American
Speech-Language-Hearing
Association

Research Article

AJSLPH

The Role of Naturalistic Developmental Behavioral
Interventions in Early Intervention for Autistic
Toddlers: An Observational Study

Jordan Lee,? Bailey Sone,?® Tara Rooney,”” and Megan Y. Roberts®°

aRoxelyn and Richard Pepper Department of Communication Sciences and Disorders, Northwestern University, Evanston, IL ®Department of
Psychiatry and Behavioral Sciences, University of California, San Francisco  Department of Medical Social Sciences, Northwestern University,
Evanston, IL

ARTICLE INFO ABSTRACT

Purpose: Naturalistic developmental behavioral interventions (NDBIs) have dem-
onstrated initial promise in facilitating social communication development for autis-
tic toddlers, but their highly structured protocols may be a barrier toward their use
by early intervention (El) providers who must individualize intervention according
to family-centered principles. This study aimed to characterize the extent to which
El speech-language pathologists (SLPs) use NDBI strategies, and the range of
skills and behaviors addressed during their El sessions, to contextualize the role
of NDBIs within the scope of needs of families with autistic children in EI.
Method: This observational study included 25 families with an autistic toddler
and their El SLP. One home-based session was recorded for each family, and
an observational measure was used to describe SLPs’ NDBI strategy use. Qual-
itative content analyses were also used to characterize the strategies SLPs rec-
ommended to families, and the child skills and behaviors they discussed.
Results: SLPs did not implement NDBI strategies with high quality, but they
implemented developmental NDBI strategies with significantly higher quality
than behavioral NDBI strategies. SLPs discussed many strategies and skills
across disciplines within the session.

Conclusions: SLPs may require further training to implement NDBI strategies,
but given the breadth and depth of skills addressed during sessions,
researchers should investigate and report on the impact of NDBIs on a wider
range of communication skills and developmental domains. This will facilitate
clinical decision making and make these interventions better aligned with
family-centered El principles.
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Intervention programs in the naturalistic develop-
mental behavioral intervention (NDBI; Schreibman et al.,
2015) framework demonstrate promising outcomes in
improving social communication outcomes for autistic
toddlers in clinical trials (Sandbank et al., 2020; Tiede &
Walton, 2019), but these interventions have not been
widely disseminated in clinical practice. NDBIs combine
strategies from intervention paradigms that have long
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been within the scope of practice of speech-language
pathologists (SLPs; (American Speech-Language-Hearing
Association, n.d.), raising the possibility that components
of NDBIs are already in widespread use by SLPs serving
autistic toddlers in community early intervention (EI) set-
tings. However, EI providers report that some common
procedures of manualized and highly structured NDBIs
may be incompatible with their clinical obligation to indi-
vidualize goals and strategies for the families they serve in
EI (Pickard et al., 2021). Understanding how community-
based EI SLPs utilize NDBI components and address the
unique, varied needs of individual families is critical to
optimizing both the design and dissemination of NDBI
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programs. This study will take a first step toward that goal
by characterizing (a) the level of fidelity with which NDBI
strategies are implemented by untrained community-based
EI SLPs, (b) the activities and strategies they recommend
to caregivers, and (c) the specific skills and behaviors dis-
cussed by caregivers and SLPs during their EI sessions.

NDBIs fuse principles from developmental and
behavioral intervention paradigms within naturalistic con-
texts to facilitate the development of social communication
skills along expected developmental trajectories (Schreibman
et al., 2015). Developmental strategies are based on con-
structivist and social-interactionist theories of development
(Piaget, 1952; Vygotsky, 1962, 1978) and focus on creating
engaging, child-led, language-rich interactions from which
children may learn new skills (e.g., modeling salient lan-
guage, following the child’s lead). Behavioral communica-
tion strategies in NDBIs derive from behaviorism, with clini-
cians using adult-led teaching episodes with three-part con-
tingencies (antecedent-response-consequence) to elicit child
communication skills and reinforce the child based on their
response to the elicitation episode (e.g., communication
temptations, prompting hierarchies), for example, prompting
the child to “say ball” (antecedent) and waiting for them to
say “ball” (response) before giving them the ball (conse-
quence). Individual NDBI programs integrate these strate-
gies in different ways, but common to all NDBI programs is
that intervention procedures are manualized, with strategies
to be implemented in the prescribed order and with a high
level of fidelity (e.g., at the specified level of quality and
quantity) when implemented by clinicians and/or caregivers
(Schreibman et al., 2015). Despite the robust theoretical
foundation and empirical support for NDBIs, clinician
beliefs about the effectiveness of developmental and behav-
ioral strategies and their need to provide family-centered
intervention may prevent NDBIs from being utilized as
designed.

Clinicians across disciplines working with autistic
toddlers report that they value and use developmental strat-
egies more frequently than behavioral strategies, suggesting
that the intentional integration of strategies critical to
NDBI programs may not occur in clinical practice. When
asked to rank NDBI-aligned strategies by their perceived
effectiveness, early childhood educators ranked many
behavioral strategies lower than developmental strategies
(Maye et al., 2020), and EI providers have also reported
more frequent use of many developmental strategies than
behavioral strategies (Pickard et al., 2021), suggesting that
behavioral strategies may not be used frequently in clinical
practice. However, only EI provider report of behavioral
strategies was associated with increased self-competence in
using NDBI programs (Pickard et al., 2021), indicating that
the use of behavioral strategies may be critical to proper
implementation of NDBI programs by community-based EI
providers. Because high-quality strategy use may be critical

for improving child outcomes (Wainer & Ingersoll, 2013),
there is a great need for objective measures to characterize
the quality of individual NDBI strategy implementation,
and the extent to which behavioral and developmental strat-
egies are used in an integrated manner by community-based
EI providers.

