CSL-NDBI group (M
= 2.3) and the mod-PECS group (M = 2.4) to the scores from the Ingersoll et al. (2016) study,
where the self-directed caregiver group had a mean of 1.2 and the therapist-assisted
caregiver group had a mean of 1.0 (out of a maximum score of 4.0), stress levels in the
current study were higher. This difference may be attributed to two possible reasons. First,
the autistic children (age range = 1.5 — six years old). in the Ingersoll et al. (2016) study were
delayed in their spoken language development but not minimally speaking. Therefore, it is
hypothesized that their communication levels were stronger than our child participants.

Second, these higher levels of reported caregiver stress may be associated with the COVID-
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19 pandemic which occurred during the period in which this study took place (Yilmaz et al.,
2021).

To contrast, the mean positive perception scores at pre-intervention for the CSL-
NDBI (M = 2.9) and mod-PECS groups (M = 2.5) (out of a maximum mean score of 4.0) were
higher than those reported at pre-intervention in the Ingersoll et al. (2016) study (self-
directed group M = 1.52, therapist-assisted group M = 1.40). This shows that despite the
higher self-reports of stress in comparison to the caregivers in the Ingersoll et al. (2016)
study, caregivers in both the CSL-NDBI and mod-PECS groups reported experiencing a
higher positive impact from their minimally speaking autistic child, including feelings of joy,

happiness, fun, and love.

Did children in either intervention group experience a positive change in social

functioning, well-being or emotional distress from pre- to post-intervention?

Globally, children in both groups did not experience any significant changes in well-
being, social functioning, and emotional distress from pre- to post-intervention as reported
by their caregivers. This is not surprising given the intervention was only 12 one-hour
sessions and targeted only one domain (i.e., improving communication). Finally, it is also
possible that the measure was not sensitive enough to capture change, as a proportion of
our sample (n = 5) were under the age of five, and the PAB-Y is validated for children aged

five and older.
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Summary and Contributions

Our findings demonstrate that caregivers can successfully learn to implement a
naturalistic developmental behavioural AAC intervention using a consistent-symbol
location (CSL-NDBI) when coached remotely through telehealth. This combination, which
had not been empirically tested in a telehealth setting until now, shows promise in
supporting caregivers (Elmquist et al., 2023). In addition, caregivers in the other intervention
condition learned to competently implement a modified version of Picture Exchange
Communication System intervention (mod-PECS), adding to the existing knowledge base
showing that this type of behaviourally-based aided AAC intervention can be learned via
telehealth by caregivers.

In addition, our findings indicate that the 12-week CSL-NDBI AAC intervention was
mastered by caregivers in a shorter period pointing to the possibility that an NDBI approach
may be better suited to caregivers in a telehealth AAC intervention context compared to a
behaviourally-based one. To our knowledge, this is the first study to compare an aided AAC
intervention that uses a naturalistic developmental behavioural approach with another one
that uses a behavioural method such as mod-PECS. Therefore, further replication is needed
to confirm this finding.

Both the CSL-NDBI and mod-PECS interventions significantly increased AAC use in
minimally speaking autistic children who were not yet using AAC consistently or
independently. Specifically, both remotely coached caregiver-implemented interventions
led to similar increases in AAC use when directly supported (i.e., prompted) by their trained

caregiver. These results showcase that the CSL-NDBI intervention with a growing but less
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established evidence-base as Picture Exchange Communication System, can lead to
similar positive outcomes. Although AAC use by children in both groups was largely
prompted by caregivers, this outcome is clinically meaningful. The increase in AAC use
occurred despite the relatively small number of coaching sessions (nine to twelve one-hour
sessions) and the remote, caregiver-mediated delivery method. This progress represents a
notable departure from the group’s previously very limited communicative abilities.
However, it also highlights the complexity of each AAC system’s design and emphasizes the
ongoing need for AAC services to support minimally speaking autistic children in becoming
efficient and independent communicators. Additionally, it emphasizes the need to further
explore potential design alternatives in AAC research to optimize the learning process and
ensure it is tailored to minimally speaking autistic children who are emergent
communicators.

Children in the CSL-NDBI and mod-PECS intervention groups both produced AAC
utterances that were on average one picture-symbol in length. There were no significant
differences in the number of different picture-symbols used at post-intervention between
the two groups. These results indicate that the consistent-symbol design used in the CSL-
NDBI condition, when used at an early stage of AAC development, does not lead to
significantly more complex AAC use than those in the mod-PECS group. Therefore, it is
hypothesized that a consistent-symbol location desigh may be more important as children
advance in their AAC learning and the complexity of their communication becomes more
sophisticated (e.g., multi picture-symbol messages). This suggests that the current clinical

practice where consistent-symbol location design is often used in grid-based aided AAC
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systems, may be less beneficial for minimally speaking autistic children during the early

stages of language learning. However, further research is needed to assert this conclusion.

Limitations

First, since the two intervention conditions differed in both design and teaching
approach, the interpretation of our findings is limited. We cannot attribute the outcomes to
a single factor, such as design or approach alone.

Second, as shown in Table 1, a small percentage of child participants in each group
were receiving AAC services outside of the home. Though there were no significant
differences between both groups, it could have boosted child performance, inflating our
results. Also, our sample was small, unequal, and underpowered and therefore likely not
representative of this heterogenous autistic subgroup, limiting the generalizability of our
findings.

Third, since the intervention was implemented by the children’s caregivers, the
significantly lower caregiver self-efficacy score in the modified Picture Exchange
Communication System (mod-PECS) group, compared to the CSL-NDBI group, may have
influenced their ability to effectively learn their assigned intervention.

Fourth, children were assigned to intervention condition by the first author using a
non-randomized process to ensure both groups were matched according to receptive
vocabulary ability. She also acted as the caregiver coach for both intervention groups as
well as the reliability coder for the caregiver mastery implementation ratings. Therefore, her

direct involvement in these study tasks could have unknowingly biased the results.
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Fifth, this AAC intervention study did not have a post-intervention follow-up after the
completion of the intervention sessions to check for maintenance of caregiver
implementation mastery and further change in child AAC use across both conditions. In
addition, given a majority of AAC use at post-intervention was directly supported by the
caregiver in both groups, it is likely that the intervention dosage was not enough.

Finally, the emotional state of participating children was only monitored at two
timepoints using a third party (i.e., a questionnaire filled out at pre- and post-intervention by
their caregiver). Therefore, it is possible that these measures and procedures were not

sensitive enough to detect increases in child anxiety, stress or anger.

Future Directions

First, we recommend replicating this study using a higher dosage (e.g., one-hour
session per week over 16 weeks or two one-hour sessions over 9to 12 weeks). It should also
recruit a larger sample, use a randomized intervention assignment procedure, implement
an unmodified version of Picture Exchange Communication System, and include a two-to-
three-month post-intervention follow-up timepoint. This higher dosage design would allow
participating children more time to develop their AAC skills and would allow the research
team the opportunity to evaluate the difference in conditions as AAC use becomes more
independent and increases in complexity.

Second, we recommend tracking and analyzing the types of caregiver
supports/prompts used to support AAC in each condition as an increasing trend of subtle

prompts (e.g., pushing the AAC board toward the child), as opposed to more explicit
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prompts (e.g., pointing directly to the target picture-symbol), may be a pre-cursor to
independent AAC use.

Third, to increase the rigour of the CSL-NDBI condition, we recommend incorporating
dynamic assessment whereby the number of picture-symbols, types of prompts, types of
symbols (e.g., icons or letters) as well as communication targets can be individualized using
a more structured method (Gevarter et al., 2020; Holyfield, 2021).

Finally, given the importance of tracking adverse events when implementing
intervention with autistic individuals (Bottema-Beutel, Crowley, et al., 2021), it is
recommended that the monitoring of the child’s emotional state be expanded beyond pre-
and post-intervention tracking by a familiar third party to include multiple timepoints of

direct observation (e.g., coding of specific negative valence behaviours by a naive third

party).
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Supplemental Section 1

Caregiver Implementation Mastery Sheet Data Sheet - Consistent-Symbol Location and Naturalistic Developmental Behavioural
Intervention Condition — Abbreviated Version

Intervention compon

trial

(CP = Communication Partner, AAC =
Augmentative and Alternative Communication)

t rated per

Examples

Codes per trial

Code Summary | Notes (or
+or- or NA spoken
codes)

+ = lead followed by CP
- = lead not followed by CP, no lead created by CP so
none to follow by CP

1 Getti t a h th . lead Example - The child sitting in front of a doll house and has Before Before Before Before Before
- Getting engagement going when EE IS U not engaged with anything for a period of time. The CP pulls T opp opp SbE 1D
to follow: If the child does not have an obvious lead to out a bucket of animal figurines, presents them to the U 2 S & 2
follow OR seems to be losing interest in the current L 2 e o S T i Ty s
. . the CP knows the child likes this action based on prior Before Before Before Before Before
activity, the CP presents, sets up, and engages with an interactions). opp opp opp opp opp
activity or routine (tangibles not required) that is of Non-Example - The child s sitting in front of a doll house 6 7 8 9 10
potential interest to the child (i.e., the child should show | 2ndhasnotengaged with anything for a period of time. The
) . . . CP sits beside the child. The child eventually gets up and
signs of engagement otherwise CP should be pivotingto | goes to another room. Before Before Before Before Before
another potential activity/routine). °1p1p °1p2p "1"; °1p: 01";
+ = CP tried to engage when no lead present
- = CP did not try to engage when no lead present
NA = lead already present throughout duration of
coding sequence (5min) no attempts to engage
required by CP
a c Example - The child takes a dog figurine and drops it down Before Before Before Before Before
- ’ .
2 Followmg the child’s lead when engaged' If the the chimney of a doll house. The CP takes a cat figurine and ebE opp opp SbE G
child does have a lead to follow (i,e,, is engaged inan drops it down the chimney while making a fun sound effect. 1 2 3 4 5
activity of interest), the CP tries to incorporate Non-Example - The child takes a dog figurine and drops it
h L . h L h L down the chimney of a doll house. The CP takes the dog Before Before Before Before Before
themselves into the activity in a manner that pleases or figurine, tells the child to stop dropping it, and insists that opp opp opp opp opp
at a minimum is accepted by the child (i.e., child doesn't | theyuseitin a more “appropriate” way by making the dog 6 7 8 9 10
avoid the CP and even sees the CP as “valuable” to the ARG UL LTS
. . e Before Before Before Before Before
interaction/activity). opp opp opp opp opp
11 12 13 14 15
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3 - Contriving an o O @ GresaEl Example - The child and the CP are taking turns putting AAC 1 AAC 2 AAC 3 AAC 4 AAC
g pp y P Y figurines down the chimney of a doll house. When the CP 5
communicate: Once child choice is established by goes to take their next turn, they pause, hold the cat
following or “creating” a lead to follow and the child is figurine at the top of the chimney waiting for the child to
communicate!
. o . e — AAC6 | AAC7 | AAC8 | AACHY AAC
engaged in an activity, the CP generates an opportunity Non-Example - The child and the CP are taking turns A
for the child to communicate or interact using their AAC putting figurines down the chimney of a doll house. The CP
system by gaining shared control briefly pausing the continues the activity “as is” with no expectation that the
.. ) ) ? child communicates or responds to any communicative
activity, and expecting the child to respond. When no | pigs from the cp. AAC AAC AAC AAC AAC
AAC present, base coding on if the CP can create " 12 13 14 15
MO/opps to communicate using spoken or gesture.
+ = MO to communicate created appropriately by CP
- = MO to communicate not created appropriately by
CP
NA =MO creation not needed as child spontaneously
uses AAC (or if no AAC, spon uses spoken or
gesture) throughout duration of coding sequence
(5min)
. . Example - The CP generates an opportunity to AAC AAC AAC AAC AAC
4 Proac“vely promptmg to suPport successful AAC communicate by pausing and holding the cat figurine at the only only2 only3 only4 only5
use BEFORE: Once an opportunity to communicate has | top of the chimney, the child begins to scan their 1
. . ication board. The CP points to the “go” picture-
been set up, as needed, the CP provides a proactive SRIUUIEENE LR LB S e e
symbol on the board with the expectation that the child
hint/cue to encourage successful AAC use. *Though a it e e et AAC AAC AAC AAC AAC
A q onl only7 | only8 only9 | only10
range of prompts tailored to the needs of the child can Non-Example - The CP generates an opportunity by pausing 5 Y Y Y Y Y
be provided, the least invasive/non-physical prompts and holding the cat figurine at the top of the chimney, the
chi egins to scan their communication board. The
. hild begi heil ication board. The CP
are highly encouraged. continues to pause. The child continues to scan the board AAC AAC AAC AAC AAC
+ = prompted appropriately then attempts to grab the cat figurine out of the CP’s hand. only only only only only 15
- = not prompted or inappropriate prompt or no AAC The child begins to show signs of frustration and eventually 11 12 13 14
present loses interest and moves onto another activity.
NA = no proactive prompt support needed throughout
duration of coding sequence (5min)
. . Example - CP generates an opportunity to communicate by AAC AAC AAC AAC AAC
5 Reactlvely promptlng to support successful AAC pausing and holding the cat figurine at the top of the only 1 only only 3 only 4 only 5
use AFTER: As needed, the CP provides a reactive chimney, the child begins to scan their communication 2
o . board and ind: dentl lects the picture-symbol “stop”
hint/cue to correct an OBVIOUS selection error, (eIl Clael e Gl 8 S L T I A
. i i when it is VERY VERY clear that what they intended to
refme/'mprove AAC use or to Cla”fy an unclear Sp0ken select was “go” as the child is trying to move the CP hand’s
bid. If the definition of suspected selector error is met - to make the cat go down the chimney. Therefore, the CP
rompting should occur points to the “go” picture-symbol on the board. AAC AAC AAC AAC AAC
p p . i .' X . Non-Example - CP generates an opportunity to only 6 only | only8 only 9 only
However, with that said, if a parent provides a reactive communicate by pausing and holding the cat figurine at the 7 10

prompt based on their own judgment (e.g., feels the
child could increase the specificity of their AAC use: use

top of the chimney, child begins to scan their
communication board and independently selects the
picture-symbol “stop” when it is VERY VERY clear that what
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“go away" instead of “stop"), though it m]ght not qualify they intended to select was “go” as the child is looking for AAC AAC AAC AAC AAC
q @ o m D —f the CP make the cat go down the chimney. However, the only only only only only
as a selection error (e.g., “go away” or “stop” might both CP stops & the child looking confused, continues to scan 11 12 13 14 15
be okay in the context) based on your clinical judgment, the board then attempts to grab the cat figurine out of CP’s
rate the parent’s performance based on the delivery and hand. Child begins to show signs of frustration & eventually
fecti fth ti t loses interest and moves onto another activity.
effectiveness of the reactive prompt.
+ = prompted appropriately
- = not prompted or inappropriate prompt or no AAC
present
NA = no reactive prompt support needed throughout
duration of coding sequence (5min)
. . . Example - The child points to the “go” picture-symbol and AAC AAC 2 AAC 3 AAC 4 AAC
6 Immediately following through and/or responding the CP immediately follows through by putting the cat 1 5
to expressive communication. After the child figurine down the chimney.
communicates (AAC or clear spoken), the CP reinforces | Non-Example - The child points to the “go” picture-symbol
. . ( . p ) L and the CP says, “Yes go! Great work.” and puts their AAC 6 AAC7 AAC 8 AAC 9 AAC
the child by immediately following through (within a few BB 10
seconds) and/or responding to their interaction (not for
gesture as itis used as a “cue” to prompt for AAC use). AAC AAC AAC AAC AAC
When no formal AAC: assess spoken + gesture U i = w i
+ = appropriate rx provided (tangible rx, social rx, etc)
- =no rx or inappropriately rx
NA =teaching “loop” incomplete
a A o . . . Example (+) - The child points to the “go” picture-symbol AAC 1 AAC 2 AAC 3 AAC 4 AAC
7 NOTInSIStmg on additional communication: The and the CP immediately follows through by putting the cat 5
CP does NOT go back and insist on the child using figurine down the chimney.
additional communication (e.g. saying the word or WERHEEmR(E) = e EhLE ETiS o e E” - ACe | Aac7 | Aacs | aaco | aac
. symbol and the CP says, “Great now say the word “GO!”
expanding on the AAC utterance) when AAC or clear 10
SPOKEN communication has already been provided
(not for gesture as itis used as a “cue” to prompt for AAC AAC AAC AAC AAC
AAC use). 1 12 13 14 15
+ = no insistence on additional
- = insistence on additional
NA =teaching “loop” incomplete
. . . . Example - After the AAC use is completed, the CP returns AAC AAC AAC AAC AAC
8 Returnlng pICture-SymbOl' Followmg the AAC L1SE; the “go” picture-symbl to the bottom right corner (i.e., the only only 2 only 3 only 4 only
the CP returns the picture symbol(s) to the/their same spot where the child picked it up). 1 5
designated spot(s) on the board (i.e., same place where [ NonExample - Afterthe AAC use s completed, the CP puts
the child removed it from initially). This should at a e e mbelon the senience stip, notthe amc | aac | mac | aac | aac
a-f " ) onl only7 | only8 only 9 only 10
minimum occur at the LATEST before starting the next 6y v v v v

communication opportunity is set up. *If the child
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points to the AAC symbol(s) code this item as a “+” as AAC AAC AAC AAC AAC
long as the AAC symbol is NOT moved. °1n1ly °1nzly °1n:;y °1n;y ey
+ = returned to right spot (or not moved at all)
- = not returned or returned to wrong spot or no AAC
present

NA =teaching “loop” incomplete

Intervention component rated per video sample (based on overall impression)

9- Arranges environment to promote communication/pre-plans:

A) CP positioned appropriately (in front of child and/or generally oriented to the child)

B) CP seems to have done some pre-planning by having an item or activity, etc ready ahead of time.

C) IF APPLICABLE, AAC system is available for use/generally within arm’s reach of the child (if not the CP ensures it is)

+ = an overall effort is made to arrange the environment for communication (need A, B, and C to be “+” to receive a summary code of “+”)
- = effort is not made to arrange the environment for communication during a majority of the video sample

Summary Code

10 - Adapts AAC prompts to the current skill level of the child: CP adjusts their level of support (i.e., number and type of prompts/cues) to the

child’s current needs by either (e.g., 1) fading support to promote independence, 2) maintaining the same level of support to get more practice in,
or 3)increasing support to ensure the child is successful (as based on observation, the child needs it)

+ = an overall appropriate level of support using prompts is provided
- = appropriate level of support using prompts is not provided during a majority of the video sample or no formal AAC present

TOTAL RATING SCORE:

%

Not Competent (0-49%)
Emerging Competence (50-79%)
Competent (80-99%)
Highly competent (100%)

Final interpretation: circle one of the following...
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Supplemental Section 2

Phase 1 - Caregiver Implementation Mastery Sheet Data Sheet - modified version of Picture Exchange Communication

System Intervention Condition

STEP

Legend:

EC = error correction, bx/s = behaviour/s

Rx =reinforcer , MO = motivating operation, VP
=verbal prompt, NA = not applicable, NT = no
time

NO Verbal Prompting for Communicative Bxs:
Caregiver does not give any verbal instruction or
question to prompt the child (but natural talking in the
activity is ok). No vocal speech to deliberately entice
the child to speak. Non-verbal prompts are ok. VPs for
non-comm Bxs are ok.

