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Abstract 

Naturalistic Developmental Behavioral Interventions (NDBIs) for young children with 

autism spectrum disorder (ASD) share key elements (Schreibman et al., 2015). However, the 

extent of similarity and overlap in techniques among NDBI models has not been quantified, and 

there is no standardized measure for assessing implementation of their common elements. 

This paper presents a multi-stage process which began with the development of a taxonomy of 

elements of NDBIs. Next, intervention experts identified the common elements of NDBIs using 

quantitative methods. An observational rating scheme of those common elements, the 8-item 

NDBI-Fi, was developed. Finally, preliminary analyses of the reliability and validity of the 

NDBI-Fi were conducted using archival data from randomized controlled trials of caregiver-

implemented NDBIs, including 87 post-intervention caregiver-child interaction videos from 5 

sites, as well as 29 pre-post video pairs from 2 sites. Evaluation of the 8-item NDBI-Fi measure 

revealed promising psychometric properties, including evidence supporting adequate reliability, 

sensitivity to change, as well as concurrent, convergent, and discriminant validity. Results lend 

support to the utility of the NDBI-Fi as a measure of caregiver implementation of common 

elements across NDBI models. With additional validation, this unique measure has the potential 

to advance intervention science in ASD by providing a tool which cuts across a class of 

evidence-based interventions. 
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Introduction 

Current best practices for the treatment of young children on the autism spectrum include 

interventions that integrate developmental and behavioral approaches and include caregivers in 

children’s treatment (National Research Council, 2001; Zwaigenbaum et al., 2015). There is a 

growing evidence base for several such manualized interventions, broadly classified as 

Naturalistic Developmental Behavioral Interventions (NDBI), which supports their positive 

influence on children's development trajectories (Schreibman et al., 2015). These interventions 

embed teaching in naturalistic contexts rather than highly structured environments, and 

emphasize spontaneous initiation rather than repeated responding to adult-led prompts (Tiede & 

Walton, 2019). Despite support for the efficacy of both therapist- and caregiver-implemented 

NDBIs (Tiede & Walton, 2019), our knowledge of core intervention elements and treatment 

mechanisms in these interventions remains limited. Though NDBI developers acknowledge their 

individual interventions share several common elements despite differing theoretical 

perspectives (Schreibman et al., 2015), the extent to which the models are similar in practice has 

not been addressed systematically. Further, researchers studying the various models do not 

articulate or measure these elements in the same way, and often identify different components as 

fundamental to their approach. Thus, researchers and practitioners alike may benefit from 

additional clarity regarding which specific elements are most effective or necessary for 

improving outcomes.  

Development of an intervention taxonomy, or shared set of intervention elements, can 

support our understanding of evidence-based interventions by providing the field with 

standardized language and a way to describe and compare intervention ingredients across studies 

(Chorpita et al., 2005; Lokker et al., 2015; McHugh et al., 2009). Identifying common elements 
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across similar evidence-based treatments allows for a more nuanced understanding of how these 

treatments work. Shifting the unit of analysis from a whole treatment package to individual 

elements (Chorpita & Daleiden, 2009), supports the identification of potentially active 

ingredients of existing NDBIs (Embry & Biglan, 2008; Tate et al., 2016). Although common 

elements are not necessarily responsible for therapeutic change, their inclusion across multiple 

treatment packages suggests that they may be good candidates to consider in empirical research 

(Garland et al., 2008). Accordingly, common elements of evidence-based interventions have 

been examined in the context of many types of behavioral treatments for children with mental 

health concerns, including those targeting disruptive behavior disorders (Garland et al., 2008; 

Kaehler et al., 2016) and parenting skills (Barth & Liggett-Creel, 2014). In addition, identifying 

common elements can facilitate development of a standardized measure to better characterize 

similarities among treatment groups (Godfrey et al., 2007), including active treatment and 

treatment-as-usual control groups.  

A focus on individual elements of intervention packages may also improve measurement 

of treatment fidelity. Measuring treatment fidelity, or adherence to the intervention protocol, is 

essential for understanding how treatments work, and for interpreting the results of intervention 

trials (Wainer & Ingersoll, 2013). However, most reports of treatment fidelity in the literature 

provide summary ratings, such as overall percent adherence to the entire treatment protocol. 

NDBI studies rarely link fidelity of specific intervention elements directly to intervention 

outcomes (see Gulsrud et al., 2016 for a notable exception); therefore, it is unclear how elements 

contribute to improvements in child social communication. Further, among NDBIs, measures of 

treatment fidelity used for research often remain unpublished; therefore, limited data exist 

regarding which strategies contribute to the overall rating. To our knowledge, NDBI intervention 
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fidelity measures have not been examined psychometrically in a published study, which limits 

understanding of their validity, reliability across short time intervals, or sensitivity to change. 

Without common terminology to describe intervention elements and a common measurement 

tool for reporting fidelity, researchers cannot easily compare intervention elements across 

studies. This limitation hinders our ability to understand the key elements of NDBIs associated 

with positive outcomes. Finally, implementation science has recently highlighted the importance 

of treatment fidelity for establishing and maintaining high quality services among community 

providers over time (Hogue et al., 2015). Thus, the development of an NDBI fidelity tool that 

can guide training for community providers would be extremely helpful.  