Discrepancies between the outcomes targeted by
NDBI programs as reported in clinical trials and by EI
SLPs in clinical practice may present a barrier toward
NDBI implementation in community settings. Although
SLPs are trained to use expected developmental trajecto-
ries to facilitate goal-setting, as is the case in manualized
NDBIs, EI clinicians must integrate family-centered prac-
tices in which they choose intervention strategies and goals
based on family preferences and existing parenting prac-
tices (Dunst & Espe-Sherwindt, 2016; Individuals with
Disabilities Education Improvement Act, 2004). Thus, EI
SLPs should collaborate with caregivers to create func-
tional, participation-based goals that target the child’s
communication in natural contexts of importance to the
family. Research studies for young children with commu-
nication difficulties often report activity-based outcomes
(Kwok et al., 2022), such as change on a standardized
communication measure collected in a research setting.
This difference in the nature of the targets in clinical prac-
tice (i.e., participation in life routines) and the outcomes
reported in research (i.e., performance on standardized
measures) raises the possibility that NDBIs do not ade-
quately address communication during functional, family-
centered goals. Furthermore, autistic children often experi-
ence difficulties in many domains of development and
functioning (e.g., sleep, emotional and sensory regulation;
Aranbarri et al., 2021), and EI providers may need to help
families gain access to information to best support chil-
dren in these domains. A greater understanding of the
skills, behaviors, and developmental domains discussed by
caregivers and EI SLPs will elucidate the role of NDBIs
in addressing the wide range of needs EI providers must
address with their autistic clients and their families, and
may facilitate the use of more clinically relevant outcome
measures to be used in future studies.

Lastly, the attenuated communication outcomes for
autistic toddlers receiving intervention in community set-
tings as opposed to clinical trials (Nahmias et al., 2019)
highlight the need to disseminate evidence-based interven-
tions to community-based providers. However, it is possible
that the outcomes measured in research settings do not ade-
quately address the goals EI SLPs are expected to target
and that the intervention procedures are not always feasible
to implement in current clinical practice. This study uses
qualitative content analyses to identify the strategies and
outcomes discussed by community-based SLPs and care-
givers during their EI sessions to better understand both the
structure of these sessions and the scope of skills targeted
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by EI SLPs. Such knowledge is essential for understanding
how to practically translate the procedures of tightly con-
trolled NDBI efficacy trials into clinical practice. Addition-
ally, this study will be the first to use observational mea-
sures to characterize NDBI strategy usage by community-
based EI providers, building upon prior work of self-
reported frequency of strategy use. Such an approach will
characterize the skillfulness (i.e., quality and quantity) with
which these strategies are implemented as intended by man-
ualized NDBIs in the community, which is essential for
understanding the effectiveness of community-based services
and ways that these services may be improved. Together,
this information will help bridge the gap between research
and clinical practice and facilitate the optimal design of
NDBIs for widespread implementation and dissemination.
The following questions guided this study:

Research Question 1: To what extent are SLPs
observed to use NDBI strategies with the degree of
skillfulness (i.e., quality and quantity) considered
ideal in manualized NDBIs, and with what fre-
quency do they report using NDBI strategies?

Research Question 2: To what extent do SLPs differ
in their observed degree of skillfulness (i.e., quality
and quantity) in implementing developmental and
behavioral NDBI strategies as intended in manua-
lized NDBIs?

Research Question 3: What strategies and activities do
SLPs advise caregivers to use during their EI sessions?

Research Question 4: What child behaviors, skills,
and developmental domains are discussed by SLPs
and caregivers during their sessions?

Method
Procedure

Video recordings of home-based EI speech-language
therapy sessions were collected for 25 families with an
autistic toddler enrolled in Illinois EI speech-language
therapy services and their EI SLP. Families were recruited
from a clinical trial of a caregiver-implemented intervention
for autistic toddlers (NCT02632773) and provided the con-
tact information for their EI SLP who was then approached
by a member of the research team about participation in
this study. Informed consent for all participants was
obtained online or over the phone and verified in writing,
and one EI session was recorded for each SLP—family dyad.
Caregivers and SLPs also completed surveys via Research
Electronic Data Capture (Harris et al., 2009, 2019); only

SLP surveys were utilized in this study (see Lee et al., 2022,
for additional study details). All procedures were approved
by Northwestern University’s institutional review board.

Participants

A total of 22 SLPs and 25 families participated in this
study (three SLPs worked with two participating families);
surveys about demographics and therapeutic approach
were completed by 21 SLPs. Most SLPs were White (17
SLPs; 77.3%) and female (19; 86.3%), and worked primar-
ily in the EI setting (18; 81.8%). SLPs had worked with the
family participants for an average of 6.6 months (SD = 4.2)
at the time of study participation. SLPs reported working
with an average of 5.1 autistic toddlers (SD = 2.6) and 13.7
toddlers with language disorders and no co-occurring diag-
nosis (SD = 8.7) at the time of study participation. No
SLPs reported receiving training in any manualized NDBI
(i.e., Joint Attention, Symbolic Play, Engagement, and
Regulation [JASPER; Kasari et al., 2015]; Early Start Den-
ver Model [Dawson et al., 2010; Pivotal Response Training
[Koegel et al., 1999]; Social Communication, Emotional
Regulation, and Transactional Support/Early Social Inter-
action [Prizant et al., 2003; Wetherby et al., 2014],
Enhanced Milieu Teaching [Kaiser et al., 2000]; or other
NDBIs). Child participants included 18 boys and seven
girls and had a mean age of 31.6 months (SD = 4.0). Many
family participants spoke a language other than English in
the home (11; 52.4%), and most caregivers had a college or
graduate degree (mothers: 15, 60%; fathers: 11, 44%). See
Table 1 for additional demographic information.