Opportunities Count
{~>Go horizontally~>}
(ex.+ or X or NA or NT)

Interpretation | Notes &

(Binary + or-)

Observations

Entices Appropriately WHEN THE CHILD SHOWS
MO FOR iTeM/AcTIvVITY: Caregiver SHOWS the Rx (for
tangibles) OR, briefly sets up/starts the activity (for
non-tangibles). The caregiver is trying to develop MO
by partially or fully withholding tangibles or non-
tangibles that the child may be interested in.

Prompts to Pick Up, Reach, Release AFTER child
has initiated (i.e. timing of prompts are appropriate):
Caregiver uses non-verbal prompt: Initiation means
child goes first to start the communication (reach,
look, grab, smile, point etc.)
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No insistence on speech: There is NO delay between
item/picture exchange and Rx given to attempt to elicit
speech. Caregiver can offer one recast but does NOT
go back and insists on the child speaking
(saying/repeating) a verbal model

Reinforces Immediately for correct responses: The
FIRST action that caregiver engages in after getting
picture/item is engaging is GIVING the Rx. Caregiver
must reinforce a COMMUNICATIVE Bx.

Provides Praise/RECAST: Caregiver SAYS the Rx word
with a happy intonation (ex: Cheese!) immediately
after or while Rx is given. Caregiver must reinforce a
COMMUNICATIVE Bx.

Returns Picture (while child continues to play with
R+): Caregiver returns picture (while child
consumes/plays with Rx) at the LATEST before starting
the next trial. Picture DOES NOT need to be returned
to exact same spot.

General Scores - based on observations from the whole video Interpretation Notes &

(Binary + or -) Observations

Arranges effective training environment:

A) pictures available one at a time (when applicable)

B) caregiver positioned appropriately (in front of child and/or generally oriented to the child)

C) caregiver has control of reinforcers (give access to one preferred activity at a time, withhold, item
out of reach of the child)
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Fades prompts effectively: Caregiver fades prompt(s) to promote independence, (most-to-

least prompting). If not seen, then NA. If you see it, is it done appropriately

Interrupts/prevents child's interfering Bxs related to the PECS Binder: The
caregiver prevents child from interacting with the AAC system (pecs binder, picture) in ANY way that is
NOT communicative (ex: stimming, playing etc). This CODE is NOT about prob Bx related to Initiation
or to the teaching loop.

TOTAL RATING SCORE:

/ = %

Not Competent (0-49%)
Emerging Competence (50-79%)
Competent (80-99%)
Highly competent (100%)

Final interpretation: circle one of the following...
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Supplemental Section 2

Phase 3a - Caregiver Implementation Mastery Sheet Data Sheet - modified version of Picture Exchange Communication

System Intervention Condition

STEP

Legend:

EC = error correction, bx/s = behaviour/s

Rx =reinforcer , MO = motivating operation,
VP =verbal prompt, NA = not applicable, NT =
no time

NO Verbal Prompting for Communicative Bxs:
Caregiver does not give any verbal instruction or
question to prompt the child (but natural talking in the
activity is ok). No vocal speech to deliberately entice
the child to speak. Non-verbal prompts are ok. VPs for
non-comm Bxs are ok.

Opportunities Count Interpretation | Notes &

{~>Go horizontally>} (Binary +or-) Observations
(ex.+ or X or NA or NT)

ENTICES WITH BOTH ITEMS and WAITS for child to
SHOW MO for 1 ITEM: Caregiver SHOWS the Rx (for
tangibles) OR, briefly sets up/starts the activity (for
non-tangibles).

Socially reinforces (within 1 sec.) as soon as child
touches correct picture: Caregiver differentially
reinforces when child touches correct picture (ex:
“Oooh, gasp, that’s right etc)

No insistence on speech: There is NO delay between
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item/picture exchange and Rx given to attempt to
elicit speech. Caregiver can offer one recast but does
NOT go back and insists on the child speaking
(saying/repeating) a verbal model

Reinforces Immediately for correct responses: The
FIRST action that caregiver engages in after getting
picture/item is engaging is GIVING the Rx. Caregiver
must reinforce a COMMUNICATIVE Bx.

Provides Praise/RECAST: Caregiver SAYS the Rx
word with a happy intonation (ex: Cheese!)
immediately after or while Rx is given. Caregiver must
reinforce a COMMUNICATIVE Bx.

Conducts FULL EC procedure correctly with high vs.
non-desired item: Caregiver completes ALL steps of

the error correction procedure correctly and in order.
*Code as NA if NO EC necessary*
@ Gives distractor AND waits for negative response

® Shows - (TAPs or POINTSs) target picture

@ Practice - open hand, child gives, praise but don't give
picture

® Switch - distractor-DEF-anything to visually distract
child OR Time Delay (p.129)

® Repeat - represent - SWITCH PICTOS’ SPOTS

Conducts second error correction (when
applicable) - and (if applicable - backsteps to
phase 1 after 1 or 2 cycles of EC
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Moves pictures around on book (diagonal, vertical,
horizontal) FOR EACH TRIAL

General Scores - based on observations from the whole video Interpretation Notes &

(Binary+or-)  Observation
s

Arranges effective training environment: A) pictures available one at a time (when applicable), B) caregiver positioned appropriately (in front

of child and/or generally oriented to the child) and, C) caregiver has control of reinforcers ( access one activity at a time, withhold, item out of reach)
*ALWAYS CODE THIS ONE**

Fades prompts effectively: Caregiver fades prompt(s) to promote independence, (most-to-least prompting). If not seen, then NA. If
you see it, is it done appropriately? *IF seen in video CODE IT, if NOT present throughout video, write NA**

Interrupts/prevents child's interfering Bxs related to the PECS Binder: Caregiver prevents child from interacting with AAC system

(pecs binder, pictos) in ANY way that is NOT communicative. This CODE is NOT about Prob Bx related to Initiation or to the Teaching Loop. *IF seen in the
video CODE, if NOT present in video, write NA*

TOTAL RATING SCORE:

/ = %

Final interpretation: circle one of the following...

Not Competent (0-49%)
Emerging Competence (50-79%)
Competent (80-99%)
Highly competent (100%)
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Supplemental Section 2

Phase 3b* - Caregiver Implementation Mastery Sheet Data Sheet - modified version of Picture Exchange
Communication System Intervention Condition

*End of Phase 3b when child is taught to go into binder and picture-symbols are organized via category.

STEP Opportunities Count Interpretati | Notes &

Legend: {»Go horizontally-} on Observations
EC = error correction, bx/s =behaviour/s (ex.+ or X or NA or NT) (Binary +or -)

Rx =reinforcer , MO = motivating operation, VP
=verbal prompt, NA = not applicable, NT = no
time

NO Verbal Prompting for Communicative Bxs:
Caregiver does not give any verbal instruction or
question to prompt the child (but natural talking in the
activity is ok). No vocal speech to deliberately entice
the child to speak. Non-verbal prompts are ok. VPs for
non-comm Bxs are ok.

ENTICES WITH BOTH ITEMS and/OR WAITS FOR
CHILD TO INITIATE: Caregiver SHOWS the Rx (for
tangibles) OR, briefly sets up/starts the activity (for
non-tangibles).

No insistence on speech: There is NO delay between
item/picture exchange and Rx given to attempt to elicit
speech. Caregiver can offer one recast but does NOT
go back and insists on the child speaking
(saying/repeating) a verbal model

144



Reinforces Immediately for correct responses: The
FIRST action that caregiver engages in after getting
picture/item is engaging is GIVING the Rx. Caregiver
must reinforce a COMMUNICATIVE Bx.

Provides Praise/RECAST: Caregiver SAYS the Rx word
with a happy intonation (ex: Cheese!) immediately
after or while Rx is given. Caregiver must reinforce a
COMMUNICATIVE Bx.

Caregiver has binder open to appropriate activity
page

Caregiver returns picture to its place in the binder
(same page, and similar location - doesn’t have to
be exact same spot - no detailed info in PECS
manual about this)

General Scores - based on observations from the whole video Interpretation Notes &

(Binary + or -) Observations

Arranges effective training environment: A) pictures available one at a time (when
applicable), B) caregiver positioned appropriately (in front of child and/or generally oriented to the child)
and, C) caregiver has control of reinforcers (give access to one preferred activity at a time, withhold,
item out of reach of the child)
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Fades prompts effectively: Caregiver fades prompts to promote independence, (most-to-least

prompting). If not seen, then NA. If you see it, is it done appropriately.

Interrupts/prevents child's interfering Bxs related to the PECS Binder: The caregiver
prevents child from interacting with the AAC system (pecs binder, pictos) in ANY way that is NOT
communicative (ex: stimming, playing etc). This CODE is NOT about Prob Bx related to Initiation or to the

teaching loop.

TOTAL RATING SCORE:

/ = %

Not Competent (0-49%)
Emerging Competence (50-79%)
Competent (80-99%)
Highly competent (100%)

Final interpretation: circle one of the following...
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Supplemental Section 3 - Final Total Picture Count

At post-intervention, caregivers were asked to provide photo image of the front cover
as well as the inside pages of their Augmentative and Alternative Communication board or
Picture Exchange Communication System binder. A research assistant used the images to
create a digital version of the child’s low-tech AAC system that was saved as a PDF. The total
number of picture-symbols in PDF was counted to generate a final picture-symbol count for
each child.

Table S3 - Final Picture-Symbol Count per Group and per Participant at Post-Intervention

CSL-NDBI* (n=11) mod-PECS® (n=7)
M M
(range) (range)
94.3 73.8
(35-209) (29-145)
ID° Total ID Total
1 86 6 82
2 209 7 65
3 109 8 n/a
4 35 9 29
5 67 11 48
10 186 12 n/a
14 96 13 145
15 59
16 58
17 84
18 47

Note. a) Naturalistic developmental behavioural augmentative and alternative communication intervention that uses a
consistent-symbol location design group, b) modified-Picture Exchange Communication System group, c) ID = participant
ID, n/a = not applicable as participant dropped out of study before final picture count data was provided.
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Supplemental Section 4 - Progression of Picture Exchange Communication System
Phases Taught During Coaching Sessions

Table S4. Progression of Phases Taught Across Coaching Sessions For mod-PECS? Group
(n=7)
Session# AAC_06 AAC_07 AAC_08 AAC 09 AAC_11 AAC_12 AAC_13

1 Phase1 Phase1 Phase1 Phase1 Phase1 Phase1 Phase 1
2 Phase1 Phase1 Phase1 Phase1 Phase1 Phase1 Phase 1
3 Phase1 Phase1 Phase1 Phase1 Phase1 Phase1 Phases1,
2
4 Phase1 Phases1, Phase1 Phase1 Phase1 Phase1 Phases1,
2 2
5 Phases Phases 2, Phase1 Phase1 Phase1 Phase1 Phases1,
1,2 3a 2
6 Phases Phases 1, Attrition Phase1 Phase1 Phase1 Phases1,
1,2 2 2
7 Phases Phases 1, Attrition Phase1 Phases1, Attrition Phases 1,
1,2,3a 2 2 2
8 Phases Phases 1, Attrition Phase1 Phases1, Attrition Phases 1,
1,2 2,3a 2 2
9 Phases Phases 1, Attrition Phase1 Phases1, Attrition Phases 1,
2, 3a 3a 2 3a
10 Phases Phases Attrition Phase1 Phases 1, Attrition Phases1,
2,3a,3b 3a 2 3a
11 Phases Phase 3a Attrition Phase1 Phases1, Attrition Phases1,
1,3a,3b 2 3a
12 Phases Phase 3a Attrition Phase1 Phases1, Attrition Phase 1,
1,3b 3a 3b
Total # of 4 3 1 1 3 1 4
Phases
Introduced
Phases Phase 1, Phase 1, None None Phase 1, None Phase 1,
Mastered Phase 2, Phase?2 Phase 2 Phase 2,
Phase Phase 3a
3a,
Phase
3b

Note. a) modified version of Picture Exchange Communication System, a benchmark of at least 80 percent accuracy with
a minimum of three different picture-symbols across 2 consecutive sessions was required before the coaching of the new
phase could begin
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Supplemental Section 5 - In-Session Monitoring Checklists
CSL-NDBI? Checklist

Over the course of this coaching session, did you, as the coach, see the implementer do
the following:

Implementation Item YorN Comments
1 Increase child engagement (ad needed when there
is no child lead to follow)?
2 Follow the child’s lead/interests/motivation?
3 Contrive/create opportunities for the child to
expressively communicate?
4 Proactively prompt to support successful AAC use
(as needed)?
5 Reactively prompt to support successful AAC use
(as needed)?
6 Immediately follow through and/or respond to the
child’s expressive communication?
7 Did NOT insist on additional communication (once
the child successfully communicated their
message)?
8 Returned the picture-symbol following successful
AAC use (as needed)?
9 | Arranged the environment to promote expressive
communication?
10 | Adapted prompts and supports to the current skill

level of the child?

Note. a) CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention
that uses a consistent-symbol location design group

mod-PECS? Checklists

Based on the mod-PECS phase being implemented, over the course of this coaching
session, did you, as the coach, see the implementer do the following:

Phase 1 YorN Comments
Arranges training environment effectively — pictures
available one at a time, trainers positioned appropriately,
control of reinforcers

No verbal prompting

Entices appropriately

Uses open hand effectively — appropriate timing

Reinforces within 2 second and provides praise

No insistence on speech
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Returns picture (while student consumes/plays with R+

Waits for student to initiate (reach for R+)

Physically guides to pick up, reach, release

Fades prompts effectively

Interrupts/prevents student’s interfering behaviours

No social interaction with the student

Note. Taken from the Picture Exchange Communication System Training Manual — Second Edition (pg. 79; Frost & Bondy,

2002).

Phase 2

Plans for each student to have own communication book

YorN

Comments

Arranges training environment effectively — pictures
available one at a time, trainers positioned appropriately,
control of reinforcers

Entices appropriately

Gradually increases distance between student and
communicative partner

Teacher student to cross room to reach communicative
partner

Gradually increases distance between student and
communication book

Teaches student to cross room to reach communication
book

Turns away from student

Reinforces appropriately — new behaviour within %2
second

Eliminates subtle trainer prompts — body orientation, eye
contact, expectant look, etc.

Does not insist on speech

Teaches student to travel from room to room

Waits for initiation

Prompts removal of picture from book if necessary

Physically guides student to communication book if
necessary

Does not interact socially with the student

Uses Backstepping if necessary

Note. Taken from the Picture Exchange Communication System Training Manual — Second Edition (pg. 110-111; Frost &

Bondy, 2002).

Phase 3a
Arranges effective training environment

YorN

Comments

Entices with both items

Socially reinforces as soon as student touches correct
picture
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Appropriate reinforcement with requested item

Conducts error correction procedures correctly — high
vS. hon-desired

e Gives non-desired item

o Elicits negative response

e Model
e Practice
e Switch
e Repeat

Conducts second error correction if necessary

Moves pictures around on book (diagonal, vertical,
horizontal)

No insistence on speech

Note. Taken from the Picture Exchange Communication System Training Manual — Second Edition (pg. 146; Frost &

Bondy, 2002).

Phase 3b
Arranges effective training environment

Comments

Entices with both items

Conducts Correspondence Check

Appropriate reinforcement with requested item

Conducts error correction procedures correctly — high
vs. high with Correspondence Check
e Prevents student from taking non-corresponding

item
e Models picture of item reached for
e Model
e Practice
e Switch
e Repeat

¢ Ends with correspondence check

Conducts second error correction if necessary

Moves pictures around on book (diagonal, vertical,
horizontal)

Teaches 3-, 4-, 5-way discrimination with
Correspondence Checks

Uses a variety of target pictures in the 2-, 3-, 4-, or 5-way
array

Teaches looking inside the book

No insistence on speech

Note. Taken from the Picture Exchange Communication System Training Manual — Second Edition (pg. 147; Frost &

Bondy, 2002).
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Supplemental Section 6 - Coaching Checklist

Over the course of this coaching session, did you, as the coach, do the following:

Coaching Practice Iltem YorN Comments

1 Acknowledge the learner’s existing knowledge and
abilities as the foundation for improving knowledge
and skills?

2 Interact with the learner in a nonjudgmental and
constructive manner during the coaching
conversations?

3 | Identify and describes with the learner the target
skill or “focus” strategy for this session?

4 | Observe the learner’s use of the targeted skill or
practice?

5 | Create opportunities for the learner to observe
the coach model the target skill or practice?

6 Promoting use of multiple opportunities for the
learner to practice implementation of the targeted
skill and practice using both planned and
spontaneous opportunities to strengthen the
learner’s knowledge and skills?

7 | Ask probing questions to examine the learner’s
knowledge and abilities?

8 Prompt learner reflection on his/her knowledge and
use of the targeted skill(s) and practice(s) compared
against research-based practice standards?

9 | Provide feedback about the learner’s knowledge
and skills following the learner’s reflection on
their performance?

10 | Provide or promote access to new information and
resources after the learner reflects on their

performance?

Note. This checklist is an abbreviated version of the Coaching Practices Rating Scale from the Early Childhood Coaching
Handbook (pg. 290, appendix 9A; Rush & Shelden, 2020). Strategies in bold overlap with Behaviour Skills Training approach
used to coach. This checklist was used to evaluate the use of this approach as well.
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Supplemental Section 7 - Suspected Selection Error Table

Table S7. Number of Suspected Selection Errors Per Participant During Each Five-Minute

Caregiver Child Interaction Video

CSL-NDBI® (n = 11)

Mod-PECS® (n = 7)

ID¢  Pre Mid Post Total ID Pre Mid Post Total
1 no 1 0 1 6 no 0 0 0
AAC AAC
2 no 0 0 0 7 0 0 2 2
AAC
3 no 2 0 2 8 no n/a n/a n/a
AAC AAC
4 0 1 0 1 9 no 0 1 1
AAC
5 no 2 n/a n/a 11 no 1 0 1
AAC AAC
10 no 0 0 0 12 no 0 n/a n/a
AAC AAC
14 no 0 1 1 13 no 0 0 0
AAC AAC
15 no 1 0 1
AAC
16 no 0 1 1
AAC
17 no 0 0 0
AAC
18 5 1 3 9

Note. a) Naturalistic developmental behavioural augmentative and alternative communication intervention that uses a
consistent-symbol location design group, b) modified-Picture Exchange Communication System group, c) ID = participant

ID, n/a = not applicable as participant dropped out of study before final picture count data was provided.
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Supplemental Section 8

Hearing and Speech Nova Scotia’s Ways and Reasons

Instructions: Please list the reasons and ways your child communicates by selecting a “way” (e.g., gestures) for each “reason” (e.g., requests). If your child uses multiple ways to
accomplish 1 reason, select the way that your child uses the most frequently. If your child does not communicate for a particular “reason”, simply choose the “not yet/does not
do” option. Please note to check off the single words or multi-word combinations as a way, it must be spontaneous (e.g., not parroted or repeated). When a “reason” is repeated
most of the time, check off the “echoes” column.

