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Abstract

Caregiver coaching is an established practice for training caregivers to implement inter-
ventions for young autistic children. Enhanced milieu teaching (EMT) and shared book
reading are naturalistic interventions used to teach language to young autistic children.
Telepractice as a training and coaching method provides an increased level of flexibility to
caregivers and coaches in providing interventions. Using a non-concurrent multiple base-
line design across caregivers, this study taught four caregiver–child dyads to implement
an intervention package consisting of EMT with shared book reading. Caregivers were
trained using a telepractice model using behavior skills training. Coaching was provided
to the participating caregivers throughout the intervention until they reached mastery
criteria. Due to attrition, only two caregivers reached final mastery criteria for intervention
implementation. Target outcomes included caregiver fidelity of implementation and child
unprompted target word use. Results indicated that training and coaching resulted in
increases in caregivers’ implementation fidelity, with evidence of generalization. Mixed
results for child target word use were observed, with a greater effect observed on target
word use during reading than during play. Findings indicate that while caregivers can be
taught to improve their use of naturalistic strategies, the synchronous coaching model may
need modifications for feasibility.

Keywords: autism; caregiver implemented intervention; telehealth; EMT; book reading

1. Introduction
Autistic children may experience differences in social communication, including

challenges initiating and maintaining reciprocal verbal exchanges, which are associated
with later difficulties forming and sustaining social relationships (American Psychiatric
Association, 2013; Prelock & Nelson, 2012). Autistic children may also demonstrate delays
in higher-level forms of play such as symbolic or collaborative play (Holmes & Willoughby,
2005), and together these differences may limit opportunities for peer engagement and
positive social development. As a result, many early interventions for autistic children
explicitly target social communication or embed communication goals within broader
intervention frameworks (Hume et al., 2021).
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1.1. Naturalistic Developmental Behavioral Interventions

Naturalistic developmental behavioral interventions (NDBIs) are a commonly used
class of early interventions for autistic children that draw from both applied behavior
analysis and developmental science (Schreibman et al., 2015). NDBIs use core behavior-
analytic principles, including prompting, environmental arrangement, and the antecedent–
behavior–consequence framework, while emphasizing developmentally appropriate goal
selection, child-led interactions, and instruction embedded within natural contexts. Their
theoretical foundations include the work of Lovaas (1987), Vygotsky (1966/2016), and Piaget
(1952), with Vygotsky’s emphasis on social interaction and scaffolding being particularly
relevant to naturalistic intervention models.

1.2. Enhanced Milieu Teaching

Enhanced Milieu Teaching (EMT; Kaiser & Hester, 1994) is a naturalistic language
intervention used to support communication development in young children with lan-
guage delays and developmental disabilities. As an NDBI, EMT combines applied behavior
analysis-based strategies, including environmental arrangement, balanced turn-taking, and
a least-to-most prompting hierarchy (wait time, open-ended question, choice question,
mand model), with a child-directed approach that increases child agency and motivation
(Vivanti & Zhong, 2020). EMT has demonstrated effectiveness in increasing communication
frequency and target vocabulary for children with language delays and autistic children
(Hancock & Kaiser, 2002; Kaiser & Hester, 1994; Kaiser et al., 2000) and can be implemented
by both clinicians and caregivers (Hemmeter & Kaiser, 1994; Kaiser et al., 2000). However,
findings are not uniformly positive. Reviews of naturalistic developmental behavioral
interventions indicate considerable variability in child outcomes, with intervention ef-
fects influenced by factors such as children’s developmental characteristics, intervention
intensity, caregiver implementation fidelity, and opportunities for practice across natural en-
vironments (Schreibman et al., 2015). Similarly, although caregiver-implemented language
interventions frequently improve caregiver strategy use, corresponding improvements
in child communication are often smaller and less consistent across studies (Oono et al.,
2013). These findings suggest that while EMT represents a well-supported naturalistic
language intervention, additional research is needed to better understand the conditions
under which caregiver-mediated EMT produces consistent child communication outcomes.

1.3. Shared Book Reading

Early language experiences are critical for later academic and language outcomes
(Sénéchal & LeFevre, 2014), and early vocabulary skills are predictive of later language
development (Marchman & Fernald, 2008). Shared book reading, defined as interactive
exchanges between an adult and child in which the child is actively engaged during the
reading experience (Noble et al., 2019), represents a particularly rich context for language
input. The frequency of caregiver–child book reading is associated with gains in expressive
and receptive vocabulary and stronger later academic outcomes (Barnes & Puccioni, 2017;
Bracken & Fischel, 2008; Farrant & Zubrick, 2013; Roulstone et al., 2011; Sénéchal et al.,
2008), and caregivers and children engage in higher rates of verbal interaction during
shared book reading than in other daily routines (Gilkerson et al., 2017). Because shared
book reading occurs frequently in the home, it provides an authentic context for embedding
intervention strategies (Kaderavek, 2002).

Recent research suggests that NDBI strategies, including modeling target words, using
prompting hierarchies, and following the child’s lead, can be effectively integrated into
shared book reading (e.g., Akemoglu et al., 2020, 2022; McLeod et al., 2017; Towson et al.,
2021). Although this integration is a relatively recent area of study, findings indicate it may
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be effective for increasing communication and target vocabulary acquisition for children
with language delays, developmental disabilities, and autism (Akemoglu et al., 2022; Kim
et al., 2020; McLeod et al., 2017). The combination of EMT and shared book reading is
theoretically well-suited to producing vocabulary gains beyond what either approach might
achieve alone. Shared book reading generates higher rates of verbal interaction than other
daily routines (Gilkerson et al., 2017), provides a more structured, turn-taking context that
may scaffold the caregiver–child exchanges EMT prompting hierarchies require (Clemens &
Kegel, 2020), and repeated exposure to target words across readings reinforces EMT targets;
caregivers also use more expansions, prompting, and questions during book reading than
during play (Mathers et al., 2024).

1.4. Caregiver-Mediated Interventions

Early intervention services for young children are often delivered in the home, a con-
text that can produce favorable outcomes in language and cognitive development for young
children with disabilities, including autistic children (Meadan et al., 2016; Rickards et al.,
2009). Caregiver-implemented interventions in this context can provide developmental
benefits for children and improved self-efficacy in caregivers (Trivette et al., 2010), and
caregivers of autistic children have been effectively taught and coached to deliver a variety
of communication and behavioral interventions (Movahedazarhouligh, 2021).

Telepractice, the use of telecommunication technologies to support remote care
(González-García et al., 2023), offers increased flexibility in service delivery and extends
reach to families for whom in-person services may be impractical (Poole et al., 2022). For
autistic children, caregiver-based interventions delivered via telepractice have been shown
to be effective, resulting in communication gains for children, and caregivers report satis-
faction and increased confidence with this delivery model (García-Grau et al., 2024; Garnett
et al., 2019, 2022). Studies have also begun integrating naturalistic book reading into play
routines that incorporate EMT strategies to teach target vocabulary to children with lan-
guage delays and autistic children (Kim et al., 2020; McLeod et al., 2017), suggesting the
efficacy of these approaches in combination.

However, no study to date has assessed an intervention package composed of natural-
istic book reading with EMT during play when implemented by caregivers who were taught
using telepractice models. Prior studies combining EMT with shared book reading used
researcher- or clinician-implemented delivery (Kim et al., 2020; McLeod et al., 2017); prior
caregiver-implemented EMT studies did not include shared book reading (Hemmeter &
Kaiser, 1994; Kaiser et al., 2000); and while telepractice coaching for caregiver-implemented
naturalistic interventions has shown promise (García-Grau et al., 2024; Garnett et al., 2019,
2022), none evaluated it for the EMT with shared book reading package. The present study
is the first to combine caregiver delivery, the EMT with shared book reading package, and
telepractice-based BST coaching, with unprompted target word use across reading and
play as the child outcome.

Although caregiver-mediated interventions and telepractice have demonstrated con-
siderable promise, findings across the literature have been more mixed than uniformly
positive. A Cochrane review of parent-mediated interventions reported strong evidence for
improvements in parent–child interaction but found inconsistent or inconclusive evidence
for many distal child language and communication outcomes, highlighting the need for
additional high-quality trials (Oono et al., 2013). More recent systematic reviews likewise
suggest that caregiver-mediated interventions can improve social communication, but
intervention effects vary according to child characteristics, intervention dosage, caregiver
implementation fidelity, and study quality (Pacia et al., 2022). Similarly, telepractice has
expanded access to caregiver coaching and is generally viewed as acceptable by families;
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however, researchers continue to identify challenges related to technology access, schedul-
ing demands, caregiver workload, and maintaining participation throughout intervention,
indicating that questions of feasibility remain alongside questions of efficacy (Pacione,
2022). These mixed findings suggest that, while telepractice-based caregiver coaching is
promising, further research is needed to identify delivery models that balance intervention
effectiveness with family feasibility and long-term participation.

