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ABSTRACT
Early intensive behavioral intervention (EIBI) is designed to establish critical social, cognitive, language, and adaptive reper
toires. The current study examines changes in scores and growth curves on the most commonly used curriculum assessment, the 
Verbal Behavior Milestones Assessment and Placement Program (VB‐MAPP), in a routine clinical care setting for autistic 
children in EIBI services. It is also the first study to examine how correlations between VB‐MAPP scores and the Vineland 
Adaptive Behavior Scale–Third Edition (VABS‐III) (i.e., a norm‐referenced measure) throughout treatment. The mean VB‐ 
MAPP change score was 69.6 points in about 1.5 years of treatment, with the greatest change occurring between the first 
and second assessments (i.e., initially steep growth curves that lessen in slope over time). The VABS‐III communication domain, 
adaptive behavior composite, and socialization domain had moderate to strong correlations with VB‐MAPP scores and those 
correlations became stronger throughout the treatment process. Age was a predictor of initial VB‐MAPP scores (i.e., lower age, 
lower score), supporting the importance of early identification and access to treatment. Children who exited services prema
turely made progress in treatment, but more slowly than children who remained in services until a recommended discharge.

1 | Introduction

The language and social‐cognition challenges experienced as 
part of autism spectrum disorder (ASD) can exert pervasive 
influence on overall development, cognition, and adaptive 
functioning (American Psychiatric Association 2022; Volkmar 
et al. 2014). Advances in awareness and diagnostic and 
screening tools have resulted in increased identification of ASD 
(i.e., 1 in 31; Shaw et al. 2025) and increased access to early 
intervention services, which is associated with better long‐term 
outcomes for children with ASD and their families (Hyman 
et al. 2020).

Behavior analysis refers to the scientific study of principles of 
learning and behavior, focusing on how environmental factors 

influence actions (Behavior Analyst Certification Board, n.d.; 
Cooper et al. 2020). The applied branch of this science, applied 
behavior analysis (ABA), uses the principles of the science to 
develop therapeutic techniques (e.g., positive reinforcement) 
and treatment approaches for changing behavior and teaching 
skills. Treatment approaches based on ABA have been empiri
cally shown to be effective in a wide variety of areas, including 
ASD (Behavior Analyst Certification Board, n.d.; Eldevik 
et al. 2009; Reichow and Wolery 2009; Reichow et al. 2018; 
Wergeland et al. 2022).

The term early intensive behavioral intervention (EIBI) refers to 
a specific model of ABA treatment where services occur inten
sively (e.g., 30–40 h per week) and at an early age (e.g., ages 
2–6 years) for multiple years (Council of Autism Service 
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Providers 2024; Virués‐Ortega 2010). This treatment model fo
cuses on all aspects of functioning and is designed to establish 
critical language, social, cognitive, and adaptive repertoires that 
neurotypical children rapidly develop beginning before age 2 
(MacDonald et al. 2014). Significant improvements on the pri
mary outcome metrics examined in these studies 
(e.g., intellectual or developmental quotient scores, adaptive 
behavior standard scores, standardized language scores; Ridout 
and Eldevik 2024) matter because the purpose of EIBI‐services 
is to establish learning repertoires and alter developmental 
trajectory to catch children up to their same age peers (Klintwall 
et al. 2015; MacDonald et al. 2014). The scores themselves are 
not the important outcome; however, greater change in scores 
and higher scores at discharge are associated with less restrictive 
educational placements (e.g., Waters et al. 2020; LeBlanc 
et al. 2025) and greater learning and adaptive abilities 
(e.g., Howard et al. 2014; H. Cohen et al. 2006), which can have 
cascading positive effects on the child and family across their 
lifespan of continued development.

The effectiveness of EIBI for each of these areas has been well 
established across multiple decades (H. Cohen et al. 2006; Eld
evik et al. 2026; Frazier et al. 2021; Howard et al. 2014; 
Reichow 2012) with evidence that an earlier age at the outset of 
services (e.g., MacDonald et al. 2014), baseline level of func
tioning (e.g., Ben‐Itzchak et al. 2014; Smith et al. 2015) and 
greater treatment intensity (Eldevik et al. 2026) produce better 
outcomes. Outcomes on adaptive functioning are particularly 
important because adaptive functioning scores have been found 
to be significantly lower than expected for corresponding IQ 
scores for individuals with ASD (Alvares et al. 2020) but are 
more highly associated with adult outcomes than measures of 
cognitive functioning (Farley et al. 2009). In the absence of 
treatment, adaptive functioning scores often decrease, and the 
cognitive/adaptive functioning gap increases with increasing 
age increases (Kanne et al. 2011; Casula et al. 2024; Szatmari 
et al. 2015). However, with EIBI adaptive functioning scores can 
improve, and the largest changes are often seen in the 1st year of 
treatment (Howard et al. 2014) and at high intensity of treat
ment services (Eldevik et al. 2026).

Although most of the early controlled studies on EIBI were con
ducted in research settings, recent studies have demonstrated 
positive effects in routine clinical care settings (LeBlanc 
et al. 2025; Waters et al. 2020). Studies in routine clinical care 
settings attempt to evaluate the effectiveness, rather than efficacy, 
of an evidence‐based intervention under the “real world” condi
tions encountered by the average person with their local provider 
rather than in a research setting (Wergeland et al. 2022). Research 
settings and routine clinical care often differ in terms of the 
characteristics of the patients (e.g., more heterogeneous) and 
treatments (e.g., patient attrition resulting in shorter duration of 
treatment), and other factors (e.g., therapists, assessments, su
pervision, and training) which can impact treatment results 
(Weisz et al. 2013). Since the majority of children with ASD 
receive their treatment services in routine clinical care sites rather 
than research settings, additional investigations of the outcomes 
achieved in these settings are needed to determine how these 
results compare with published outcomes from research settings.

1.1 | Verbal Behavior Assessments

Skinner's analysis of language, detailed in his book Verbal 
Behavior (1957), has become a commonly used framework for 
assessment and intervention programming in EIBI. This 
framework focuses on a functional assessment of the anteced
ents and consequences that evoke and maintain various aspects 
of language, with each unique set of antecedents and conse
quences referred to as a verbal operant (e.g., mand, tact, echoic, 
intraverbal, listener). Multiple behavior analytic assessment 
protocols are grounded in Skinner's verbal operant framework 
(Belisle et al. 2022; Dixon et al. 2015) and are used to guide 
behavior analytic language and social programming for young 
children with autism. Padilla (2020) surveyed the assessment 
practices of behavior analysts and found that the most 
commonly used assessment for identifying language deficits and 
needs to guide programming is the Verbal Behavior Milestones 
Assessment and Placement and Program (VB‐MAPP; Sund
berg 2014) with 76% of respondents reporting use of the VB‐ 
MAPP.

The VB‐MAPP Milestones Assessment is used to evaluate 170 
key developmental social and language milestones that typically 
emerge during the first 4 years of life. The first level samples 
prerequisite skills that typically develop in the first 18 months 
(e.g., requesting/mand), whereas the second level expands to 
skills developed between 18 and 30 months (e.g., advanced 
mands, intraverbals, tacts). Finally, the third level evaluates 
skills typically acquired between 30 and 48 months, including 
complex mands and tacts, visual‐perceptual skills, and 
enhanced social interactions.