Ways Your Child Communicates

Reasons Your Child Pre- Looks | Gestures | Pictures | Echoes | Vocalizes | Spontaneous | Spontaneous | Spontaneous | Does not
Communicates symbolic | at (e:g., (or (i.e., or makes | words 2-word multi-word do/not
. pointing, symbols) repeats)

behaviour | person _ sounds combos phrases yet
(e.g., crying, Ie.admg) arr
hitting) signs

Protest

Request Objects

Request Actions

Request Help

Request Social Routine

Request Permission

Request Information

Make Choices

Answer Questions

Greet

Comment on self

Comment on Objects

Comment on People

Discuss Past

Discuss Future

Pretend

Note. This checklist is modified version of the Checklist of Communicative Functions and Means (Wetherby, 1995).
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Supplemental Section 9 - Effect Size Interpretations

Table S9. Effect Sizes and Corresponding Interpretations

Kendall’'s W Cliff’s Delta Cohen’sd Generalized eta

Interpretation

(W) () (d) squared (n°)

<0.1 <0.147 <0.2 <0.01 Negligible
0.1 0.147 0.2 0.01 Small
0.3 0.330 0.5 0.06 Medium
0.5 0.474 0.8 0.14 Large

155



Supplemental Section 10 — Acceptability of the Intervention - Extra Question Box Plots

Figure S10a. Box Plot of Acceptability Rating of Intervention Frequency of 1 hr/wk Across
Group at Post-Intervention
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Note. CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that
uses a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System

Figure S10b. Box Plot of Acceptability Rating of Intervention Location (Home) Across Group
at Post-Intervention
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Note. CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that
uses a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System
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Figure S10c. Box Plot of Acceptability Rating of Intervention Virtual Format Across Group at
Post-Intervention
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Note. CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that
uses a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System

Figure S10d. Box Plot of Acceptability Rating of Intervention of Coaching Format Across
Group at Post-Intervention
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Note. CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that
uses a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System
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Supplemental Section 11 - Caregiver Stress and Positive Perception Box Plots

Figure S11a. Box Plot of Caregiver Stress Score Across Group and Timepoint
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Note. pre = pre-intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental behavioural augmentative
and alternative communication intervention that uses a consistent-symbol location design group, mod-PECS =
modification of Picture Exchange Communication System group

Figure S11b. Box Plot of Caregiver Positive Perception of Their Child Score Across Group
and Timepoint
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Note. pre = pre-intervention, post = post-intervention, CSL-NDBI = Naturalistic developmental behavioural augmentative
and alternative communication intervention that uses a consistent-symbol location design group, mod-PECS =
modification of Picture Exchange Communication System group
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Supplemental Section 12 - Child Health, Subjective Well Being, Social Functioning, and
Emotional Distress Domains Box Plots

Figure S12a. Box Plot of Child Subjective-Well Being From The PAB-Y Across Group and
Timepoint
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Note. red dashed line = mean T score (i.e., 50), SD = 10, small difference compared to mean = 0.5-1.0 SD, moderate
difference compared to mean = 1.0-2.0 SD, large difference compared to mean = >2.0 SD, pre = pre-intervention, post =
post-intervention, PAB-Y = Patient-Reported Outcomes Measurement Information System - Autism Battery — Youth,
CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that uses
a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System

Figure S12b. Box Plot of Child Social Functioning From The PAB-Y Across Group and
Timepoint
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Note. red dashed line = mean T score (i.e., 50), SD = 10, small difference compared to mean = 0.5-1.0 SD, moderate
difference compared to mean = 1.0-2.0 SD, large difference compared to mean = >2.0 SD, pre = pre-intervention, post =
post-intervention, PAB-Y = Patient-Reported Outcomes Measurement Information System - Autism Battery — Youth,
CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that uses
a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System
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Figure S12c. Box Plot of Child Emotional Distress From The PAB-Y Across Group and
Timepoint
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Note. red dashed line = mean T score (i.e., 50), SD = 10, small difference compared to mean = 0.5-1.0 SD, moderate
difference compared to mean = 1.0-2.0 SD, large difference compared to mean = >2.0 SD, pre = pre-intervention, post =
post-intervention, PAB-Y = Patient-Reported Outcomes Measurement Information System - Autism Battery — Youth,
CSL-NDBI = Naturalistic developmental behavioural augmentative and alternative communication intervention that uses
a consistent-symbol location design group, mod-PECS = modification of Picture Exchange Communication System
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Link Between Chapters 1 and 2

The study presented in Chapter 1 was the first to compare the effectiveness of two
augmentative and alternative communication (AAC) approaches for minimally speaking
autistic children. Specifically, an intervention that uses a naturalistic developmental
behavioural approach and a consistent-symbol location design was evaluated against an
established augmentative and alternative communication intervention that uses a
behavioural approach and a variable-symbol location design (Picture Exchange
Communication System; Frost & Bondy, 2002). The findings from this study add to the
evidence base on Augmentative and Alternative Communication interventions for minimally
speaking autistic children.

In addition to gaps in AAC intervention research for this population, properly adapted
language assessment tools (Kasari et al., 2013a) are scarce. Many standardized language
assessment tools are not adapted for individuals who use AAC. For example, standardized
language assessments often require pre-requisite language skills (e.g., ability to follow
basic spoken instructions) that may not be in the skill set of a minimally speaking individual
(Barokova & Tager-Flusberg, 2018). Due to this and the language skills assessed being at a
higher level, minimally speaking autistic individuals often score at floor. Therefore, the
results are often not sensitive enough to properly characterize their language and
communication profiles, nor to detect change over time, which is critical in both research
and clinical settings. To address these limitations in language assessment tools, in Chapter
2 we modified the MacArthur-Bates Communicative Development Inventory - Words and

Gestures, English Long Form (CDI: Words and Gestures; Marchman et al., 2023) to capture
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non-spoken (in addition to spoken), expressive vocabulary to explore expressive vocabulary

size and composition of minimally speaking autistic children.
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Chapter 2: Value added by assessing non-spoken vocabulary in minimally speaking
autistic children
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Abstract

Purpose: There is a scarcity of language assessment tools properly adapted for use with
minimally speaking autistic children. As these children often use non-spoken methods of
communication (i.e., Augmentative and Alternative Communication; AAC), modification of
traditional assessment tools is needed to capture the full range of their communicative
repertoires. We modified the Communicative Developmental Inventories (CDI) to explore
how vocabulary size and composition are impacted by considering non-spoken, as well as
spoken, expressive vocabulary (AAC-modified CDI: Words & Gestures).

Methods: Our initial sample consisted of 16 minimally speaking autistic children, three to
nine years old, whose caregivers completed our modified CDI after taking part in an AAC
intervention. Our final sample included 15 participants, after removing an outlier.

Results: Accounting for both spoken and non-spoken communication significantly
increased participants’ reported expressive vocabulary by an average of 14 words (z =-2.61,
p = 0.009, r = 0.75). Verbs made up a sizable portion (13.3 percent) of vocabulary when
accounting for all modalities, while nouns made up the majority (51.5 percent).
Conclusions: We demonstrated the value of including both spoken and non-spoken
modalities of communication when assessing the expressive vocabulary of minimally
speaking autistic children. Prior work has shown that minimally speaking autistic children’s
spoken vocabulary was prominent in verbs (i.e., contained proportionally more verbs than
that of vocabulary-matched typically developing children). In our sample, which used a

broader definition of minimally speaking, we found that the proportions of verbs and nouns
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were consistent with what has been reported for typically developing children with similar-

sized productive vocabularies.
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Introduction

Though progress has been made over the past decade, much has yet to be learned
about the communicative abilities of minimally speaking autistic children. These children
are loosely defined as having little to no spoken language and makeup approximately one-
third of individuals on the autism spectrum (Rose et al., 2016; Tager-Flusberg & Kasari,
2013). However, within this subgroup, there is considerable variation in both the content of
their spoken language repertoires, and in their language usage (e.g., level of independence,
consistency and flexibility with which they employ their repertoire). For example, one child
might have a spoken vocabulary of 40 words but only use them to identify pictures, while in
contrast, another child may have a much smaller spoken vocabulary (e.g., five words), but
achieve a range of communicative functions relevant to daily life, such as making requests,
basic comments, and answering questions, with this limited number of words.

With respect to variability in communicative repertoires, it is also important to
consider all communication modalities used by minimally speaking autistic children.
Focusing on spoken language alone is likely to leave out valuable information since they
often use non-spoken forms of communication such as adapted signs, gestures,
communication boards, and speech-generating devices [also known as Augmentative and
Alternative Communication (AAC) systems] (Beukelman & Light, 2020). Given that spoken
language is by definition limited in this subgroup, providing access to non-spoken
modalities such as AAC can support social inclusion by providing a stand-in for, or

compliment to, spoken communication (Logan et al., 2017).
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Given the variability in language usage and the diversity of modalities contributing to
the communicative repertoires of minimally speaking autistic populations, it is critical that
assessment tools are adapted for use with them. In particular, Kasari et al. (2013b)
recommended the Communicative Developmental Inventories (CDI; Fenson et al., 2007) as
one potential tool for use with this autistic subgroup. The CDI includes a series of two
checklists, based on the language development of typically developing children between
the ages of 8 to 30 months, that allow for the assessment of spoken receptive and expressive
vocabulary. There are adaptations of the CDI available in multiple languages.?® The first CDI
Words and Gestures form targets a developmental age of 8 to 18 months. Consequently,
items on this vocabulary checklist in English are mostly nouns, and words for routines, but
also include many verbs and adjectives and some closed-class words such as pronouns,
questions, quantifiers, and prepositions.

When looking at the full autism spectrum with a broad range of language skills,
autistic children’s vocabularies have been reported to be delayed, but syntactic classes
(e.g., nouns, verbs, adjectives) and semantic categories (i.e., words grouped according to
their meaning), have been found to developin a similar sequence to their neurotypical peers.
That is, when compared to typically developing children, the percentages of words in
different semantic categories on the CDI were quite similar in autistic children (Charman et

al., 2003; Luyster et al., 2007). Ellis Weismer et al. (2011) also found a pattern of delayed

20 Multiple of adaptations of the CDI also exist in other languages or dialects including French, Spanish,
Arabic, Mandarin (https://mb-cdi.stanford.edu/adaptations.html).
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emergence but similar proportion of words in different semantic categories between late-
talking toddlers and vocabulary-matched autistic toddlers.

In contrast, however, Jiménez et al. (2021) compared an autism sample with varied
language skills (vocabulary size M = 74.9 words) to children who were either typically
developing (vocabulary size M =72.7 words) or late-talking (vocabulary size M = 43.1 words).
They found that autistic children with a spoken vocabulary of between 1-25, 26-50, and 51-
75 words had proportionally more verbs (1-25 group M = 11.0 percent, 25-50 group M = 8.4
percent, 51-75 group M = 8.5 percent) on the CDI than typically developing children with the
same vocabulary sizes (1-25 group M =1.8 percent, 25-50 group M = 3.1 percent, 51-75 group
M = 4.6 percent). A similar pattern of greater verb prominence in autistic children was found
when comparing them to late-talking children with vocabularies between 1-25 (M = 2.5
percent) and 25-50 words (M = 4.2 percent). This therefore suggests that autistic children
with smaller vocabularies exhibit greater verb prominence relative to their typically
developing and late-talking peers.

Moreover, verb prominence on the CDI in autistic children with smaller vocabularies
was also reported by Haebig et al. (2021). Their autism sample included preverbal and
minimally speaking autistic children who were reported to have between 1 and 10 spoken
words (vocabulary size M = 4.6 words). Compared to their vocabulary-matched younger
neurotypical (TD) counterparts (vocabulary size M = 4.5 words), the minimally speaking
autistic children produced a significantly larger proportion of verbs (autism sample M = 8.0

percent, TD M = 1.0 percent) [i.e., words from the CDI category, ‘Action Words’] and ‘Food
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and Drink’ words (autism sample M = 9.0 percent, TD M = 2.0 percent).?! Finally, Butler et al.
(2023) who analyzed the language samples of six- to 21-year-old autistic individuals with
fewer than 200 spoken words found that verbs made up a prominent portion of expressive
vocabulary across a range of vocabulary sizes (i.e., less than 50 words = 12.3 percent verbs
and 26.6 percent nouns, 51-100 words = 12.5 percent verbs and 22.4 percent nouns, 101-
200 words = 13.1 percent verbs and 22.9 percent nouns).

It is important to note that, similar to the neurotypical and late-talking comparison
groups, nouns made up the largest lexical category (and verbs made up the smallest) for
autistic participants in the samples of Jiménez et al. (2021), Haebig et al. (2021), and Butler
et al. (2023). Yet, against this background, verb prominence in autistic children with limited
spoken language seems to be a stable feature which stands in contrast to what has been
reported for typical development where verb proportion only begins to increase past the
100-word stage (Bates et al., 1994).

These studies provide important insights into the vocabulary development of
minimally speaking autistic children and highlight the prominence of verbs in their lexical
compositions. However, they only account for spoken vocabulary, leaving out the
potentially valuable contributions of non-spoken modalities. As recommended by Kasari et
al. (2013b), parentreport measures, such as the CDI, should be modified to allow caregivers
to report on all modalities (i.e., spoken and non-spoken) in which their child produces

vocabulary. This type of modification would align with previous work by Courchesne et al.

2l 1tis important to note that CDI lexical composition proportions in their sample were based on a particularly
small number of words, given their level of lexical development (one to ten spoken words), so proportions
could be heavily influenced by only one or two words.
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(2015 and 2019) where cognitive assessment tools were selected to highlight areas of
strength and decrease floor effects. As such, we modified the CDI to capture children’s
communicative capacity across spoken and non-spoken modalities, and sought to answer
the following questions:

1. Does including the non-spoken, as well as spoken, modality allow us to more fully
capture the expressive communicative repertoires of minimally speaking autistic
children?

2. When considering all the modalities of minimally speaking children, do verbs emerge
as a prominent feature of lexical composition for their spoken repertoires, as

previously reported in the literature?

These datawere collected at the end of a caregiver-mediated AAC intervention study,
where minimally speaking autistic children had access to, and were trained in the use of, an
AAC system. As such, for the first research question, it was hypothesized that allowing
caregivers to report on both their child’s spoken and non-spoken vocabulary would
significantly increase the number of words reported in their expressive vocabularies. When
comparing the vocabulary composition of spoken words only, and words expressed in any
modality, it was hypothesized that the lexical composition of minimally speaking autistic
children would remain stable, and would reflect high verb prominence in line with the

findings of Jiménez et al. (2021), Haebig et al. (2021), and Butler et al. (2023).
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Methods

Participants

Our sample consisted of 16 children between the ages of three and nine years old
(range = 3 years; 1 month - 9 years; 10 months), including eleven males and three females
(biological sex by caregiver report). They were taking part in a remote AAC caregiver-
coaching intervention study conducted in English. The McGill Faculty of Medicine and
Health Sciences Institutional Review Board approved the study.

A screening questionnaire completed by the caregiver was used to assess eligibility
for the study based on various criteria (e.g., age, language exposure and ability, diagnosis).
Confirmation of our criterion of minimally speaking was done by the first author?? through a
review of caregiver-child interaction videos as described in detail below.

To be included as minimally speaking, children’s spontaneous spoken language
abilities had to be less developed than consistent phrase speech (e.g., they did not speak,
used single words only, or used at most simple two-word utterances) during 10 minutes of
caregiver-child interaction video obtained at the start of the study. This criterion is used in
the Autism Diagnostic Observation Schedule, 2nd edition manual (ADOS-2 manual; Lord et
al., 2012, pg. 9-13) to assign children to the lowest language level (i.e., module 1 of the
ADOS-2)?3. However, this criterion is typically used with children who are five years and

older (Baletal., 2016; Chen etal., 2023), as children younger than age five may present with

22 A speech-language pathologist with over a decade of expertise in working with autistic children and trained
to administer the Autism Diagnostic Observation Schedule (ADOS-2; Lord et al., 2012).

23 This is the most commonly used criterion in the autism research literature to identify minimally speaking
children (Bal et al., 2016).
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language delays that they will not retain at age five. To address this concern, children who
were between the ages of 3;1 and 4;11 years old (n =4) had to meet a more stringent criterion
to be included as minimally speaking. In addition to being identified as an ADOS-2 module 1
candidate, they needed to speak 20 or fewer different words across the 10 minutes of video
available. Pizzano et al. (2024) used the criterion just described to characterize children as
young as three years old as minimally speaking.

Caregivers reported English to be the dominant language for 15 of the 16 children
with one child reported to be equally proficient in English and Romanian. Seven of the
sixteen children were from visible minority?* groups. With the exception of one child who
was on the waitlist for an autism evaluation? at the time of the study, all had a confirmed
diagnosis of Autism Spectrum Disorder from a qualified licenced professional [i.e.,
physician or psychologist] (American Psychiatric Association, 2013). Caregivers reported
that their children had fine motor abilities sufficient to participate in the AAC intervention
study (i.e., able to point to and/or remove a Velcro picture-symbol from a low-tech
communication board). They also confirmed the absence of any significant visual or hearing
impairments. Please see supplemental materials, section one, Table S1 for more details

on participant demographics and baseline characteristics.

24 Avisible minority is term used by the Canadian government to describe a person who is non-white in colour
or non-Caucasian in race (Statistics Canada, 2021).

% Following participation in the study, the participant received an official diagnosis of autism (as shared by
the family through personal communication). This first author confirmed behaviours consistent with an
autism diagnosis through the caregiver-child interaction videos.
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Augmentative and Alternative Communication - Modified Communicative

Development Inventory: Words and Gestures

For this study, we modified the vocabulary checklist section of the MacArthur-Bates
Communicative Development Inventory - Words and Gestures, English Long Form (CDI:
Words and Gestures; Marchman et al., 2023) to assess the expressive communicative
repertoires of our participants. The CDI: Words and Gestures is a well-validated assessment
tool that provides a list of commonly used words produced by English-speaking children
between eight and 18 months who are typically developing. The CDI Words & Gestures form
was normed using a typically developing sample of more than 1000 infants and toddlers
(Fenson et al., 2007). The CDI was chosen because, as discussed earlier, it is frequently
used to study vocabulary in autistic children, it contains a large variety of vocabulary used
by emergent communicators, and it was recommended by Kasari et al. (2013b) as a
potential tool to measure language in minimally speaking autistic children.

Since the CDI measures only spoken vocabulary where caregivers can check off if a
vocabulary item is either understood (i.e., ‘Understands’ column) or understood and said
(i.e., ‘Understands and Says’ column), two additional columns were added to give them the
opportunity to report on non-spoken modalities of communication (i.e., ‘Understands and
Uses Non-spoken Methods to Say’ and ‘All of the Above’ columns). See Figure 1 for an
example of the layout of responses on the AAC-modified CDI: Words and Gestures. Non-
spoken expression was defined as using adapted signs, gestures, pictograms, a
communication board or communication app on a tablet or iPad. A caregiver was instructed

to check off the ‘All of the Above’ column when their children understood and expressed the
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word through both spoken and non-spoken modalities. Definitions for the two new response
columns were added. Instructions remained otherwise unchanged to preserve
standardization. Caregivers were restricted to selecting only one column (i.e.,
‘Understands’, ‘Understands and Says’, ‘Understands and Uses Non Spoken Methods to
Say’, and ‘All of the Above’) per vocabulary item. Finally, two open-ended questions (e.g.,
‘Are there other spoken (or non-spoken) words not listed that your child uses to express
themselves?’) were added at the end of the checklist section given the prominence of
idiosyncratic special interests in this population. It was hypothesized the addition of these
questions would allow us to capture a few additional words not in the conventional
vocabulary list. These modifications were approved by the CDI Advisory Board for use in our

study (MacDonald-Prégent & Nadig, personal communication, July 27, 2023).

Figure 1. AAC-modified CDI: Words & Gestures - Columns in Vocabulary Checklist
Section - Example (n=15)

Understands and uses
nonspoken methods to
Understands only Understands and says "say" All of the above

Bite
Blow

Break

As previously mentioned, these data were collected as part of a caregiver-coaching
AAC intervention study. Caregivers filled out the AAC-modified CDI: Words and Gestures at
pre- and post-intervention using the online survey platform Limesurvey version 3
(Limesurvey, 2017). Children in the study were required to have little to no experience using

an AAC system at baseline. Therefore, to allow for a richer exploration of our research
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questions which are related to non-spoken communication, we focused our analyses on
CDl data provided at post-intervention following 12-week one-hour individual AAC coaching
sessions. It is however acknowledged that this represents an ideal situation where all
participants had access to a formal AAC system in an environment supportive of AAC use,
which unfortunately does not reflect the daily reality of all minimally speaking autistic

children.