The purpose of this study is to evaluate the efficacy of a caregiver-coaching telepractice
model for teaching caregivers to implement naturalistic book reading procedures and EMT
procedures for target vocabulary acquisition in young autistic children. The research
questions are (a) can caregivers be taught to deliver an intervention package with high
treatment fidelity, that consists of naturalistic book reading and EMT for their young
autistic children? and (b) is there a functional relation between a caregiver-implemented
intervention package consisting of naturalistic book reading and EMT procedures and child
target vocabulary acquisition for young autistic children?

2. Method
2.1. Ethical Approval

Ethical approval was received from the first author’s university’s Institutional Review
Board prior to beginning the study. All participating caregivers gave written consent for
themselves and written permission for their children to participate. Caregivers were taught
to gain assent from their children before each session and were instructed to discontinue a
session if a child showed signs of withdrawing assent (e.g., verbal refusal, leaving the area).

2.2. Experimental Design

A non-concurrent multiple baseline design (NCMBL; Watson & Workman, 1981) across
participants was used. This design provided recruitment flexibility and was appropriate
because participants were not in shared settings (Slocum et al., 2022a, 2022b). The NCMBL
was necessary because home-based telepractice required caregivers to record sessions
independently, making concurrent data collection impractical, and because each dyad
used individualized materials with no shared stimulus context. Threats to internal validity
were minimized through three features: (a) participants had no contact with one another
and were enrolled in separate home settings, (b) baseline lengths were varied across tiers
(Slocum et al., 2022a, 2022b), and (c) tier assignment was determined randomly (Ledford
& Gast, 2018). Study phases included baseline, caregiver instruction, implementation
with coaching, independent implementation, and maintenance, with staggered entry into
intervention based on random tier assignment.

2.3. Recruitment and Participants

Participants were recruited via social media and through disseminating recruitment
materials to university listservs and at local clinics serving autistic children. Participants
completed a form on Qualtrics to register interest and were contacted by a member of the
research team to confirm eligibility. All participants came from one state in the southwestern
United States. In order to participate, the caregiver needed to be at least 18 years of age,
hold legal custody of the child in their dyad, reside in the United States, and be fluent in
English. Child participants needed to be between the ages of three and eight years of age
at the time of intake and be diagnosed with autism or suspected to be autistic and in the
process of an autism evaluation. For three of the four children, a diagnosis of autism was
reported by caregivers; the fourth child, Elias, was suspected to be autistic and was in the
process of a formal evaluation at the time of enrollment, and no independently confirmed
diagnosis was available for him. Four caregiver–child dyads met all inclusion criteria. All
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names are pseudonyms. The dyads were Theresa and Anne, Cheryl and Skyler, Mary and
Elias, and Lucy and Gianna. All dyads spoke English in the home. Skyler was eight years
of age at intake and turned nine during the course of baseline. Additional demographic
information for participating dyads can be found in Table 1.

Table 1. Participant Demographic Information.

Dyad Caregiver
Age Child Age Caregiver

Race Child Race Caregiver
Education Level

Child Educational
Placement

Lucy & Gianna 43 years 3 years Black Black Bachelor’s degree
Full-time applied
behavior analysis

clinic
Mary & Elias 45 years 5 years Asian Asian Associate’s degree Public school

Theresa & Anne 46 years 7 years Black Black Bachelor’s degree Public school

Cheryl & Skyler 42 years 9 years Black Black Master’s degree Specialist private
school

2.4. Setting

The intervention was delivered in the dyads’ homes in quiet, distraction-free spaces
including living rooms, dining rooms, and bedrooms. All coaching sessions were conducted
via Zoom, and caregivers recorded all baseline and intervention sessions using an internet-
connected device through Zoom’s record feature. Participants were instructed to conduct
the sessions in a distraction-free area, meaning an area free of extraneous noise (e.g., T.V.,
radio, video games, etc.), free of unrelated interactions (e.g., unrelated adults conversing,
etc.), and free from distracting or unrelated materials (e.g., unrelated toys, etc.). The
environment was assessed by the coder following each session to determine that it met
these criteria.

2.5. Intake Procedures

The first author completed an intake interview with each family to assess reading
habits, play routines, and child interests. Caregivers received guidance on recognizing
child assent and withdrawing assent, completed the Social Communication Questionnaire
(SCQ; Rutter, 2003) and the MacArthur Bates Communicative Development Inventory:
Words and Sentences (CDI; Fenson, 2002). These assessments were given to provide a
measure of autistic traits and current language level, respectively. These assessments were
not used to confirm a diagnosis. Child assessment scores are reported in Table 2.

Table 2. Assessment Information.

Child SCQ Score MacArthur Bates CDI
Word Use Score

MacArthur Bates
Word Forms Score

MacArthur Bates
Word Endings Score

MacArthur Bates
Complexity Score

Gianna 13 10th percentile 5th percentile 30th percentile 20th percentile
Elias 4 99th percentile 99th percentile 25th percentile 99th percentile
Anne 10 75th percentile 10th percentile 50th percentile 25th percentile
Skyler 9 80th percentile 10th percentile 30th percentile 20th percentile

2.6. Researchers

The first author served as trainer and coach. He was a doctoral student in special
education with a master’s degree in education, two years of classroom experience in a
play-based early childhood special education program, and prior training in NDBIs.
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2.7. Materials

Caregivers selected five themes from a provided list based on their child’s interests.
Two books, one per theme, were selected with assistance from a children’s librarian, and
three to five target words per book were confirmed as not yet used independently by
the child. Corresponding toy sets were purchased for each book, and all materials were
provided to families. Target words and themes for each child are listed in Appendix A. Care-
givers used their own internet-enabled device or a provided iPod Touch to record sessions.

2.8. Operational Definition and Dependent Variables
2.8.1. Fidelity

Implementation fidelity, the primary caregiver dependent variable, was coded using
checklists adapted from Kim et al. (2020) and McLeod et al. (2017). The reading criteria
checklist contained 11 binary items (scored as a percentage of affirmative responses, max-
imum 100%) and three not-applicable items; the play criteria checklist contained seven
items. Coaching fidelity was assessed against a separate mastery criteria checklist. Fidelity
was calculated separately for reading, play, and total, yielding three measures. Fidelity was
calculated as (a) reading fidelity, (b) play fidelity, and (c) composite fidelity. The criterion to
withdraw coaching was at least 80% fidelity in both reading and play for two consecutive
sessions with primary materials; it was thus possible to exceed 80% composite fidelity while
still requiring coaching. Coaching fidelity was calculated using an eight-item checklist
based on Akemoglu et al. (2022); scoring forms are in Appendix B.

2.8.2. Child Target Word Use

Unprompted target word use was selected as the primary child outcome because
vocabulary is a core component of social communication for young autistic children,
foundational to initiating and sustaining reciprocal verbal exchanges (American Psychiatric
Association, 2013; Prelock & Nelson, 2012), and early vocabulary predicts later language
and academic outcomes (Marchman & Fernald, 2008; Sénéchal & LeFevre, 2014). Target
words were confirmed absent at intake, meaning gains represented genuine expansion
of the functional communicative repertoire. Within the EMT framework, unprompted
use indexes the child’s ability to communicate in natural contexts without adult direction
(Kaiser & Hester, 1994; Kaiser et al., 2000) and measuring word use across reading and play
evaluated whether gains extended beyond a single activity context (Hume et al., 2021; Kim
et al., 2020; McLeod et al., 2017).