Measures

Naturalistic Developmental Behavioral
Intervention-Fidelity Rating Scale

The Naturalistic Developmental Behavioral Intervention—
Fidelity Rating Scale (NDBI-Fi; Frost et al., 2020; Sone
et al., 2021) was used to characterize the extent to which
SLPs implemented individual NDBI strategies, as intended
by manualized NDBI programs, during the recorded ses-
sions. Although individual NDBI programs may vary in
their use of specific strategies, the NDBI-Fi was designed to
measure the common characteristics of these programs as
operationally defined via consensus with NDBI researchers.
It has demonstrated positive correlations with multiple
NDBI programs (r = 0.60; Frost et al., 2020), indicating
strong construct validity, and has also demonstrated high
interrater reliability (interclass correlation coefficient [ICC] =
.80; Frost et al., 2020). The authors of the NDBI-Fi use the
term fidelity to describe the quality and quantity of clini-
cian strategy use, but because “fidelity” is often used to
describe the implementation of an entire intervention pro-
gram (including total dosage, social validity, and other
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Table 1. Participant demographics.

Family characteristics (n = 25)

Child Mother Father
Gender n [%]
Female 7 (28%)
Male 18 (72%)
Race n [%]
Asian 3 (12%) 3 (12%) 3 (12%)
Black 2 (8%) 1(4%) 2 (8%)
Native Hawaiian/Pacific 0 (0%) 1 (4%) 0 (0%)
Islander
White 16 (64%) 17 (68%) 18 (72%)
More than one race 2 (8%) 1(4%) 0 (0%)
Prefer not to answer 2 (8%) 2 (8%) 2 (8%)

Ethnicity n [%]
Hispanic or Latino 8 (32%) 5 (20%) 7
Not Hispanic or Latino 16 (64%) 19 (76%) 16 (64%)
Prefer not to answer/ 1 (4%) 1 (4%) 2
unknown

Speech-language pathologist characteristics (n = 21)
Gender n [%]

Female 19 (90.5%)
Male 2 (9.5%)
Race n [%)]
Asian 2 (9.5%)
Black 1 (4.8%)
White 17 (81.0%)
More than one race 1 (4.8%)
Years employed in early
intervention n [%]
<2 5 (23.8%)
3-5 5 (23.8%)
6-10 6 (28.6%)
More than 10 5 (23.8%)
Primary work setting
n [%]
Early intervention 19 (90.5%)
Preschool, elementary 1 (4.8%)
to high school
Private clinic 1 (4.8%)

intervention components; Edmunds et al., 2022), here we
use the term skillfulness to refer to the extent to which SLPs
implement NDBI strategies with the quality and quantity
considered “ideal” according to manualized NDBIs.

The NDBI-Fi is an observational rating scale con-
sisting of nine items rated on a 5-point ordinal scale, with
six items measuring developmental strategies (e.g., model-
ing appropriate language) and three items related to
behavioral strategies (e.g., communication temptations;
see Table 2 for a full list of strategies included on the
NDBI-Fi, and Supplemental Material S3 for the full mea-
sure including quality and quantity indicators for the rat-
ings). The NDBI-Fi has been validated to measure NDBI
strategy use during interactions between caregivers and
their autistic child (Frost et al., 2020; Sone et al., 2021)
and was slightly adapted to capture SLP strategy use dur-
ing EI sessions (i.e., accounting for the sometimes-triadic
nature of EI sessions, such as when caregivers and SLPs
jointly interacted with the child).

Guidelines were also created to isolate segments of
the entire recorded session (mean session length: 60.0 min,
SD = 7.6) that were appropriate for coding (i.e., when the
SLP actively interacted with the child). Coders watched
the entire session video, marking time stamps of continu-
ous 5-min segments of active SLP-child interaction to
extract for coding. Portions of the video were not included
in a rated segment if (a) the SLP and caregiver spoke for
a consecutive 30 s, (b) the caregiver and SLP spoke for a
cumulative 1.5 min throughout a 5-min period, (c) the
SLP only observed the parent and/or child, or (d) the SLP
was not actively interacting with the child (e.g., passively
handed them toys while focusing on a conversation with
the caregiver or writing their session note). Therefore, an
average of 7.28, 5-min segments (SD = 3.09) were rated
with the NDBI-Fi for each SLP (range: 1-11). See Supple-
mental Material S3 for more information about the appli-
cation of segmenting guidelines.

Coders included two doctoral student SLPs and one
clinical master’s student in speech-language pathology. Train-
ing consisted of reviewing the coding manual and rating a
standard set of videos to reliability criteria established in pre-
vious studies (Sone et al., 2021). These criteria included rat-
ing three consecutive segments with (a) seven items rated
within 1 point of the primary codes, (b) no items rated
greater than 2 points apart, and (c) overall mean scores
within 0.5 points. Ongoing reliability was also conducted on
all rated segments in six session videos (24% of recorded ses-
sions, 26.3% of total segments), with coders reaching accept-
able to excellent levels of reliability (item-level ICC:
.736-.99). Reliability coders also verified appropriate seg-
menting of the recorded sessions; there were no disagree-
ments in the accuracy of segmenting guidelines across videos.

Therapeutic Approach Survey

SLPs completed a survey created by the research
team to gather information about the strategies used dur-
ing the recorded session. SLP participants selected the
strategies they used during the session from a list of 27
strategies that are commonly used in EI and autism-
specific interventions. Two members of the research team
who are licensed EI SLPs reviewed websites and materials
that SLPs commonly consult for intervention advice to
identify commonly used strategies and terminology to use
on the survey. SLPs were also given the option to write in
strategies that were not represented on the checklist, but
no SLPs wrote in other strategy options. Twelve strategies
on this list were in line with developmental strategies that
may be used in NDBIs (e.g., mirroring and mapping,
matched turns), seven aligned with behavioral strategies
that are often used in NDBIs (e.g., prompting, sabotage),
and eight strategies are commonly used by SLPs in EI
populations but are not specifically part of NDBI pro-
grams; many of these strategies may be used within the
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Table 2. Strategies included on the NDBI-Fi.