Owing to the fact that best-practice in early intervention includes caregiver involvement 

(Wong et al., 2015), some NDBIs have been designed specifically for caregiver delivery (Brian 

et al., 2016; Ingersoll & Dvortcsak, 2019), while others have been adapted to caregiver-

implemented formats (e.g. Kaiser et al., 2000; Kasari et al., 2014; Rogers et al., 2012). However, 

efficacy research of caregiver-implemented NDBIs has been mixed, with some studies finding 

significant gains (e.g. Bradshaw et al., 2017; Brian et al., 2017; Gulsrud et al., 2016), and others 

finding null results (e.g. Rogers et al., 2012). Reasons for the null effects remain unclear and 

could be due to multiple factors such as a lack of efficacy, individual differences in treatment 

response, low treatment fidelity for key intervention ingredients, and/or high quality of 

community care received by control groups. Another factor unique to caregiver-implemented 

interventions is that caregivers vary in their implementation of intervention strategies both before 

and after training (Stahmer et al., 2017). This suggests that improving measurement of caregiver 

intervention fidelity is an important avenue for understanding the efficacy of caregiver-

implemented NDBIs. 
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Despite the similarity of key intervention techniques across NDBIs, researchers have not 

developed a defined set of common intervention elements, or a standardized measure for 

assessing intervention fidelity. This project begins to address these gaps through the following 

goals: 1) develop a taxonomy of elements of NDBIs; 2) identify the common elements across 

NDBI models; 3) develop an observational rating scheme to measure the common elements; and 

4) to establish preliminary reliability and validity of the new measure with a sample of children 

with ASD and their caregivers who participated in a several randomized controlled trials of 

different caregiver-implemented NDBI models. Caregiver-implemented models were 

strategically selected for our preliminary validation sample because, unlike trained therapists in 

RCTs, caregivers have great variability in their implementation of intervention techniques in 

control and treatment groups, thus allowing measurement of the full range of intervention 

implementation. 

The Current Study 

This research comprised a multistep process which prioritized content validity in the 

development and validation of an intervention-independent fidelity measure (McKenzie et al., 

1999). The steps are depicted in Figure 1. Phase 1 describes the process and results of developing 

a broad taxonomy of NDBI techniques, and the identification of NDBI common elements. Phase 

2 describes the subsequent development and evaluation of the NDBI-Fi, an observational rating 

scheme for measuring adherence to the common elements of NDBIs. An observational rating 

scheme was selected because this approach is considered the gold standard in fidelity 

measurement in treatment efficacy trials given its potential for providing objective and highly 

specific information regarding intervention providers’ in session behavior (Hogue et al., 1996; 

Mowbray et al., 2003). In addition, observational ratings are more likely to be able to detect 
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gradations in quality than indirect (e.g., therapist- or client-report) methods (Schoenwald et al., 

2011), making them potentially useful as a quality improvement tool.  

[Insert Figure 1 about here] 

Phase 1 

Method 

 Intervention Taxonomy 

Because our aim was to develop an observational fidelity tool that could measure 

common elements of NDBI, we began by reviewing individual fidelity measures. We focused on 

therapeutic content (i.e., NDBI strategies) rather than other potentially important aspects of 

caregiver-implemented interventions such as treatment techniques performed by the 

coach/therapist to help the parent learn and apply the therapeutic content, aspects of the 

therapeutic alliance, or other treatment parameters. Though the therapist/coach’s skills to 

effectively teach caregivers are crucial in caregiver-implemented interventions, the current study 

focuses on the specific strategies of individual NDBI models that are directed toward the child.   

This is not to suggest that these other facets of the intervention, such as quality of coaching, goal 

setting, and duration of treatment are not important, but rather that they do not fit within the goal 

of this study. 

The first and last author requested published and unpublished NDBI fidelity measures 

from an expert panel of doctoral-level intervention developers, authors, and experts to develop a 

broad taxonomy of NDBI elements. Several authors of the Schreibman et al. (2015) paper, as 

well as known colleagues who have conducted RCTs of the interventions identified by 

Schreibman and colleagues in their seminal paper were invited by email to collaborate. Each of 

these interventions has been examined in a research context and has demonstrated some evidence 
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of efficacy as a therapist-delivered and/or caregiver-implemented intervention (Sandbank et al., 

2020; Tiede & Walton, 2019). A total of 11 research teams (14 individuals; 8 interventions) were 

contacted. One research team did not respond. Interventions examined included Early 

Achievements (Landa et al., 2011), Early Start Denver Model (ESDM; Rogers & Dawson, 2010), 

Enhanced Milieu Teaching (EMT; Kaiser et al., 2000; Kaiser & Hester, 1994), Joint Attention, 

Symbolic Play, Engagement & Regulation (JASPER; Kasari et al., 2006, 2010), Pivotal 

Response Training (PRT; Hardan et al., 2015; Schreibman & Koegel, 2005), Project ImPACT 

(Ingersoll & Dvortcsak, 2010), and Social ABCs (Brian et al., 2016, 2017). While the 

intervention approaches used in this study do not represent a comprehensive list of all 

interventions that could be characterized as NDBI, those with expertise in the above 

interventions agreed to collaborate on this endeavor and they represent models commonly used 

in the literature. Furthermore, we did not examine classroom-based interventions due to the 

unique features of group instruction and this study’s focus on parent-child interactions.  