Analysis Plan

To address our first research question, two measures of expressive vocabulary size
were computed for each participant. First, non-spoken+spoken vocabulary included any
words for which a child’s caregiver checked ‘Understands and Says’, ‘Understands and
Uses Non-spoken Methods to Say’, or ‘All of the Above’. In contrast, spoken vocabulary
consisted solely of spoken words. This score included any words for which a child’s
caregiver checked ‘Understands and Says’ or ‘All of the Above’. When ‘All of the Above'was
selected (as defined in the previous section), this implied that a word was understood,
expressed using non-spoken methods, and spoken. As a result, it was also included in the
total for spoken vocabulary.

In preparing data for analysis, a discrepancy was noted between the total spoken
vocabularies reported on a multiple-choice screening questionnaire at baseline versus on
the AAC-modified CDI: Words and Gestures at post-intervention. Many of the caregivers
(i.e., 11 of the 16) reported a substantially higher number of spoken words on the AAC-

modified CDI: Words and Gestures in comparison to the screening questionnaire See Table
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1. These discrepancies are likely not due (only) to gains in spoken or non-spoken repertoires
from baseline to post-intervention, but rather to the wording of the instructions and the way
the questions are posed. The screening questionnaire explicitly asked caregivers to
estimate the size of their child’s spoken vocabulary that is produced independently and
consistently using multiple choice categories, whereas the AAC-modified CDI: Words and
Gestures asked caregivers to report on each word on a checklist their children can
communicate (without specification of how the word is used). Consequently, the AAC-
modified CDI: Words and Gestures count may be higher for some participants because it
allows for reporting words a child produces by echoing/repeating, or uses very infrequently
(e.g., child said the word balloon once at a birthday party several years ago but hasn't since).
Moreover, an outlier was observed whereby one participantwas reported to have a very large
non-spoken vocabulary of 384 words out of the 396 possible vocabulary options on the AAC-
modified CDI, which was not consistent with clinical observation during the 12 weeks of
intervention?S. This participant was removed from further analysis, resulting in a revised

sample of 15 children.

261t s suspected that this participant’s very large reported non-spoken vocabulary stemmed from their
caregiver accounting for all non-spoken vocabulary items available on their AAC system, and not what non-
spoken AAC words their child was directly observed to use (e.g., counting all the animal picture-symbols on
the child’s communication board even though the child only uses the Pig and Dog picture-symbols when
communicating). It is also possible that the caregiver counted prompted (i.e., not independent) AAC use.
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Table 1. Range of Spoken Words Reported in the Screening Questionnaire versus the
AAC-modified CDI: Words & Gestures

Spoken Words Reported in Spoken Words Reported in

Participant Screening Questionnaire AAC-modified CDI: Words &
Gestures

1 0 50+

2 0 50+

3 1-25 50+

4 1-25 1-25

5 50+ 50+

6 26-50 50+

7 0 1-25

9 26-50 50+
10 26-50 50+
11 1-25 26-50
13 1-25 1-25
14 26-50 50+
15 0 0
16 26-50 50+
17 50+ 50+
18 0 1-25
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We then divided the sample into two groups based on their spoken vocabulary size
reported on the AAC-modified CDI: Words and Gestures (see Table 2). Children with 50
spoken words or less were allocated to the First 50 spoken words group (five participants),
whilst those with more than 50 reported spoken words were allocated to the 50+ spoken
words group (ten participants). This approach allowed us to examine whether accounting
for non-spoken modalities had a larger impact on the assessment of vocabulary for those
with fewer reported spoken words. The 50-word mark was chosen as it represents an
inflection pointin typical language development when children begin to combine words and
language growth accelerates (Anisfeld et al., 1998; Hoff, 2009). Additionally, previous
studies employing the CDI have demonstrated that the early word development stage (i.e.,
under 50 words) represents a stage of particularly large variability among typically

developing and autistic children (Bates et al., 1994; Jiménez et al., 2021).

Table 2. Participant Spoken Vocabulary Size Reported on AAC-modified CDI: Words and
Gestures

Vocabulary Size Number of Range of Spoken Words
Participants M (range)

< 50 reported spoken words 5 11.2(1-40)

> 50 reported spoken words 10 192.5 (58-383)

To address our second research question, as in previous studies using the CDI to
analyze lexical composition of children on the autism spectrum (Charman et al., 2003;

Luyster et al., 2007), we investigated both the syntactic class and semantic category
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distributions of our sample. Given the sample’s small vocabulary size, and the importance
of nouns and verbs in emerging lexical development, we focused our syntactic class
analysis on only nouns and verbs, as was done by Jiménez et al. (2021) and Haebig et al.
(2021). Words were classified according to Bates et al. (1994) who defined nouns as words
from the following CDI categories: ‘Animals’, ‘Vehicles’, ‘Toys’, ‘Food and Drink’, ‘Clothing’,
‘Body Parts’, ‘Furniture and Rooms’, and ‘Small Household Items’. Verbs were taken from
the ‘Action Words’ category. All other words were classified in the syntactic class ‘Other’.
The percentage of vocabulary in these three syntactic classes was compared between
spoken vocabulary and non-spoken+spoken vocabulary. Finally, for our semantic analysis,
putting aside the CDI category of ‘Action Words’, we outline the percentage of vocabulary in
the 18 other CDI semantic categories, which are subgroupings of nouns and words from the
syntactic class “Other”.

Due to non-normal distributions of the two related samples, we conducted non-
parametric pairwise comparisons using the Wilcoxon signed rank test with continuity
correction to examine the effect of including (or not including) non-spoken communication
in the assessment of participants’ overall expressive vocabulary, as well as participants’
expressive verb vocabulary use. The effect size r, which is appropriate for comparing two

related samples when using non-parametric tests, is reported.?’

27 The effect size r (i.e., arank bi-serial correlation) is interpreted using the following thresholds: r< 0.1 =
small, r= 0.3 = medium, r > 0.5 = large effect (Tomczak & Tomczak, 2014).
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Results

To answer our first research question, we assessed the percentage of all
participants’ non-spoken+spoken vocabulary accounted for by spoken and non-spoken
communication. On average, words expressed using non-spoken modalities accounted for
9.5 percent of participants’ non-spoken+spoken vocabulary. Nine out of the 15 participants
had between 1 to 58 additional words when vocabulary from all modalities was considered,
versus spoken vocabulary only. No additional words were reported for six participants.?®
Including the number of words that participants could communicate using non-spoken
modalities significantly increased their expressive vocabulary size by an average of 13.8
words (spoken M = 132.1 words, non-spoken+spoken M = 145.9 words), considered to be a
large effect (V=0,p=0.009,Z=-2.61,r=0.75).

We explored whether the increase in expressive vocabulary from considering non-
spoken communication was different depending on expressive vocabulary size, e.g., for
childreninthe First 50 group versus 50+ group. For those in the First 50 spoken words group,
74.8 percent of participants’ total vocabulary was communicated using non-spoken
modalities, comparedtojust 2.1 percent for those with more than 50 reported spoken words
(see Figure 2a and b). The mean spoken vocabulary for the First 50 group was 11.2 words
(as reported in Table 2) which increased to a mean of 44.4 words when accounting for both
spoken and non-spoken modalities (i.e., non-spoken+spoken vocabulary). The mean
spokenvocabulary for the 50+ group was 192.5 words and increased by 4.1 words to a mean

non-spoken+spoken vocabulary of 196.6.

28 A majority (i.e., five) of these six participants were from the 50+ group.
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Figure 2. Spoken vs. Non-Spoken Modalities - Percentage of
Vocabulary Words Produced by First 50 (n =5) and 50+ (n=10)
Groups

2a) First 50 2b) 50+

= 3

2.1%

Modality

Non-Spoken

B seoken

Non-Spoken
74.8%

Lexical Composition

To answer our second research question, we examined the prominence of verbs in
the lexical composition of our minimally speaking autistic sample in the context of multiple
modalities. We also investigated verbs with respect to 1) syntactic classes on the CDI and
2) when compared to the CDI’s 18 other semantic categories.

Nouns made up the largest proportion of their non-spoken+spoken vocabulary (i.e.,
51.5 percent) as well as their spoken vocabulary (i.e., 49.4 percent). See Figure 3. When
accounting for all modalities across all participants, on average, the syntactic class of verbs
made up a sizable portion (13.3 percent) of their non-spoken+spoken vocabulary (see
Figure 3). Similar percentages were found when examining only spoken verb vocabulary
(i.e., verbs: 13.6 percent), indicating that this is a stable finding across modalities. Given the
broad chronological age (i.e., three to nine years) of our sample, Spearman’s correlation
was carried out to determine if an association exists between age and verb use. Significant

correlations were found between whereby older children had greater spoken verb use (rs =
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0.71, p=0.003, strong correlation). This was also the case for non-spoken+spoken verb use
(rs=0.58, p=0.02, moderate correlation). In contrast, no significant correlations were found

between age and production of nouns or the ‘Other’ syntactic class.

Figure 3. Spoken Only vs. Non-Spoken and Spoken Modalities - Percentage of
Vocabulary Words Produced Via Syntactic Class (n = 15)

75

Modality

50
Non-Spoken & Spoken

. Spoken

Mean Percentage

25

Noun Verb Other

Syntactic Class

The mean number of verbs spoken by all participants was 18 words (range = 0 - 54).
When accounting for both non-spoken and spoken expression, there was a large and
significant mean increase of two words, going from 18 to 20 words (V=0, p =0.02, Z=-2.30,
r=0.68). The mean number of verbs expressed by First 50 participants increased from two
to eight verbs, compared to an increase of just 0.70 verbs for those in the 50+ spoken words

group. Overall, as would be anticipated, these findings demonstrate a greater impact of
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incorporating non-spoken modalities in vocabulary assessment for those with fewer
reported spoken words.

A majority (i.e., at least eight or more) of participants could say at least seven
different verbs from the CDI ‘Action Word' category: 10/15 participants could say ‘Drink’,
9/15 participants could say ‘Finish’, ‘Eat’, and ‘Go’. Finally, 8/15 participants could say the
verbs ‘Look’ and ‘Sleep’. When factoring non-spoken modalities as well, a majority of the
sample could express at least 13 different verbs: 11/15 could express ‘Drink’, ‘Finish’, ‘Eat’,
and ‘Open’, 10/15 could express ‘Hug’ and ‘Go’, 9/15 could express ‘Look’, ‘Sleep’, ‘Jump’,
‘Kiss’ and ‘Stop’, and finally 8/15 could express: ‘Close’ and ‘Tickle’. See supplemental
materials, section two, Table S2 for an exhaustive list.

For the 18 other CDI semantic categories, after verbs, the two categories which
formed the second and third largest percentages of participants’ spoken vocabulary were:
‘Animal Names’: 12.8 percent and ‘Body Parts’: 11.9 percent. On average, the top three
categories constituted 38.3 percent of participants’ spoken vocabulary (see supplemental
materials, section three, Table S3 for an exhaustive list of the proportion of spoken words
per CDI semantic category). A slightly different pattern emerged when accounting for non-
spoken modalities. The two semantic categories which formed the second and third largest
percentages of participants’ non-spoken+spoken vocabulary were: ‘Animal Names’: 12.4
percent and ‘Food & Drink’: 11.6 percent. On average, the top three categories constituted
37.4 percent of non-spoken+spoken vocabulary (see supplemental materials, section

four, Table S4). Overall, accounting for non-spoken expression increased the mean number
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of words recorded in all but two of the semantic categories (Pronouns and Questions) (see

Table 3).

Table 3. Mean Number of Words Reported in Each CDI Semantic Category for Spoken Only

vs. Non-Spoken and Spoken Vocabulary.

CDI Semantic Category M # of Non-
- M # of M
(n = total # of checklist items Spoken and .
. . Spoken Difference
available in the category) Spoken
1 Action Words (n = 55) 17.73 20.20 +2.47
2 Food and Drink (n = 30) 13.40 15.80 +2.40
3 Games and Routines (n = 19) 6.93 8.33 +1.40
4 Small Household Items (n = 36) 9.80 10.93 +1.13
5 Furniture and Rooms (n = 24) 6.53 7.33 +0.80
6 Toys (n=8) 3.67 4.47 +0.80
7 Clothing (n=19) 6.87 7.67 +0.80
Outside Things and Places to
8 9.13 10.0 +0.87
Go (n=27)
9 Animal Names (n = 36) 19.47 20.20 +0.73
10 Body Parts (n =20) 9.00 9.53 +0.53
11 Description Words (n = 37) 7.20 7.67 +0.47
Propositions and Locations (n =
12 2.73 3.20 +0.47
11)
13  People (n=20) 5.33 5.80 +0.47
14  Quantifiers (n =8) 0.87 1.07 +0.20
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15  Vehicles(n=9) 4.07 4.20 +0.13

Sound Effects and Animal
16 5.67 5.73 +0.07
Sounds (n=12)

17  Words About Time (n = 8) 1.27 1.33 +0.07

18 Pronouns(n=11) 1.73 1.73 0.00

19  Question Words (n = 6) 0.67 0.67 0.00
Discussion

This study sought to determine how including non-spoken modalities, alongside
spoken language, alters our capacity to comprehensively capture a minimally speaking
autistic child's vocabulary. Accounting for all methods of communication had a large effect,
significantly increasing participants’ expressive vocabulary size, particularly for those with
fewer than 50 reported spoken words.

With respect to lexical composition, verbs made up 13.3 percent of their spoken and
non-spoken combined vocabulary (nouns: 51.5 percent). The percentages of verbs and
nouns when accounting for spoken words only was similar (verbs = 13.6 percent, nouns =
49.4 percent). This ran counter to our hypothesis and contrasts with previous findings from
Jiménez et al. (2021) and Haebig et al (2021) and aligns with what is seen in neurotypical
children who have similar vocabulary sizes (i.e., 100-400 words).

Our findings highlight the importance of accounting for minimally speaking autistic

children’s non-spoken expression, in particular for those children in the First 50 spoken
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word group, where the modifications to the CDI were found to account for a majority of their
vocabulary (74.8 percent). In contrast, non-spoken expression only accounted for a small
percentage (2.1 percent) of children in the 50+ spoken word group’s vocabulary. This
disparity could potentially parallelwhatis observed in typical development, albeit ata much
later age, whereby toddlers who are developing their first 50 words and do not yet make word
combinations, initially use gestures (in our sample, communication board with some
gesture use) to supplement their spoken communication, but for children with higher
spoken language abilities, use of non-spoken modalities decreases (Goldin-Meadow, 2015;
Iverson & Goldin-Meadow, 2005; Ozcaliskan & Goldin-Meadow, 2005). With that said, care
should be taken when comparing the language development of autistic children using AAC
with that of typically developing children, as there are limitations.

Based on these results, we would recommend using the AAC-modified CDI: Words
and Gestures for minimally speaking autistic children. For profiling vocabulary use in this
population, it is, to our knowledge, the only parent report vocabulary measure modified to
include non-spoken expression. The simple modifications of this parent report measure
provided us with significantly more information on the expressive vocabulary of this autistic
subgroup, particularly for those with fewer than 50 spoken words. Furthermore, allowing
caregivers to report on non-spoken expression highlights potential strengths, increasing
inclusivity of the measure.

In addition, based on our findings, we added a clarifying statement for use with
minimally speaking autistic children to the instructions of the AAC-modified CDI: Words and

Gestures. Since this group of children can produce spoken words only inconsistently (e.g.,
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said it once 2 years ago and never again) or exclusively through immediate echolalia (i.e.,
not independently), we hypothesize that the standard CDI instructions for the vocabulary
checklist section led caregivers to account for any words produced, whether they be
consistent, independently, or not. This most likely led to differential reporting in spoken
vocabulary in comparison to our screening questionnaire as shown in Table 3. Therefore,
we added two sentences to the instructions to state that vocabulary items should only be
reported if usage is both consistent and independent®. This wording is similar to other
measures adapted for use with this specific autistic subgroup, such as the Low Verbal
Investigatory Screener (LVIS: Naples et al., 2022). This addition to the instructions allows
researchers and clinicians to profile and track the consistent and independent language use
of minimally speaking autistic children. See supplemental materials, section five for a
sample of the AAC-modified CDI: Words and Gestures®’.

For our second question regarding lexical composition, we hypothesized that our
minimally speaking autistic sample would exhibit high verb prominence consistent with the
findings of Jiménez et al. (2021), Haebig et al. (2021), and Butler et al. (2023). However, our
results contradicted this hypothesis. Nouns made up most of our minimally speaking
autistic sample’s spoken vocabulary (49.4 percent), and their vocabulary when accounting
for all modalities (51.5 percent). They also had a sizable mean portion of verbs that made up

their lexical repertoire (13.3 and 13.6 percent; see Figure 3). However, the minimally

29 “To check off a word as said verbally (or expressed using non-spoken methods), you should have heard (or
seen) your child say (or express) the word more than one time in recent memory. The word should have also
been produced independently (e.g., not repeated immediately after someone said it).”

30 The AAC-modified CDI: Words and Gestures is freely available on the MacArthur Bates-CDI website at
https://mb-cdi.stanford.edu/ or by emailing angela.t. macdonald@gmail.com.
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speaking autistic children in our sample are likely at a more advanced stage of development
where there is more verb learning, compared to the autism samples from Jiménez et al.
(2021) and Haebig et al (2021) who also used the CDI. The mean vocabulary size of our
sample [spoken only M = 132.1 words, spoken and non-spoken = spoken M = 145.9 words]
was much larger than the Jiménez et al. (2021) [M = 74.9 words] and Haebig et al. (2021) [M
= 4.56 words] autism samples and falls into what Bates et al. (1994) refer to as the “second
wave of lexical re-organization” whereby verb growth accelerates when vocabulary size is
between 100-400 words. Although we did not have a typically-developing sample, looking to
the literature the percentage of verbs and nouns of typically developing toddlers with
vocabularies between 101-200 words reported by Bates et al. (1994, as cited in Butler et al.,
2023) were 15 percent and 57 percent, respectively, quite similar to our minimally speaking
autistic sample.

In addition, unlike Haebig et al. (2021) who did not find a correlation between age and
verb use, in our sample, significant correlations were found whereby older children had
greater spoken verb use (rs = 0.71, p = 0.003, strong correlation). This was also the case for
verb use when factoring in both spoken and non-spoken modalities (rs = 0.58, p = 0.02,
moderate correlation). These correlations could be attributed to our sample's higher mean
age (M =6 years; 2 months, range = 3 years; 1 month -9 years; 10 months) compared to that
of Haebig’s autism sample (M = 3 years; 11 months, range = 1 year; 7 months — 9 years; 11
months). Overall, our findings demonstrate that the verb and noun composition of older
minimally speaking autistic children with vocabularies above 100 words (as per caregiver

report), more closely resembles what is seen in typical development, although for
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minimally-speaking with vocabularies below 100 words a prominence in the representation

of verbs has been reported.