Strategy

Description

Behavioral strategoes
Communication
temptations

The SLP elicits child communication by arranging the environment, such as violating their expectations in a
familiar routine, putting desired objects out of reach, or giving them toys that require assistance to

operate. They should wait for the child to respond to the elicitation episode and may initiate a direct
teaching episode if the child does not respond with the targeted skill.

Frequency of direct
teaching

The SLP encourages the child to use a targeted skill using some sort of verbal prompt (e.g., say prompts,
open questions, choice questions). Prompts must include instruction from the SLP, a child response, and

reinforcement from the SLP to be considered a direct teaching episode.

Quality of direct
teaching

Direct teaching episodes (a) are clear, (b) elicit a communication skill at or just above the child’s developmental
level, (c) are used when the child is motivated and interested in the object/action for which the SLP is prompt-

ing, (d) include scaffolding to support a correct response if the child does not initially respond with the
prompted skill, and (e) end with the provision of reinforcement that is natural and appropriate to the activity.

Developmental strategies
Face-to-face and on the
child’s level
Follow the child’s lead

The SLP is facing the child at a similar level within the child’s line of sight. Toys and objects should be between
the SLP and the child when possible.
The child chooses activities, how long to stay in each activity, and how to play during each activity, with the

SLP having an active role and honoring the child’s interests and disinterests. The SLP may provide
options for new activities/play actions but does not force the child to follow along.

Positive affect and
animation

Modeling appropriate
language

Responding to child
communication

sensory and engagement needs.

The SLP uses an upbeat and encouraging tone, facial expressions, and overall affect matched to the child’s

The SLP uses utterances at or just above the child’s developmental level and limits their use of questions
and directions. Language should be topically contingent to the child’s focus of attention.

The SLP responds to the child’s communication attempts in a timely manner. They should respond to all
forms of communication (e.g., vocalizations, words, gestures, eye gaze) and treat this communication as

meaningful. If the child is not communicating, the SLP should imitate the child’s actions and label them

with topically contingent comments.
The SLP pauses between conversational turns to allow the child an opportunity to communicate, waiting at

Pace of verbal models®

least 3 s before taking another verbal turn.

Note. NDBI-Fi = Naturalistic Developmental Behavioral Intervention—Fidelity Rating Scale (Frost et al., 2020); SLP = speech-language

pathologist.
%tem added in Sone et al. (2021).

context of developmental or behavioral communication
strategies (e.g., visual supports, speech-generating devices).
Surveys were completed by SLPs following 23 of the 25
recorded sessions (92%).

Qualitative Coding

Qualitative content analyses were conducted on all
recorded sessions to characterize the strategies and activities
that SLPs advised caregivers to use (Research Question 3)
as well as the skills and behaviors discussed by caregivers
and SLPs (Research Question 4). All caregiver-SLP con-
versations were transcribed and imported into NVivo (QSR
International Pty Ltd., 2020) for analysis. Qualitative cod-
ing was conducted by Authors 1, 2, and 3, all of whom are
licensed SLPs with experience working in EI (see Acknowl-
edgments for more information on authors’ positionality).
An inductive approach was used to create the coding man-
ual for each research question, with coders reviewing all
transcripts and videos to create initial codes using the ses-
sion’s manifest content (i.e., the words and actions observed
in the video, as opposed to the coders’ interpretation of the
underlying intention of these observed behaviors). The cod-
ing manuals were iteratively updated following review of
the codes with the transcripts until a final list of 28 unique

strategies/activities were identified for Research Question 3,
and 30 skills/domains were observed for Research Question 4.
All transcripts were coded by Author 1 and either Author 2
or 3, with coders reaching high levels of reliability; percent
agreement for each code in Research Question 3 ranged
from 96.3% to 100% and 93.9% to 100% for Research
Question 4. All discrepancies were resolved via consensus
discussions by the two coders, resulting in 100% final agree-
ment. The authors then categorized the final codes into cat-
egories to facilitate interpretation of the results.

Analysis

To characterize SLPs’ observed use of NDBI strate-
gies, mean scores for each item on the NDBI-Fi were calcu-
lated across segments in the recorded session to create an
average score for each SLP. Segment scores were combined
across sessions for the three SLPs who worked with two
families in the study. If an SLP did not use a communica-
tion temptation or teaching episode (behavioral NDBI
strategies) in a rated segment, they were rated “N/A” on
the NDBI-Fi, and all N/As were converted to zeros for
analysis; thus, the lowest possible score for behavioral strat-
egies is a 0 and, for developmental strategies, a 1 (maximum
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scores for both strategy types was a 5). Mean scores were cal-
culated for the six developmental strategies and the three
behavioral strategies for each SLP, and a one-sample ¢ test
was used to explore the difference in SLPs’ observed use of
developmental and behavioral strategies. The total number of
strategies reported to be used by SLPs during the recorded
session was also summarized based on the therapeutic
approach survey to identify common strategies; self-reported
use of developmental and behavioral strategies was not
directly compared due to differences in the number of devel-
opmental and behavioral strategies included on the therapeu-
tic approach survey. For the qualitative analyses, the number
of sessions in which each code was present was reported.
Qualitative codes were not combined across sessions for the
SLPs serving two families in the study to reflect the family-
specific nature of these discussions, and therefore, the total
number of sessions for qualitative analyses was 25.