The first and last authors established a preliminary taxonomy of intervention elements by 

examining the content of available NDBI fidelity rating forms (n=9)1. The taxonomy was 

inclusive of intervention-specific elements (i.e. not common across all interventions), as well as 

those shared among multiple interventions. The process included formally defining each of the 

elements based on the content of the examined fidelity forms, internally refining the taxonomy 

over several iterations, and generating examples and non-examples for each element to further 

clarify the definitions. The preliminary taxonomy was then refined using an adapted Delphi 

Method. As per the Delphi method, the expert panel representing the NDBI (identified above) 

 

1 For two of the interventions (Project ImPACT and PRT), we obtained fidelity forms from two different research 

teams. 
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received the preliminary taxonomy and provided open-ended critique and commentary; they 

were also encouraged to add intervention elements not included in the original taxonomy. Four 

individuals shared the information with an additional person on their research team to respond in 

addition to or in place of themselves. Twelve individuals responded across all of the 7 identified 

interventions (Table 1). The internal team subsequently revised the definitions and examples, 

yielding a refined taxonomy of 20 unique intervention elements.  

[Insert Table 1 about here] 

Item Reduction 

Next, a survey was used to obtain quantitative feedback on the refined taxonomy in order 

to reduce items to the common elements and increase the content validity of the item set. The 

members of our expert panel nominated survey respondents who they would consider “experts in 

their intervention (e.g. past grad students, qualified intervention trainers, etc.).” A total of 25 

individuals were nominated, 21 of whom responded to our online survey (85%). The survey 

presented the text for the 20 elements from the taxonomy described above. Survey respondents 

rated the extent to which each element was a part of the intervention protocol in which they had 

expertise, using the following scale (adapted from Lawshe, 1975): 

• Essential: This item is a component of [intervention], and it is described explicitly in 

the intervention manual. Interventionists use it consistently during sessions. 

• Useful, but non-essential: This item is good clinical practice, and interventionists use 

it when providing [intervention], but it is not described in the intervention manual. 

• Neutral: I would not discourage use of this strategy when providing [intervention], 

but interventionists do not typically use it, and it is not described in the intervention 

manual. 
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• Conflicting: This item conflicts with the [intervention] intervention protocol. 

Intervention trainees and caregivers are discouraged from using this strategy. 

This scale was selected because of its distinction between “essential” and “useful, but non-

essential” elements, which provided information on both manualized and non-manualized 

intervention elements. 

Next, content validity ratios (CVR) were calculated for each item, using the following 

formula: 𝐶𝑉𝑅 =
𝑛𝑒−𝑁/2

𝑁/2
 , where ne = number of survey respondents indicating a particular 

response, and N = the total number of respondents (Veneziano & Hooper, 1997). Survey 

responses from up to 3 individuals per intervention were used to calculate the CVR, with two 

intervention teams contributing only 2 responses. Additional responses were dropped from 

analysis to avoid unequal weighting of any one intervention model over another; individuals with 

the least amount of self-reported intervention experience were dropped. A total of 19 responses 

were analyzed, representing all 7 NDBIs. Results were identical when all available survey data 

were used; we opted to present CVR results from 19 cases so that the results would not be biased 

toward any one intervention package. 

The CVR, which quantifies consensus, was used to quantitatively evaluate the extent to 

which each item was characteristic of NDBIs. The published recommended cutoff for achieving 

statistically significant agreement with our sample size (0.42) was used to determine which items 

would be retained in the final measure (Lawshe, 1975; Veneziano & Hooper, 1997). CVRs were 

calculated for each item in two ways: 1) considering the number of respondents indicating a 

score of “essential” only; and 2) considering the respondents who indicated a score of “essential” 

or “useful but non-essential.” Examination of items rated as “essential” accounts for techniques 

specified explicitly in NDBI manuals. The addition of items rated “useful but non-essential” 
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accounts for the fact that clinicians often draw on additional clinical skills when providing 

intervention beyond what is specified in a treatment manual.  

Results 

Intervention Taxonomy 

The broad taxonomy consisted of a total of 20 elements with definitions agreed upon by 

our expert panel (Table 2; full definitions in supplemental material). Given the differences in 

terminology often used across NDBI models, these refined definitions may be useful in 

translating information across research teams and in the community and better defining 

similarities and differences between interventions.  

[Insert Table 2 about here] 

Item Reduction 

CVRs for “essential” items only, and for “essential” or “useful but non-essential” 

elements, are provided in Table 2. When considering both items rated “essential” and “useful but 

non-essential,” all but one element of the 20 exceeded the cutoff indicating consensus across 

interventions. When considering only elements rated “essential,” 10 of the 20 items exceeded the 

cutoff indicating consensus. One additional element, which referred to use of prompting to 

support the child’s response, was examined further and refined based on feedback from the 

survey respondents. Specifically, some interventions used a specific prompting hierarchy that 

was precluded based on the original wording of the item; therefore, the prompting item was 

modified to contain more generic language and was included in the final set of 11 common 

essential elements. Following the revision of this item, no items were rated as “conflicting” by 

more than one survey respondent.  