The VB‐MAPP is a curriculum assessment (i.e., an assessment 
of the skills that can be targeted in treatment) rather than a 
standardized (i.e., norm‐referenced, criterion‐referenced) test. 
Although the administrator's manual and some researchers 
have described the VB‐MAPP as a criterion‐referenced assess
ment (Lotfizadeh et al. 2025; Padilla et al. 2023; Sundberg 2014). 
The manual does not describe published or unpublished ana
lyses comparing VB‐MAPP scores to an externally established 
set of interpretive criteria, as is required for criterion‐referenced 
assessments. Instead, the assessment focuses on the skills that 
can be targeted in an early intervention curriculum rather than 
providing comparisons to a normative sample or to a specific 
cut‐off score. Though not a standardized assessment, VB‐MAPP 
Milestones scores indicate progress in the skills targeted in 
treatment and are typically reported to funders to document 
patient progress and need for services. Thus, it is important to 
understand whether change scores reflecting progress in the 
treatment program relate to improvements on standardized 
outcome measures that have been used to document develop
mental catch up in research evaluations of EIBI.

The reliability and validity of the VB‐MAPP are currently being 
established. Montallana et al. (2019) reported intraclass corre
lation coefficients for the VB‐MAPP, indicating moderate to 
good reliability for the overall Milestones assessment (38.1%) 
and for the vast majority of the individual domains (i.e., 56.3% of 
domains had moderate reliability, 31.3% good reliability, 6.3% 
had excellent reliability). Dixon et al. (2015) compared the VB‐ 
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MAPP Milestones to another behavioral language and learning 
assessment, the Promoting the Emergence of Advanced 
Knowledge (PEAK) Relational Training System (Dixon 2014), 
and found significant correlations between the total scores of 
each measure, suggesting convergent validity. Padilla and 
Akers (2021) examined the content validity of the VB‐MAPP 
using a panel of 13 subject matter experts to rate the (a) 
domain relevance, (b) developmental age appropriateness, and 
(c) appropriateness of the measurement method. The Mile
stones Assessment (i.e., all items in all domains in all three 
developmental levels) had a content validity estimate of 0.32, 
indicating that the majority of SMEs rated the items as 
“essential”. Similar content validity estimates were found for 
each individual level: 0.35 (level 1), 0.30 (level 2), and 0.30 (level 
3). In addition, they found moderate to strong evidence for age 
appropriateness and the method of measurement appropriate
ness for the vast majority of Milestones domains.

Lotfizadeh et al. (2025) conducted an archival analysis 
comparing VB‐MAPP scores and Vineland Adaptive Behavior 
Scales–Second Edition (VABS‐II) Comprehensive Interview 
Form (Sparrow et al. 2005) scores at a single assessment interval 
for 235 children with autism aged 3–9 years in a routine clinical 
care setting. The VB‐MAPP Milestones assessment correlated 
moderately or strongly with raw scores on the VABS‐II 
Communication (r = 0.79), Socialization (r = 0.55), and Daily 
Living Skills (r = 0.55) subdomains, as well as the overall raw 
score (r = 0.72) and adaptive behavior composite standard score 
(ABC; r = 0.44), which was interpreted as evidence for 
convergent validity of the VB‐MAPP. In contrast, the Milestones 
assessment was weakly correlated with the VABS‐II Motor 
Skills domain raw score (r = 0.40), which was interpreted as 
evidence of divergent validity. In summary, preliminary evi
dence exists for the reliability and validity of the Milestones 
assessment of the VB‐MAPP.

Researchers have begun to examine changes in VB‐MAPP 
scores associated with ABA treatment at various ages and in
tensities. Vietze and Lax (2020) studied the impact of low in
tensity ABA (i.e., up to 10 h a week) for over 100 toddlers with 
ASD in a preschool setting. These children ranged in age from 
20 to 40 months (M = 28.68 months) at the start of services and 
remained in services for an average of about 10 months. All 
children improved on VB‐MAPP scores, with a statistically sig
nificant increase from a mean pretest score of 28.31 to a mean 
posttest score of 73.14 (i.e., a 44.8‐point difference). In addition, 
they found that younger children experienced bigger gains than 
older children, and children who received fewer total hours of 
treatment benefited more if they were younger at the start of 
services.

Lotfizadeh et al. (2020) conducted an archival analysis and 
found that low intensity in‐home ABA services produced greater 
gains on the VB‐MAPP after 2 years (M = 39.7; SD = 16.4) than 
a comparison group who received eclectic treatment with fewer 
ABA treatment hours (M = 31.1; SD = 16.9). Since the treatment 
group began with a lower average VB‐MAPP score, intake scores 
were statistically controlled using an ANCOVA, resulting in a 
statistically significant effect of intervention type and intensity 
on VB‐MAPP scores. They excluded participants who had 
higher VB‐MAPP scores at intake (i.e., 62% of all the VB‐MAPP 

Milestones at intake) and only assessed at the 2‐year mark, 
which limits our understanding of improvement for children 
with higher scores at intake and of how scores changed 
throughout the treatment process (i.e., growth curves).

Although growth curve analyses have not been conducted with 
the VB‐MAPP, Myers et al. (2022) examined growth curves on 
the Assessment of Basic Language and Living Skills–Revised 
(ABLLS‐R; Partington 2010) for a sample of 352 children with 
ASD. The ABLLS‐R was administered at intake and approxi
mately every 4 months throughout treatment for up to 10 ad
ministrations. The initial (i.e., time 1) ABLLS‐R average 
composite score had doubled 8 months later (i.e., time 3), and 
the rate of increase accelerated over the first few administra
tions but slowed at later assessments. Given the importance of 
rapid learning in the EIBI treatment model, it is important to 
determine if the same steep growth curves are seen with the VB‐ 
MAPP.

In summary, there is a small literature evaluating changes in 
curriculum assessments (e.g., VB‐MAPP, ABLLS‐R) associated 
with behavioral treatment. Each study has demonstrated prog
ress in skills targeted during treatment (e.g., Lotfizadeh 
et al. 2020; Vietze and Lax 2020). However, no studies have 
examined growth curves on the VB‐MAPP as has been done for 
the ABLLS‐R (Myers et al. 2022). In addition, Lotfizadeh 
et al. (2025) compared scores on the VB‐MAPP and the VABS‐II 
at a single point in time during treatment, finding moderate to 
strong correlations between VB‐MAPP Milestones scores and 
several domains and the ABC of the VABS‐II. However, no 
analyses have been conducted with the current third edition of 
the Vineland (i.e., VABS‐III), and no studies have examined 
whether correlations between curriculum assessments and 
adaptive behavior scores change throughout the course of 
treatment. Thus, additional studies are needed to examine VB‐ 
MAPP change scores, growth curves, and the relation between 
VB‐MAPP scores and standardized measures that have been 
used in prior outcome research.