The child dependent variable was correct, unprompted target word use, defined
as verbal use of a target word occurring spontaneously (Table 3), following a caregiver
model, within three seconds of natural caregiver use, after a wait time prompt, or after
an open-ended question prompt (Kim et al., 2020; McLeod et al., 2017). Word use after a
choice question or mand model prompt was not considered unprompted. This definition
follows McLeod et al. (2017) and Kim et al. (2020). As used here, “unprompted” reflects
the EMT framework’s distinction between adult behaviors that supply the target word
and those that create an opportunity for the child to generate it: time delays and open-
ended questions do not include the word and require the child to initiate it independently;
natural caregiver use allows the child to produce it in the next turn without direction. By
contrast, choice questions and mand models supply the word and elicit repetition and
are therefore excluded. While this captures a range of responding rather than purely
spontaneous use, it is applied consistently in this line of research and is grounded in the
EMT prompting hierarchy (Kim et al., 2020; McLeod et al., 2017). Session lengths ranged
from 5 to 36 min (most 10–15 min). Rate per minute of unprompted target word use was
calculated separately for reading, play, and total.
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Table 3. Enhanced Milieu Teaching Strategies.

Strategy Definition Example Non-Example

Time-delay

The caregiver either places
the desired item within sight
but out of reach, or creates a
scenario where the desired
item is missing. Following

creating the opportunity, the
caregiver waits 3 s to give
the child an opportunity

to respond.

The caregiver holds a toy car
in front of the child and

waits three seconds for the
child to request the item.

The caregiver sets out toys
for a tea party, and they

withhold the teacups. They
wait three seconds for the

child to request the
missing item.

Caregiver removes target
item from line of sight and

waits three seconds.
Caregiver holds the item in

front of the child and
immediately give the child

the item without a
waiting period.

Open-ended question

The caregiver asks a
question related to the target
word that does not include

the target word.

“What do we need to race?”
“What’s missing from

the kitchen?”

For the target word boat, the
caregiver may say “where is

the boat”
Yes or no questions—“Is this

a boat?”

Choice question

The caregiver asks a question
for the child that includes

choosing between two items.
The caregiver uses the target

word in the question.

“Do you want the car or the
boat?”

“Is the whale swimming or
walking?”

Uses a choice question that
does not include the target

word such as “Do you want
the whale or fish?” when the

target word is boat.
Exclude yes or no questions.

Mand model The caregiver instructs the
child to say the target word.

“Say race car.”
“Say swimming.”

Caregiver labels the item
without giving directive to

the child to say the
target word.

Use of wait time to
promote

communicative turn
taking

The caregiver provides
opportunities for the child to

speak following caregiver
speech. This involves

pausing for a minimum of
three seconds after saying
something or using a clear

verbal cue, such as a
question, to signal to the
child that it is their turn

to speak.

The caregiver makes a
comment on the play

episode such as, “My car is
going fast.” And then looks

at the child to signal it is
their turn to speak. The

caregiver then waits at least
3 s to give the child time

to respond.

The caregiver makes a
comment on the play such as,
“your car is going very fast”

and immediately follows
with another comment.

Verbal expansions

The caregiver adds on to
what the child says to

provide additional language
exposure in the verbal

interaction. The caregiver
repeats what the child says

before adding on.

The child says the word
“boat.” The caregiver follows

this by saying, “the boat is
floating on the water.”

Caregiver acknowledges the
child’s speech without

adding on to the
communication or simply

repeats the word.

Modeling of target
words through

natural conversation

The caregiver uses the target
word in a natural

conversation to promote
acquisition of the word.

“The car is driving to the
house”

“I wonder what the cake is
going to taste like.”

Pairing of word use with
strategies from prompting
hierarchy such as use of a

choice question.

2.8.3. Baseline

Each dyad received two theme sets (book, toys, target vocabulary), randomly assigned
as primary or generalization targets. Caregivers read and played with their child as they
typically would; sessions were recorded via Zoom and coded for child target word use and
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caregiver implementation fidelity. The length of the sessions varied based on the length of
the book and the child’s engagement during play. The length of time spent reading during
baseline varied by dyad with Lucy’s and Gianna’s time reading ranging from 5 min to
7 min, Mary’s and Elias’ time reading ranging from 5 min to 12 min, Theresa’s and Anne’s
time reading ranging from eight minutes to 12 min, and Cheryl’s and Skyler’s time reading
ranging from 5 min to 9 min. Lucy’s and Gianna’s time spent playing ranged from 10 min
to 12 min, Mary’s and Elias’ time playing ranged from 1 min to 2 min, Theresa’s and Anne’s
time playing ranged from 3 min to 8 min, and Cheryl’s and Skyler’s time playing ranged
from 1 min to 8 min.

2.8.4. Training

Following baseline, caregivers completed three one-hour instructional sessions via
Zoom using modules adapted from Dillehay (2023). Instruction followed behavior skills
training (BST) procedures (Schaefer & Andzik, 2021; Ward-Horner & Sturmey, 2012),
including didactic instruction, modeling, role-play, and feedback on the shared book
reading (Table 3) and EMT (Table 4) strategies. Caregivers were taught only with primary
target materials. During training, caregivers were provided with checklists corresponding
to the intervention fidelity criteria (see Appendix D).

Table 4. Naturalistic Book Reading Strategies.

Step or Strategy Definition Example

Introduces the book The caregiver shows the title of the
book and reads it aloud. Today we will be reading The Republic

Provides feedback
Caregiver provides praise and/or

acknowledges the child attending to
the book.

I can tell you are really looking at
that picture.

I really like how you’re listening to
the story.

Provides verbal expansions

When the child references the book in
speech, the caregiver acknowledges
the child and adds on to what they

said.

Child says “ball”
The caregiver replies by saying “the

ball is rolling down the hill”

Use of EMT prompting strategies

Wait time
Open-ended question

Choice question
Mand model

See Table 3

Modeling of target words Caregiver points to a picture of the
target word and uses the target word. “The boat is in the water.”

Provides wait time between pages to
give the child the opportunity to say

something

After finishing a page, the caregiver
waits three seconds before beginning
the next page to give the child time to

comment.

The caregiver finishes reading the
page, then pauses three seconds

before turning the page.

Praises/thanks child at the end of the
reading task

Caregiver provides direct praise or
thanks to the child immediately after

the book ends.

Thank you for reading with me; I
really enjoyed this.

I could tell you were listening to the
story the entire time.

I had so much fun reading with you.

Redirects child when distracted
Focuses child’s attention by using an
attention-getting strategy involving

verbalization and gesture

Look at the bird? Followed by
pointing to the board

Take a look. Followed by pointing to
the image.
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2.8.5. Implementation with Supported Coaching

Following instruction, caregivers implemented the intervention package with sup-
ported coaching. Sessions were recorded via Zoom, reviewed by the primary coder the
following day, and coaching was provided within 24 h when feasible. Caregivers imple-
mented the intervention two to three times per week and were instructed not to implement
again until after coaching was received. Coaching procedures were adapted from Ake-
moglu et al. (2022). The coach met with the caregiver following each implementation
session and began by greeting the caregiver and reviewing a segment of the session video.
Most coaching sessions occurred within 24 h of the caregiver’s previous implementation.
When meeting within 24 h was not feasible, caregivers were instructed to pause implemen-
tation until they could meet for coaching. The coach identified strengths in the caregiver’s
implementation during both the reading and play portions, indicated one area of growth,
and modeled the target skill. The coach and caregiver then practiced the skill through
role-play, and the caregiver was given the opportunity to ask questions. The session con-
cluded with the coach and caregiver collaboratively planning the next implementation
and coaching session. Breaks in data collection for Cheryl and Skyler and Mary and Elias
during this phase were due to unforeseen family circumstances. Caregivers were provided
coaching until they reached the mastery criteria of 80% implementation fidelity for both
play and reading for two consecutive sessions. Lucy completed four coaching sessions
throughout the duration of the study with these coaching sessions ranging from 11 min to
15 min. Mary completed nine coaching sessions throughout the study with the coaching
sessions ranging from 7 min to 24 min. Theresa completed five coaching sessions ranging
from 8 min to 33 min. Cheryl completed seventeen coaching sessions ranging from 8 min
to 18 min. Coaching sessions varied in length depending on number of caregiver questions
and the amount of practice needed for the caregiver to show mastery of the skill from the
coaching session.

During intervention, time spent reading for Lucy and Gianna ranged from 5 min to
12 min, Mary’s and Elias’ time spent reading ranged from 6 min to 16 min, Theresa’s and
Anne’s time spent reading ranged from 5 min to 24 min, and Cheryl’s and Skyler’s time
spent reading ranged from 4 to 19 min. During intervention, the time spent playing for
Lucy and Gianna ranged from 5 min to 20 min, time spent playing for Mary and Elias
ranged from 1 min to 10 min, time spent playing for Theresa and Anne ranged from 2 min
to 10 min, and time spent playing for Cheryl and Skyler ranged from 2 min to 5 min.