Limitations

As the vocabulary measure is based on a caregiver-report, and the AAC intervention
was implemented by caregivers, this could have led to an overestimation of non-spoken
vocabulary. An alternative to using a parent report measure such as the CDI would be to
capture the expressive vocabulary produced during a caregiver-child interaction using a
standardized protocol, such as the Eliciting Language Sample For Analysis (Barokova et al.,
2021). Once completed, the child’s expressive vocabulary could be transcribed and
analyzed in software programs such as Computerized Language Analysis (MacWhinney,
2018) or Systematic Analysis of Language Transcripts (Miller & Iglesias, 2015). Language
samples allow for the analysis of directly observable vocabulary communicated by the child
during a specific time-period which may, in some situations, provide a more accurate
snapshot of the child’s vocabulary abilities. Also, language sample transcription protocols
used in studies such as Kasari et al. (2014) and La Valle et al. (2024a, 2024b) have been
adapted to transcribe and code non-spoken modalities, such as communication boards
and speech-generating devices.

On the other hand, this type of method is much more time- and resource-intensive
than the CDI, as it requires the collection of a video sample, as well as the transcription and
analysis of usually 50 utterances or more, depending on the length of the sample collected

(Heilmann et al., 2010). However, it is worth noting that automatic speech-recognition tools
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have been developed to expedite the transcription process, which is traditionally done
manually by trained transcribers (McGonigle et al., 2024). Also, most standard language
sample transcription protocols are not adapted to transcribe and code non-spoken
modalities (e.g., communication board, speech generating device) and may only provide a
brief window into the children’s abilities. In contrast, though caregivers of minimally
speaking autistic children may be limited to the vocabulary checklist selection of the AAC-
modified CDI: Words and Gestures, such a tool provides a quick holistic overview of the
child’s expressive vocabulary, accounting for all modalities, using the knowledge of a
familiar listener, specifically their caregiver.

The CDI: Words and Gestures, from which the AAC-modified CDI: Words and
Gestures was derived, was created and normed for use with neurotypical infants and
toddlers. Given the older age and intense special interests of our autistic participants (e.g.,
computer software programs, cleaning supplies), it may not capture all the possible
vocabulary of these children. Though our modified measure included open-ended questions
to list additional vocabulary words expressed, it was rarely answered and thus may have led
to under-estimations of vocabulary size. Therefore, future work should focus on creating a
vocabulary assessment tool that is specifically developed for, and normed using, autistic
children, to evaluate the diverse range of spoken and non-spoken abilities seen in this
population.

Additionally, while the instructions in the AAC-modified CDI: Words and Gestures did
not explicitly state that caregivers should only report English words, this may have been

implied since the form was in English. Many of the children in our sample were dominantin
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English but also communicated in and/or were exposed to other languages (see Table S1),
which may have led parents to omit words from those languages. As a result, this could have
further contributed to an underestimation of vocabulary.

As the data used in this study were collected in the context of an AAC intervention
and used a small sample size, our findings are potentially less generalizable to settings
outside of an AAC-rich environment, as many minimally speaking autistic children do not
have access to formal AAC systems, such as a communication board. Therefore, the AAC-
modified CDI: Words and Gestures would benefit from further validation and reliability
testing to ensure its sensitivity in capturing communication outcomes accurately across the
full range of minimally speaking autistic participants. However, with that said, our results
are useful in demonstrating why AAC should be more widely available, as it may lead to
increases in the number of words these children are able to express.

Finally, due to the low-tech nature of the AAC communication boards used in the
intervention study, caregivers had to manually add new picture-symbols as intervention
progressed. These symbols were selected from a bank of AAC picture-symbols created
using the vocabulary checklists of the CDIl: Words and Gestures and CDI: Words and
Sentences. Since this current analysis examines data collected at the end of this
intervention period, there may be an increased likelihood that caregivers reported their
children as using non-spoken words found on the AAC-modified CDI: Words and Gestures.
Additionally, AAC systems in general have a fixed number of available vocabulary items,
which could have limited the children's ability to produce certain words as they were not

available within their system.
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Future Directions

Future studies should investigate the use of the AAC-modified CDIl: Words and
Gestures with a larger representative sample of minimally speaking autistic children who
are and are not participating in any type of spoken language or AAC intervention. As was
done in this study, this method would allow minimally speaking participants to be selected
using the ADOS-2 module assignment guidelines. As highlighted by Bal et al. (2016), this
method creates a more broadly defined minimally speaking group of participants with a
wider variety of communicative repertoires profiles that supports our understanding of the
spoken language difficulties experienced by this group. More broadly, future work with this
modified CDI tool could be potentially useful for assessing spoken and non-spoken
vocabulary in other populations who use AAC, such as children with Global Developmental
Delay, children with Down Syndrome, etc. Given we found that the proportion of verbs and
nouns was in line with that reported in Bates et al. (1994, as cited in Butler et al., 2023) for
typically developing-children who have similar productive vocabularies, future research
should seek to confirm this finding through replication and direct comparison with an

vocabulary matched sample.

Conclusion

In this study, we have demonstrated the value of including both spoken and non-
spoken modalities of communication when assessing the expressive vocabulary of
minimally speaking autistic children. Prior studies reported a prominence of verbs in the
vocabulary of minimally speaking autistic children who had parent-reported vocabularies of

fewer than 100 words. In contrast, in our minimally speaking sample (who had slightly larger
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vocabularies despite experiencing significant language delays) we observed the
representation of verbs (and nouns) to be similar to reports for vocabulary-matched
typically-developing children and autistic children in general (Bates et al., 1994; Ellis
Weismer et al., 2011).

These findings support the use of strengths-based adaptations to vocabulary
assessment in both research and clinical practice. By accounting for non-spoken
expression, clinicians can conduct more comprehensive assessments of their clients’
abilities and needs, and researchers can better characterize the potentially different

language development of minimally speaking autistic children.
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Supplemental Section 1 - Table S1. Participant Characteristics at Baseline for Main Sample (n = 16)

Participant 5 gea Sex \{isib!e Dominant Other Language(s, )C Non-Verbal Receptive Language Social M(_)for

# Minority® Language Cognition’ Ability® Ability’ Ability?
1 5:3 Male No English French, Italian <5 59 61 84
2 910  Male Yes English N/A 50 56 57 59"
3 55 Female Yes English Chinese, French <5 48 59 72
4 6;10 Male No English Romanian 5 40 55 59
5 8.7 Male No English N/A <5 40 50 59
6 4:7 Male Yes English N/A <5 69 66 75
7 6;9 Male No English N/A <5 40 57 72
9 510 Male No English N/A 10 78 59 64
10 4;11 Male Yes English N/A 37.5 63 59 81
11 8:0 Male Yes English Cebuano <5 40 55 599
13 3:1 Female No English Serbian N/AI 52 59 75
14 3;1 Male Yes English N/A N/AI 60 74 97
15 54 Male No English N/A <5 53 53 61
16 8;3 Male No English French, Spanish <5 40 50 599
17 52 Female Yes English N/A <5 41 63 75
18 7:0 Male No English French, Arabic, 25 40 53 599

Portuguese

Note. Standardized tests were administered remotely, a) chronological age in year; month, b) term used by the Canadian government to describe a person who is non-
white in colour or non-Caucasian in race (Statistics Canada, 2021), c)other languages the child was reported to understand and/or communicate in, d) Raven’s 2

Coloured Progressive Matrices percentile, e) Peabody Picture Vocabulary Test, 5" edition standard score, f) Vineland Adaptive Behaviour Scales, 2™ Edition, Survey

Interview Form (Vineland-1l) socialization domain standard score, g) Vineland-Il motor domain standard score, h) oldest possible 6;9-6;11 norms used to calculate the
standard score, i) reported to be equally proficient in English and Romanian, j) test not administered as participant did not meet minimum age cut off age of 4;0
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Supplemental Section 2 - Number and Percentage of Participants’ (n = 15) Spoken Only
vs. Non-Spoken and Spoken Verbs from the Action Word Category of AAC-modified CDI:

Words and Gestures.

Table S2.
Verb (n aizzzec:‘ ;n,:q_\; le) NO”':II:;’(‘:: e Difference
(n and % of sample)
Drink 10 (66.6%) 11 (73.3%) +1
Finish 9 (60.0%) 11 (73.3%) +2
Eat 9 (60.0%) 11 (73.3%) +2
Go 9 (60.0%) 10 (66.6%) +1
Hug 8 (63.3%) 10 (66.6%) +2
Look 8 (563.3%) 9 (60.0%) +1
Sleep 8 (563.3%) 9 (60.0%) +1
Help 7 (46.7%) 7 (46.7%) =
Jump 7 (46.7%) 9 (60.0%) +2
Kiss 7 (46.7%) 9 (60.0%) +2
Push 7 (46.7%) 7 (46.7%) =
Run 7 (46.7%) 7 (46.7%) =
Blow 6 (40.0%) 6 (40.0%) =
Clean 6 (40.0%) 6 (40.0%) =
Close 6 (40.0%) 8 (563.3%) +2
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Cry 6 (40.0%) 7 (46.7%) +1
Draw 6 (40.0%) 6 (40.0%) =
Read 6 (40.0%) 6 (40.0%) =
Open 6 (40.0%) 11 (73.3%) +5
Stop 6 (40.0%) 9 (60.0%) +3
Tickle 6 (40.0%) 8 (53.3%) +2
Walk 6 (40.0%) 7 (46.7%) +1
Bite 5 (33.3%) 5 (33.3%) =
Give 5 (33.3%) 5 (33.3%) =
Love 5 (33.3%) 5 (33.3%) =
Play 5 (33.3%) 5 (33.3%) =
Pull 5 (33.3%) 5 (33.3%) =
Sing 5 (33.3%) 5 (33.3%) =
Wash 5 (33.3%) 7 (46.7%) +2
Bump 4(26.7%) 4(26.7%) =
Say 4(26.7%) 5 (33.3%) +1
Show 4(26.7%) 4(26.7%) =
Swim 4(26.7%) 4(26.7%) =
Swing 4(26.7%) 4(26.7%) =
Wipe 4(26.7%) 4(26.7%) =
Drive 3 (20.0%) 4(26.7%) +1
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Get 3(20.0%) 3(20.0%) =
Kick 3(20.0%) 3(20.0%) =
Put 3(20.0%) 3(20.0%) =
Ride 3(20.0%) 3(20.0%) =
See 3(20.0%) 3(20.0%) =
Smile 3(20.0%) 3(20.0%) =
Throw 3(20.0%) 5(33.3%) +2
Touch 3(20.0%) 3(20.0%) =
Watch 3(20.0%) 3(20.0%) =
Write 3(20.0%) 3(20.0%) =
Break 2 (13.3%) 2(13.3%) =
Dance 2 (13.3%) 3(20.0%) +1
Fall 2 (13.3%) 2(13.3%) =
Feed 2 (13.3%) 3(20.0%) +1
Hurry 2 (13.3%) 2 (13.3%) =
Splash 2 (13.3%) 3(20.0%) +1
Take 2(13.3%) 2(13.3%) =
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Supplemental Section 3 - Spoken Vocabulary Distribution of Sample (n=15): Mean

Percentage Reported in Each CDI Semantic Category from AAC-modified CDI: Words and

Gestures.
Table S3.
Order of Semantic Category‘ . ‘ ‘
Prominence (n = total # of checklist items available in the M % of Spoken Words
category)
1 Action Words (n = 55) 13.6%
2 Animal Names (n = 36) 12.8%
3 Body Parts (n = 20) 11.9%
4 Food and Drink (n = 30) 8.9%
5 Games and Routines (n = 19) 8.3%
6 People (n =20) 7.2%
7 Outside Things and Places to Go (n = 27) 5.7%
8 Description Words (n = 37) 5.0%
9 Small Household Items (n = 36) 4.8%
10 Sound Effects and Animal Sounds (n =12) 4.8%
11 Clothing (n=19) 3.7%
12 Furniture and Rooms (n = 24) 2.9%
13 Vehicles (n=9) 2.3%
14 Toys (n =8) 2.1%
15 Quantifiers (n = 8) 2.0%
16 Pronouns (n=11) 1.9%
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17 Propositions and Locations (n=11) 1.5%

18 Words About Time (n = 8) 0.5%

19 Question Words (n = 6) 0.3%
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Supplemental Section 4 - Non-Spoken and Spoken Vocabulary Distribution of Sample
(n=15): Mean Percentage Reported in Each CDI Semantic Category from AAC-modified
CDI: Words and Gestures.

Table S4.

Order of Semantic Category M % of Words
Prominence (n = total # of checklist items available in Expressed in Non-
(change in order the category) Spoken and Spoken
from Table S4) Modality

1(=) Action Words (n = 55) 13.3%

2(=) Animal Names (n = 36) 12.4%

3(+1) Food and Drink (n = 30) 11.6%

4 (+1) Games and Routines (n = 19) 9.5%

5(+1) People (n =20) 6.6%

6 (+3) Small Household Items (n = 36) 6.6%

7(=) Outside Things and Places to Go (n =27) 6.1%

8 (-5) Body Parts (n = 20) 5.7%

9 (+2) Clothing (n =19) 5.2%

10 (-2) Description Words (n = 37) 4.3%

11 (+1) Furniture and Rooms (n = 24) 4.0%

12 (+2) Toys (n = 8) 3.6%

13 (-3) Sound Effects and Animal Sounds (n = 12) 3.5%

14 (+3) Propositions and Locations (n=11) 2.6%

15(-2) Vehicles (n=9) 2.3%
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16 (=) Pronouns (n=11) 1.0%
17 (-2) Quantifiers (n = 8) 0.8%
18(=) Words About Time (n = 8) 0.5%
19(=) Question Words (n = 6) 0.3%
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Supplementary Section 5 - The AAC-Modified CDI: Words and Gestures — Sample
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Augmentative and Alternative Communication — Modified
Communicative Development Inventory:
Words & Gestures

SAMPLE ONLY

Angela MacDonald-Prégent, M.Sc.
Aparna Nadig, Ph.D.
School of Communication Sciences and Disorders,
Faculty of Medicine and Health Professions,
McGill University

A copy of the full form is available upon request at
the MacArthur-Bates CDI| website
mb-cdi.stanford.edu
or
by emailing corresponding author, Angela
MacDonald-Prégent at
angela.t.macdonald@gmail.com

This questionnaire is a modification of the MacArthur-Bates Communicative Development Inventory: Words &
Gestures (Marchman, Dale & Fenson, 2023), for children who use Augmentative and Alternative
Communication (e.g., noen-spoken) methods to communicate. The modifications have been made with the
permission of the CDI Advisory Board.

June 2024, Version 2
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This guesticnnaire will take an irventory of your chitd's vecabulary (both words that are expressed using spoken and non-spoken methods as well as your
chid's undecstanding of these words), This Ust is based on words used by typicsily developing children &3 they begin 10 lesm 1o spesk in English. This
questionnaire should take spproximately 15-20 minutes 1o complets, at your corvenience,

Part I: Early Words

A. FirstSigns of Understanding

Before children begn to speak, they show signs of und wding language by responding to familiar words and phrases.
Below are some commaon examples. Does your child do any of these? yes

1. Respond when name is called (o g., by tuming and lcoking st scurcs),

2. Respondto "no” |by stopping what they are doing, at least for a moment).

OO0 0O
OO0 0z

3. Resctio“There's mom/dad® by looking around for theen,

B. Phrases (28)
1. Inthe list below, plesss mark the phrases that your child seems to understand,
understands understands understands understands
Are you hungry? D Daddy's! mommy's home, Give me 8 kiss, D
Are you tined/slonpy? Goget I_
Be caruful, Good gi [
Be quist. Don't touch. Hold still, Tirre to go right night, [_
Clap your hands, 0 Getup. O Let's g0 byw bye. [ Theow the ball. [
Change disper. [:] Give it 10 marmmy. D Look/loak here, D This lathe piggy. D
Come harafcome on, D Give me 8 hug. D Open your mouth, D Want 1o go for s ride? D
2. Arethere any other phrases not Usted that your child can understand?
C. Startingto Talk
Newur Sometimes Often
1. Some children Uke 1o “parrot” or imitste things they've just
heard {including new woeds that they are just learning, and/or
ports of sentences, for example, repesting “work now™ after
mother says “Mom's going to work now.” How often does o O O

your child imitste words?

2. Some children like to g0 arcund naming or labeling things,
as though proud of knowing the names and wanting to show O O O

this, How often does your child do this?
D. Vocabulary Checklist

The folowing s a list of typical words in children's vocabuaries as they leam to speak/ ¢ kate. This is a "¢ e’ of words that are used by mary
different children. Don't worry if your chid knows only 8 few words,

Understand anly: for wards your child understands but does not yet say, place a mark in the 1st column (understands only).
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Understands and says: For words that your child understands and also says using spoken binguage, place a mark i the 2nd column (understands and says). If your
child uses a different pronunciation of a word (for example, “raffe” for “giraffe” or “skett?” for “spaghett’”), mark the word anyways.

Understands and uses non-spoken methods to “say™: For words your child ynderstands and is also able to communicate using non-spoaken expressions which
Indudes the use of adapted sign language, pictograms, a c ation board, 3 « ation app (Le. AAC) on an IPad, etc., place 3 mark in the 3rd column
(understands and uses non-spoken methods to “say™).

AN of the above: If your chid understands and is able to communicate vocabulary item(s) using both spoken language snd non-spoken expression,

IMPORTANT: To check off 8 word a3 said verbally or expressed using non-spoken methods, you should have heard or seen your chid say or express the word more
than 1 time in recent memory, The word should also have been produced independently (eg, not rep d diately sfter else said it),

1. Sound Effects and Animal Sounds (12)

urder- no{:e:‘%:;n sllof under- ,:E:‘::::,, all of

woe  ondeeys Wy abowe risviies oo o SR

baabaa O cC O O cuch O O C O
choo choo O O O O guack quack O O O O
cockadoodIndoo O O O O uhah O O O O
o O © C O vioom @) O © O
meow (@ ©C O O wao woo O @) C O
mao @ © ©C O yum yurn @) O Cc O

2. Animal Names (Real or Toy) (36)

:
M
O
z

LY =

ﬁ<

anmal O @) C O gocse O O C O
bear O ©C O O horse O @) ©C O
bes c ©C O O ity C O Cc O
W O ©c O O ol © O ©c O
bot ©c O O O lon ©C O C O
bunny O © © O monkey O @) Cc O
buttrty ©c © O O mouse O @) C O
on C O C O ont C @) © O
chicken C @) c O penguin O @) ©C O
com C c O O e C O C O
ceor C c O O pony C O Cc O
so C @) C O by O @) ©C O
conkey O cC O O aneeo @) C Cc OC
duck O O O O squirrel O o O O
elephant O O O O tedcy bear O O O C
fish ¢ © O O tigee ©C O O o©
trog O C C O turkey C O ©C O
girafle O O o O turtle O O O C
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General Discussion
Thesis Objectives

The main objective of this thesis was to contribute to the literature on Augmentative
and Alternative Communication (AAC) interventions and language assessment tools for
minimally speaking autistic children. Specifically, we aimed to expand our knowledge of
what components (AAC display, theoretical approach) maximize AAC learning. In addition,
we sought to test the value of modifying an existing tool to make it capable of capturing the

full range of this autistic subgroup’s communicative repertoire, including AAC use.

Thesis Results Summary

In Chapter 1, results demonstrate both the naturalistic developmental behavioural
AAC intervention that used a consistent-symbol location design (CSL-NDBI), and the
modified Picture Exchange Communication System intervention (mod-PECS), significantly
increased AAC use in minimally speaking autistic children who were not yet using AAC
consistently or independently. Specifically, both remotely coached caregiver-implemented
interventions led to similar increases in AAC acts when directly prompted by their trained
caregiver. Children in both groups produced AAC utterances that were on average one
picture-symbol in length, with no significant differences in the number of different picture-
symbols used. These results indicate that the consistent-symbol design used in the CSL-
NDBI condition, when used at an early stage of AAC development, does not lead to
significantly more complex AAC use than the mod-PECS intervention. Finally, caregivers

from the CSL-NDBI and mod-PECS groups increased their ability to implement their
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assigned AAC intervention from pre-, mid- and post-intervention. However, at mid-
intervention, the percent implementation mastery of the caregivers in the CSL-NDBI
condition was significantly higher than caregivers in the mod-PECS group, highlighting that
the CSL-NDBI intervention was learned more quickly.