This study reports changes in scores on the VB‐MAPP for a 
large, diverse sample of children with ASD in EIBI in a routine 
clinical care setting. We examined correlations between the 
curriculum measure and domain and ABC scores on the VABS‐ 
III at intake and approximately every 6 months throughout 
treatment. In addition, we examined the variables associated 
with initial curriculum assessment scores and overall growth 
scores, as well as growth trajectories throughout treatment 
similar to the analysis of Myers et al. (2022). Results were 
examined for all participants and separately by whether the 
duration of treatment matched the clinical recommendation or 
was shorter than intended to approximate an intent to treat 
analysis.

2 | Methods

All assessment, treatment, and discharge activities occurred as 
part of ongoing care without influence by the primary 
researcher. Consent for analysis of archival data occurred dur
ing the consent‐for‐services process. This archival study was 
reviewed and approved by the WCG Institutional Review Board 
and was conducted in compliance with the ethical guidelines of 
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the Behavior Analyst Certification Board and in accordance 
with the ethical standards as laid down in the 1964 Declaration 
of Helsinki and its later amendments.

2.1 | Participants

The participants included 282 children with ASD who (a) had 
been enrolled in an EIBI program for at least 6 months with a 
discharge date between May of 2023 and December of 2024, (b) 
were 7.0 years or younger at the start of services, and (c) had at 
least two administrations of the VB‐MAPP, including an 
assessment dated within approximately 3 months of the first 
date of treatment (i.e., baseline measurement). There was no 
exclusion of participants who had previously received ABA 
services with another provider, nor was there any exclusion 
based on test scores or any other measure of ability. The third 
author was the only author with a clinical caseload and over
sight of other Board Certified Behavior Analysts (BCBAs) who 
might have administered or overseen the administration of the 
VB‐MAPP during this time period as part of their clinical duties.

Only 203 (71.9%) of these participants had an available score 
dated within 7 months of discharge, as clinicians sometimes 
switched to a different curriculum assessment if the child 
neared or reached the maximum possible VB‐MAPP score 

during the course of treatment. Analyses of change scores from 
intake to discharge were restricted to these patients only. See 
Table 1 for a detailed comparison of participants in the full 
sample and the subsample with an assessment at discharge. The 
characteristics were similar with respect to race/ethnicity 
(diverse), gender distribution (predominantly male), primary 
language (predominantly English), age at start of services 
(~3.8 years), fulfillment percentage (~81%), and treatment hours 
per week (~30). The subsample had a slightly shorter duration 
of services and a younger age at discharge. Approximately 86% 
of all participants entered services below the age of 5 years.

All participants had an independently conferred diagnosis of 
ASD from a qualified provider using either the Diagnostic and 
Statistical Manual of Mental Disorders (5th ed.; American Psy
chiatric Association 2013), Diagnostic and Statistical Manual of 
Mental Disorders (5th ed., text rev.; American Psychiatric As
sociation 2022), or the International Classification of Diseases 
(10th ed.; World Health Organization 2016). Results of the 
diagnostic tools used by the evaluating clinician were available 
in the medical record for some participants and are provided 
below to describe the sample. Those results are presented as 
severity or likelihood descriptors so that similar information can 
be presented across tools, but this information was not used in 
the statistical analysis.

TABLE 1 | Participant characteristics for the full sample and the subsample with an assessment conducted at discharge.

Characteristic Full sample (n = 282)a Assessment at discharge (n = 203)a

Ethnicity

White 76 (27%) 59 (29%)

American Indian or Alaska Native 5 (1.8%) 4 (2.0%)

Asian 48 (17%) 36 (18%)

Black or African American 45 (16%) 28 (14%)

Hispanic or Latino 66 (23%) 48 (24%)

Missing 21 (7.4%) 13 (6.4%)

Multiple ethnicity 13 (4.6%) 10 (4.9%)
Other 8 (2.8%) 5 (2.5%)

Gender

Female 69 (24%) 45 (22%)
Male 213 (76%) 158 (78%)

Primary language at home

English 264 (94%) 191 (94%)

Other 14 (5.0%) 9 (4.4%)
Spanish 4 (1.4%) 3 (1.5%)

Age at start (years) 3.83 (1.07) 3.79 (1.04)
Age at discharge (years) 5.57 (1.24) 5.31 (1.09)

Discharge reason

Premature exit 183 (65%) 139 (68%)
Recommended exit 99 (35%) 64 (32%)

Duration of services (days) 630 (294) 549 (230)
Fulfillment (%) 0.83 (0.12) 0.81 (0.12)
Avg weekly hours 30.9 (5.1) 30.6 (5.3)

an (%); mean (standard deviation).
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A diagnostic severity or likelihood measure was available for 
218 of the 282 (77.3%) participants. The Childhood Autism 
Rating Scale‐Second Edition (CARS‐2; Schopler et al. 2010) re
sults were available for 115 participants, with five scores in the 
minimal‐to‐no symptoms range, 64 scores in the mild to mod
erate range, and 46 scores indicating severe symptoms. The 
Autism Spectrum Rating Scales (ASRS; Goldstein and 
Naglieri 2009) uses the descriptors average (i.e., level of symp
toms is not elevated compared to the general population), 
slightly elevated, elevated, and very elevated (i.e., indicative of 
an ASD). The ASRS descriptor was available for seven partici
pants, with one described as elevated and six as very elevated. 
The Autism Diagnostic Observation Scale‐Second Edition 
(ADOS‐2; Lord et al. 2012) was available with either standard or 
modified administration (due to Covid‐19) for 96 participants. 
Of the 29 participants who had an ADOS‐2 Module 1–3 com
parison score with standard administration, one score was in the 
low range, 15 were in the moderate range, and 13 were in the 
high range. Of the 21 participants who had an ADOS‐2 Toddler 
Module with standard administration, four scores were in the 
mild‐to‐moderate range of concern and 17 were in the 
moderate‐to‐severe range of concern. All 46 participants who 
had an ADOS‐2 with a modified administration were scored as 
definite differences.

2.2 | Model of Treatment

The organization provides EIBI treatment services in six states 
in the United States. Approximately 95% of children are served 
in centers and 5% are served in their homes. Services are paid 
for by state Medicaid agencies or private health insurance. 
Based on the results of a functional behavioral assessment, 
curriculum assessment, adaptive behavior assessment, and 
family collaboration interviews, the BCBA requests authoriza
tion (i.e., request to the funder to allow and pay for services at a 
certain level for a specified duration of time) for direct treatment 
services for the child, supervision and protocol design, and 
family guidance sessions for the parents/caregivers. The typical 
length of the authorization period was 6 months, but this in
terval varied by funding source and could have been shorter 
than 6 months or as long as 1 year.

The request for services varied based on individual need but 
generally remained consistent with the Council of Autism Ser
vice Providers (CASP) guidelines (Council of Autism Service 
Providers 2024), with approximately 30–40 h per week of direct 
treatment for the child, as well as 15%–20% supervision by the 
BCBA. In addition, the request for services included at least two 
contacts for family guidance per month. The process was 
repeated if services continued beyond the initial authorization 
period, as the generally accepted standard of care for the 
duration of treatment is two or more years (Council of Autism 
Service Providers 2025). The number of treatment hours per 
week may have been lower in the first authorization for a very 
young child or in the later authorization period(s) for a child of 
any age as part of a titration in services in preparation for 
transition to school. See Table 2 for the authorized weekly direct 
treatment hours per authorization interval (i.e., the approved 
duration of services by the funder). The majority of children 
received at least 30 hours per week of direct treatment in every 
authorization period, and authorization fulfillment (i.e., the 

percentage of recommended direct treatment hours that actually 
occurred) ranged from 81.9% to 93.3% across authorization 
periods.