2.8.6. Independent Implementation

After meeting the coaching criterion, caregivers implemented the intervention in-
dependently. Implementation fidelity and child word use continued to be monitored;
additional coaching was provided if fidelity fell below 80% for two consecutive sessions.
Child mastery criteria were unprompted use of all target words at least once during reading
and once during play for two consecutive sessions.

2.9. Generalization and Maintenance

Generalization probes assessed whether caregivers and children generalized the inter-
vention to secondary materials without coaching. Primary and generalization materials
were counterbalanced, and caregivers were naive to assignment. Probes alternated in a
two-primary, one-generalization pattern across all phases, except for Lucy and Gianna
who did not complete baseline generalization probes due to their short baseline. Main-
tenance probes were conducted four weeks after the intervention was withdrawn, with
caregivers resuming implementation for five sessions using the same alternating schedule.
No additional coaching or instruction was provided.
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2.10. Interobserver Agreement

IOA was calculated for caregiver fidelity (reading and play) and child unprompted
word use (reading and play) for at least 30% of sessions per phase. A graduate student
in special education served as secondary coder, trained to at least 80% agreement via
dual coding. The secondary coder was naïve to condition and used the same forms as
the primary coder; reading-fidelity scores at or above 11 items were treated as equivalent
for IOA. Coaching fidelity was dual-coded by a secondary coder with a PhD in special
education and expertise in evidence-based coaching.

2.11. Social Validity

Social validity data were collected at the end of the study by sending participating
caregivers a researcher-designed survey (see Appendix C) which included a series of state-
ments with a Likert scale rating system and a place for open-ended feedback. Caregivers
were given the option to provide additional feedback through an interview. While the
survey was sent to all caregivers, only two completed and returned it. No participants
opted to provide additional feedback through an interview. These procedural limitations,
specifically a 50% survey return rate and the absence of interview data, substantially con-
strain the interpretability of the social validity findings, and any conclusions drawn should
be considered preliminary. Additionally, social validity was assessed using the framework
of seven elements described by Reichow et al. (2008), considering three elements: the social
meaningfulness of outcomes, the resources required of participants, and the ecological
validity of the intervention. First, the primary child outcome, unprompted target word
use, was evaluated for social meaningfulness; vocabulary acquisition is a common target
in educational and therapeutic programming for autistic children (American Psychiatric
Association, 2013), and gains in this area have direct relevance to children’s communica-
tive development. Second, caregiver burden was considered in relation to the time and
resources required for instruction and implementation; while individual coaching sessions
were brief, the fully synchronous model created logistical demands that may affect fea-
sibility in typical service delivery contexts. Third, ecological validity was assessed by
considering whether the intervention setting and agent were natural to the child’s daily
routines; sessions took place in families’ homes and caregivers served as the intervention
agents, both of which support the ecological validity of the package.

2.12. Analysis

Rate per minute of child unprompted target word use was graphed across phases
for reading, play, and total; the total graph served as the primary basis for determining
functional relations. Data were analyzed using visual analysis procedures outlined in
Kratochwill et al. (2010), examining changes in trend, level, and variability across phases.
Consistent with these standards, six features were evaluated: level (mean or median within
a phase), trend (direction and rate of change), variability (fluctuation around the trend line),
immediacy of effect (speed and magnitude of change at phase transitions), data overlap
(proportion of data points in adjacent phases sharing the same range), and consistency
across tiers (replication of the pattern following intervention introduction across partic-
ipants). A functional relation was identified when the data showed a predictable and
replicable change temporally associated with the intervention across at least three tiers,
with attention to whether pre-existing baseline trends could account for observed changes
(Kratochwill et al., 2010; Ledford & Gast, 2018). Effect size estimates for caregiver imple-
mentation fidelity were calculated using both standard mean difference (SMD) (Hedges
et al., 2012) and Tau-U (Parker et al., 2011). Effect sizes for child unprompted word use
were calculated using Tau-U only; SMD was not appropriate for these variables given the
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zero and near-zero levels of responding in baseline. Effect sizes were computed via the
online calculator from Pustejovsky et al. (2024). Effect size summaries are available in table
form in Appendix A.

3. Results
Results for levels of caregiver fidelity and the children’s rate per minute of target

word use are presented graphically during reading (Figure 1), play (Figure 2), and in
total (Figure 3). Across all four dyads, caregiver implementation fidelity increased follow-
ing training and coaching, with some evidence of generalization to untrained materials
and routines for caregivers who remained in the study, though generalization sequences
were not completed by all dyads. Two caregivers reached mastery criteria and completed
maintenance probes, while two withdrew prior to mastery due to family circumstances.
Visual analysis demonstrated a functional relation between coaching and caregiver im-
plementation fidelity. Child outcomes were more variable, though three of four children
demonstrated increases with variable response patterns in unprompted target word use
following intervention, with effects during shared book reading generally stronger than
during play, though this pattern was not uniform across participants. For one child, Elias,
effects were limited, with Tau-U values of 0.21 for reading and total and insufficient baseline
data to calculate play effect sizes; these results do not constitute clear evidence of interven-
tion impact. For the remaining children, effects were variable in strength and in some cases
limited to reading rather than play. Generalization of child word use was observed across
most dyads, though with variable strength across participants and measures, and mainte-
nance data from completed cases suggested that gains were largely maintained following
withdrawal of coaching and intervention supports, though maintenance was assessed only
for Cheryl and Skyler and cannot be generalized to the full sample. Descriptive statistics
for caregiver implementation fidelity and child target word use across phases are presented
in Tables 5 and 6, respectively.

Table 5. Descriptive Summaries of Caregiver Target Variables Across Phases.

Dyad

Reading
Fidelity
During

Baseline

Play
Fidelity
During

Baseline

Total
Fidelity
During

Baseline

Reading
Fidelity

During In-
tervention

Play
Fidelity

During In-
tervention

Total
Fidelity

During In-
tervention

Reading
Fidelity
During
Mainte-
nance

Play
Fidelity
During
Mainte-
nance

Total
Fidelity
During
Mainte-
nance

Lucy &
Gianna

M = 33%,
range =
27–36%

M = 19%,
range =
14–29%

M = 28%,
range =
22–23%

M = 91%,
range =
73–100%

M = 58%,
range =
14–82%

M = 79%,
range =
50–94%

* * *

Mary &
Elias

M = 40%,
range =
27–55%

M = 29% **
M = 27%,
range =
17–33%

M = 77%,
range =
64–100%

M = 55%,
range =
29–57%

M = 68%,
range =
61–83%

* * *

Theresa &
Anne

M = 51%,
range =
36–64%

M = 30%,
range =
14–43%

M = 44%,
range =
28–61%

M = 80%,
range =
55–100%

M = 57%,
range =
57–57%

M = 67%,
range =
56–72%

* * *

Cheryl &
Skyler

M = 71%,
range =
45–91%

M = 25%,
range =
14–57%

M = 53%,
range =
33–72%

M = 97%,
range =
73–100%

M = 73%,
range =
43–86%

M = 88%,
range =
72–94%

M = 98%,
range =
91–100%

M = 71%,
range =
57–86%

M = 88%,
range =
78–94%

Note: * Indicates that the dyad did not enter the delayed maintenance phase. ** Indicates that as there was only
one probe of play data for Mary and Elias in the baseline phase, a range could not be calculated.
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Table 6. Descriptive Summaries of Child Target Variables Across Phases.