Phase 2 

https://journals.sagepub.com/doi/suppl/10.1177/1362361320944011/suppl_file/S1-NDBI-Fi_Broad_Item_Definitions_Only.pdf
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Method 

Participants 

This study involved analyzing existing data from completed or ongoing treatment trials of 

caregiver-implemented NDBIs with children with ASD aged 7 years-old or younger. This age 

range was selected to be consistent with intervention trials of NDBI. Five sites contributed 

videos of caregiver-child play interactions with representation from four interventions, including 

Project ImPACT (Ingersoll et al., 2016; Ingersoll & Dvortcsak, 2010)/Project ImPACT for 

Toddlers (Stahmer et al., 2017, 2019), JASPER (Kasari et al., 2006, 2010), PRT (Hardan et al., 

2015; Schreibman & Koegel, 2005), and Social ABCs (Brian et al., 2016, 2017). This study was 

approved by the Institutional Review Board (IRB) at Michigan State University, and sharing of 

videos was approved by IRBs at external study sites. All families consented for their videos to be 

used for research purposes. The study sample included 87 caregiver-child dyads randomized to 

either active treatment or control groups. Demographic information is reported in Table 3.  

[Insert Table 3 about here] 

Measures 

NDBI-Fi. The 11 quantitatively-derived ‘essential’ common elements from Phase 1 were 

used to develop an observational rating scheme and scoring manual for the NDBI-Fi measure. 

The measure used a macro-level rating scheme (i.e. a 1-5 rating scale) to align with many 

existing fidelity measures (67% of those included in this study) and to increase the likelihood 

that the measure would not be burdensome or costly to use. The NDBI-Fi manual includes 

practical considerations for rating, item definitions, examples and non-examples, a glossary and 

descriptive anchors for assigning ratings. Of the 11 common items from Phase 1, one item 

specified the Frequency of direct teaching episodes; these teaching episodes comprise a multi-
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step procedure based on principles of operant conditioning with an antecedent-behavior-

consequence (ABC) structure. Four additional items focused on the quality of direct teaching 

episodes (Clear and appropriate, Motivating and relevant, Supporting a correct response, 

Providing contingent and natural reinforcement). These were collapsed into a single item, 

Quality of direct teaching, to facilitate ease of coding and ensure that full teaching trials were 

being scored. Additional items include: Face-to-face and on the child’s level, Following the 

child’s lead, Displaying positive affect and animation, Modeling appropriate language, 

Responding to attempts to communicate, and Using communicative temptations. Thus, the NDBI-

Fi consists of an 8-item rating scheme (Table 4). The measure is available in the supplemental  

material and from the corresponding author. 

[Insert Table 4 about here] 

A total of two raters, including the first author and a research assistant, piloted the rating 

scheme on a small set of videos in order to refine the descriptive rating anchors, and to achieve 

inter-rater reliability. One rater was a graduate student with direct intervention experience in 

three different NDBI models, while other rater was an undergraduate research assistant without 

direct intervention experience. Raters discussed scoring differences and refined items and rating 

anchors to improve clarity and ease of scoring. These two raters independently coded videos and 

held consensus meetings to discuss discrepancies in ratings until inter-rater reliability was met. 

Raters were considered reliable when they could rate 3 consecutive not previously reviewed 

videos according to the following criteria: a) at least 7 out of 8 items were within 1 point, b) no 

items were greater than 2 points apart, and c) the average score was within 0.5 points (i.e. +/- 

0.25 points). The primary rater was kept blind to treatment condition for all videos; the 

secondary rater was kept blind to treatment condition when possible (39% of double-coded 

https://journals.sagepub.com/doi/suppl/10.1177/1362361320944011/suppl_file/S2-NDBI-Fi_Common_Items_Manual_2-2019.pdf
https://journals.sagepub.com/doi/suppl/10.1177/1362361320944011/suppl_file/S2-NDBI-Fi_Common_Items_Manual_2-2019.pdf
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videos). One rater was involved in data collection for a subset of videos, and as such, blinding of 

both raters was not possible for these select cases. 

Caregiver-Child Interaction. Videos included caregiver-child interactions from existing 

treatment trials. All videos involved an approximately 10-minute free play interaction between 

the child and the caregiver. Sites selected videos that included English-speaking participants 

within the treatment and control groups at random, using an online random number generator 

(https://www.random.org/integer-sets). A total of 87 post-timepoint videos were collected from 5 

intervention trials (JASPER, Project ImPACT, Project ImPACT for Toddlers, PRT, Social 

ABCs), including 54 videos of dyads who received treatment and 33 videos of control 

participants (i.e. waitlist or treatment-as-usual; Table 5). In addition, 29 pre-post video pairs 

from two of the sites (Project ImPACT, Social ABCs) were used to examine sensitivity to 

change.  

[Insert Table 5 about here] 

Established NDBI Fidelity. Caregiver treatment adherence using the established fidelity 

measure for each intervention was available for 76 post-treatment videos (representing Project 

ImPACT, Project ImPACT for Toddlers, PRT, and Social ABCs). Because intervention fidelity 

forms utilized different scales (Table 6), scores were transformed as necessary so that all fidelity 

ratings were on the same scale (with a minimum score of 1 and a maximum score of 5).  