Children were typically scheduled to attend behavioral treat
ment sessions for 6–8 h per day, 5 days per week. Treatment was 
provided in a one‐to‐one ratio in both individual and small 
group instruction using structured and natural environment 
behavioral teaching procedures designed to be fun, engaging, 
and play‐based (Geiger et al. 2012) and consistent with an 
assent‐based model of care (Breaux and Smith 2023). Parents 
typically attended parent guidance sessions twice per month to 
observe sessions, collaborate on goal and intervention selection, 
learn teaching strategies, and receive consultation for newly 
emerging concerns (e.g., sleep issues, new topographies of 
challenging behavior, safety concerns).

2.3 | Measures

2.3.1 | Verbal Behavior Milestones Assessment and Placement 
Program (VB‐MAPP).

The VB‐MAPP Milestones measures 16 domains targeting 170 
key developmental social and language milestones in three 
developmental levels. Each item can be scored as 0, ½, or 1 
point, resulting in a total possible score of 170. See the prior 
section for additional information about the psychometric 
properties of the VB‐MAPP. The Board Certified Behavior An
alyst (BCBA) BCBA assigned to the patient was responsible for 
completing the VB‐MAPP, developing the treatment plan and 
programs, and supervising all aspects of service delivery and 
family services. Although every effort is made to ensure stability 
in patient assignments, the BCBA may have changed at some 
point in the course of treatment for some patients. Many BCBAs 
are taught to administer and score this assessment as part of 
their master's‐level fieldwork experience prior to becoming 
certified, but any BCBAs who were not previously trained on 
this assessment were trained by their clinical director on 
administration, scoring, and interpretation of the VB‐MAPP in 
their center as part of onboarding and training for their position. 
In addition, the clinical director provided close oversight of all 
assessments, regardless of prior training, until a performance 
criterion was met for the quality of assessment and treatment 
reports. The BCBA completed the VB‐MAPP over one or more 
observations. Although the BCBA may have completed addi
tional components of the VB‐MAPP (e.g., Barriers Assessment), 
only the Milestones total score was included in this analysis. A 
request for treatment authorization was made for every autho
rization interval until discharge, and the results of the VB‐ 
MAPP were used to guide programming for that treatment 
authorization interval.

2.3.2 | Vineland Adaptive Behavior Scales‐Third Edition 
(VABS‐III), Caregiver Rating Form, Comprehensive

The VABS‐III (Sparrow et al. 2016), Caregiver Rating Form is a 
norm‐referenced parent questionnaire assessing adaptive skills 
that can be used to evaluate change over time. The compre
hensive form includes 381 items that the caregiver scores for 
how often their child performs skills (0 = never, 1 = sometimes, 
2 = usually or often). In addition to the summary measure (i.e., 
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ABC Standard Score), Communication, Socialization, Daily 
Living Skills, and Motor Skills domain standard scores are 
calculated. Reliability and validity indices are high (i.e., mean 
internal consistency for the ABC = 0.99 across age groups; test‐ 
retest and interrater reliability coefficients in the excellent 
range; domain raw scores align with expected developmental 
trends in adaptive behavior; Sparrow et al. 2016). The BCBA 
assigned to the patient was responsible for sending the parent a 
link to the electronic version of the VABS‐III Caregiver Rating 
Form. The parent completed the VABS‐III every 6–12 months as 
required by the funder. All instructions and item presentation 
were automated by the test publisher, and all responses were 
completed in, and scored by, the test publisher's Q‐Global 
platform. A detailed summary report was provided to the 
BCBA, who incorporated the results into the assessment report 
and goal selection process.

2.4 | Discharge Recommendations and Categories

Near the end of each authorization period, the BCBA made a 
recommendation for (a) continuation of EIBI services or (b) 
discharge from services. Continuation of services was recom
mended when scores were more than 1 standard deviation 
below the mean on a school readiness assessment or the VABS‐ 
III, or challenging behavior continued to occur at moderate or 
severe levels during the prior month. Discharge to school ser
vices was recommended when a child scored at a standard score 
of 85 or higher on a school readiness assessment and the VABS‐ 
III and had no or minimally occurring challenging behavior 
during the prior month. In addition, if one of the three criteria 
were not met for a school‐aged child, but the team felt that the 
maximal benefit of EIBI had been achieved, discharge to school 
services was recommended. Families then made the ultimate 
decision whether to continue with services as recommended, 
resulting in a discharge categorization of (a) recommended exit 
or (b) premature exit (i.e., prior to a clinical recommendation to 
discontinue treatment). This variable was examined because 
prior analyses (LeBlanc et al. 2025) have identified differential 
outcomes by discharge category.

2.5 | Statistical Analyses

Bayesian correlations were computed between the VB‐MAPP 
total score and VABS‐III domain and total (i.e., ABC) stan
dard scores at every assessment interval at which both measures 

were administered within a 6‐week window. In addition, a 
Bayesian correlation was calculated between the VB‐MAPP total 
score and participant age at intake. All correlations were esti
mated with the BayesFactor R package (version 0.9.12‐4.7; R. 
Morey and Rouder 2026), and each is summarized by the pos
terior median and equal‐tailed 95% credible interval.

We estimated a Bayesian multilevel growth model to examine 
how VB‐MAPP scores change over time since the start of ser
vices. Each child contributed repeated assessment scores (typi
cally spaced approximately 6 months apart), and observations 
were nested within the child. The outcome variable was the 
total VB‐MAPP score at each assessment. Time since start of 
service (in years) was modeled with both a linear and quadratic 
term to allow for potential nonlinear growth. The model also 
included mean‐centered child age at start of service, child 
gender, ethnicity, discharge reason, and interactions between 
time and both age and discharge reason. Random intercepts and 
random slopes for time were included at the child level, 
allowing children to differ both in their initial VB‐MAPP scores 
and in their individual rates of growth.

We placed broad, regularizing priors on the VB‐MAPP score 
scale rather than default flat priors. The intercept (i.e., predicted 
score at the start of services) received a Normal (35, 30) prior 
centered near the observed mean intake score; the linear and 
quadratic time coefficients received Normal (0, 30) and Normal 
(0, 20) priors, respectively; the remaining regression coefficients 
received Normal (0, 15) priors; the child‐level random‐effect 
standard deviations received half‐Normal (0, 30) priors; the 
random‐effect correlation received a uniform LKJ (1) prior; and 
the residual standard deviation received a half‐Normal (0, 15) 
prior. A prior‐predictive check confirmed that these priors 
placed the bulk of prior‐predicted scores within the VB‐MAPP's 
0–170 range without concentrating them in an implausible 
range. Models were estimated in Stan (via cmdstanr) with four 
chains of 4000 iterations each (1000 warmup) and a target 
acceptance rate of 0.95. Convergence of the VB‐MAPP growth 
models was satisfactory (all R‐hat ≤ 1.004, bulk effective sample 
sizes above 500 for every parameter and above 1300 for every 
reported coefficient, and no divergent transitions). Posterior 
predictive checks supported the Gaussian likelihood as a 
reasonable approximation, although a small fraction of predic
tive mass fell outside the VB‐MAPP's range (1.4% above 170 and 
2.9% below 0), which is noted as a limitation of the unbounded 

TABLE 2 | Treatment intensity and authorization fulfillment per authorization period.