Dyad

Rate of
Target

Word Use
During

Reading in
Baseline

Rate of
Target

Word Use
During
Play in

Baseline

Total Rate
of Target
Word Use

in Baseline

Rate of
Target

Word Use
During

Reading in
Interven-

tion

Rate of
Target

Word Use
During

Play in In-
tervention

Total Rate
of Target
Word Use
in Inter-
vention

Rate of
Target

Word Use
During

Reading in
Mainte-
nance

Rate of
Target

Word Use
During
Play in
Mainte-
nance

Total Rate
of Target
Word Use
in Mainte-

nance

Lucy &
Gianna

M = 0.00,
range =

0.00–0.00

M = 0.03,
range =

0.00–0.08

M = 0.02,
range =

0.00–0.05

M = 0.63,
range =

0.22–1.00

M = 0.25,
range =

0.00–0.59

M = 0.38,
range =

0.14–0.59
* * *

Mary &
Elias

M = 0.25,
range =

0.10–0.43
M = 0.00 **

M = 0.24,
range =

0.08–0.43

M = 0.75,
range =

0.00–4.00

M = 0.62,
range =

0.00–2.00

M = 0.26,
range =

0.00–0.56
* * *

Theresa &
Anne

M = 0.06,
range =

0.00–0.33

M = 0.20,
range =

0.00–0.50

M = 0.12,
range =

0.00–0.30

M = 0.60,
range =

0.30–1.00

M = 1.50,
range =

1.00–2.00

M = 0.90,
range =

0.73–1.18
* * *

Cheryl &
Skyler

M = 0.29,
range =

0.00–0.86

M = 0.27,
range =

0.00–1.50

M = 0.27,
range =

0.00–0.55

M = 0.89,
range =

0.29–1.50

M = 0.74,
range =

0.00–1.50

M = 0.79,
range =

0.25–1.56

M = 1.27,
range =

0.86–1.50

M = 1.31,
range =

0.75–2.50

M = 1.29,
range =

1.00–1.63

Note: * Indicates that the dyad did not enter the delayed maintenance phase. ** Indicates that as there was only
one probe of play data for Mary and Elias in the baseline phase, a range could not be calculated.

Figure 1. Rate of target word use (left axis, circle) and caregiver implementation fidelity (right axis,
triangles) during reading.
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Figure 2. Rate of target word use (left axis, circles) and caregiver implementation fidelity (right axis,
triangles) during play.

3.1. Lucy and Gianna

During baseline, Lucy’s implementation fidelity was consistently low across all compo-
nents. Her fidelity in reading never exceeded 40%; play: never exceeded 29%; total: never
exceeded 36%. Following training, Lucy reached criterion in reading within two sessions
and in play within three (coaching fidelity: M = 100%). Total fidelity showed a clear change
in level and increasing trend, reaching 94% for two consecutive sessions. After coaching
was withdrawn, fidelity declined after session 10 in reading and dropped below 80% in
play; additional coaching was offered, but Lucy subsequently withdrew due to family
circumstances. Generalization probes reflected improved fidelity, though slightly below
target probe levels. Lucy demonstrated increases in fidelity across reading (SMD = 6.63,
95% CI: [2.78, 10.48], Tau-U = 0.92), play (SMD = 2.80, 95% CI: [0.80, 4.79], Tau-U = 0.83),
and total (SMD = 2.36, 95% CI: [1.25, 3.46], Tau-U = 0.96). Gianna showed a consistent rate
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of zero unprompted word uses per minute in baseline across all three measures. Following
the introduction of the intervention, a clear change in level emerged across reading, play,
and total, with an increasing trend in reading from session five onward, a peak of 0.57
uses per minute at session five in total, and a peak in play at session six after an initially
low level of responding. These gains were maintained after coaching was withdrawn, and
generalization probes showed a similar increase. Gianna demonstrated increases in word
use during reading (Tau-U = 1.00), play (Tau-U = 0.58), and total (Tau-U = 0.96).

Figure 3. Overall rate of target word use (left axis, circles) and caregiver implementation fidelity
(right axis, triangles) with book reading and EMT combined.

3.2. Mary and Elias

During baseline, Mary’s implementation fidelity was consistently low across all com-
ponents (reading: M = 41%, range = 27–55%; total: M = 28%, range = 17–33%); only one play
baseline session was available due to Elias withdrawing assent (M = 22%, range = 14–29%).
Following a two-week gap due to family travel, a booster training session was provided
before intervention began. With coaching (M = 99%, range = 88–100%), fidelity increased
substantially in reading (M = 81%, range = 64–100%) and total (M = 71%, range = 61–83%),
though the trend remained highly variable and Mary did not reach criterion in any compo-
nent. Generalization probes exceeded baseline in reading and total and exceeded target
probes in play. Mary demonstrated increases in reading (SMD = 2.89, 95% CI: [1.17, 4.60],
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Tau-U = 1.09) and total fidelity (SMD = 12.30, 95% CI: [−1.19, 25.80], Tau-U = 1.08). Effect
sizes for play could not be calculated due to insufficient baseline probes, and with only one
available play baseline session, conclusions about Mary’s play fidelity cannot be adequately
supported by the data. This should be considered a significant constraint on the interpre-
tation of play fidelity outcomes for this dyad. Elias’s baseline word use was consistently
low in reading (M = 2.89, range = 0.08–0.43) and total (M = 0.25, range = 0.08–0.43); only
two play probes were available (M = 0.75, range = 0–1.5). Following the introduction of the
intervention, reading responding was variable (M = 0.56, range = 0–0.71) with a notable
peak of four uses per minute at session 14, and a corresponding increase alongside im-
proved caregiver fidelity was observed from sessions 17 through 19. In play, Elias showed
an immediate increase (M = 3.39, range = 0–2) before declining with a corresponding drop
in caregiver fidelity; total word use remained low overall (M = 0.25, range = 0–0.56) with
a slight increasing trend from session 16 onward. The dyad withdrew after 19 sessions
due to extenuating circumstances. Play generalization probes were consistently lower
than target probes. Total generalization probes showed a similar rate. Tau-U could not
be calculated for play. Elias demonstrated modest increases in word use during reading
and total (Tau-U = 0.21 for both); however, Tau-U values of this magnitude indicate limited
intervention effects, and the absence of calculable play effect sizes further restricts interpre-
tation. Overall, child outcome effects for Elias were limited and should not be characterized
as clear evidence of intervention impact.

3.3. Theresa and Anne

During baseline, Theresa showed variable fidelity across all components, with an in-
creasing trend established in the final three sessions in reading (M = 44%, range = 18–73%)
and in total (M = 39%, range = 28–61%); play never exceeded 50% (M = 33%, range = 14–57%).
Following training, fidelity was higher throughout the coaching phase across all compo-
nents, reading (M = 93%, range = 55–100%), play (M = 51%, range = 14–57%), and total
(M = 70%, range = 56–83%), with coaching fidelity consistent throughout (M = 100%). Two
gaps between sessions exceeding two weeks likely contributed to variability. Theresa did
not reach criterion in any component before being discharged due to family circumstances.
Generalization probes showed a similar increasing trend in reading and total, with mixed
patterns in play. Theresa demonstrated increases in fidelity in reading (SMD = 1.83, 95%
CI: [0.62, 3.05], Tau-U = 0.80), play (SMD = 0.94, 95% CI: [−0.12, 2.00], Tau-U = 0.39),
and total (SMD = 2.58, 95% CI: [1.17, 3.99], Tau-U = 0.77). Anne’s baseline word use was
consistently low and near-zero in reading (M = 0.04, range = 0–0.33) with a slight increasing
trend at the end of baseline; Play use never exceeded one use per minute, and total use
showed a low level with an increasing trend in the final sessions (M = 0.09, range = 0–0.29).
Following the introduction of the intervention, a clear change in level emerged across all
three measures: reading (M = 0.72, range = 0.3–1.16), play (consistently at or above one
use per minute), and total (M = 0.92, range = 0.73–1.18). However, a decrease in reading
at the 13th probe corresponded to a drop in caregiver fidelity, and a clear trend could not
be established in play. The dyad was discharged before Anne reached mastery criteria,
and these results should be characterized as preliminary. Because Theresa did not reach
criterion in any fidelity component and the dyad was discharged before Anne reached
child mastery criteria, the apparent changes in level cannot be interpreted as evidence of
a complete or stable intervention effect. Generalization was mixed in play but showed
a similar increase from baseline in reading and total. Anne demonstrated increases in
word use in reading (Tau-U = 0.85), play (Tau-U = 0.62), and total (Tau-U = 0.68); however,
given that the dyad was discharged before mastery criteria were reached, these effect
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sizes should be interpreted cautiously as reflecting an incomplete rather than a concluded
intervention trajectory.