In Chapter 2, the Augmentative and Alternative Communicative Development
Inventory: Words and Gestures (AAC-modified CDIl: Words and Gestures; MacDonald-
Prégent & Nadig, 2024), a modified version of the MacArthur-Bates Communicative
Development Inventory: Words and Gestures (Marchman et al.,, 2023) was created and
allowed us to more comprehensively capture minimally speaking children’s expressive
vocabulary. Accounting for all methods of communication (non-spoken and spoken) had a
large effect, significantly increasing participants’ expressive vocabulary size, particularly for

those with fewer than 50 reported spoken words.

Visual-Scene Display — Another Potential AAC Design Display Strategy
Consistent-symbol location design is hypothesized to maximize the efficiency at
which a grid-based aided AAC system is learned (Dukhovny & Thistle, 2019). In our study, we
hypothesized that using a consistent-symbol location design would act to support AAC
learning leading to the production of more complex AAC use (e.g., longer AAC utterances
and/or higher number of different picture-symbols). However, by the end of the 12-week
intervention, counter to our hypothesis, children using a consistent-symbol location design
did not differ from those using a variable-symbol location design with respect to AAC

complexity. Therefore, based on these results, using a consistent-symbol location design
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did not lead to more effective learning compared to a variable-symbol location design when
applied to minimally speaking autistic children who are emerging communicators at the
early stages of AAC use.

It is also important to note that only one of five mod-PECS participants in our study
advanced to Phase 3 and mastered the PECS visual discrimination teaching procedure. As
a reminder, the variable-symbol location design of PECS is purposely employed to support
avisualdiscrimination teaching process (completed in Phase 3a and 3b) to ensure the child
can associate the picture-symbolwith their preferred item or activity withoutrelying on other
cues such as it being placed in a consistent location. Comparing the progress made by our
mod-PECS participants to PECS participants included in a systematic review by Forbes et
al. (2024), individuals learning PECS fared slightly better, but still only 48 percent of
participants who reached Phase 3b (which targets visual discrimination) mastered it by the
end of their respective intervention study. Therefore, based on our study and this recent
comprehensive review of the PECS literature, a majority of emerging AAC users are not
learning to visually discriminate using variable symbol location (i.e., mastering the PECS
Phase 3b protocol). Given the limitations of the PECS visual discrimination procedure, and
our preliminary results indicating that consistent-symbol location design does not lead to
more complex AAC use compared to a variable-symbol location design, could there be
another type of aided AAC display that could improve the rate of learning for emerging
communicators as they adopt an AAC system?

Less commonly used than grid-display (see the general introduction for more

details), avisual scene display is another type of aided AAC system layout. Typically applied
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to a high-tech aided AAC system (e.g., speech-generating device), a visual scene display is
created on a touch screen device such as an iPad or tablet where multiple language “hot
spots” are embedded within a scene such as a photograph (Blackstone, 2004). When a child
selects a hot spot, an audio of a corresponding language concept is heard. For example, a
visual scene (i.e., photograph) of the child attending their parent’s birthday party might
include the following language concept hot spots: 1) the parent’s mouth, if selected, plays
the word, “blow”, 2) the child’s face, if selected, plays the word, “me” or 3) the cupcake, if
selected, plays the word, “cupcake”. Multiple other visual scenes can be accessed using a

thumbnail on the high-tech aided AAC device. See Figure 7.

Figure 7. Example of Aided AAC System that Uses a Visual Scene Display:
Main Visual Scene “Birthday Party” with Thumbnails of Other Visual Scenes
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In a review conducted by Figure 8. Example of Aided AAC System that
Uses Grid Display: Current Grid “Birthday
Patenaude et al. (2024), the authors Party”

found positive improvements in

social communication and cupcake

CE

&7

interaction in early communicators

with complex communication needs

when using a visual scene display i clap hands
7\
(Chapinetal., 2022; Laubscher et al.,

2019; Pope, 2024). Light et al. (2019)

hypothesize that visual scene

displays may be beneficial for

children who are emerging

communicators (such as the ones in

our study) as the language concepts
are contextualized within a familiar social context. In contrast, a grid-display (whatwas used
in our study in Chapter 1), the language concept (i.e., symbol) is not contextualized but
presented in isolated cell on a clear background on a grid organized into rows and columns

(Light et al., 2019; Thistle & Wilkinson, 2015). See Figure 8.
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The AAC - Modified CDI: Words and Gestures — Additional Context and Rationale This

Tool

Assessment methods such as language sampling and caregiver report can yield
reliable and detailed information on minimally speaking autistic children. A natural and, a
direct observation measure, is one of the most robust assessment methods to evaluate the
language abilities of minimally speaking autistic children (Kasari et al., 2013a). A natural
language sample involves the recording, transcription, and coding of a natural interaction
for language and/or social communication variables of interest. A natural language sample
offers a flexible method capable of capturing robust information on the communication and
language abilities of a minimally speaking autistic child.

As was done in Chapter 1, Kasari et al. (2014), and La Valle et al. (2024a, 2024b),
natural language sample transcription and coding protocols were adapted to include non-
spoken methods such as augmentative and alternative communication system use.
Furthermore, the natural language sample elicitation protocol, Eliciting Language Samples
for Analysis (ELSA) was specifically developed for autistic children and youth who have a
range of spoken language abilities, including those who have limited spoken language
abilities (Barokova et al., 2021). With that said, the natural language sample process s time-
intensive and requires specialized training and supervision. Furthermore, they provide only
a snapshot in time and can leave out valuable first-hand information from familiar

informants such as the child’s caregiver.
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Currently, there are caregiver report measures appropriate for use with minimally
speaking autistic children such as the Low Verbal Investigator Survey (LVIS; Naples et al.,
2022), the Communication Matrix (Rowland, 2008), and the Observed Reported
Communication Ability measure (ORCA; Reeve et al., 2020). Importantly, these measures
enable caregivers to report on their child's communicative abilities across both spoken and
non-spoken modalities, including augmentative and alternative communication. These
measures provide valuable information on the child’s overall communicative and language
capacities, but they do not provide in-depth information on specific language domains such
as expressive vocabulary.

The importance of vocabulary selection for early symbolic AAC users is often
highlighted in the literature (Bean et al., 2019; Fallon et al., 2001; Laubscher & Light, 2020).
However, AAC intervention studies with autistic children focus mostly on tracking outcomes
related to the communicative function of requesting (e.g., how many times does the child
use their AAC system to make a request?) and often neglect outcomes tracking related to
vocabulary acquisition (e.g., how many different AAC symbols does the child use?)
(Syriopoulou-Delli & Eleni, 2022). Though learning how to use AAC for basic communicative
functions such as requesting is important, it is critical that we also track vocabulary
outcomes so autistic children who use AAC can learn to communicate flexibly and become
full-fledged communicators who use a diversity of AAC symbols to communicate a variety
of communicative functions, such as requesting, question asking, and commenting.

In a meta-analysis, O’Neill et al. (2018) examined the effects of aided AAC

interventions on the communication (including vocabulary) abilities of people with
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developmental disabilities including autism. Interventions that used AAC had strong
positive effects in increasing expressive and receptive vocabulary (e.g., the number of
different symbols used and understood) across both spoken and non-spoken modalities.
For example, Kasari et al. (2014) found that adding an AAC device to naturalistic
developmental behavioural intervention (NDBI) sessions with autistic children with limited
spoken language abilities significantly increased the total number of different words?! they
produced, in comparison to the NDBI session that did not use an AAC device. Similarly,
Romski et al. (2010) demonstrated that children with developmental disabilities produced a
significantly higher total number of different words*? in two AAC intervention conditions in
comparison to a spoken language-only intervention condition.

Overall, these findings suggest that vocabulary production does increase in
individuals with complex communication needs following AAC intervention, highlighting the
value of tracking vocabulary outcomes in minimally speaking autistic children.

Vocabulary production can be tracked via direct observation using natural language
sampling (as we did in Chapter 1), but no existing measure allows for detailed caregiver
report of their child’s spoken as well as non-spoken vocabulary expression. Therefore, the
AAC-modified CDI: Words and Gestures (MacDonald-Prégent & Nadig, 2024) was created
through basic modifications of the CDI: Words and Gestures (Marchman et al., 2023).
Please see Table 1 for a summary of all assessment tools properly adapted for use with

minimally speaking autistic children.

31 Combined total of different spoken words and AAC symbols used.
2Combined total of different spoken words and AAC symbols used.
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General Conclusion

This thesis contributes to the Augmentative and Alternative Communication (AAC)
intervention and language assessmenttools knowledge base for minimally speaking autistic
children. In Chapter 1, we found that both caregiver-implemented aided AAC interventions
(i.e., a naturalistic developmental behavioural AAC intervention that used a consistent-
symbollocation desigh and a modified version of Picture Exchange Communication System)
significantly increased AAC use in minimally speaking autistic children who were not yet
using AAC consistently or independently. Furthermore, our findings indicate that caregivers
in the naturalistic developmental behavioural AAC intervention condition mastered their
intervention more quickly than the caregivers implementing the modified version of Picture
Exchange Communication System.

The findings from Chapter 1 enhance our understanding of AAC display design
strategies (i.e., consistent- versus variable-symbol location design) and imply that at this
early stage of AAC use, aided AAC interventions that use a consistent- or variable-symbol
location both increase AAC use to a similar degree. However, as this was the first study to
test this contrast in the context of an AAC intervention with children with complex
communication needs, specifically minimally speaking autistic children, more research is
needed to confirm this conclusion.

Importantly, our findings from Chapter 1 indicate that when delivered by caregivers
who were coached remotely via telehealth, an aided AAC intervention that uses a
naturalistic developmental behavioural approach (versus one that uses a behavioural

methodology such as Picture Exchange Communication System) might be easier for
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caregiversto learn. Given that some research indicates that higher communication skills are
associated with lower caregiver stress in minimally speaking autistic children (Suswaram et
al., 2024), there is likely a lot of value in training caregivers to implement strategies that can
be quickly and easily incorporated into their daily lives.

More broadly, the findings from Chapter 1 add to the literature on caregiver-
implemented AAC interventions by demonstrating the effectiveness of both intervention
approaches. Notably, there are only a few empirical studies (Elmquist et al., 2023) on
caregiver-implemented AAC interventions that use a naturalistic developmental
behavioural approach, so this is an important addition to the literature.

In Chapter 2, we tested the value of modifying the MacArthur-Bates Communicative
Development Inventory: Words and Gestures (Marchman et al., 2023) to make it capable of
capturing the full range of this autistic subgroup’s communicative repertoire, including AAC
use. The Augmentative and Alternative Communication - Modified Communicative
Development Inventory: Words and Gestures (MacDonald-Prégent & Nadig, 2024) allowed
us to more comprehensively capture the capacity of minimally speaking children’s
expressive vocabulary. Accounting for all methods of communication had a large effect size,
significantly increasing participants’ expressive vocabulary size, particularly for those with
fewer than 50 reported spoken words.

By using this modified assessment tool, we were able to profile the lexical
composition of our sample. Prior work has shown that minimally speaking autistic children’s
spoken vocabulary was prominent in verbs, that contained proportionally more verbs than

that of vocabulary-matched typically developing children. However, in our sample, we did

223



not find verb prominence or over representation of verbs. We found that the proportion of
nouns (approximately 50 percent) and verbs (approximately 13 percent) was in line with that
reported elsewhere for typically developing children who have productive vocabularies of a
similar size (Bates et al., 1994).

These findings support the use of strengths-based adaptations to vocabulary
assessment in both research and clinical practice. By accounting for non-spoken
expression, clinicians can conduct more comprehensive assessments of their client’s
abilities and needs, and researchers can better characterize the potentially different

language development of minimally speaking autistic children.

224



Table 1. Assessment Tools That Capture Information on Spoken and Non-Spoken Modalities Adapted for Use with Minimally
Speaking Autistic Children

Name Method Used Domain(s) Assessed Main Strength Main Weakness
Language Transcription of -Social Communication (e.g., number of Highly adaptable Time and resource
Samples®® directly observed communicative turns, etc.) methodology that collects intensive

language and
communicative
behaviours in
natural contexts

-Expressive Language (e.g., MLU®, NDW¢, etc.)

robust data that can be
analyzed for several different
expressive language and
communication variables

Communication
Matrix®

Questionnaire
filled out by
caregiver or
teacher

-Social communication (intentional
communication, interactions with others)

Generates a one-page
summary “matrix” of child’s
intentional communication

Does not collect
information on
receptive language

Observed
Reported
Communication
Ability measure'

Questionnaire
filled out by
caregiver

-Social communication (intentional
communication, interactions with others)
-Expressive language (e.g., approx. of MLUS,
total vocabulary)

-Receptive language (e.g., understanding of
basic instructions)

Samples many relevant areas
related to the social
communication and language
for early communicators

Does not provide in-
depth information

Low Verbal Questionnaire -Social communication, expressive and Succinct one page form that Does not provide in-
Investigator filled out by receptive, speech production, and reading takes five minutes (or less) to depth information
Survey® caregiver fill out

AAC-modified Questionnaire -Expressive language: vocabulary Generates a comprehensive Does not collect
Communicative filled out by -Receptive Language: vocabulary, basic inventory of vocabulary thatis  information on
Development caregiver phrases used and understood intentionality of

Inventory: Words
and Gestures"

-Surveys child’s imitation skills, use of early

gestures, engagement in games and routines,

etc.

expressive language

Note. a) The Eliciting Language Samples for Analysis protocol (ELSA; Barokova et al., 2021) can be used as a standardized method of eliciting the

language sample. b) measure citation = see methods section of Kasari et al. (2014), La Valle et al. (2024a, 2024b), and Chapter 1, ¢c) MLU = mean length
of utterance, d) DRW = different number of words, €) measure citation = Rowland (2008), f) measure citation = Reeve et al. (2020), g) measure citation =
Naples et al. (2022), h) measure citation = MacDonald-Prégent & Nadig (2024

225



Full List of References

Alsayedhassan, B.T., Banda, D. R., & Griffin-Shirley, N. T. (2020). Training parents of children
with autism to implement the picture exchange communication intervention. Clinical
Archives of Communication Disorders, 5(1).
http://dx.doi.org/10.21849/cacd.2019.00171sta

Alzrayer, N. M., 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, 37(1), 14-24. https://doi.org/10.1080/07434618.2021.1881825

American Psychiatric Association (Ed.). (2013). Diagnostic and statistical manual of mental
disorders: DSM-5 (5th ed). American Psychiatric Association.

American Speech-Language-Hearing Association. (2024a). American Speech-Language-
Hearing  Association: Childhood Apraxia of Speech [Online post].
https://www.asha.org/public/speech/disorders/childhood-apraxia-of-speech/

American Speech-Language-Hearing Association. (2024b). American Speech-Language-
Hearing Association: Dysarthia [Online post].
https://www.asha.org/public/speech/disorders/dysarthria/

Anisfeld, M., Rosenberg, E. S., Hoberman, M. J., & Gasparini, D. (1998). Lexical acceleration
coincides with the onset of combinatorial speech. First Language, 18(53), 165-184.

https://doi.org/10.1177/014272379801805303

226



Armijo-Olivo, S., Warren, S., & Magee, D. (2009). Intention to treat analysis, compliance,
drop-outs and how to deal with missing data in clinical research: A review. Physical
Therapy Reviews, 14(1), 36-49. https://doi.org/10.1179/174328809X405928

Autism Alliance of Canada. (2024). Language Guide: 10th Annual Canadian Autism
Leadership Summit (Version 2024). https://autismalliance.ca/wp-
content/uploads/2024/04/CALS2024-Language-Guide.docx.pdf

Baer, D. M., Wolf, M. M., &Risley, T. R. (1968). Some current dimensions of applied behavior
analysis. Journal of  Applied Behavior Analysis, 1(1), 91-97.
https://doi.org/10.1901/jaba.1968.1-91

Bakker, A., Cai, J., English, L., Kaiser, G., Mesa, V., & Van Dooren, W. (2019). Beyond small,
medium, or large: Points of consideration when interpreting effect sizes. Educational
Studies in Mathematics, 102(1), 1-8. https://doi.org/10.1007/s10649-019-09908-4

Bal, V. H., Katz, T., Bishop, S. L., & Krasileva, K. (2016). Understanding definitions of
minimally verbal across instruments: Evidence for subgroups within minimally verbal
children and adolescents with autism spectrum disorder. Journal of Child
Psychology and Psychiatry, 57(12), 1424-1433. https://doi.org/10.1111/jcpp.12609

Barokova, M. D., La Valle, C., Hassan, S., Lee, C., Xu, M., McKechnie, R., Johnston, E., Krol,
M. A., Leano, J., & Tager-Flusberg, H. (2021). Eliciting Language Samples for Analysis
(ELSA): A new protocol for assessing expressive language and communication in

abeanutism. Autism Research, 14(1), 112-126. https://doi.org/10.1002/aur.2380

227



Barokova, M. D., & Tager-Flusberg, H. (2018). Commentary: Measuring language change
through natural language samples. Journal of Autism and Developmental Disorders,
50(7), 1-20. https://doi.org/10.1007/s10803-018-3628-4

Bates, E., Marchman, V., Thal, D., Fenson, L., Dale, P., Reznick, J., Reilly, J., & Hartung, J.
(1994). Development and stylistic variation in the composition of early vocabulary.
Journal of Child Language, 21, 85-123. https://doi.org/10.1017/S0305000900008680

Bean, A., Cargill, L. P., & Lyle, S. (2019). Framework for selecting vocabulary for preliterate
children who use augmentative and alternative communication. American Journal of
Speech-Language Pathology, 28(3), 1000-1009.
https://doi.org/10.1044/2019_AJSLP-18-0041

Beukelman, D. R., & Light, J. C. (2020). Augmentative & Alternative Communication:
Supporting Children and Adults with Complex Communication Needs (Fifth edition).
Paul H. Brookes Publishing Co,; WorldCat.
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nl
abk&AN=2503706

Bhat, A. N. (2020). Is Motor Impairement in Autism Spectrum Disorder Distinct From
Developmental Coordination Disorder? A Report From The SPARK Study. 100(4),
633-644.

Biggs, E. E., Carter, E. W., & Gilson, C. B. (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.

https://doi.org/10.1352/1944-7558-123.5.443

228



Blackstone, S. (2004). What are visual scene displays? Augmentative and Alternative
Communication News, 16, 1-8.

Bottema-Beutel, K., Crowley, S., Sandbank, M., & Woynaroski, T. G. (2021). Adverse event
reporting in intervention research for young autistic children. Autism, 25(2), 322-335.
https://doi.org/10.1177/1362361320965331

Bottema-Beutel, K., Kapp, S. K., Lester, J. N., Sasson, N. J., & Hand, B. N. (2021). Avoiding
ableist language: Suggestions for autism researchers. Autism in Adulthood.