Mullen Scales of Early Learning (MSEL). The MSEL (Mullen, 1995) is a standardized 

cognitive assessment with four domains that evaluate skills in the domains of visual reception, 

fine motor, expressive language, and receptive language. The MSEL was administered for all 5 

intervention trials at the study sites. Age equivalent scores across all four MSEL domains were 

averaged to obtain an overall estimate of child developmental level.  

https://www.random.org/integer-sets
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[Insert Table 6 about here] 

Analysis Plan 

An exploratory factor analysis was used to evaluate the dimensionality of the NDBI-Fi, 

and Cronbach’s alpha was subsequently used to evaluate internal consistency. In addition, two 

raters coded a total of 52 videos (60%) from three sites. Intra-class correlations (ICCs) were used 

to evaluate agreement between coders on individual items as well as overall score. The ICC is 

the preferred metric for this type of scale; furthermore, it incorporates the magnitude of 

disagreement into the metric, yielding a more precise estimate of reliability than metrics of all-

or-nothing agreement (Hallgren, 2012). A single-measures, two-way mixed design based on 

absolute agreement was used.  

To address concurrent validity, an independent samples t-test was used to determine if 

caregivers who received training differed from those who did not at the post-intervention 

timepoint. We hypothesized that caregivers in the active study treatment groups across trials 

would receive a significantly higher NDBI-Fi rating at the end of the treatment phase than 

caregivers in control groups. 

Convergent and discriminant validity were examined by using Pearson correlations to test 

the relationship between the NDBI-Fi and relevant constructs. We expected that overall ratings 

for the Established NDBI Fidelity would be significantly correlated with the NDBI-Fi Average 

Rating with a medium to large effect size. Next, we expected that the NDBI-Fi would not be 

related (i.e. a small effect size, r < 0.2) to child factors such as child chronological age or child 

developmental age equivalent which might impact parent-child interactions.  

In order for a measure such as the NDBI-Fi to be useful in the context of intervention 

research, it must capture change in parent behaviors as they learn intervention techniques. To 
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evaluate the sensitivity of the NDBI-Fi in capturing change in this context, the available subset of 

videos of the same dyads pre- and post-training were rated. This analysis only included dyads in 

treatment conditions, though the structure and intensity of training offered to caregivers was 

likely different across sites. A paired samples t-test was used to assess for significant change in 

caregiver use of techniques from pre- to post-training. We expected that, on average, caregivers 

would score significantly higher on the NDBI-Fi after participating in the intervention. 

Results  

The NDBI-Fi Average Score (M = 3.28, SD = 0.75) was adequately normally distributed 

(Figure 2), with skewness of -0.13 (SE = 0.26) and kurtosis of -.84 (SE = 0.51). Some individual 

items deviated from normality according to skewness and kurtosis values (Table 7), including a 

low-frequency behavior with positive skew (6. Communicative Temptations) and some high-

frequency behaviors with negative skew (e.g. 7. Frequency of Direct Teaching). An exploratory 

factor analysis of all post-timepoint NDBI-Fi ratings was conducted using principal axis 

factoring. Two factors were extracted with eigenvalues greater than 1 (3.43, 1.12), however the 

scree plot demonstrated a clear “elbow” at factor two, suggesting a 1-factor solution fit the data 

best. 

[Insert Table 7 about here] 

Reliability 

The 8 NDBI-Fi items as a scale yielded a Cronbach’s alpha of 0.80, thereby 

demonstrating good internal consistency. Inter-item correlations ranged from 0.11 to 0.65. The 

single measures ICC for the NDBI-Fi Average Rating demonstrated excellent reliability 

(Cicchetti, 1994). Individual item ICCs ranged from 0.33 to 0.82 (Table 6); 2 items had poor to 
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fair reliability, 4 items had good reliability, and 2 items had excellent reliability (Cicchetti, 

1994).  

Concurrent validity 

An independent samples t-test was used to compare post-timepoint ratings for caregivers 

in the active study treatment groups (n = 54) and control groups (n = 33). Caregivers who 

received training (M = 3.56, SD = 0.69) received higher NDBI-Fi Average ratings than 

caregivers in the study control groups on average, with a large effect size (M = 2.81, SD = 0.62), 

t(85) = 5.09, p < 0.001, d = 1.12. However, there was overlap in the frequency distributions of 

trained and untrained caregivers, with some untrained caregivers demonstrating high fidelity, and 

some trained caregivers demonstrating low fidelity (Figure 2) at the end of treatment phase.  

[Insert Figure 2 about here] 

Convergent and discriminant validity 

A Pearson correlation showed that the NDBI-Fi Average rating correlated significantly 

with individual established intervention fidelity with a large effect size (r = 0.60, p < 0.001). As 

expected, caregivers who performed the interventions at higher fidelity also received higher 

ratings on the NDBI-Fi. Pearson correlations revealed that the NDBI-Fi Average rating did not 

significantly correlate with either developmental level (r = 0.21, p = 0.06), or child chronological 

age at the start of the study (r = 0.01, p = 0.92).  