AP1 
(N = 282) 

(%)

AP2 
(N = 265) 

(%)

AP3 
(N = 179) 

(%)

AP4 
(N = 113) 

(%)

AP5 
(N = 51) 

(%)

AP6 
(N = 27) 

(%)

AP7 
(N = 12) 

(%)

AP8 
(N = 6) 

(%)

AP9 
(N = 2) 

(%)

AP10 
(N = 1) 

(%)
30–40 70.9 66.8 68.2 64.6 66.7 59.3 83.3 83.3 100.0 100.0
20–29 24.8 26.8 26.8 24.8 19.6 25.9 0.0 0.0 0.0 0.0
Below 20 4.3 6.4 5.0 10.6 13.7 14.8 16.7 16.7 0.0 0.0
Avg. 
fulfillment 
%

81.9 82.2 84.8 84.9 86.1 87.4 93.2 93.3 90.0 93.0

Note: The first three rows indicate the percentage of total patients in that time period authorized to receive treatment hours in the specified range. Due to rounding, these 
percentages may not add up to exactly 100%. The fourth row (bolded values) indicates the average percentage of authorized hours that were provided across all children 
for that authorization period.
Abbreviation: AP = Authorization Period.
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likelihood. No frequentist null‐hypothesis significance tests or p 
values were reported. Each growth‐model effect is summarized 
by its posterior mean and 95% credible interval.

This Bayesian approach provides more intuitive and informative 
results compared to traditional methods. Instead of relying on a 
single estimate and a confidence interval that can be difficult to 
interpret (R. D. Morey et al. 2016), Bayesian inference gives a 
range of plausible values (known as credible intervals) that 
capture the uncertainty around findings. All growth‐model ef
fects are summarized using posterior means and 95% credible 
intervals (CrI; comparable to 95% confidence intervals derived 
from frequentist approaches), which represent the range within 
which the true parameter lies with 95% posterior probability. A 
relatively narrow credible interval that does not overlap zero 
provides stronger confidence in the findings. This modeling 
strategy (i.e., a quadratic term) mirrored the growth‐curve 
approach in Myers et al. (2022).

Categorical variables were coded using sum‐to‐zero (effects) 
contrasts, such that each coefficient reflects the difference be
tween a category and the overall average of the factor (i.e., the 
grand mean), rather than a difference from a single reference 
group. When there are only two categories, the coefficient for one 
category represents its deviation from the mean of both groups, 
and the other category's effect is equal in magnitude but opposite 
in sign. In this case, the total difference between the two groups is 
twice the reported coefficient (J. Cohen et al. 2003).

We tested an alternative model that included average weekly 
utilized hours for each assessment period as a proxy to “dose”, 
but a comparison of the expected log predictive density (ELPD, a 
measure of how well the model is expected to predict new data) 
using leave‐one‐out cross‐validation (LOO‐CV; a method for 
estimating out‐of‐sample predictive accuracy) favored the 
simpler model without dose (ELPD difference = −4.84; 
SE = 2.86), and the dose coefficient was small and uncertain 
(0.008, 95% CrI: [−0.25, 0.27]). This may reflect the limited 
variation in weekly hours across assessment periods. Because 
utilization data were available for only a subset of assessments, 
this comparison used 689 of the 994 observations, and 70 chil
dren contributed only a single assessment to it. Cross‐validation 
is least reliable when many children contribute few observa
tions, so the ELPD comparison was treated as suggestive rather 
than decisive, and rest the decision primarily on the near‐zero 
dose coefficient. Given this, we opted to report results from 
the simpler model without weekly hours as a predictor.

All statistics were calculated using the R Statistical language 
(version 4.5.1; R Core Team 2024) on macOS 26.1 with the brms 
package (version 2.21.0; Bürkner 2017). Other primary packages 
used included easystats (version 0.7.3; Lüdecke et al. 2022), 
modelsummary (version 2.1.1; Arel‐Bundock 2022), bayestestR 
(version 0.14.0; Makowski et al. 2019), marginaleffects (version 
0.21.0; Arel‐Bundock et al. 2024), and ggplot2 (version 3.5.1; 
Wickham 2016).

3 | Results

Figure 1 depicts a heat map of the Bayesian correlations be
tween the VB‐MAPP total score and VABS‐III ABC (i.e., Total 

Score) and domain standard scores for assessments conducted 
within 6 weeks of each other throughout the course of treat
ment. The sample size for each correlation is specified within 
each cell. Each participant contributed between two and seven 
VB‐MAPP administrations (median = 3), with consecutive ad
ministrations spaced a median of 178 days apart; A1 denotes 
each participant’s first VB‐MAPP administration, A2 the second, 
and so on. Additional descriptive statistics about the number 
and timing of VB‐MAPP administrations are provided in Sup
porting Information S1: Table S1. This analysis attempted to 
determine whether the findings of Lotfizadeh et al. (2025)—that 
is, moderate to strong correlations between VB‐MAPP and 
VABS‐II ABC and certain domains at a single point in 
time—were also evident for the VABS‐III and whether the 
relation between the two measures changed throughout the 
course of treatment. Positive correlations are depicted in green, 
with stronger correlations depicted as darker colors. The sample 
size decreased with each subsequent correlation, with only four 
participants included in the final correlations (i.e., A5). Given 
the small sample size (n = 4), A5 is not interpreted.

The correlations were consistently strongest between VB‐MAPP 
scores and the VABS‐III Communication domain standard score 
(median range, r = 0.50 to 0.68), followed by the ABC standard 
score (median range, r = 0.40 to 0.63), providing a replication of 
Lotfizadeh's et al.’s evidence of validity for the VB‐MAPP as a 
communication‐focused curriculum assessment. The correla
tions between the VB‐MAPP and the Motor Skills domain were 
always the lowest at any given time, ranging from negligible at 
the first assessment (i.e., the 95% credible interval [CrI] over
lapped zero) to low to moderate correlations at the second, third 
and fourth assessments (median range, r = 0.09 to 0.45). These 
low correlations are consistent with instrument content, given 
that the VB‐MAPP Milestones assessment contains no motor 
items—a divergent pattern also reported by Lotfizadeh 
et al. (2025). For the ABC and most domains, the correlations 
were stronger at each subsequent assessment interval (i.e., A2 
correlation > A1, A3 correlation > A2, A4 correlation > A3). 
That is, throughout treatment as both VB‐MAPP and VABS‐III 
scores increased and as more participants exited services, these 
measures became more highly correlated. Standard scores rose 
over the treatment period for the ABC and for the Communi
cation, Socialization, and Daily Living domains (3.8–5.3 points 
per year), whereas the Motor Skills domain changed little; the 
model and estimates are reported in the Supporting 
Information S1 (Figure S1).