3.4. Cheryl and Skyler

During baseline, Cheryl showed variable fidelity with an increasing trend toward
the end across all components (reading: M = 58%, range = 36–91%; play: M = 30%,
range = 14–57%; total: M = 46%, range = 33–72%). Following training, Cheryl reached
criterion in reading within two sessions; coaching fidelity was high throughout (M = 98%,
range = 88–100%). Reading fidelity remained high and stable for the duration, dipping
below 80% at only one probe (M = 93%, range = 73–100%). A clear increasing trend in
play was not established until after session 32, and Cheryl reached criterion for play after
session 38. Total fidelity showed a clear positive change in level (M = 90%, range = 78–94%).
Cheryl maintained high fidelity in the immediate maintenance phase (total: 100%; reading:
M = 98%, range = 91–100%). In the delayed maintenance phase, play fidelity showed a
considerable drop before recovering to above baseline (M = 68%, range = 57–86%), and total
initially dropped to 78% before recovering to at or above 89% (M = 87%, range = 78–94%).
Generalization data showed high and stable patterns in reading and a clear change in level
in total. Cheryl demonstrated increases in fidelity in reading (SMD = 1.58, 95% CI: [0.73,
2.42], Tau-U = 0.88), play (SMD = 2.26, 95% CI: [1.13, 3.40], Tau-U = 0.94), and total (SMD
= 2.36, 95% CI: [1.25, 3.46], Tau-U = 0.92). During baseline, Skyler showed a consistently
low rate of word use in reading (M = 0.19, range = 0–0.86) and a variable total rate with
no established trend (M = 0.24, range = 0–0.55); in play, the rate was zero for the first
six sessions before a considerable increasing trend through the end of baseline (M = 0.36,
range = 0–1.5). This pre-existing increasing trend in play word use during baseline com-
plicates causal attribution of later play gains to the intervention and play outcomes for
Skyler should be interpreted with particular caution. Following the introduction of the
intervention, reading word use was variable but trended upward throughout (M = 0.84,
range = 0–1.6); play responding showed initial decreases and variability before a clearly
increasing trend emerged after session 29 (M = 0.72, range = 0–2.67); and total responding
showed no discernible change in level early on (M = 0.77, range = 0.09–1.67) before a
clear increasing trend from session 25. Generalization probes showed a similar increasing
trend in reading. During immediate maintenance, gains were initially maintained before
declining; in the delayed maintenance phase, play (M = 1.25, range = 0.75–2.5) and total
(M = 1.1, range = 1–1.63) recovered to above baseline despite a decreasing trend, while
reading remained stable (M = 1.28, range = 0.86–1.5). Skyler reached mastery after the first
two delayed maintenance probes. Skyler demonstrated increases in word use in reading
(Tau-U = 0.73), play (Tau-U = 0.27), and total (Tau-U = 0.72). The notably weaker effect size
for play (Tau-U = 0.27), in the context of the pre-existing baseline trend documented above,
means that play gains cannot be confidently attributed to the intervention. Reading and
total effects were stronger and less confounded by baseline trends.

Two effect size reporting issues warrant explanation. First, Tau-U values exceeding 1.0
for Mary in reading (Tau-U = 1.09) and total (Tau-U = 1.08) reflect baseline correction: when
baseline shows a decreasing trend, the correction adjusts the statistic upward, producing
values outside the typical 0 to 1 range (Parker et al., 2011). These should be interpreted as
indicating strong positive change relative to the baseline trend, not as an effect exceeding
the scale. Second, SMD confidence intervals were wide or included negative values for
Mary’s total fidelity (SMD = 12.30, 95% CI: [−1.19, 25.80]) and Theresa’s play (SMD = 0.94,
95% CI: [−0.12, 2.00]), reflecting small phase sample sizes and high variability; intervals
crossing zero indicate the effect cannot be distinguished from zero with confidence. Visual
analysis provides the more reliable basis for interpreting these findings.
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3.5. Interobserver Agreement

Interobserver agreement (IOA) for caregiver mastery of the training was calculated by
reviewing the last day of training with a mastery checklist of intervention strategies using
total IOA (M = 86.5%, range = 76–100%). A summary of IOA for all participants can be
found in Table 7.

Table 7. Interobserver Agreement Data for Target Variables.

Dyad Fidelity in
Reading Fidelity in Play Child Word Use

During Reading
Child Word Use

During Play
Coaching
Fidelity

Lucy & Gianna M = 87%, range,
73–100%

M = 86%, range,
50–100%

M = 100%, range,
100–100%

M = 85%, range,
40–100%

M = 100%, range,
100–100%

Mary & Elias M = 87%, range,
43–100%

M = 97%, range,
80–100%

M = 88%, range,
50–100%

M = 96%, range,
75–100%

M = 97%, range,
88–100%

Theresa & Anne M = 91%, range,
71–100%

M = 86%, range,
50–100%

M = 80%, range,
50–100%

M = 83%, range,
50–100%

M = 100%, range,
100–100%

Cheryl & Skyler M = 82%, range,
40–100%

M = 84%, range,
20–100%

M = 86%, range,
60–100%

M = 96%, range,
60–100%

M = 97%, range,
100–100%

Although mean IOA values were at or above 80% for all measures across dyads (see
Table 7), the ranges indicate that agreement was substantially lower in individual sessions,
and these values should be interpreted with caution. For Cheryl and Skyler, play fidelity
IOA ranged from 20% to 100%, with one session at 20% during baseline and one at 40%
during intervention; reading fidelity IOA also showed notable variability, ranging from
40% to 100%, with multiple sessions below 75% across both phases. These low IOA values
reduce confidence in the precision of Cheryl’s fidelity data, particularly for play, despite
this dyad producing the strongest overall fidelity outcomes. For Mary and Elias, reading
fidelity IOA included one session at 43% during the intervention phase, which, combined
with the already-variable fidelity trend documented for Mary, further limits confidence
in the reading fidelity data for this dyad. For Theresa and Anne, child word use during
reading showed IOA values of 50% to 75% across multiple sessions in both baseline and
intervention phases, which reduces confidence in the precision of Anne’s reading word use
data and should be considered when interpreting the apparent changes in level reported
above. For Lucy and Gianna, child word use during play included one session at 40%, and
play fidelity included one session at 50% during baseline. Across all dyads, word use IOA
was generally more variable than fidelity IOA, likely reflecting the difficulty of reliably
coding low-frequency verbal behavior, and session-level values should be considered when
interpreting findings.

3.6. Social Validity

Social validity data were collected via a researcher-designed survey (see Appendix C)
sent to all caregivers at study completion; two returned completed surveys, and no partici-
pants opted for an interview. Cheryl indicated that the intervention was worth her time
and that Skyler benefited from it. In the open-ended feedback, Cheryl described Skyler as
having a “language explosion,” noting that his speech therapist commented on how much
more he was talking. She also said she felt comfortable discussing anxieties with the coach
and that feedback was consistently positive. Outside of the survey, Lucy noted that Gianna
had begun asking her to play, something that had not occurred before the intervention.
These reports reflect the experiences of one dyad who completed the full protocol and one
who withdrew after reaching mastery criteria and may not be representative of the range
of caregiver experiences across the study. Social validity was also evaluated using the
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framework described by Reichow et al. (2008), though the following conclusions should be
interpreted cautiously given the limited evidence base. Outcomes were socially meaningful:
unprompted vocabulary use is a direct target in both educational and therapeutic program-
ming for autistic children, and most children showed increases in target word use from
baseline, though the strength of evidence varied across participants, with more modest
effects observed for some children and pre-existing baseline trends complicating causal
interpretation for others. Based on the two survey responses received, both from caregivers
who completed the protocol, caregiver burden appeared moderate, though caregivers who
withdrew did not return surveys and may have experienced greater burden, limiting con-
clusions about acceptability across the full sample. These findings should not be interpreted
as evidence of strong social acceptability. The home-based, caregiver-implemented design
supports ecological validity, though broader conclusions about social acceptability await
more complete evidence.

4. Discussion
This novel study evaluated caregiver-implemented EMT with shared book reading

through telepractice training and coaching, using BST as the training framework (Schae-
fer & Andzik, 2021; Ward-Horner & Sturmey, 2012). Two hypotheses were tested: that
coaching would produce a functional relation with caregiver fidelity, and that caregiver
implementation would produce a functional relation with child target vocabulary use.
A functional relation was demonstrated for caregiver implementation fidelity; however,
evidence for child target word use was insufficient to establish a clear functional relation,
given the variable outcomes, incomplete tiers, baseline trends, and limited effects for some
children. Three of the four child participants demonstrated an increase in unprompted
target word use; however, these gains were variable across the duration of the study, and
one child, Elias, showed variable responding not significantly different from baseline.
Skyler demonstrated a considerable increasing baseline trend in play, complicating causal
attribution of play gains to the intervention, and Anne was discharged before reaching
mastery criteria. Taken together, these patterns indicate that the evidence for child target
word use is promising but variable and should be interpreted with caution. This finding
contrasts somewhat from prior studies using this intervention package implemented by
trained researchers rather than caregivers (Kim et al., 2020; McLeod et al., 2017). The clinical
significance of the child outcome changes warrants consideration. Unprompted word use
reflects self-initiated communication rather than directed repetition, consistent with EMT’s
functional communication goals (Kaiser & Hester, 1994), and because target words were
absent from each child’s productive vocabulary at intake, gains represent genuine reper-
toire expansion rather than practice effects. There was also anecdotal evidence of change
beyond sessions: Cheryl reported Skyler experienced a “language explosion” and that
his speech therapist noted increased communication. However, word use was measured
only within structured sessions using specific materials, so whether gains generalized to
everyday communication cannot be confirmed from the present data; future studies should
include broader language measures to evaluate functional significance.