Bottema-Beutel, K., Sandbank, M., & Woynaroski, T. (2023). Overview of issues in autism
intervention research: Research design and reporting. Perspectives of the ASHA
Special Interest Groups. https://doi.org/10.1044/2023_PERSP-23-00104

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

Butler, L. K., Shen, L., Chenausky, K. V., La Valle, C., Schwartz, S., & Tager-Flusberg, H.
(2023). Lexical and morphosyntactic profiles of autistic youth with minimal or low
spoken language skills. American Journal of Speech-Language Pathology, 32(2), 733-
747. https://doi.org/10.1044/2022_AJSLP-22-00098

Butler, L. K., & Tager-Flusberg, H. (2023). Fine motor skill and expressive language in
minimally verbal and verbal school-aged autistic children. Autism Research, 16(3),

630-641. https://doi.org/10.1002/aur.2883

229



Chaabane, D. B. B., Alber-Morgan, S. R., & DeBar, R. M. (2009). The effects of parent-
implemented PECS training on improvisation of mands by children with autism.
Journal of Applied Behavior Analysis, 42(3), 671-677.

Chapin, S. E., McNaughton, D., Light, J., McCoy, A., Caron, J., & Lee, D. L. (2022). The effects
of AAC video visual scene display technology on the communicative turns of
preschoolers with autism spectrum disorder. Assistive Technology, 34(5), 577-587.
https://doi.org/10.1080/10400435.2021.1893235

Charman, T., Drew, A., Baird, C., & Baird, G. (2003). Measuring early language development
in preschool children with autism spectrum disorder using the MacArthur
Communicative Development Inventory (Infant Form). Journal of Child Language,
30(1), 213-236. https://doi.org/10.1017/S0305000902005482

Chazin, K. T., Ledford, J. R., & Pak, N. S. (2021). A systematic review of augmented input
interventions and exploratory analysis of moderators. American Journal of Speech-
Language Pathology, 30(3), 1210-1223. https://doi.org/10.1044/2020_AJSLP-20-
00102

Chen, Y., Siles, B., & Tager-Flusberg, H. (2023). Receptive language and receptive-
expressive discrepancy in minimally verbal autistic children and adolescents. Autism
Research. https://doi.org/10.1002/aur.3079

Chenausky, K., Brignell, A., Morgan, A., & Tager-Flusberg, H. (2019). Motor speech
impairment predicts expressive language in minimally verbal, but not low verbal,
individuals with autism spectrum disorder. Autism & Developmental Language

Impairments, 4, 239694151985633. https://doi.org/10.1177/2396941519856333

230



Chenausky, K. V., Baas, B., Stoeckel, R., Brown, T., Green, J. R., Runke, C., Schimmenti, L.,
& Clark, H. (2023). Comorbidity and severity in childhood apraxia of speech: A
retrospective chart review. Journal of Speech, Language, and Hearing Research,
66(3), 791-803.

Chenausky, K. V., Brignell, A., Morgan, A. T., Norton, A. C., Tager-Flusberg, H. B., Schlaug,
G., & Guenther, F. H. (2021). A Modeling-Guided Case Study of Disordered Speech in
Minimally Verbal Children With Autism Spectrum Disorder. American Journal of
Speech-Language Pathology, 30(3S), 1542-1557.
https://doi.org/10.1044/2021_AJSLP-20-00121

Courchesne, V., Girard, D., Jacques, C., & Soulieres, I. (2019). Assessing intelligence at
autism diagnosis: Mission impossible? Testability and cognitive profile of autistic
preschoolers. Journal of Autism and Developmental Disorders, 49(3), 845-856.
https://doi.org/10.1007/s10803-018-3786-4

Courchesne, V., Meilleur, A.-A. S., Poulin-Lord, M.-P., Dawson, M., & Soulieres, I. (2015).
Autistic children at risk of being underestimated: School-based pilot study of a
strength-informed assessment. Molecular Autism, 6(1), 12.
https://doi.org/10.1186/s13229-015-0006-3

Curley, K., Colman, R., Rushforth, A., & Kotera, Y. (2023). Stress Reduction Interventions for
Parents of Children with Autism Spectrum Disorder: A Focused Literature Review.
Youth, 3(1), 246-260.

Dada, S., Flores, C., Bastable, K., & Schlosser, R. W. (2021). The effects of augmentative and

alternative communication interventions on the receptive language skills of children

231



with developmental disabilities: A scoping review. International Journal of Speech-
Language Pathology, 23(3), 247-257.
https://doi.org/10.1080/17549507.2020.1797165

Dawson, G., Rogers, S., Munson, J., Smith, M., Winter, J., Greenson, J., Donaldson, A., &
Varley, J. (2010). RCT of an intervention for toddlers with autism: The early start
denver model. Pediatrics, 125(1), 17-23. https://doi.org/10.1530/ERC-14-
0411.Persistent

Donenberg, G., & Baker, B. L. (1993). The impact of young children with externalizing
behaviors on their families. Journal of Abnormal Child Psychology, 21(2), 179-198.
https://doi.org/10.1007/BF00911315

Drager, K., & McNaughton, D. (2010). Effects of AAC interventions on communication and
language for young children with complex communication needs. Journal of Pediatric
Rehabilitation Medicine, 3(4), 303-310. https://doi.org/10.3233/PRM-2010-0141

Drager, K., Postal, V., 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(2),
112-125. https://doi.org/10.1044/1058-0360(2006/012)

Dukhovny, E., & Gahl, S. (2014). Manual motor-plan similarity affects lexical recall on a
speech-generating device: Implications for AAC users. Journal of Communication

Disorders, 48(1), 52-60. https://doi.org/10.1016/j.jcomdis.2014.02.004

232



Dukhovny, E., & Thistle, J. J. (2019). An exploration of motor learning concepts relevant to

use of speech-generating devices. Assistive Technology, 37(3), 126-132.
https://doi.org/10.1080/10400435.2017.1393845
Dukhovny, E., & Zhou, Y. (2016). Effects of icon size and location on speed and accuracy of
SGD access. Augmentative and Alternative Communication, 32(4), 241-248.
https://doi.org/10.1080/07434618.2016.1236835
Dunn, Douglas. (2019). Peabody Picture Vocabulary Test (5th Edition). NCS Pearson.
https://www.pearsonassessments.com/store/usassessments/en/Store/Profession
al-Assessments/Academic-Learning/Peabody-Picture-Vocabulary-Test-%7C-Fifth-
Edition/p/100001984.html
Ellis Weismer, S., Gernsbacher, M. A., Stronach, S., Karasinski, C., Eernisse, E. R., Venker,
C. E., & Sindberg, H. (2011). Lexical and grammatical skills in toddlers on the autism
spectrum compared to late talking toddlers. Journal of Autism and Developmental
Disorders, 41(8), 1065-1075. https://doi.org/10.1007/s10803-010-1134-4
Elmquist, M., Crowe, B., Wattanawongwan, S., Reichle, J., Pierson, L., Simacek, J., Hong, E.
R., Liao, C.-Y., & Ganz, J. B. (2023). Caregiver-implemented AAC interventions for
children with intellectual or developmental disabilities: A systematic review. Review
Journal of Autism and Developmental Disorders, 1-21.
https://doi.org/10.1007/s40489-023-00394-2
Fallon, K. A., Light, J. C., & Paige, T. K. (2001). Enhancing vocabulary selection for

preschoolers who require augmentative and alternative communication (AAC).

233



American Journal of  Speech-Language Pathology, 10(1), 81-94.
https://doi.org/10.1044/1058-0360(2001/010)

Fenson, L., Marchman, V., & Thal, D. (2007). MacArthur-Bates Communicative Development
Inventories. User’s guide and technical manual (2nd ed). Paul H. Brookes Pub. Co.

Finke, E. H., Davis, J. M., Benedict, M., Goga, L., Kelly, J., Palumbo, L., Peart, T., & Waters, S.
(2017). Effects of a least-to-most prompting procedure on multisymbol message
production in children with autism Spectrum Disorder Who Use augmentative and
alternative communication. American Journal of Speech-Language Pathology, 26(1),
81-98. https://doi.org/10.1044/2016_AJSLP-14-0187

Fitts, P., & Posner, M. (1967). Human performance. Brooks/Cole Pub. Co.

Flippin, M., Reszka, S., & Watson, L. R. (2010). Effectiveness of the picture exchange
communication system (PECS) on communication and speech for children with
autism spectrum disorders: A meta-analysis. American Journal of Speech-Language
Pathology, 19(2), 178-195. https://doi.org/10.1044/1058-0360(2010/09-0022)

Forbes, H., Travers, J. C., & Vickers Johnson, J. (2024). A systematic review of acquisition
and mastery of skills taught using the Picture Exchange Communication System.
Augmentative and Alternative Communication, 40(2), 100-114.
https://doi.org/10.1080/07434618.2024.2302154

Frost, L., & Bondy, A. (2002). The Picture Exchange Communication System Training Manual

(2nd ed). Pyramid Educational Products.

234



Fuller, E. A., Oliver, K., Vejnoska, S. F., & Rogers, S. J. (2020). The effects of the Early Start
Denver Model for children with autism spectrum disorder: A meta-analysis. Brain
Sciences, 10(6), 368.

Ganz, ). B., Earles-Vollrath, T. L., Heath, A. K., Parker, R. I., Rispoli, M. J., & Duran, J. B. (2012).
A meta-analysis of single case research studies on aided augmentative and
alternative communication systems with individuals with autism spectrum
disorders. Journal of Autism and Developmental Disorders, 42(1), 60-74.
https://doi.org/10.1007/s10803-011-1212-2

Gevarter, C., Groll, M., & Stone, E. (2020). Dynamic assessment of augmentative and
alternative communication application grid formats and communicative targets for
children with autism spectrum disorder. Augmentative and Alternative
Communication, 1-12. https://doi.org/10.1080/07434618.2020.1845236

Ghasemi, A., & Zahediasl, S. (2012). Normality tests for statistical analysis: A guide for non-
statisticians. International Journal of Endocrinology and Metabolism, 10(2), 486-489.
https://doi.org/10.5812/ijem.3505

Gibaud-Wallston, J. (1978). Parenting Sense of Competence Scale. Lawrence Erlbaum
Associates.

Goldin-Meadow, S. (2015). Gesture as a window onto communicative abilities: Implications
for diagnosis and intervention. Perspectives on Language Learning and Education,
22(2), 50-60. https://doi.org/10.1044/1le22.2.50

Graham Holmes, L., Zampella, C. J., Clements, C., McCleery, J. P., Maddox, B. B., Parish-

Morris, J., Udhnani, M. D., Schultz, R. T., & Miller, J. S. (2020). A lifespan approach to

235



patient-rreported outcomes and quality of life for people on the autism spectrum.
Autism Research, March, 1-18. https://doi.org/10.1002/aur.2275

Guenther, F. H. (1994). A neural network model of speech acquisition and motor equivalent
speech production. Biological Cybernetics, 72(1), 43-53.

Guenther, F. H. (2016). Neural control of speech. Mit Press.

Haebig, E., Jiménez, E., Cox, C. R., & Hills, T. T. (2021). Characterizing the early vocabulary
profiles of preverbal and minimally verbal children with autism spectrum disorder.
Autism, 25(4), 958-970. https://doi.org/10.1177/1362361320973799

Hart, S., & Banda, D. (2010). Picture exchange communication system with individuals with
developmental disabilities: A meta-analysis of single subject studies. Remedial and
Special Education, 31(6), 476-488. https://doi.org/10.1177/0741932509338354

Hayes, S. A., & Watson, S. L. (2013). The impact of parenting stress: A meta-analysis of
studies comparing the experience of parenting stress in parents of children with and
without autism spectrum disorder. Journal of Autism and Developmental Disorders,
43,629-642.

Hearing and Speech Nova Scotia. (2010). Ways and Reasons.

Heilmann, J., Nockerts, A., & Miller, J. (2010). Language sampling: Does the length of the
transcript matter? Language, Speech, and Hearing Services in Schools, 41, 393-404.
https://doi.org/10.1044/0161-1461(2009/09-0023)

Hellwig, B., & Sloetjes, H. (2022). ELAN - Linguistic Annotator (Version 6.4) [Computer
software]. The Language Archive, MPI for Psycholinguistics.

https://archive.mpi.nl/tla/elan

236



Hoff, E. (2009). Language Development (4th Edition). Wadsworth Cengage Learning.

Holyfield, C. (2021). Comparative Effects of Picture Symbol With Paired Text and Text-Only
Augmentative and Alternative Communication Representations on Communication
From Children With Autism Spectrum Disorder. American Journal of Speech-
Language Pathology, 30(2), 584-597. https://doi.org/10.1044/2020_AJSLP-20-00099

Howlin, P., Goode, S., Hutton, J., & Rutter, M. (2004). Adult outcome for children with autism.
Journal of Child Psychology and Psychiatry, 45(2), 212-229.
https://doi.org/10.1111/j.1469-7610.2004.00215.x

Hume, K., Steinbrenner, J. R., Odom, S. L., Morin, K. L., Nowell, S. W., Tomaszewski, B.,
Szendrey, S., MclIntyre, N. S., Yiicesoy-Ozkan, S., & Savage, M. N. (2021). Evidence-
based practices for children, youth, and young adults with autism: Third generation
review. Journal of Autism and Developmental Disorders, 51(11), 4013-4032.
https://doi.org/10.1007/s10803-020-04844-2

Ingersoll, B., & Schreibman, L. (2006). Teaching reciprocal imitation skills to young children
with autism using a naturalistic behavioral approach: Effects on language, pretend
play, and joint attention. Journal of Autism and Developmental Disorders, 36, 487—-
505.

Ingersoll, B., Wainer, A. L., Berger, N. |, Pickard, K. E., & Bonter, N. (2016). Comparison of a
self-directed and therapist-assisted telehealth parent-mediated intervention for
children with ASD: A pilot RCT. Journal of Autism and Developmental Disorders, 46,

2275-2284. https://doi.org/10.1007/s10803-016-2755-z

237



luzzini-Seigel, J., Hogan, T. P., Guarino, A. J., & Green, J. R. (2015). Reliance on auditory
feedback in children with childhood apraxia of speech. Journal of Communication
Disorders, 54, 32-42.

Iverson, J. M., & Goldin-Meadow, S. (2005). Gesture paves the way for language
development. Psychological Science, 16(5), 367-371.
https://doi.org/10.1111/j.0956-7976.2005.01542.x

Izadi-Najafabadi, S., Mirzakhani-Araghi, N., Miri-Lavasani, N., Nejati, V., & Pashazadeh-
Azari, Z. (2015). Implicit and explicit motor learning: Application to children with
Autism Spectrum Disorder (ASD). Research in Developmental Disabilities, 47, 284~
296. https://doi.org/10.1016/j.ridd.2015.09.020

Jiménez, E., Haebig, E., & Hills, T. T. (2021). Identifying areas of overlap and distinction in
early lexical profiles of children with autism spectrum disorder, late talkers, and
typical talkers. Journal of Autism and Developmental Disorders, 51(9), 3109-3125.
https://doi.org/10.1007/s10803-020-04772-1

Johnston, S., Nelson, C., Evans, J., & Palazolo, K. (2003). The use of visual supports in
teaching young children with autism spectrum disorder to initiate interactions.
Augmentative and Alternative Communication, 19(2), 86-103.
https://doi.org/10.1080/0743461031000112016

Karnes, A. J. (2019). Evaluating the Effectiveness of Motor Planning with Core Vocabulary: A
Behavior Analytic Account.

Karp, S., & Konstadt, N. (1963). Manual for the Children’s Embedded Figures Test.

238



Kasari, C., Brady, N., Lord, C., & Tager-Flusberg, H. (2013a). Assessing the minimally verbal
school-aged child with autism spectrum disorder. Autism Research, 6(6), 479-493.
https://doi.org/10.1002/aur.1334

Kasari, C., Brady, N., Lord, C., & Tager-Flusberg, H. (2013b). Assessing the minimally verbal
school-aged child with autism spectrum disorder. Autism Research, 6(6), 479-493.
https://doi.org/10.1002/aur.1334

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.

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 and Adolescent Psychiatry, 53(6), 635-646.
https://doi.org/10.1016/j.jaac.2014.01.019

Kelso, J. (1995). Dynamic patterns: The self-organization of brain and behavior. The MIT
Press.

Koegel, L., Bryan, K., Su, P., Vaidya, M., & Camarata, S. (2020). Definitions of nonverbal and
minimally verbal in research for autism: A systematic review of the literature. Journal
of Autism and Developmental Disorders, 50(8), 2957-2972.
https://doi.org/10.1007/s10803-020-04402-w

Koegel, R. L., & Koegel, L. K. (2006). Pivotal response treatments for autism:

Communication, social, & academic development. Paul H. Brookes Publishing Co.

239



Kraft, M. A. (2020). Interpreting effect sizes of education interventions. Educational
Researcher, 49(4), 241-253. https://doi.org/10.3102/0013189X20912798

LaValle, C., Shen, L., Butler, L. K., & Tager-Flusberg, H. (2024a). Are minimally verbal autistic
children’s modality and form of communication associated with parentresponsivity?
Autism Research, 17(5), 989-1000. https://doi.org/10.1002/aur.3131

La Valle, C., Shen, L., Shih, W., Kasari, C., Shire, S., Lord, C., & Tager-Flusberg, H. (2024b).
Does gestural communication influence later spoken language ability in minimally
verbal autistic children? Journal of Speech, Language, and Hearing Research.
https://doi.org/10.1044/2024_JSLHR-23-00433

Lai, W. W., & Oei, T. P. S. (2014). Coping in parents and caregivers of children with autism
spectrum disorders (ASD): A review. Review Journal of Autism and Developmental
Disorders, 1,207-224.

Laubscher, E., & Light, J. (2020). Core vocabulary lists for young children and considerations
for early language development: A narrative review. Augmentative and Alternative
Communication, 36(1), 43-53. https://doi.org/10.1080/07434618.2020.1737964

Laubscher, E., Light, J., & McNaughton, D. (2019). Effect of an application with video visual
scene displays on communication during play: Pilot study of a child with autism
spectrum disorder and a peer. Augmentative and Alternative Communication, 35(4),
299-308. https://doi.org/10.1080/07434618.2019.1699160

Leonet, O., Orcasitas-Vicandi, M., Langarika-Rocafort, A., Mondragon, N. I., & Etxebarrieta,

G. R. (2022). A systematic review of augmentative and alternative communication

240



interventions for children aged from 0 to 6 years. Language, Speech, and Hearing
Services in Schools, 53(3), 894-920. https://doi.org/10.1044/2022_LSHSS-21-00191

Light, J., & Drager, K. (2007). AAC technologies for young children with complex
communication needs: State of the science and future research directions.
Augmentative and Alternative Communication, 23(3), 204-216.
https://doi.org/10.1080/07434610701553635

Light, J., Wilkinson, K. M., Thiessen, A., Beukelman, D. R., & Fager, S. K. (2019). Designing
effective AAC displays for individuals with developmental or acquired disabilities:
State of the science and future research directions. Augmentative and Alternative
Communication, 35(1), 42-55. https://doi.org/10.1080/07434618.2018.1558283

Limesurvey (Version 3). (2017). [Computer software]. https://www.limesurvey.org

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

Lord, C., Rutter, M., DiLavore, P., Risi, S., Gotham, K., & Bishop, S. (2012). Autism diagnostic
observation schedule (Second Edition). Western Psychological Services.

Luyster, R., Lopez, K., & Lord, C. (2007). Characterizing communicative development in
children referred for autism spectrum disorders using the MacArthur-Bates
Communicative Development Inventory (CDIl). Journal of Child Language, 34(3), 623-

654. https://doi.org/10.1017/S0305000907008094

241



MacDonald-Prégent, A., & Nadig, A. (2024). Augmentative and Alternative Communication—
Modified: Communicative Development Inventory: Words and Gestures.