Two features of these data invite caution. First, because both 
measures were administered at broadly similar points in treat
ment, the correlations could, in principle, reflect shared elapsed 
time rather than a substantive association. However, repeating 
each correlation with an adjustment for time since the start of 
services left the estimates essentially unchanged (a shift of 
≤ 0.01 at every domain and wave), which indicates that the 
associations are not a result of linear dependence on elapsed 
time. Second, the apparent strengthening of the correlations 
across successive assessments coincides with a change in sample 
composition, given that children with later assessments are, by 
definition, those who remained in services longer. Restricting 
the analysis to a balanced cohort of 81 children with a valid 
Total‐Score pair at every wave from A1 to A3,1 the point 
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estimates increased from A1 to A3 in every domain (e.g., the 
ABC rose from r = 0.26 at A1 to r = 0.53 at A3; estimates within 
this restricted cohort are lower than the full‐sample values in 
Figure 1, as expected from the smaller and more homogeneous 
sample), which makes changing membership an unlikely com
plete explanation. Both analyses are treated as sensitivity 
checks; the general pattern survives these adjustments, but 
neither identifies within‐child strengthening of the association.

The remaining tables and figures explore change on the VB‐ 
MAPP throughout treatment and the variables associated with 
that change. Figure 2 (left panel) depicts the distribution of 
individual participant VB‐MAPP scores at intake to treatment 
services for all participants. This analysis allows examination of 
the heterogeneity of the sample with a focus on individual 
participant data as well as measures of central tendency, as 
measures of central tendency can sometimes obscure the 
complexity of a data set. The distribution is heavily positively 
skewed (i.e., the majority of children had very low scores with a 
few higher scores, making the mean higher than the median, 
which was in turn higher than the mode) at intake, demon
strating the significant needs evident for this sample of children. 
Age was positively correlated with VB‐MAPP score at intake 
(r = 0.356, 95% CrI [0.255, 0.452]; n = 282). The middle and 
right panels depict the distribution of scores at intake and 
discharge for the subset of participants (n = 203) with scores 

available at both time points. The distribution of scores at intake 
does not differ from the distribution at intake for the entire 
sample (i.e., also heavily skewed, similar measures of central 
tendency), suggesting that the sample for whom we have both 
intake and discharge data did not differ significantly from the 
entire sample. However, the distribution at discharge (i.e., after 
treatment) shifted significantly, with the mean (103), the me
dian (112), and the area where 50% of the scores fall (denoted by 
the shaded box) having no overlap with the intake distribution. 
After treatment, the distribution is not simply shifted upward; 
rather, the shape of the distribution is altered by the end of 
treatment.

Figure 3 depicts total change scores (i.e., difference between 
intake and discharge measurements) on the VB‐MAPP for each 
participant, arranged from lowest to highest change score and 
by discharge category (i.e., recommended exit, premature exit). 
This analysis allows examination of individual participant data 
as well as measures of central tendency to depict the hetero
geneity evident in treatment progress and whether change 
scores differed by discharge category. The full range of possible 
change scores was represented in the sample, and the mean 
total change score was 69.6 (median 69.5). The total change 
scores were, on average, higher for children who remained in 
service until recommended discharge (M = 84.9 points) than for 
those who exited services prematurely (M = 62.6 points); 

FIGURE 1 | Bayesian median correlation coefficients between Vineland scores and VB‐MAPP total score with 95% credible intervals and sample 
sizes.
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however, some children who exited prematurely experienced 
more change than some children who had a recommended 
discharge.

Figure 4 depicts a growth‐curve analysis representing data for 
each individual participant. This analysis allows examination of 
whether different rates of growth are seen at different times 
throughout the treatment process, as has been noted for the 
ABLLS‐R. The VB‐MAPP scores increased over time, with evi
dence for a nonlinear pattern of growth: gains were strongest 
early in the service period and then decelerated. The average 
predicted score at intake was 36.1 (95% CrI [33.1, 39.1]), 
consistent with the observed mean intake score of 34.1 (the 
model intercept, the predicted score at the start of services for a 
child at the covariate grand mean, was 43.19; Table 3). On 
average, scores increased by 74.81 points per year (95% CrI 
[70.68, 78.90]) early in the service period, but this growth slowed 
over time, as indicated by a negative quadratic term (−10.40, 
95% CrI [−12.21, −8.64]). There was substantial variability in 
both baseline scores and growth trajectories across individuals. 
The standard deviation of random intercepts was 23.99 (95% CrI 
[21.79, 26.38]), and the standard deviation of time slopes was 
22.42 (95% CrI [19.36, 25.71]); that is, children differed widely 
both in the skills they brought to treatment and in how quickly 
they gained skills, so the average trajectory should not be read as 
describing any individual child. The correlation between in
tercepts and slopes was 0.43 (95% CrI [0.28, 0.57]), indicating 

that children with higher initial scores tended to improve faster 
over time. The residual standard deviation, reflecting within‐ 
person variation not explained by the model, was 10.97 (95% 
CrI [10.22, 11.75]). Central tendency statistics for change scores 
can be found in Supporting Information S1: Table S2 and reveal 
the same pattern, with the largest change occurring from A1 to 
A2 and from A2 to A3. Mean change scores were positive at 
every interval, indicating that participants continued to experi
ence skill development and growth throughout treatment.

Table 3 provides the Bayesian regression results. This analysis was 
conducted to examine whether children’s starting scores differed 
by age at the start of services, gender, race/ethnicity, and 
discharge category, and whether rates of growth differed by age 
and by discharge category, while accounting for the overall 
growth pattern described above. Older children (at start of ser
vices) started with higher scores, and each year increase in age at 
start of services was associated with 10.75 higher points at intake 
(95% CrI [7.90, 13.54]). The interaction between age and time was 
small and uncertain (−1.15, 95% CrI [−4.03, 1.73]), so no differ
ence in the rate of improvement by age is interpreted. Males 
scored 3.99 points below the overall gender mean (95% CrI [−7.45, 
−0.53]); under sum‐to‐zero coding this corresponds to a 
male–female difference of roughly eight points. White children 
scored 10.50 points above the grand mean (95% CrI [4.21, 16.88]), 
whereas most other ethnicity contrasts were small and uncertain. 
Children who exited prior to a clinical recommendation scored 

FIGURE 2 | Distribution of VB‐MAPP scores at intake for all participants (n = 282) and at intake and discharge for the subset with both 
measurements (n = 203). The boxes indicate where 50% of the data points lie. The horizontal lines inside the boxes indicate the median score. 
The open diamonds indicate the mean score.
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8.04 points below the discharge mean (95% CrI [−11.21, −4.86]) 
and had a slower rate of improvement over time (−7.28, 95% CrI 
[−10.68, −3.95] for the time × discharge interaction).