Promisingly, all caregivers showed a clear increase in implementation fidelity from
baseline following training and coaching. However, only two of four caregivers reached
the mastery criterion, and maintenance data were consequently limited to those two dyads,
which constrains conclusions about full mastery and the durability of intervention gains.
The consistency of fidelity gains across dyads should not be taken to imply a uniform
process, given the substantial heterogeneity of the sample. Children ranged from 3 to
9 years of age and differed markedly in language profiles and educational contexts; factors
such as child age, existing communicative repertoire, and setting may each have influenced
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outcomes independently. Individual dyad-level results, rather than cross-dyad summaries,
should be treated as the primary unit of interpretation. Caregivers consistently reached
fidelity criteria for reading more quickly than for play, and in some instances implemented
reading at 100% fidelity while play lagged behind. Several factors likely account for this
pattern. First, the reading checklist contained 13 items compared to seven for play, meaning
that missing just two play items resulted in fidelity below 80%. Second, shared book
reading is more structured than free play (Clemens & Kegel, 2020; Noble et al., 2019), which
may have made adherence to reading criteria more formulaic. Third, play-based EMT
required more responsive, moment-to-moment decision-making. Book reading provides
predictable narrative cues for when to model and prompt, whereas play requires caregivers
to follow the child’s lead in an open-ended context, selecting and timing prompts in
response to rapidly changing child actions (Kaiser & Hester, 1994; Schreibman et al., 2015).
When children shift play routines unexpectedly, caregivers must judge in real time which
target words to embed naturally, a demand structured training alone may not fully address
(McLeod et al., 2017; Vivanti & Zhong, 2020), which may explain why play fidelity remained
lower and more variable. Moreover, the caregivers improving fidelity while not always
meeting target thresholds is consistent with the current literature on caregiver-mediated
NDBI (van Noorden et al., 2026). Baseline fidelity was not uniformly stable. Theresa
showed an increasing trend in reading and total fidelity across the final three baseline
sessions, and Cheryl showed an increasing trend toward the end of baseline across all
components. Pre-existing trends reduce confidence in the functional relation claim for
those dyads, as post-intervention gains may partly reflect continuation of a pre-existing
trajectory (Kratochwill et al., 2010; Ledford & Gast, 2018), and are most relevant for Theresa
and, to a lesser extent, Cheryl.

The findings must be considered in light of the feasibility challenges that emerged.
Although the intervention was designed with a telepractice model specifically to max-
imize flexibility for families (Pacione, 2022), two dyads exited before reaching mastery
criteria. It is important to distinguish the nature of attrition. Lucy withdrew after already
reaching mastery criteria, reflecting external family circumstances rather than a failure to
demonstrate the intervention skills. Mary and Theresa withdrew during coaching without
reaching criterion; both experienced multi-week data collection disruptions (family travel
for Mary; session gaps exceeding two weeks for Theresa), and it is not possible to fully
disentangle whether withdrawal reflected external circumstances, the demands of the
synchronous model, or both. This may indicate that the 80% play fidelity criterion was
difficult to achieve within the synchronous model, or that additional supports, such as
annotated video models or individualized implementation checklists, are needed. The
fully synchronous design also created a scheduling burden. Training required three 1 h
blocks and each coaching session required a 15 min virtual meeting coordinated across both
schedules. An asynchronous or hybrid coaching model could reduce this burden while
preserving rigor (Akemoglu et al., 2022; Pacione, 2022). More broadly, the intervention
demands may have exceeded what is realistic for many families. Caregivers completed
three 1 h training sessions, recorded sessions multiple times per week, and participated in
synchronous coaching within 24 h, a substantial commitment alongside existing caregiving
responsibilities. The study provides preliminary efficacy evidence for caregiver fidelity,
but attrition, incomplete mastery, and scheduling burden indicate the model was not fully
feasible for the majority of the sample. Telepractice reduces logistical barriers but does
not resolve the demands of a synchronous protocol. Despite attrition, most caregivers
generalized fidelity to untrained materials, though child word use generalization was
more variable and limited for some. It is also unclear whether gains in target word use
reflected genuine vocabulary acquisition, contextual practice effects, or increased session
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opportunities, as word use was measured only within structured sessions; future research
should include language samples or caregiver report.

Session duration varied substantially across dyads and phases, with play sessions
particularly short for some dyads; during baseline, play sessions for Mary and Elias ranged
from 1 to 2 min, and for Cheryl and Skyler from 1 to 8 min. When sessions are very short,
rate-per-minute estimates become more sensitive to individual utterances, and very short
play sessions may have provided insufficient opportunity for target word use, making
it difficult to distinguish true absence of word use from sessions in which opportunities
simply did not arise. This limits the interpretability of play word use data for dyads with
very short sessions and should be considered when evaluating play outcomes.

This study extends prior research in three ways. First, it builds on the EMT literature
base with shared book reading (Kim et al., 2020; McLeod et al., 2017) and demonstrated
a treatment effect on caregiver implementation fidelity when the intervention is imple-
mented by caregivers rather than trained researchers or clinicians: in both prior studies
using this intervention package, the intervention was delivered by a trained researcher or
clinician directly with the child, and neither evaluated caregiver training or coaching as the
mechanism of delivery. The present study is therefore the first replication of the EMT with
shared book reading package in a caregiver-mediated format, though evidence for child
target word use was mixed across participants and should be interpreted with caution
given the variable response patterns observed. This finding is a meaningful step toward
real-world applicability, though the feasibility concerns noted above indicate that the fully
synchronous coaching model warrants further development. Second, it contributes to the
line of work on caregiver coaching for naturalistic interventions and NDBIs by demon-
strating that caregivers can be coached toward acceptable implementation fidelity, though
full mastery of the intervention package was achieved by only two of four caregivers, and
evidence for maintenance is accordingly limited to those cases. It should also be noted
that because the intervention included multiple components, including BST-based training,
synchronous coaching, shared book reading procedures, EMT strategies, and interest-based
material selection, the present design does not permit conclusions about which elements
were responsible for the observed changes in caregiver fidelity or child word use. This
represents a constraint on interpretation that applies across all three contributions noted
above. Third, it contributes to the growing literature on telepractice-based coaching for
NDBI (Ferguson et al., 2022; Meadan et al., 2016) and naturalistic book reading interven-
tions (Akemoglu et al., 2022). The Zoom-based session upload model allowed families to
implement at convenient times. Only coaching and training sessions required synchronous
coordination, providing flexibility not always available with in-person delivery. However,
the synchronous components, specifically training sessions and post-session coaching
meetings, were most closely associated with scheduling burden and attrition. The upload
flexibility for implementation sessions did not offset those demands, and the delivery
medium should not be taken as evidence of overall feasibility. This study also extends
feasibility with the materials used. Whereas prior studies used books created specifically
for the intervention, this study used preexisting, interest-matched books, which may be
more practical for service providers and offers greater flexibility through widely available
library and lending resources (Kim et al., 2020; McLeod et al., 2017).