Results

Research Question 1: SLPs’ Observed and
Reported Use of NDBI Strategies

Overall NDBI-Fi scores across SLPs in the recorded
session did not reach common standards of high-level

skillfulness of strategy implementation (often conceptualized
as 80% accuracy, or at least 4 out of 5 points on the NDBI-
Fi; Perepletchikova & Kazdin, 2005), but there was great
variation in the average skillfulness of individual strategies
measured on the NDBI-Fi. Overall average NDBI-Fi scores
were 2.9 out of a possible 5 points (SD = 0.4, range: 2.2
3.8). SLPs scored highest on the strategy “positive affect
and animation” (M = 4.1, SD = 0.3), followed by “respond-
ing to child communication” (M = 3.9, SD = 0.4), “model-
ing appropriate language” (M = 3.8, SD = 0.5), “follow the
child’s lead” (M = 3.7, SD = 0.3), “pace of verbal models”
(M = 3.6, SD = 0.3), “face to face” (M = 3.3, SD = 0.7),
“quality of direct teaching” (M = 1.9, SD = 1.3), “frequency
of direct teaching” (M = 1.1, SD = 0.9), and “communica-
tion temptations” (M = 0.4, SD = 0.8). Figure 1 displays
NDBI-Fi scores for individual NDBI-Fi strategies.

On the therapeutic approach survey, SLPs across
the sample reported using a total of 24 different language
facilitation strategies, with an average of 9.4 strategies
reported in a single session (SD = 4.2). All SLPs reported
using at least one NDBI strategy, and SLPs in 16 sessions
(69.6%) used at least one strategy that did not fall under
the NDBI framework, with the most common non-NDBI
strategy used being sign language (12 out of 23 sessions,
52.2%). The most frequently reported strategies were fol-
lowing the child’s lead (20 sessions, 87.0%), modeling

Figure 1. Observed levels of skillfulness of individual naturalistic developmental behavioral intervention (NDBI) strategies by speech-
language pathologists (SLPs). SLPs implemented developmental strategies at significantly higher levels of skillfulness than behavioral strate-
gies, according to ideal NDBI strategy standards as defined on the NDBI-Fi. Average scores across SLPs did not reach high levels of skillful-
ness traditionally used in clinical trials (i.e., 4 out of 5 points on the NDBI-Fi), although many SLPs did reach this threshold on individual
developmental strategies. NDBI-Fi = Naturalistic Developmental Behavioral Intervention—Fidelity Rating Scale (Frost et al., 2020).
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target language (17 sessions, 73.9%), prompting (16 ses-
sions, 69.6%), and language expansions (16 sessions,
69.6%). See Table 3 for the reported frequency of each
strategy included on the therapeutic approach survey.

Research Question 2: Differences Between
Developmentally and Behaviorally Derived
NDBI Strategies

Developmental strategies were used with greater
degrees of skillfulness than behavioral strategies during the
recorded sessions. NDBI-Fi ratings for developmental strat-
egies (M = 3.7, SD = 0.3) were significantly higher than rat-
ings for behavioral strategies (M = 1.1, SD = 0.9; t = 12.5,
p <.00; t=12.5, p < .00), with a large effect (Cohen’s d =
4.1). Of note, four SLPs (19%) were never observed to use
any behavioral strategy in the recorded session.

Research Question 3: Strategies and
Activities SLPs Advise Caregivers to Use

The results of the qualitative content analysis for
Research Question 3 are reported in Table 4 (see Supplemental

Table 3. Self-reported strategy use.

Strategy Number of sessions (%)
Following the child’s lead® 20 (87.0%)
Modeling target language® 17 (73.9%)
Prompting® 16 (69.6%)
Language expansions?® 16 (69.6%)
Reduced length of utterance® 14 (60.9%)
Verbal imitation® 14 (60.9%)
Communication temptation® 14 (60.9%)
Parallel talk® 13 (56.5%)
Sign language 12 (52.2%)
Notice and respond?® 12 (52.2%)
Self-talk® 11 (47.8%)
Observe, wait, listen? 10 (43.5%)
Sabotage® 7 (30.4%)
Mirroring and mapping® 7 (30.4%)
Verbal imitation hierarchy® 6 (26.1%)
Visual supports 5 (21.7%)
Auditory bombardment 5 (21.7%)
Matched turns? 4 (17.4%)
Recasting® 4 (17.4%)
Environmental arrangement® 3 (13.0%)
Functional communication training 2 (8.7%)
Word affect action 2 (8.7%)
Build up, break down 1 (4.3%)
Speech-generating device 1 (4.3%)
Pacing boards 0 (0%)
Oral motor exercises 0 (0%)
Drill work 0 (0%)
Other 0 (0%)

Note. Surveys were completed following 23 out of 25 sessions
(92%).

2A developmental naturalistic developmental behavioral interven-
tion (NDBI) strategy. °A behavioral NDBI strategy.

Table 4. What strategies and activities do speech-language
pathologists advise caregivers to use during their early intervention
sessions?

Number of
Code sessions (%)
Developmental strategies 12 (48%)
Model salient language 8 (32%)
Follow the child’s lead 7 (28%)
Play expansions 5 (20%)
Take conversational turns 3 (12%)
Label own action 3 (12%)
Mirroring and mapping 3 (12%)
Reduced length of utterance 2 (8%)
Reduce questions 2 (8%)
Notice and respond to communication 1 (4%)
Behavioral strategies 10 (40%)
Time delay 7 (28%)
Prompt 5 (20%)
Environmental arrangement 3 (12%)
Offer choices 1 (4%)
Communication supports 13 (52%)
Visual/tactile/nonverbal cues 8 (32%)
Model specific word/word types 7 (28%)
Use sign language 3 (12%)
Pause to give child processing time 2 (8%)
Use PECS 2 (8%)
Emotional/sensory regulation, challenging 8 (32%)
behavior

Use sensory activities 6 (
Small, contained spaces 3 (
Give child space/time alone 2
Use specific toys/activities of interest 1 (
Identify antecedents of behavior 1(
Sibling interaction strategies 3 (12%)
Find activities both siblings enjoy 2
Model language for target child 2
Model language for sibling 2
Other sibling strategy 2
Other strategies 7 (

Note. N = 25 sessions. PECS = Picture Exchange Communica-
tion System.