4 | Discussion

Recent studies have found moderate to strong correlations be
tween VB‐MAPP scores and prior editions of the VABS (Lotfi
zadeh et al. 2025) and positive change scores on the VB‐MAPP 
for children in behavioral treatment (Vietze and Lax 2020; 
Lotfizadeh et al. 2020). However, the literature is sparse and has 
only examined change scores and correlations from intake to a 
single point in time (i.e., discharge or 2 years of therapy) rather 
than throughout the course of therapy. The current study ex
tends the literature on curriculum assessment scores in routine 
clinical care for autistic children in several ways. First, we 
explored correlations between scores on the VB‐MAPP and the 
VABS‐III throughout the course of treatment. Second, we 
examined changes in VB‐MAPP scores and growth trajectories 
throughout the course of treatment. Third, we examined the 
relationship between age at intake and initial scores, and 
whether change scores differed by discharge category and 
several other variables in a regression analysis.

Our findings add to the validity evidence for the VB‐MAPP. 
Lotfizadeh et al. (2025) found moderate to strong correlations 
between the VB‐MAPP Milestones score and the Communica
tion, Socialization, and Daily Living domains and the ABC 
standard score, but a lower correlation with the Motor Skills 

domain. These findings were interpreted as evidence of 
convergent and divergent validity for the VB‐MAPP. Their an
alyses used an older version of the Vineland Interview form (i.e., 
VABS‐II) at a single assessment interval during treatment ser
vices. Our own analyses focused on the current edition (i.e., 
VABS‐III) Caregiver Rating Form and included standard scores 
rather than raw scores. However, the results were similar in that 
the strongest correlations were evident for the Communication 
domain, followed by the ABC, then the Socialization and Daily 
Living domains, with relatively low correlations with the Motor 
Skills domain. Thus, our findings replicate those of Lotfizadeh 
et al. (2025), providing additional validity evidence for the VB‐ 
MAPP using the most recent version of the Vineland. In addi
tion, correlations between the two measures generally increased 
across assessment intervals during the first 2 years of treatment 
as each of the scores increased. These findings indicate that the 
relationship between progress in the behavioral curriculum 
during treatment and standardized tests of adaptive behavior 
was strong and that this strong relationship has now been 
demonstrated with multiple versions and editions of the Vine
land and using both raw scores and standard scores. These 
increasing correlations throughout treatment also suggest that 
future studies examining correlations between these two mea
sures should specify the timing with respect to treatment 
(e.g., no treatment, during treatment, post treatment).

Previous studies examined change scores on the VB‐MAPP 
(e.g., Lotfizadeh et al. 2020; Vietze and Lax 2020) from intake 
to discharge but not throughout treatment, limiting our 

FIGURE 3 | Individual participant improvement on the VB‐MAPP as total change scores.
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understanding of growth patterns over time. Lotfizadeh et al. 
reported average change scores of 69 points (converted from 
their percent score calculation) over a span of 2 years of treat
ment, however, they excluded all patients with high intake 
scores. In comparison, the mean change score for all partici
pants with intake and discharge scores in the current study was 
also approximately 70 points, but that change occurred over a 
shorter span of time (i.e., about 1.5 years) and did not exclude 
higher scoring patients at intake, who experienced slower 
progress. Similar to Lotfizadeh et al. (2020), an analysis of the 
individual change scores (see Figure 3) revealed a full contin
uum of change scores, with greater average change for those 
with a recommended discharge (M = 85) compared to those 
who exited prematurely (M = 62.6). The individual participant 

analyses in both studies demonstrate the heterogeneity of skill 
presentation at the onset of treatment as well as in response to 
treatment across time.

Like (LeBlanc et al. 2025), this analysis also revealed differential 
results for those who remained in service for the recommended 
duration versus those elected to pursue school rather than 
continuing in services. A relatively high percentage of families 
chose to pursue school, on average at about 1.5 years of treat
ment services. The decision to pursue public school rather than 
private health care services could occur for many reasons, 
including financial considerations, transportation convenience, 
societal expectations for age at entry to school, preference for 
having their child with same age peers during the day, and 

FIGURE 4 | Quadratic growth curve analysis (n = 282). Nearly all intake assessments (280 of 282) were conducted prior to the beginning of 
treatment, which is denoted as 0 on the x‐axis. For most patients the start of treatment occurred weeks to a few months after the assessment was 
completed, thus their first data points fall to the left of the 0 mark; for two patients the first assessment occurred shortly after the start of 
treatment, placing their first data point just to the right of 0. The Recommended Exit curve is drawn only where its model‐implied mean lies 
within the VB‐MAPP's range (see Statistical Analysis for more information).
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belief that their child has experienced the maximum benefit of 
treatment, among others. Lower VB‐MAPP scores and 
comparatively slower growth curves (on average) were evident 
for children who exited prior to recommendation compared to 
those who were recommended to discharge. No conclusions can 
be drawn about causality, but future studies might examine the 
variables that influence the decision to exit or remain in services 
until recommended discharge.

Vietze and Lax (2020) reported a mean change score of 44 points 
on the VB‐MAPP for toddlers in a low intensity behavioral early 
intervention program. This mean change score is lower than the 
mean for the current sample and Lotfizadeh et al. (2020) (i.e., 
M = 69 points); however, the duration of the program was less 
than 1 year, and the average age at discharge was younger than 
the average age at intake for the current sample. Our own 
regression analysis indicated that children starting services at a 
younger age had lower scores at intake and that rates of 
improvement during treatment did not differ credibly across the 
age range, meaning younger children at the start of services 
were gaining skills during a developmental window in which, 

absent effective intervention, the adaptive gap has been reported 
to widen (Casula et al. 2024; Szatmari et al. 2015), supporting 
the critical role of early identification and intervention. Taken 
together, these findings and those of MacDonald et al. (2014), 
suggest that when children are identified early and receive 
treatment services, the effects of treatment may be larger and 
may be achieved at shorter treatment durations. However, 
behavior analysts are cautioned to remember that the VB‐MAPP 
is not a standardized measure, and change scores cannot be 
interpreted against a success threshold the way scores on stan
dardized measures can (i.e., standard scores, minimum clini
cally important difference scores). That said, data from multiple 
studies from routine care settings could eventually be used to 
establish benchmarks and ranges for expected change scores at 
different points in treatment.

The growth‐curve analysis parallels that of Myers et al. (2022) 
and similarly reveals steeper growth earlier in treatment. The 
largest change scores occurred early in treatment (i.e., between 
A1 and A2 and between A2 and A3), with a lower magnitude of 
change later in treatment. These findings are consistent with the 

TABLE 3 | Bayesian regression summary.