MacWhinney, B. (2018). Tools for analyzing talk part 2: The CLAN program [Computer
software]. Lawrence Erlbaum Associates. https://doi.org/10.21415/T5G10R

Maes, P., LaValle, C., & Tager-Flusberg, H. (2024). Frequency and characteristics of echoes
and self-repetitions in minimally verbal and verbally fluent autistic individuals.
Autism & Developmental Language Impairments, 9, 23969415241262207.
https://doi.org/10.1177/23969415241262207

Marchman, V., Dale, P., & Fenson, L. (2023). MacArthur-Bates Communicative
Development Inventory: Words and Gestures. Paul H. Brookes Publishing Co.

Mason, P. (2016). Language Acquisition Through Motor Planning (LAMP): Impact on
Language and Communication Development for Students with Complex Disabilities.

Mayo, J., Chlebowski, C., Fein, D. A., & Eigsti, I.-M. (2013). Age of first words predicts
cognitive ability and adaptive skills in children with ASD. Journal of Autism and
Developmental Disorders, 43, 253-264.

McCleery, J. P., Elliott, N. A., Sampanis, D. S., & Stefanidou, C. A. (2013). Motor development
and motor resonance difficulties in autism: Relevance to early intervention for
language and communication skills. Frontiers in Integrative Neuroscience, 7(APR
2013), 1-20. https://doi.org/10.3389/fnint.2013.00030

McGonigle, E., Van Damn, M., Wilkinson, C., & Johnson, J. T. (2024). Benchmarking

Automatic Speech Recognition Technology for Natural Language Samples of

242



Children With and Without Developmental Delays. Proceedings of the IEEE
Engineering in Medicine and Biology.

McNaughton, D., Light, J., Beukelman, D. R., Klein, C., Nieder, D., & Nazareth, G. (2019).
Building capacity in AAC: A person-centered approach to supporting participation by
people with complex communication needs. Augmentative and Alternative
Communication, 35(1), 56-68. https://doi.org/10.1080/07434618.2018.1556731

Miller, J., & Iglesias, A. (2015). Systematic analysis of language transcripts [Computer
software]. Salt Software, LLC. https://www.saltsoftware.com/transcribe

Moore, C. (2023). Examining the Effectiveness of Caregiver Implementation on Phases 1-4
of PECS to Children With ASD.

Naguib Bedwani, M.-A., Bruck, S., & Costley, D. (2015). Augmentative and alternative
communication for children with autism spectrum disorder: An evidence-based
evaluation of the Language Acquisition through Motor Planning (LAMP) programme.
Cogent Education, 2(1), 1045807. https://doi.org/10.1080/2331186X.2015.1045807

Naples, A., Tenenbaum, E. J., Jones, R. N., Righi, G., Sheinkopf, S. J., & Eigsti, |.-M. (2022).
Exploring communicative competence in autistic children who are minimally verbal:
The Low Verbal Investigatory Survey for Autism (LVIS). Autism, 136236132211366.
https://doi.org/10.1177/13623613221136657

Ne’eman, A. (2010). The Future (and the Past) of Autism Advocacy, Or Why the ASA’s
Magazine, The Advocate, Wouldn’t Publish This Piece. Disability Studies Quarterly,

30(1), 1-7. https://doi.org/10.18061/dsq.v30i1.1059

243



Nijhof, A. D., Dhar, M., Goris, J., Brass, M., & Wiersema, J. R. (2018). Atypical neural
responding to hearing one’s own name in adults with ASD. Journal of Abnormal
Psychology, 127(1), 129.

O’Connor, K. (2012). Auditory processing in autism spectrum disorder: A review.
Neuroscience & Biobehavioral Reviews, 36(2), 836-854.

Ofner, M., Coles, A., & Decou, M. L. (2018). Autism Spectrum Disorder Among Children and
Youth in Canada 2018: A Report of the National Autism Spectrum Disorder
Surveillance System. Public Health Agency of Canada.

Olive, N., De La Cruz, B., Davis, T., Chang, J., Lang, R., O’Reilly, M., & Dickson, S. (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, 1505-1513. https://doi.org/10.1007/s10803-006-0243-6

O’Neill, T., Light, J., & Pope, L. (2018). Effects of interventions that include aided
augmentative and alternative communication input on the communication of
Individuals With Complex communication needs: A meta-analysis. Journal of
Speech, Language, and Hearing Research, 61(7), 1743-1765.
https://doi.org/10.1044/2018_JSLHR-L-17-0132

Ozcaliskan, S., & Goldin-Meadow, S. (2005). Gesture is at the cutting edge of early language
development. Cognition, 96(3), B101-B113.
https://doi.org/10.1016/j.cognition.2005.01.001

Park, J. H., Alber-Morgan, S. R., & Cannella-Malone, H. (2011). Effects of mother-

implemented picture exchange communication system (PECS) training on

244



independent communicative behaviors of young children with autism spectrum
disorders. Topics in Early Childhood Special Education, 31(1), 37-47.
https://doi.org/10.1177/0271121410393750

Parsons, D., Cordier, R., Vaz, S., & Lee, H. C. (2017). Parent-mediated intervention training
delivered remotely for children with autism spectrum disorder living outside of urban
areas: Systematic review. Journal of Medical Internet Research, 19(8), e6651.

Parsons, M., Rollyson, J. H., Carolina, N., &Reid, D. H. (2012). Evidence-Based Staff Training:
A Guide for Practitioners. 5(2), 2-11.

Patenaude, D., McNaughton, D., & Liang, Z. (2024). Using visual scene displays with young
children: An evidence-based practice synthesis. Journal of Special Education
Technology. https://doi.org/10.1177/01626434241263061

Pellicano, E., Dinsmore, A., & Charman, T. (2014). What should autism research focus
upon? Community views and priorities from the United Kingdom. Autism, 18(7), 756—
770. https://doi.org/10.1177/1362361314529627

Pope, L. (2024). The Added Effect of Visual Scene Display AAC within a Naturalistic
Developmental Behavioural Intervention for Young Children on the Autism Spectrum
with Minimal Speech. Penn State University.

Pope, L., Light, J., & Laubscher, E. (2024). The effect of naturalistic developmental
behavioral interventions and aided AAC on the language development of children on
the autism spectrum with minimal speech: A systematic review and meta-analysis.
Journal of Autism and Developmental Disorders. https://doi.org/10.1007/s10803-

024-06382-7

245



Preston, D., & Carter, M. (2009). A review of the efficacy of the picture exchange
communication system intervention. Journal of Autism and Developmental
Disorders, 39(10), 1471-1486. https://doi.org/10.1007/s10803-009-0763-y

Rani Das, K. (2016). A brief review of tests for normality. American Journal of Theoretical and
Applied Statistics, 5(1), 5. https://doi.org/10.11648/j.ajtas.20160501.12

Raven, J. (1998). Raven’s Coloured Progressive Matrices. NSC Pearson.

Reeve, B., Zigler, C., Chen, D., Jones, H., McFatrich, M., Lucas, N., &Lin, L. (2020). Observer-
Reported Communication Ability Measure. Duke University School of Medicine,
Department of Population Health Sciences.
https://populationhealth.duke.edu/research/center-health-measurement-
chm/observer-reported-communication-ability-orca-measure

Reimers, T. M., & Wacker, D. P. (1992). Acceptability of behavioral treatments for children:
Analog and naturalistic evaluation by parents. School Psychology Review, 21(4), 628.
https://doi.org/Article

Robertson, S. M. (2009). Neurodiversity, quality of life, and autistic adults: Shifting research
and professional focuses onto real-life challenges. Disability Studies Quarterly,
30(1), 1-22. https://doi.org/10.18061/dsq.v30i1.1069

Romski, M., & Sevcik, R. (1996). Breaking the Speech Barrier: Language Development
Through Augmented Means. Paul H. Brookes.

Romski, M., Sevcik, R. A., Adamson, L. B., Cheslock, M., Smith, A., Barker, R. M., & Bakeman,
R. (2010). Randomized comparison of augmented and nonaugmented language

interventions for toddlers with developmental delays and their parents. Journal of

246



Speech, Language, and Hearing Research, 53(2), 350-364.
https://doi.org/10.1044/1092-4388(2009/08-0156)

Rose, V., Trembath, D., Keen, D., & Paynter, J. (2016). The proportion of minimally verbal
children with autism spectrum disorder in a community-based early intervention
programme. Journal of Intellectual Disability Research, 60(5), 464-477.
https://doi.org/10.1111/jir.12284

Rowland, C. (2008). Online Communication Matrix. Design to Learn Project, Oregon Health
& Science University. https://www.communicationmatrix.org/

Rush, D. D., & Shelden, M. L. (2020). The early childhood coaching handbook. Paul H.
Brookes Publishing Co.

Sandbank, M., Bottema-Beutel, K., Crowley LaPoint, S., Feldman, J. I., Barrett, D. J.,
Caldwell, N., Dunham, K., Crank, J., Albarran, S., & Woynaroski, T. (2023). Autism
intervention meta-analysis of early childhood studies (Project AIM): Updated
systematic review and secondary analysis. BMJ, e076733.
https://doi.org/10.1136/bmj-2023-076733

Sandbank, M., Bottema-Beutel, K., Crowley, S., Cassidy, M., Feldman, J. |., Canihuante, M.,
& Woynaroski, T. (2020). Intervention effects on language in children With autism: A
project AIM meta-analysis. Journal of Speech, Language & Hearing Research, 63(5),
1537-1560. https://doi.org/10.1044/2020_JSLHR-19-00167

Schepis, M. M., Reid, D. H., Behrmann, M. M., & Sutton, K. A. (1998). Increasing

communicative interactions of young children with autism using a voice output

247



communication aid and naturalistic teaching. Journal of Applied Behavior Analysis,
31(4), 561-578. https://doi.org/10.1901/jaba.1998.31-561

Schreibman, L., Dawson, G., Stahmer, A. C., Landa, R., Rogers, S. J., McGee, G. G., Kasari,
C., Ingersoll, B., Kaiser, A. P., Bruinsma, Y., McNerney, E., Wetherby, A., & Halladay,
A. (2015). Naturalistic developmental behavioralinterventions: Empirically validated
treatments for autism spectrum disorder. Journal of Autism and Developmental
Disorders, 45(8), 2411-2428. https://doi.org/10.1007/s10803-015-2407-8

Schwartz, S., Wang, L., Shinn-Cunningham, B. G., & Tager-Flusberg, H. (2020a). Atypical
Perception of Sounds in Minimally and Low Verbal Children and Adolescents With
Autism as Revealed by Behavioral and Neural Measures. Autism Research, 13(10),
1718-1729. https://doi.org/10.1002/aur.2363

Schwartz, S., Wang, L., Shinn-Cunningham, B. G., & Tager-Flusberg, H. (2020b). Neural
Evidence for Speech Processing Deficits During a Cocktail Party Scenario in
Minimally and Low Verbal Adolescents and Young Adults with Autism. Autism
Research, 13(11), 1828-1842. https://doi.org/10.1002/aur.2356

Scott, G. (2023). Training Parents to Implement the Picture Exchange Communication
System Via Telehealth and Behavioural Skills Training.

Sennott, S. C., Light, J. C., & McNaughton, D. (2016). AAC modeling intervention research
review. Research and Practice for Persons with Severe Disabilities, 41(2), 101-115.
https://doi.org/10.1177/1540796916638822

Shao, J., & Zhong, B. (2003). Last observation carry-forward and last observation analysis.

Statistics in Medicine, 22(15), 2429-2441. https://doi.org/10.1002/sim.1519

248



Simacek, J., Dimian, A. F., & Mccomas, J. J. (2017). Communication intervention for young
children with severe neurodevelopmental disabilities via telehealth. Journal of
Autism and Developmental Disorders, 47, 744-767. https://doi.org/10.1007/s10803-
016-3006-z

Sparrow, S., Cicchetti, D., & Balla, D. (2005). Vineland Adaptive Behavior Scales (2nd
Edition). NCS Pearson.

Stamp, Q. (2023). PECSperts! Exploring Child and Caregiver Outcomes Following
Participation in a Brief Communication Camp. Brock University.

Statistics Canada. (2021). Employment Equity Act. Government of Canada.
https://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=45152

Stiebel, D. (1999). Promoting augmentative communication during daily routines. Journal of
Positive Behavior Interventions, 1(3), 159-169.
https://doi.org/10.1177/109830079900100304

Suess, A. N., Romani, P. W., Wacker, D. P., Dyson, S. M., Kuhle, J. L., Lee, J. F., Lindgren, S.
D., Kopelman, T. G., Pelzel, K. E., & Waldron, D. B. (2014). Evaluating the treatment
fidelity of parents who conduct in-home functional communication training with
coaching via telehealth. Journal of Behavioral Education, 23(1), 34-59.
https://doi.org/10.1007/s10864-013-9183-3

Suswaram, S., Brady, N. C., & Boyd, B. (2024). The impact of parenting stress and cultural
orientation on communication skills in minimally verbal children with autism
spectrum disorders: A comparative study in India and the US. Research in Autism

Spectrum Disorders, 112, 102337. https://doi.org/10.1016/j.rasd.2024.102337

249



Syriopoulou-Delli, C. K., & Eleni, G. (2022). Effectiveness of different types of augmentative
and alternative communication (AAC) in improving communication skills and in
enhancing the vocabulary of children with ASD: A review. Review Journal of Autism
and Developmental Disorders, 9(4), 493-506. https://doi.org/10.1007/s40489-021-
00269-4

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

Tager-Flusberg, H., Kasari, C., & Cooper, J. (2023). Minimally Verbal/Non-Speaking
Individuals With Autism: Research Directions for Interventions to Promote Language
and Communication. National Institute on Deafness and Other Communication
Disorders Virtual Event. https://www.nidcd.nih.gov/news/events/minimally-
verbalnon-speaking-individuals-autism-research-directions-interventions

Tesfaye, R., Courchesne, V., Mirenda, P., Mitchell, W., Nicholas, D., Singh, |., Zwaigenbaum,
L., & Elsabbagh, M. (2022). Autism voices: Perspectives of the needs, challenges, and
hopes for the future of autistic youth. Autism, 136236132211321.
https://doi.org/10.1177/13623613221132108

The Canadian Academy Of Health Sciences. (2022). Autism in Canada: Considerations for
future public policy development—Weaving together evidence and lived experience.
The Oversight Panel on the Assessment on Autism, CAHS.

Thistle, J. J., Holmes, S., Horn, M., & Reum, A. (2018). Consistent symbol location affects

motor learning in preschoolers without disabilities: Implications for designing

250



augmentative and alternative communication displays. American Journal of Speech-
Language Pathology, 27(3), 1010-1017. https://doi.org/10.1044/2018_AJSLP-17-
0074

Thistle, J. J., & Wilkinson, K. (2009). The effects of color cues on typically developing
preschoolers’ speed of locating a target line drawing: Implications for augmentative
and alternative communication display design. American Journal of Speech-
Language Pathology, 18(3), 231-240. https://doi.org/10.1044/1058-0360(2009/08-
0029)

Thistle, J. J., & Wilkinson, K. M. (2015). Building evidence-based practice in AAC display
design for young children: Current practices and future directions. Augmentative and
Alternative Communication, 31(2), 124-136.
https://doi.org/10.3109/07434618.2015.1035798

Tiede, G., & Walton, K. M. (2019). Meta-analysis of naturalistic developmental behavioral
interventions for young children with autism spectrum disorder. Autism, 23(8), 2080-
2095. https://doi.org/10.1177/1362361319836371

Tien, K.-C. (2008). Effectiveness of the picture exchange communication system as a
functional communication intervention for individuals with autism spectrum
disorders: A practice-based research synthesis. Education and Training in
Developmental Disabilit, 43(1), 61-76.

Tierney, C., Mayes, S., Lohs, S. R., Black, A., Gisin, E., & Veglia, M. (2015). How valid is the
checklist for autism spectrum disorder when a child has apraxia of speech? Journal

of Developmental & Behavioral Pediatrics, 36(8), 569-574.

251



Tincani, M., & Devis, K. (2011). Quantitative synthesis and component analysis of single-
participant studies on the picture exchange communication system. Remedial and
Special Education, 32(6), 458-470. https://doi.org/10.1177/0741932510362494

Tomczak, M., & Tomczak, E. (2014). The need to report effect size estimates revisited. An
overview of some recommended measures of effect size.

Treszl, A., Koudys, J., & O’Neill, P. (2022). Evaluating the effects of Picture Exchange
Communication System® mediator training via telehealth using behavioral skills
training and general case training. Behavioral Interventions, 37(2), 290-305.

Turvey, M. T. (1990). Coordination. American Psychologist, 45(8), 938.

Vashdi, E., Avramov, A., Falatov, S., Huang, Y.-C., Jiang, P.-R., & Mamina-Chiriac, P. T.
(2021). New insights into CAS population profile and interaction with autism-A wide
retrospective research. BRAIN. Broad Research in Artificial Intelligence and
Neuroscience, 11(3Sup1), 182-196.

Venter, A., Lord, C., & Schopler, E. (1992). A follow up study of high-functioning autistic
children. Journal of Child Psychology and Psychiatry, 33(3), 489-597.
https://doi.org/10.1111/j.1469-7610.1992.tb00887.x

Vismara, L. A., McCormick, C. E. B., Wagner, A. L., Monlux, K., Nadhan, A., & Young, G. S.
(2018). Telehealth Parent Training in the Early Start Denver Model: Results From a
Randomized Controlled Study. Focus on Autism and Other Developmental

Disabilities, 33(2), 67-79. https://doi.org/10.1177/1088357616651064

252



Waddington, H., Reynolds, J. E., Macaskill, E., Curtis, S., Taylor, L. J., & Whitehouse, A. J.
(2021). The effects of JASPER intervention for children with autism spectrum
disorder: A systematic review. Autism, 25(8), 2370-2385.

Wagner, A. L., Wallace, K. S., & Rogers, S.J. (2014). Developmental approaches to treatment
of young children with autism spectrum disorder. InJ. Tarbox, D. R. Dixon, P. Sturmey,
& J. L. Matson (Eds.), Handbook of Early Intervention for Autism Spectrum Disorders:
Research, Policy, and Practice (pp. 393-427). Springer New York.
https://doi.org/10.1007/978-1-4939-0401-3_20

Wandin, H., Tegler, H., Svedberg, L., & Johnels, L. (2023). A scoping review of aided AAC
modeling for individuals with developmental disabilities and emergent
communication. Current Developmental Disorders Reports, 10(2), 123-131.
https://doi.org/10.1007/s40474-023-00275-7

Wechsler, D. (2012). Wechsler preschool and primary scale of intelligence—Fourth edition.
The Psychological Corporation San Antonio, TX.

Wetherby, A. (1995). Checklist of Communicative Functions and Means.
https://connectability.ca/wp-
content/uploads/files/communicativeFunctionsChecklist.pdf

Wong, C., Odom, S. L., Hume, K. A., Cox, A. W., Fettig, A., Kucharczyk, S., Brock, M. E.,
Plavnick, J. B., Fleury, V. P., & Schultz, T. R. (2015). Evidence-based practices in
interventions for children & youth with autism spectrum disorder. Journal of Autism

and Developmental Disorders. https://doi.org/10.1080/10459881003785506

253



Yilmaz, B., Azak, M., & Sahin, N. (2021). Mental health of parents of children with autism
spectrum disorder during COVID-19 pandemic: A systematic review. World Journal

of Psychiatry, 11(7), 388.

254