Material S1 for a codebook with full definitions of each
code). A total of 28 unique strategies and activities were
identified in the recorded sessions, with strategies falling
into six primary categories. SLPs most frequently recom-
mended strategies and activities that are intended to sup-
port communication and interactions (“communication
supports,” 13 sessions, 52%), followed by developmental
strategies (12 sessions, 48%), behavioral strategies (10
sessions, 40%), strategies targeting emotional/sensory
regulation and challenging behaviors (eight sessions,
32%), other activities (seven sessions, 28%), and strategies
to support sibling interactions (three sessions, 12%).
Notably, SLPs in eight sessions (32%) did not recom-
mend or coach caregivers to use any strategies or activi-
ties during the recorded session. Of the sessions in which
SLPs did recommend or coach caregivers to use strategies
(17 sessions, 68%), SLPs recommended an average of
5.76 strategies (SD = 3.88) from 3.11 categories (SD =
1.32) during a single session.
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Research Question 4: Child Skills, Behaviors,
and Developmental Domains Discussed by
SLPs and Caregivers

A total of 30 specific behaviors, skills, and develop-
mental domains were identified during caregiver—SLP con-
versations in the recorded sessions across five broader cat-
egories (see Table 5 for full results and Supplemental
Material S1 for a codebook with full definitions of each
code). The most frequently discussed areas were spoken
language (20 sessions, 80%), play (20 sessions, 80%), EI/
preschool logistics (19 sessions, 76%), and emotional
regulation/challenging behavior (19 sessions, 76%). Addi-
tionally, SLPs and caregivers discussed an average of
11.16 skills (SD = 4.82) in each session. Please see Supple-
mental Material S2 to see each SLP’s observed NDBI-Fi

Table 5. Child behaviors, skills, and developmental domains dis-
cussed by speech-language pathologists and caregivers.

Number of
Code sessions (%)
Language and communication 24 (96%)
Spoken language 20 (80%)
Requesting 16 (64%)
Gestures 12 (48%)
Initiating interactions 10 (40%)
Joint engagement 10 (40%)
Eye contact 9 (36%)
Questions 9 (36%)
Articulation 7 (28%)
Receptive language 7 (28%)
Following directions 7 (28%)
Echolalia 7 (28%)
Sign language 6 (24%)
Turn taking 6 (24%)
Commenting 3 (12%)
Other social communication 6 (24%)
Play and cognitive skills 20 (80%)
Play 20 (80%)
Attention 8 (32%)
Problem solving 5 (20%)
Family values/routines 21 (84%)
El/preschool logistics 19 (76%)
Daily routines 8 (32%)
Sibling interactions 6 (24%)
Potty training 3 (12%)
Other family values 5 (20%)
Autism-related domains 22 (88%)
Emotional regulation/challenging behavior 19 (76%)
Sensory needs 14 (56%)
Restricted/repetitive behaviors 3 (12%)
Other domains 19 (76%)
Preacademic skills 10 (40%)
Sleep 5 (20%)
Diet 3 (12%)
Other 17 (68%)

Note. The skills included in “autism-related domains” are very
frequently discussed within the context of autism but are also
common in other developmental disabilities. El = early intervention.

N = 25 sessions.

scores alongside the strategies and goals they discussed
during recorded sessions.

Discussion

This study aimed to characterize EI SLPs’ use of
NDBI strategies; the strategies and activities they recom-
mend to families; and the skills, behaviors, and develop-
mental domains targeted and discussed by SLPs and care-
givers during home-based sessions with autistic toddlers.
SLPs were not observed to use individual NDBI strategies
with high degrees of skillfulness (i.e., quality and quan-
tity) but used developmental strategies with significantly
higher skillfulness than behavioral strategies. All SLPs
reported using multiple strategies within a session, most
of which were aligned with NDBI strategies. SLPs
advised caregivers to use multiple strategies and activities
within a single session and discussed many skills and
behaviors across developmental domains and functional
outcomes. These results illustrate the current use of
NDBI strategies by EI SLPs and also contextualize the
role of NDBIs within the scope of services provided by
SLPs to families with an autistic toddler.

The observed levels of overall NDBI strategy use as
well as the discrepancies in the skillfulness of developmen-
tal and behavioral strategy implementation are consistent
with previous findings. Just as EI providers across disci-
plines have reported that they more frequently use and
value developmental strategies (Maye et al., 2020; Pickard
et al., 2021), EI SLPs in this study were observed to use
developmental strategies with greater skillfulness than
behavioral strategies on the NDBI-Fi. Although develop-
mental strategies were used with relatively higher skillful-
ness than behavioral strategies, they were still not imple-
mented at the level of skillfulness observed in clinical trials
and considered necessary to improve child outcomes in
efficacy trials of NDBIs using trained research staff. No
SLPs reached the high skillfulness threshold (4 out of 5
points on the NDBI-Fi; Perepletchikova & Kazdin, 2005)
in their overall NDBI-Fi scores or behavioral scores, and
only five SLPs reached this threshold in their developmen-
tal strategy scores. This may explain why communication
outcomes for autistic toddlers participating in clinical tri-
als are greater than those for autistic toddlers receiving
community-based interventions (Nahmias et al., 2019).
The level of quality and quantity with which strategies
must be implemented to impact specific child outcomes
remains unclear, and it is likely that different children
may require more or less support based on their specific
communication profiles (Schreibman et al., 2015; Wainer
& Ingersoll, 2013). However, these results suggest that
SLPs and other EI providers may require further profes-
sional development to appropriately implement NDBI
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intervention strategies at high levels of fidelity with their
autistic clients.