VB‐MAPP (quadratic)
Family: Gaussian | Observations: 994

Term Estimate SE
95% CrI R‐ 

hat
ESS 

(bulk)
ESS 

(tail)Lower Upper

Residual
sigma (residual) 10.97 0.39 10.22 11.75 1.00 2947 5877

Random effects (child level)

SD (intercept) 23.99 1.18 21.79 26.38 1.00 4768 7936

SD (time since start of service) 22.42 1.61 19.36 25.71 1.00 3113 6503
Cor (intercept, time since start of service) 0.43 0.07 0.28 0.57 1.00 4733 6530

Fixed effects (μ)

(Intercept) 43.19 2.36 38.54 47.83 1.00 5138 7126

Time since start of service (years) 74.81 2.09 70.68 78.90 1.00 9491 9265

Time since start of service (years)2 −10.40 0.92 −12.21 −8.64 1.00 13,367 9577

Age (centered) 10.75 1.43 7.90 13.54 1.00 4094 6424

Gender—Male −3.99 1.76 −7.45 −0.53 1.00 4529 6515

Ethnicity—White 10.50 3.19 4.21 16.88 1.00 4376 6588

Ethnicity—American Indian or Alaska Native 5.70 8.25 −10.45 21.87 1.00 7657 8166

Ethnicity—Asian −3.14 3.73 −10.42 4.17 1.00 4875 6866

Ethnicity—Black or African American −6.09 3.72 −13.37 1.21 1.00 5024 6412

Ethnicity—Hispanic or Latino −2.01 3.30 −8.54 4.50 1.00 4451 6262

Ethnicity—Missing 1.21 4.93 −8.45 10.80 1.00 5189 6929

Ethnicity—Multiple ethnicity −6.57 5.72 −17.64 4.76 1.00 6458 7677

Discharge—Premature exit −8.04 1.62 −11.21 −4.86 1.00 3355 6750

Time since start of service (years) × age (centered) −1.15 1.47 −4.03 1.73 1.00 6443 8056
Time since start of service (years) × discharge—Premature 
exit

−7.28 1.69 −10.68 −3.95 1.00 7546 8458

Note: Factors are effects‐coded (sum‐to‐zero), so each contrast is a deviation from the grand mean; the omitted contrasts are Gender—Female, Ethnicity—Other, and 
Discharge—Recommended exit.
Abbreviations: Cor = correlation between the random intercepts and slopes, SD = standard deviation of the child‐level random effects.
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purpose of EIBI to accelerate learning rates in order to close 
developmental gaps (MacDonald et al. 2014). However, on 
average, improvement occurred at every assessment interval, 
even for those who were in treatment for the longest durations 
and who had slower growth rates throughout treatment. Thus, it 
would be inappropriate to deny access to treatment services for 
those with slower response rates and/or longer treatment du
rations who are still making progress on important curriculum 
targets. It is important to note that a ceiling effect was evident as 
some children achieved near‐maximum scores and then tran
sitioned to a different assessment during the course of ongoing 
treatment. This suggests that future editions of the VB‐MAPP 
would benefit from expansion of curriculum targets at higher 
developmental levels. In addition, this is only the first study of 
growth curves on the VB‐MAPP, and additional studies should 
be conducted to determine if these findings are replicated.

Finally, in addition to age at the start of services and discharge 
category (discussed above), two other variables were predictive 
of VB‐MAPP scores. Males, who were the majority of the sample 
(i.e., over 75%), scored below the overall gender mean at any 
given point in treatment (a male‐female difference of roughly 
eight points), suggesting that females in the sample (i.e., below 
25%) had comparatively higher scores. The model did not 
include interactions between time and either gender or race/ 
ethnicity, so these coefficients describe overall score level and 
are not informative about differences in the rate of progress 
during treatment. In addition, participants identified in the 
White race/ethnicity category (representing less than 30% of the 
sample) also had higher scores on average, with few differences 
for any other category. The predictive value of these two de
mographic variables reinforces the importance of the call for 
more detailed reporting of demographic variables in behavior 
analytic research (Jones et al. 2020). However, it is likely that 
associated unmeasured third variables account for the observed 
effects rather than the measured demographic variables them
selves (e.g., resources and broader system inequities rather than 
skin pigment; gender‐associated differences in co‐occurring 
medical conditions and diagnostic patterns rather than direct 
X or Y chromosome effects). These findings highlight the 
importance of equitable access to EIBI and the dangers that 
would arise from access or dosage decisions being based on 
these types of treatment‐response predictive analyses. Rather, 
these types of analyses should be used to help understand when 
a longer duration of treatment might be required to achieve 
good outcomes.

All of these findings should be interpreted in the context of the 
limitations of retrospective analyses in routine clinical care. 
Retrospective studies, such as this one, are only able to examine 
the data that exist in the record to describe variables and co‐ 
variates without a direct manipulation or control for those 
variables. Rather than firm causal conclusions about variables, 
conclusions are limited to variables that are associated with 
differences in outcome. For example, although age at intake 
covaried with initial scores, these data indicate correlation 
rather than causation. Prospective studies typically control pa
rameters of test administration (i.e., intervals between assess
ments, selection of assessments, assessors who are not also the 
treatment provider, secondary observers) as well as treatment 
(i.e., treatment intensity, duration of treatment, no prior 

exposure to treatment). In routine clinical care, these variables 
are heavily influenced by individual provider choices, gener
ating what has been referred to as real world data with various 
limitations. Total change scores could not be calculated when 
the BCBA switched assessments as treatment progressed, usu
ally due to ceiling effects with the VB‐MAPP. Children who 
made the most rapid progress in treatment may have been 
eliminated from the total change scores analysis, resulting in an 
underestimate of change scores. In addition, many different 
BCBAs administered the assessments across participants, and 
potentially for the same participant over time. Assessor‐related 
variables (e.g., bias, variability in administration) likely ac
count for some portion of the observed variability in scores over 
time. In addition, treatment intensity recommendations were 
directly based on the measures examined in the study rather 
than held constant, so the effects of treatment intensity as an 
independent variable on progress cannot be examined. The 
sample also included participants with potential prior exposure 
to treatment at some unknown intensity and duration. Finally, 
the duration of treatment was shorter than intended for some 
participants (i.e., premature exit) and was, on average, shorter 
than the duration in controlled studies (approximately 
18 months compared to 2 years or more). However, these con
ditions represent routine clinical care as encountered by many 
children with autism in the United States with health care‐ 
funded treatment services.

These limitations are managed, though not eliminated, by 
several features of the study’s design. Members of the investi
gative team are employed by the organization that provided 
treatment, and we structured the analysis to limit the influence 
of that affiliation on the results: all assessment, treatment, and 
discharge decisions occurred as part of routine care without 
direct influence by the research team (see Methods); inclusion 
required only two VB‐MAPP administrations rather than a 
complete battery of every measure, so children with incomplete 
records were retained (the smaller samples for the VABS‐III 
correlations reflect this choice); children were followed to 
their actual point of discharge rather than to a fixed study 
duration; and we report individual‐level distributions and 
change scores alongside model‐based averages, so the full range 
of outcomes, including children who progressed slowly, remains 
visible.

In summary, the current findings contribute to our under
standing of the changes observed on the VB‐MAPP in a routine 
clinical care setting for a large, diverse sample of young children 
with ASD in center‐based EIBI services. Lower scores were 
associated with male gender and premature exit, and children 
who were older at intake began with higher scores but did not 
differ credibly in their rate of improvement; however, children 
remaining in services for multiple treatment authorizations 
continued to experience positive gains, on average, at every 
assessment interval. As more published studies provide detailed 
data on changes in curriculum assessments, benchmarks for 
expected change scores may eventually be established to provide 
a comparison for providers to evaluate the relative effects of their 
treatment services. In addition, the correlations between the VB‐ 
MAPP scores and standardized scores on the VABS‐III provide 
evidence that treatment gains are reflected in measures other 
than the assessment that directly guides programming.
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