Sensitivity to Change 

Caregivers who received intervention training scored significantly higher at post-

intervention on the NDBI-Fi Average rating (M = 3.56, SD = 0.61) than at pre-intervention (M = 

2.89, SD = 0.72), t(28) = 4.22, p < 0.001, d = 1.00.  

Discussion 
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Various NDBIs for young children with ASD have been independently developed and 

validated. While researchers acknowledge common elements across these treatments 

(Schreibman et al., 2015), this study represents the first attempt to evaluate the extent to which 

experts systematically agree that individual elements are shared across manualized treatment 

packages. In addition, we present preliminary validation data of a unique measure designed to 

capture caregiver implementation of common intervention techniques across five NDBI trials.  

Development of the NDBI-Fi began with the creation of a taxonomy of NDBI 

intervention techniques (see supplemental material). This collaborative effort yielded a list of 20 

defined elements, refined by expert clinical scientists representing seven different NDBIs, with 

accompanying examples and non-examples to illustrate them. Subsequent findings identified 

eleven “essential” common elements shared across NDBIs. These included elements such as 

being face-to-face and on the child’s level, following the child’s lead, modeling language, 

positive affect and animation, responding to the child’s attempts to communicate, using 

communicative temptations, and the frequency and quality of direct teaching episodes. Further, 

these elements were examined across five trials of four different NDBIs to validate an 

intervention-independent fidelity measure. The NDBI-Fi demonstrated adequate psychometric 

properties, as well as preliminary evidence of convergent validity and sensitivity to change. 

Results suggested that the reliability of some items was limited, and attempts should be made to 

improve these items or adjust coding practices to support higher reliability. In particular, the 

inter-rater reliability for the Quality of direct teaching item suggests then need for further 

refinement. Although evidence is preliminary, it is our hope that the ongoing development of this 

measure will help spark innovative research that cuts across interventions by providing a 
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mechanism for measuring implementation of common elements of NDBIs during intervention 

trials. 

The NDBI-Fi item development process revealed that many clinical best practices are 

shared among NDBIs, but not necessarily included across all NDBI treatment manuals and 

fidelity forms. This was indicated by a discrepancy in the number of items for which there was 

consensus while examining “essential” ratings only (i.e. items explicitly described in the 

intervention manual; n = 11) as compared to a combination of “essential” and “useful but non-

essential” ratings (i.e. items implemented but not manualized; n = 19).  This result suggests that 

8 of the broad items are commonly implemented while delivering NDBIs regardless of whether 

these practices are defined in their treatment manuals or fidelity measures. The presence of these 

common practices may compromise direct comparison of different NDBIs and obscure our 

understanding of which techniques promote improvement in child outcomes.  

While we found mean-level group differences in NDBI-Fi scores between caregivers with 

and without training, our data also demonstrated variability within these groups, with some 

untrained caregivers demonstrating use of several NDBI strategies, and some trained caregivers 

demonstrating limited use of strategies. This highlights the fact that many of these intervention 

strategies are also natural parenting techniques that families may use to some extent without 

training. However, the extensiveness of implementation likely varies across families. In future 

research, it will be important to consider how change in caregiver fidelity of implementation 

relates to child improvement, in addition to standard between-group comparisons. In practice, 

this finding has implications for the use of stepped-care models in caregiver-implemented 

interventions for ASD (Phaneuf & McIntyre, 2011; Wainer & Ingersoll, 2015). Caregivers who 

do not intuitively use many of these strategies may have the most to gain from training and may 
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require a higher level of support to be successful. On the other hand, caregivers who do 

intuitively use some NDBI strategies may benefit from less intensive training, or training 

targeting other areas of need.  

Lastly, research in implementation science has documented barriers to providing 

evidence-based interventions in the community for social services more broadly (Osterling & 

Austin, 2008; Pagoto et al., 2007) and for ASD interventions specifically (Brookman-Frazee et 

al., 2016; Pickard et al., 2016; Suhrheinrich et al., 2019; Wood et al., 2015). Research suggests 

that practitioners have concerns about the use of packaged treatment manuals, perhaps due to the 

perceived inflexibility of treatment manuals, or difficulty knowing which treatment manual(s) to 

use at what time. The present study demonstrates that NDBIs have numerous shared strategies, 

which may alleviate clinicians’ uncertainty about choosing the “right” intervention package. It 

also suggests that there may not be a need for extensive training in more than one NDBI, given 

the demonstrated overlap across treatment models.  

Limitations and Future Directions 

This report constitutes a preliminary validation of the NDBI-Fi. Future research should 

attempt to evaluate this measure across additional NDBIs. Analyses using a greater number of 

caregiver-child interaction videos and intervention models would allow for a more rigorous 

assessment of the validity of the measure. The present study did not account for the dose and 

duration of intervention due to limited space and a focus on evaluating the NDBI-Fi measure, 

however this may be possible in future research. While we found preliminary evidence that the 

measure was sensitive to change from pre- to post-intervention among caregivers who received 

NDBI training, a group by time interaction would be a more rigorous test. Particularly given that 

some caregivers obtained high scores without training, a more in-depth assessment of change is 
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warranted, including shorter term changes and changes that may occur without intervention. 