4.1. Limitations

Several limitations should be noted. The NCMBL design (Watson & Workman, 1981)
offers weaker internal validity than a concurrent design, although as described in the
Section 2, several design features were employed to minimize the primary threats identified
for this design variation (Slocum et al., 2022a, 2022b), including independent home settings
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with no participant contact, randomly assigned and varied baseline lengths across tiers,
and individualized target materials that precluded shared stimulus confounds (Ledford
& Gast, 2018). Nonetheless, the weaker internal validity of the NCMBL relative to a
concurrent design remains a constraint on causal inference and should be considered when
interpreting the findings. Departures from the original protocol, including unplanned
data collection breaks and breaks between reading and play for some participants, also
limit interpretation, though both reflect the practical reality of attending to individual
child and family needs. Attrition is a third and substantial limitation. Two dyads (Mary
and Elias; Theresa and Anne) withdrew during coaching without reaching mastery, and
a third (Lucy and Gianna) withdrew during independent implementation after mastery
had been achieved. Withdrawal was attributed to family circumstances in all cases, though
the contribution of the synchronous model’s demands cannot be fully separated. The loss
of two uncompleted tiers weakens the replication logic that supports causal inference in
multiple baseline designs (Ledford & Gast, 2018; Kratochwill et al., 2010), compounding the
weaker internal validity of the NCMBL design. Maintenance data were collected only for
Cheryl and Skyler. Furthermore, the sample was small and highly heterogeneous. Children
ranged from 3 to 9 years of age, attended four different educational placements, and showed
markedly different baseline language profiles; SCQ scores ranged from 4 to 13 and CDI
word use percentile scores from the 10th to the 99th percentile (see Table 2). This degree of
heterogeneity means that patterns observed across dyads may reflect different underlying
processes rather than a common intervention effect, and aggregated descriptions risk
obscuring meaningful between-participant differences. Findings should be interpreted at
the level of the individual dyad, and replication with larger, more clearly defined samples
is needed before drawing conclusions about for whom this intervention is most effective.
Finally, because Elias withdrew assent during play, only two play baseline probes were
available, limiting conclusions about intervention effects for that component. Measurement
reliability is an additional limitation. IOA ranges included sessions as low as 20%, and
low IOA was not confined to a single dyad or phase; the most notable concerns are play
fidelity IOA for Cheryl and Skyler, reading fidelity IOA for Mary and Elias, and child
word use reading IOA for Theresa and Anne, where multiple sessions fell below acceptable
thresholds. The social validity measure is also constrained: the researcher-designed survey
was unvalidated with unknown psychometric properties, and conclusions are limited by
both the low response rate and the informal measure. Eligibility relied on the SCQ and
CDI, which provide screening data but not a comprehensive diagnostic profile, limiting
conclusions about for whom the intervention is most effective. Additionally, one child
participant did not have a confirmed autism diagnosis at the time of enrollment; autism
was suspected and an evaluation was in progress. This difference in diagnostic status
should be considered when interpreting findings for this dyad, and study findings should
not be interpreted as applying uniformly to children with independently confirmed autism
diagnoses. The multi-component package did not include a component analysis, so it is not
possible to determine which elements drove the observed outcomes; future research using
dismantling designs would help identify active elements. Baseline instability is a further
limitation: increasing fidelity trends for Theresa and Cheryl and increasing child word use
trends for Anne and Skyler make it harder to attribute post-intervention changes to the
intervention (Kratochwill et al., 2010; Ledford & Gast, 2018), and functional relation claims
for these dyads should be interpreted with caution. Session duration variability also limits
interpretation: play sessions as short as 1 to 2 min may not have provided adequate word
use opportunity, and rate-per-minute estimates from very short sessions are susceptible to
floor effects; future studies should standardize minimum session lengths.
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4.2. Implications for Practice and Future Research

Although child outcomes were variable, caregivers consistently increased their use of
naturalistic intervention strategies following training and coaching, supporting the use of
BST as a caregiver training method and telepractice as a viable coaching medium, though
these findings should be interpreted as demonstrating promise rather than established effec-
tiveness, given that only two of four caregivers reached mastery criteria and maintenance
evidence is limited accordingly. This intervention should be characterized as promising
but requiring further development before broad implementation can be recommended.
Modifications to reduce scheduling burden, such as hybrid or asynchronous coaching, are
likely necessary but have not yet been evaluated; practitioner uptake should await evidence
from a more feasible delivery model better aligned with the practical realities of families in
early intervention.

Future research should evaluate asynchronous or hybrid coaching models to determine
whether increased flexibility improves feasibility while maintaining intervention effects.
Cascading coaching models (e.g., Meadan et al., 2020), in which researchers train service
providers who in turn train caregivers, should also be examined, as they may support
wider adoption and better reflect real-world service delivery. Additional work is needed
to evaluate generalization across caregivers and settings. Future research should also use
more varied social validity methods, including naïve raters, qualitative and mixed methods
approaches, and strategies that better capture child perspectives. Studies should directly
compare synchronous, asynchronous, and hybrid coaching formats to determine which
best balances feasibility and fidelity (Akemoglu et al., 2022; Pacione, 2022). Replication
with larger samples is needed, with greater baseline stability, independent diagnostic
confirmation beyond screening tools such as the SCQ, and inclusion of families with greater
cultural, linguistic, and socioeconomic diversity. Standardized language measures, such
as language samples or norm-referenced vocabulary assessments, should supplement
session-based outcomes to evaluate whether gains generalize to everyday communication.
Finally, component analysis designs are needed to examine the relative contribution of
individual strategies and to determine which strategy or combination of strategies are
needed to produce an effect.
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Appendix A. Additional Tables

Table A1. Intervention Targets.

Child Primary Target
Theme

Primary Target
Words

Generalization
Target Theme

Generalization
Target Words

Gianna Ocean Seal, shark, eel Princess Fairy, coach, slipper

Elias Zoo Elephant, lion, polar
bear Aquarium Jellyfish, penguin,

otter

Anne Animals (ostriches) Ostrich, baboon,
insect, jackal Animals (ocean) Shell, starfish, urchin,

eel

Skyler Vehicles (backhoe
loader)

Dipper, bucket, tires,
dumpster, stump

Vehicles (garbage
truck)

Trash, hopper, crush,
smash, garbage

Table A2. SMD and Tau-U Effect Sizes for Caregiver Fidelity Variables.

Participant Variable Effect Size Standard Error Confidence Interval Baseline Standard
Deviation TAU-U

Lucy Reading fidelity 6.63 1.96 95% CI: [2.78, 10.48] 5.20 0.92
Lucy Play fidelity 2.80 1.02 95% CI: [0.80, 4.79] 8.66 0.83
Lucy Total fidelity 5.56 1.72 95% CI: [2.19, 8.93] 5.51 0.96
Mary Reading fidelity 2.89 0.88 95% CI: [1.17, 4.60] 11.51 1.09
Mary Play fidelity * * * * *
Mary Total fidelity 12.30 6.88 95% CI: [−1.19, 25.80] 5.85 1.08

Theresa Reading fidelity 1.83 0.62 95% CI: [0.62, 3.05] 16.70 0.80
Theresa Play fidelity 0.94 0.54 95% CI: [−0.12, 2.00] 16.77 0.39
Theresa Total fidelity 2.58 0.72 95% CI: [1.17, 3.99] 9.32 0.77
Cheryl Reading fidelity 1.58 0.43 95% CI: [0.73, 2.42] 19.31 0.88
Cheryl Play fidelity 2.26 0.58 95% CI: [1.13, 3.40] 17.91 0.94
Cheryl Total fidelity 2.36 0.57 95% CI: [1.25, 3.46] 14.39 0.92

Note: * Indicates that there were insufficient data to calculate an effect size. Tau-U may exceed 1.0 due to
baseline correction.

Table A3. Tau-U Effect Size Calculations for Child Word Use.

Participant Variable TAU-U

Gianna Word use during reading 1.00
Gianna Word use during play 0.58
Gianna Word use total 0.96

Elias Word use during reading 0.21
Elias Word use during play *
Elias Word use total 0.21
Anne Word use during reading 0.85
Anne Word use during play 0.62
Anne Word use total 0.68
Skyler Word use during reading 0.73
Skyler Word use during play 0.27
Skyler Word use total 0.72

Note: * Indicates that there were insufficient data to calculate an effect size. Tau-U may exceed 1.0 due to
baseline correction.
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Figure A2. Reading Fidelity Scoring Form. Note: Adapted from Akemoglu et al. (2022) and Dillehay
(2023).
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Figure A3. Coaching Fidelity Scoring Form.

Figure A4. Child Word Use Scoring Form.
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Appendix C. Social Validity Survey

Post-Study Survey
Directions: The following questions are about your experience participating in this study. Please answer them as
honestly as you can.
1. Did you find the intervention helpful for your child? Yes No
2. Did you find the training adequate? Yes No
3. Do you think your child learned during this study? Yes No
4. Was the study worth it? Yes No
5. Are you satisfied with the study and the results? Yes No
What about the study did you find helpful for your child’s learning? What did you like?
What about the study did you find unhelpful or stressful? What did you not like?

Appendix D. Caregiver Checklists
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Figure A6. Caregiver Play Checklist.
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