Because EI providers should choose intervention
strategies based on caregivers’ preferences and existing
capacities, it is possible that SLPs avoided or adapted
their use of some individual strategies to better suit family
needs, contributing to low observed levels of skillfulness
compared with NDBI standards and differences in the
observed use of developmental and behavioral strategies.
Behavioral strategies were rarely observed in this study,
and emotional regulation was discussed in the majority of
sessions. Latino/a caregivers, for example, have reported
that some behavioral communication strategies contribute
to child frustration (Cycyk & Huerta, 2020), raising the
possibility that SLPs avoided using such strategies to bet-
ter support child emotional regulation and to account for
family preferences. Autistic adults and other supporters of
the neurodiversity movement have also objected to the use
of many behavioral strategies due to negative impacts on
autistic individuals’ autonomy and mental health (Sandoval-
Norton & Shkedy, 2019), and it is therefore possible that
SLPs avoided using behavioral strategies due to their per-
sonal beliefs or those of the family, contributing to the dif-
ferences in observed developmental and behavioral strat-
egy skillfulness (according to the NDBI-Fi) in this study.

Furthermore, SLPs in this study may have adapted
their use of NDBI strategies to better address families’
desired goals. For example, the strategy “modeling appro-
priate language,” as defined through expert consensus on
the NDBI-Fi, requires that interventionists limit their use
of questions and directions in favor of using comments.
However, adult-child interaction norms vary across cul-
tures (Tamis-LeMonda et al., 2012), and the use of certain
question types has been associated with higher levels of
specific communication skills (Rowe et al., 2017). Thus,
SLPs may have intentionally used questions or directions
to address caregiver-desired goals and match their interac-
tional preferences, which resulted in lower scores on the
NDBI-Fi. As a global rating scale, the NDBI-Fi combines
quality and quantity indicators to rate the skillfulness of
each item, and therefore, observations about the specific
ways in which SLPs could improve their quality or quan-
tity of individual strategies were not formally captured.
Future studies should investigate caregiver acceptability of
individual strategies, adaptations to quality and quantity
that may be made to account for these preferences, and
the impact this has on a wider range of intervention out-
comes than those prioritized in current NDBI research.

SLPs advised caregivers to use a variety of strategies
used to support communication development and dis-
cussed many discrete communicative skills and functions.
SLPs also discussed many child skills and behaviors
related to functional outcomes (e.g., sibling interactions)
and other domains of development (e.g., sensory and

emotional regulation, sleep). SLPs recommended many
developmental and behavioral strategies aligned with
NDBIs and discussed many skills that are targeted in
NDBIs (e.g., spoken language, joint engagement), indicat-
ing the value that widespread training in NDBIs may have
for EI SLPs. Additionally, the discussion of skills, behav-
iors, and strategies that are not traditionally thought to fall
within the scope of practice of SLPs is not surprising given
the clinical importance of coordinating care across disci-
plines in family-centered EI (Individuals with Disabilities
Education Improvement Act, 2004; Sandall et al., 2000).
Autistic toddlers often receive services from clinicians across
disciplines (e.g., special educators, occupational therapists),
and therefore, SLPs may implement strategies from other
domains that support their communication-related interven-
tion (e.g., using sensory strategies recommended by an occu-
pational therapist to support the child’s regulation as they
use communication facilitation strategies). Furthermore,
caregivers report difficulties supporting their child’s devel-
opment and functioning in many non-communication-
related domains. For example, in a recent study of care-
giver and provider needs in EI, over 80% of caregivers of
autistic children reported concerns about their child’s sleep,
behavior, and sensory patterns (Aranbarri et al., 2021).
Therefore, it is likely that SLPs in the current sample dis-
cussed such domains in order to best build caregiver capaci-
ties to support their child’s needs.

Taken together, these results suggest that NDBIs are
aligned with many components of clinical practice for EI
SLPs, but there is a great need to consider how NDBIs may
best complement existing intervention approaches and how
clinicians may adjust their practice to achieve positive child
outcomes observed in NDBI efficacy studies. SLPs advised
caregivers to use multiple strategies and activities within a
single session, in contrast to caregiver-implemented NDBIs
that often teach caregivers individual strategies in predeter-
mined sequences (e.g., Project ImMPACT, Stadnick et al.,
2015; JASPER, Kasari et al., 2015). SLPs in this study had
worked with the participating family for an average of
6.4 months (SD = 4.2), raising the possibility that they had
used a more targeted approach in earlier sessions. Given
that these SLPs rarely used active teaching strategies when
coaching caregivers (see Lee et al., 2022, for additional
information about coaching practices used by SLPs in the
current sample), it is likely that the focused training used in
NDBIs did not occur with caregivers before the recorded
session. EI providers in community settings infrequently
use coaching strategies to actively teach caregivers (Sawyer
& Campbell, 2017), and it is possible that more focused
training, as that used in NDBIs, may facilitate provider use
of such coaching strategies.

Additionally, whereas interventionists in clinical tri-
als must focus on the outcomes of interest to the individ-
ual study and follow highly structured protocols to
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maintain high fidelity of overall intervention implementa-
tion, EI clinicians must be prepared to offer a wider range
of support and guidance individualized to the needs and
priorities of each family. This may reduce the session time
used for direct child intervention, potentially limiting the
effectiveness of intervention on child-related outcomes.
However, using session time to address additional skills
or areas of concern with caregivers may better support
caregiver-related outcomes, which also have a down-
stream impact on child development and well-being
(Trivette et al.,, 2010). Intentional investigation of the
impact of communication-related NDBI strategies on mul-
tiple domains of development is critical to understanding
the balance of caregiver and child outcomes of NDBIs in
clinical practice.