Comparing the NDBI-Fi and other fidelity measures in terms of their sensitivity to change would 

be useful to better understand this issue. Furthermore, data on inter-rater reliability suggest that 

while training someone without direct intervention experience in rating the NDBI-Fi can be 

achieved, it yields reliability estimates that are acceptable but could be improved.  

In the item reduction stage of Phase 1 of this study, we selected a pool of respondents 

hand-picked by NDBI developers. We did so because these individuals are intimately familiar 

with the interventions as they are meant to be delivered. However, in the community, these 

interventions may be delivered alongside other treatments, or merged with other types of 

treatment elements not considered part of NDBIs. This group of individuals could not speak to 

how community providers may use these elements, or whether these elements are parts of other 

types of interventions as well. Future research should attempt to clarify if and how often the 

techniques we identified are utilized in different intervention approaches, such as more 

structured approaches based on applied behavior analysis, or those used in special education and 

speech-language pathology. Understanding the extent to which NDBI intervention elements are 

part of other treatment approaches is important for understanding what exactly comprises “usual 

care” early intervention services. Such work is essential for refining our understanding of what 

constitutes NDBIs as a class of interventions and how they are distinct from other practices in 

early intervention. However, the NDBI-Fi was not designed to evaluate the full breadth of 

intervention techniques found in other types of interventions and cannot be used to evaluate the 

quality of such services. Nonetheless, it is our hope that the iterative development process of this 

measure may prove useful for characterizing other types of treatments as well.  
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This study was limited to examining common elements used across a selection of NDBIs 

for young children with ASD, and we consider it the first step in an ongoing process of better 

characterizing and measuring this class of early interventions. It is important to reiterate that 

these common elements are not necessarily the most important or “active” ingredients 

responsible for child change; they are simply items that were common across several manualized 

treatment packages. While NDBIs are acknowledged to have key similarities, it is not known 

whether they also share active ingredients or exert change in unique ways. Identification of 

common elements is necessary to determine the unique features of individual interventions as 

well. In order to develop the science of NDBIs and better understand the active ingredients and 

mechanisms through which they exert change, researchers will need to build upon this and other 

work in order to understand the full range of treatment elements that comprise these complex 

interventions. Furthermore, understanding how these treatments work will require the design of 

creative experimental studies that can examine the causal relationship between implementing 

specific treatment techniques and child outcomes. For example, single case experimental designs 

or group designs (e.g. dismantling trials, factorial experiments) which systematically examine the 

effects of these common elements, could reveal which, if any, of them contributes to observed 

changes in child social communication (Collins et al., 2014; Guidi et al., 2018; Gulsrud et al., 

2016; Ward-Horner & Sturmey, 2010). Measurement tools which cut across intervention models 

are necessary for advancing this goal. 
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Table 1 

Number of fidelity tools, expert panel members, and survey respondents per NDBI 

Interventions Fidelity tools (n) Expert Panel (n) Survey Respondents (n) 

Project ImPACT 2 2a 4 

ESDM 1 2 3 

JASPER 1 2 2 

Social ABCs 1 0 4 

PRT 2 4 3 

EMT 1 1 3 

Early Achievements 1 1 2 

Multiple NDBI - 2 - 

Note. a Two experts in Project ImPACT were lead authors 
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Table 2  

Content Validity Ratios for Intervention Taxonomy Items 

Item Essential or Useful Essential 

1 Face-to-face and on the child’s level * 0.89 0.68 

2 Preparing the activity space 0.89 0.37 

3 Following the child’s lead * 0.89 0.89 

4 Imitating the child 0.37 0.05 

5 Supporting turn-taking 0.79 0.26 

6 Displaying positive affect and animation * 1.00 0.68 

7 Engaging the child in play routines 0.79 0.16 

8 Engaging the child in social routines 0.79 -0.37 

9 Managing problem behavior and dysregulation 1.00 0.37 

10 Modeling appropriate language * 1.00 0.58 

11 Modeling gestures and JA 0.47 0.05 

12 Modeling new play acts 0.79 0.37 

13 Responding to attempts to communicate * 0.89 0.89 

14 Using communicative temptations * 1.00 0.79 

15 Pace and frequency of direct teaching 

opportunities * 

0.89 0.58 

16 Varying difficulty of direct teaching target 0.68 0.05 

17 Using clear and appropriate teaching 

opportunities * 

0.79 0.79 

18 Providing motivating and relevant teaching 

opportunities * 

1.00 1.00 

19 Supporting a correct response using prompts * 0.68 0.37 

20 Providing contingent natural and social 

reinforcement * 

0.89 0.79 

Note. * denotes items included in the NDBI-Fi Measure; Bold text denotes items exceeding the 

statistically significant cutoff of 0.42. 
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Table 3 

Participant demographics 

Children   Caregivers 

Child biological sex n % 

 

Caregiver biological sex n % 

Male 71 81.6 

 

Male 8 9.2 

Female 16 18.4 

 

Female 79 90.8 

Child race n % 

 

Mother's highest complete education n % 

White/Caucasian 48 55.2 

 

Graduate/Professional degree 23 26.4 

Black/African-American 7 8 

 

Bachelor's degree 29 33.3 

Asian/Pacific-Islander 19 21.8 

 

Associate's degree 5 5.7 

Biracial/Mixed Race 2 2.3 

 

High school degree/GED 21 24.1 

Other 8 9.2 

 

Did not complete high school 1 1.1 

Child ethnicity n % 

 

Missing 8 9.2 

Non-Hispanic/Latino 71 81.6 

 

Father's highest complete education n % 

Hispanic/Latino 15 17.2 

 

Graduate/Professional degree 22 25.3 

MSEL M SD 

 

Bachelor's degree 14 16.1 

Average AE (months) 22.1 7.6 

 

Associate's degree 5 5.7 

Chronological age (months) 37.2 13.8 

 

High school degree/GED 12 13.8 

   

 

Did not complete high school 0 0.0 

 

  

 

Missing 34 39.1 

Note. MSEL = Mullen Scales of Early Learning, AE = age equivalent.  
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Table 4 

NDBI-Fi item descriptions 

Item Brief description 

1. Face-to-face and on the child’s level  • Child and adult facing each other 

• Child and adult on similar level 

2. Following the child’s lead  • Child and adult are both active participants in child-

chosen activity 

3. Positive affect and animation  • Adult uses positive affect 

• Adult matches affect to child’s sensory needs 

4. Modeling appropriate language  • Adult adjusts language to the child’s developmental level 

5. Responding to attempts to communicate • Adult verbally responds to child’s communication 

behaviors by repeating, clarifying, or expanding  

6. Using communicative temptations  • Adult creates situations to elicit communication from the 

child followed by a brief period of expectant waiting 

7. Frequency of direct teaching episodes  • Adult directs the child to demonstrate new or emerging 

skills 

8. Quality of direct teaching episodes  • Adult uses high-quality teaching strategies (e.g. clear 

instructions, when child is motivated, contingent 

reinforcement). 
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Table 5  

Number of videos examined per intervention across group and time point. 

Intervention 

Pre-intervention Post-intervention 

Treatment (n) Treatment (n) Control (n) 

Project ImPACT 24 24 9 

Project ImPACT for Toddlers 0 8 9 

PRT 0 10 10 

Social ABCs 5 6 0 

JASPER 0 6 5 

Note.  PRT = pivotal response training; JASPER = Joint Attention, Symbolic Play, 

Engagement and Regulation. 
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Table 6 

Characteristics of Established NDBI Fidelity Measures 

Intervention 
n Items 

(subscales) 

Rating 

scale 

Type of 

coding 
Example items 

PRT 1 8 (3) 0-1 
Interval 

(1-minute) 

• Child choice 

• Clear opportunity 

PRT 2 6 (0) 0-1 
Interval  

(2-minute) 
• Contingent reinforcement 

• Natural reinforcement 

Project ImPACT 3 29 (5) 1-5 Global 
• Expands on child’s language 

• Uses clear and appropriate prompts 

Project ImPACT 

for Toddlers 1 
19 (7) 1-5 Global 

• Makes comments and avoids questions 

• Adjusts levels of prompts based on child 

responding 

Social ABCs 10 (0) 0-1 
Interval 

(1-minute) 

• Positive emotion 

• Shared control 

Notes. 1 University of California – San Diego site, 2 Stanford University site, 3 Michigan State University site. 
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Table 7 

Mean, standard deviation, normality, and reliability of NDBI-Fi items at post-intervention 

NDBI-Fi Item Mean SD 

Skewness Kurtosis 

ICC 

Statistic SE Statistic SE 

1. Face to Face 2.81 1.34 0.28 0.26 -1.10 0.51 0.82 

2. Follow Child's Lead 3.58 1.36 -0.60 0.26 -0.93 0.51 0.63 

3. Positive Affect 3.64 1.28 -0.54 0.26 -0.93 0.51 0.78 

4. Modeling Language 3.17 1.06 -0.17 0.26 -0.87 0.51 0.61 

5. Responding to Communication 3.28 1.08 -0.12 0.26 -0.63 0.51 0.52 

6. Communicative Temptations 1.82 1.15 1.22 0.26 0.29 0.51 0.70 

7. Frequency of Direct Teaching 4.05 1.00 -1.24 0.26 1.50 0.51 0.74 

8. Quality of Direct Teaching 3.93 0.89 -0.60 0.26 -0.24 0.52 0.33 

Average Score 3.28 0.75 -0.13 0.26 -0.84 0.51 0.80 

Note. SD = Standard Deviation, SE = Standard Error; ICC = Intraclass Correlation. 
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Development of 
taxonomy of 20 NDBI 

elements 

Item reduction to 11 
common, content-valid 

items 

Refinement of 8-item 
NDBI-Fi rating scheme 

Validation of NDBI-Fi 
rating scheme 

1. Review of 9 NDBI fidelity forms 

2. Development of 20 element 
definitions and examples 

3. Qualitative feedback from expert panel 
(n=12) 

4. Quantitative survey feedback from 
expert survey respondents on 
element use (n=21) 

5. Calculation of content-validity ratios 
to determine item inclusion 

6. Revision of prompting item 

7. Piloting and subsequent 
development of rating anchors 

8. Development of scoring manual and 
coding conventions 

9. Rating of 87 post intervention 
videos and 29 pre-post video pairs 

10. Analysis of the reliability and validity 
of the NDBI-Fi 

Figure 1. Method Flowchart 
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