Limitations

There are a few notable limitations in this study.
First, the relatively small sample limits generalizability of
these findings to other providers. However, consistencies
between observed use of individual NDBI strategies and
provider report in previous studies strengthen the validity
of these observations, and these results point to specific
areas that may be investigated on a larger scale as
researchers prepare to disseminate NDBIs to community
settings. Second, the study’s focus on NDBIs limited
observation of other language facilitation strategies that
SLPs may have used during the session. For example,
many SLPs in this study reported and recommended that
caregivers use non-NDBI strategies to support the child’s
communication (e.g., sign language, nonverbal cues), but
the quality with which they implemented such strategies
was not observed in this study. It is possible that SLPs’
use of other strategies may support or impede the effec-
tiveness of developmental and behavioral NDBI strategies,
which may be investigated more robustly in the future,
particularly given that many of these strategies could be
used with both developmental and behavioral NDBI strat-
egies. Inconsistencies in the names of strategies between
intervention programs may limit the accuracy of findings
about self-reported strategy use. EI providers have
reported that they use many strategies for which they do
not have a specific name (Pickard et al., 2021), suggesting
that SLPs may conceptualize the strategies included in the
survey in different ways.

Furthermore, SLPs reported using some strategies
they were not observed to use on the NDBI-Fi, pointing
to differences in researcher and clinician strategy defini-
tions that limited the observational measure’s sensitivity to
SLP strategy use. For example, coders observed SLPs
using instructional cues without the expectation of a child
response with a follow-up reward or instructional cue in
many sessions (e.g., pointing to a picture in a book and

not reprompting when the child fails to respond to the
point). The NDBI-Fi requires a follow-up cue or reward
based on the child response to the initial instruction for it
to be considered instructional (i.e., a “direct teaching epi-
sode”), thus precluding actions that SLPs may consider to
be prompts from being counted on the NDBI-Fi. Further-
more, SLPs advised caregivers to use some strategies they
were not observed to use according to the NDBI-Fi, such
as communication temptations. This may be similarly due
to different conceptualizations of these strategies and may
also be explained by the manner in which SLPs advised
caregivers to use strategies; SLPs were observed to advise
caregivers to use strategies by providing tips or “home-
work™ at the end of the intervention, and they may have
therefore advised caregivers to use strategies they them-
selves did not use with the child during the session. This
may explain why differences in developmental and behav-
ioral strategy use was larger for observational measures
than on self-reported or qualitative measures.

Future Directions

These results highlight ways that researchers may
make NDBIs more valuable and feasible, thereby opti-
mizing the design of these interventions to support
greater dissemination in community settings. The focused
nature of manualized NDBIs contrasts with the multidis-
ciplinary nature of EI sessions in this study, suggesting a
mismatch between ideal NDBI use and the procedures
and goals of family-centered EI. In fact, previous studies
have found that preservice education opportunities about
EI and autism are rare (Campbell et al., 2009; Stronach
& Schmedding-Bartley, 2019), continuing education and
professional development are often costly and time-
intensive (Thome et al., 2020), and the autism-specific
nature of NDBIs may limit their use by EI providers,
who see children with and without autism diagnoses
(Pickard et al., 2021). Given the intensive methods that
may be optimal for teaching clinicians (e.g., mentorship,
in-vivo coaching; Kyzar et al.,, 2014; Marturana &
Woods, 2012), it may be unreasonable to expect a single
training to cover all the needs of autistic children and
their families in EI; however, further investigation of the
impact of NDBIs across developmental domains and on
discrete skills commonly targeted by SLPs may facilitate
clinical decision making around using NDBIs to meet
specific family/child needs.

Furthermore, because individual NDBI strategies
are commonly used in language interventions for other
diagnostic populations, it may be possible that NDBIs are
effective in improving communication skills for other pop-
ulations. In fact, preschool teachers reported that many
NDBI-aligned strategies are more effective for their other
students compared with their autistic students (Maye
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et al., 2020). Thus, testing the effectiveness of NDBIs in
other populations may also increase the perceived impor-
tance of NDBI professional development opportunities for
EI providers. Widespread dissemination of NDBI pro-
grams has been slow despite promising therapist learning
in effectiveness trials of NDBIs (Shire et al.,, 2017,
Vismara et al., 2009), and therefore, efforts to make
NDBI trainings more acceptable may motivate more EI
clinicians to invest their time and resources to these pro-
fessional development opportunities. Although this study
included a small sample, that no SLP had received train-
ing in using NDBI interventions indicates that there is a
great need for increased dissemination efforts.

Finally, researchers may benefit from the clinical
expertise of community-based SLPs to develop future
NDBI intervention studies. Differences between the goals
discussed in this study and those targeted by NDBI trials
suggest that SLPs may have intentionally used communi-
cation facilitation strategies considered “low quality” on
the NDBI-Fi (e.g., questions and directions, as previously
discussed). Future studies should use qualitative or mixed
methods research to identify potential adaptations to
NDBI strategies and measure their effectiveness in
influencing specific goals of importance to EI providers
and researchers. Researchers may also partner with clini-
cians to choose or design outcome measures to ensure
their goals are represented by NDBI research. Efforts such
as these will ensure that NDBIs are effective, relevant,
and acceptable to clinicians in community settings, facili-
tating their widespread uptake.

Conclusions

EI SLPs did not implement individual NDBI strate-
gies with the level of skillfulness considered to be ideal in
research, which have been observed to optimize child out-
comes. Nevertheless, SLPs spent a significant portion of
their intervention sessions addressing related developmen-
tal domains and skills that may support caregiver needs,
demonstrating the need for community-based clinicians to
balance competing priorities to provide family-centered
care. Outcomes of NDBIs are based on the overall use of
packaged, manualized interventions, but connecting indi-
vidual NDBI strategies with the specific skills they address
may facilitate clinician decision making when individualiz-
ing intervention based on family needs. Furthermore,
understanding the impact of NDBIs on other domains will
better address the considerations that clinicians must take
into account when providing coordinated, interdisciplin-
ary care. EI SLPs may benefit from training in using
NDBIs, and further investigation of these questions will
make such trainings more effective for EI clinicians in
the future.
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