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Abstract
The present study examined language trajectories and placement outcomes for children with autism spectrum disorder (ASD) 
receiving early intensive behavioral intervention (EIBI). Language measures were collected at baseline and 6, 12, 18, 24, 
and 36 months or until exit from EIBI in 131 children with ASD. Growth models estimated overall and subgroup language 
trajectories. Overall, children receiving EIBI showed substantial increases in language relative to normative expectations. 
Earlier age at EIBI start, higher baseline cognitive function, and lower baseline ASD severity predicted better language 
trajectories. Although there was significant variability in language trajectories and educational outcomes, most children 
showed significant increases in language scores, relative to normative expectations. Additional research, in more representa-
tive samples, is needed to understand this variability.
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An accumulation of evidence from early developmental and 
behavioral interventions in children with Autism Spectrum 
Disorder (ASD) has demonstrated efficacy in enhancing cog-
nitive development, reducing symptomology, and increas-
ing adaptive function (Dawson et al. 2010; Eldevik et al. 
2009; Granpeesheh et al. 2009; Green et al. 2017; Hardan 
et al. 2015; Howard et al. 2005; Howlin et al. 2009; Kasari 
et al. 2008; Mohammadzaheri et al. 2014; National Research 
Council & Division of Behavioral and Social Sciences 
Education 2001; Peters-Scheffer et al. 2011), in addition to 

providing long-term cost-effectiveness (Peters-Scheffer et al. 
2012). However, reservations over the methodological rigor 
and overall strength of the evidence has resulted in ambigu-
ity over the efficacy of early behavioral interventions for 
ASD (Ospina et al. 2008; Warren et al. 2011). This ambi-
guity has prompted additional funding (e.g. Department of 
Defense Autism Research Program and Autism Care Dem-
onstration) to better understand the efficacy of early behav-
ioral interventions.
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Structured Behavioral Interventions

Many early intervention packages are based on Applied 
Behavior Analysis (ABA), which is a learning theory asso-
ciated with a set of principles and techniques, underlying 
both structured and naturalistic intervention approaches 
(Schreibman et al. 2015), intended to increase the fre-
quency and strength of desired behaviors and decrease or 
extinguish undesired behaviors (Cooper et al. 2007). In 
early intensive behavioral intervention (EIBI) programs, 
the structured application of ABA relies heavily on the use 
of discrete trials and positive reinforcement to alter stim-
ulus–response contingencies (Landa 2007). ABA-based 
EIBI utilizes patient-specific functional analyses of behav-
iors to develop individualized intervention targets where 
complex behaviors are broken down into specific steps and 
reinforced to gradually approximate the desired behavior 
and ultimately enhance learning (Mohammadzaheri et al. 
2014). Throughout this process, discrete trials are repeat-
edly administered using target stimuli to strengthen the 
relationship between a specific stimulus-behavior pair-
ing (learning trials) until the target behavior/response is 
achieved. This ideally requires strict control over the dis-
crete trial process and stimuli, with minimal distractors 
in the teaching environment. During early learning trials, 
primary reinforcements (e.g., edibles) are often paired 
with secondary reinforcements (e.g., verbal praise); with 
the rationale that more naturally occurring secondary rein-
forcers will eventually replace primary reinforcers to help 
promote generalization.

Naturalistic Developmental and Behavioral 
Intervention

In contrast to the structured application of ABA, natu-
ralistic developmental and behavioral interventions 
(NDBIs) merge ABA principles with developmental sci-
ence (Schreibman et al. 2015) by emphasizing develop-
mental approaches to teaching through the acquisition of 
prerequisite skills before more advanced behaviors are 
addressed. This is accomplished through shared control 
of therapeutic focus and goals (Schreibman et al. 2015) 
through child-led activities (Koegel et al. 1987), whereby 
the child’s spontaneous behaviors and interests guide ther-
apeutic responses (Mahoney and Perales 2003) resulting 
in learning and maintenance task variation (Dunlap 1984). 
Throughout this process, child engagement and motiva-
tion is maximized (Koegel et al. 1999) enabling natural 
reinforcement strategies to be used (Koegel and Williams 
1980). Furthermore, NDBI’s approach addresses concerns 

that structured ABA therapies that can lead to prompt-
dependence, limited generalization, and child avoidance 
of strictly prescribed activities that do not provide them 
with natural motivation and attention (Schreibman 2005); 
while common features of both structured and naturalistic 
EIBI programs are the early application (before age 3–4) 
and intensive nature of treatment (20–40 h per week).

Early Intensive Behavioral Intervention 
Outcome Measures

Over the last two decades, structured and naturalistic EIBI 
variants have demonstrated improvements across a range 
of developmental outcomes (Cohen et al. 2006; Dawson 
et al. 2010; Eikeseth et al. 2002; Eldevik et al. 2009; How-
ard et al. 2005; Mohammadzaheri et al. 2014; Smith et al. 
2000). These results have suggested high rates of main-
stream school placement (Howard et al. 2005; Howlin et al. 
2009; Lovaas 1987), positive long-term outcomes for a pro-
portion of individuals (Landa and Kalb 2012; McEachin 
et al. 1993), and increased language and communication 
skills (Dawson et al. 2010; Eikeseth et al. 2002). However, 
study reviews have emphasized the high variability in EIBI 
treatment response (Howlin et al. 2009; Warren et al. 2011). 
Many of these studies have utilized small sample sizes and 
lack details regarding longitudinal measurements acquired 
throughout intervention, which is likely due to the high time-
related demands from therapists and cost to implement these 
procedures. As a result, there remains a gap in our under-
standing of individual differences in the neurobehavioral 
changes that occur during EIBI programs.

Language is an important response target for many EIBI 
programs (Almirall et al. 2016; Dawson et al. 2010; Kasari 
et al. 2008; Koegel et al. 1987), as young children with ASD 
often show difficulties that range from limited receptive and 
expressive language to mild pragmatic difficulties in highly 
fluent individuals with ASD (Tager-Flusberg et al. 2005). 
In fact, studies have demonstrated EIBI-related gains (from 
medium to very large) in verbal IQ and other language 
assessments (Dawson et al. 2010; Hardan et al. 2015; Howlin 
et al. 2009) that include receptive and expressive measures. 
However, many of these studies have reported outcomes 
from short-term or less intensive interventions (Green et al. 
2017; Hardan et al. 2015; Kasari et al. 2008), or from a 
treatment midpoint and/or endpoint measure (Dawson et al. 
2010; Howard et al. 2005). In order to maximize outcomes, 
a better understanding of the comprehensive developmental 
trajectory of receptive and expressive language during long-
term EIBI, as well as predictors of language trajectories dur-
ing intervention, is necessary. Predictive information could 
provide early indication of individual language trajectories 
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(positive or negative) to allow for early intervention modifi-
cation and appropriate allocation of resources.

Baseline cognitive ability (global IQ, verbal IQ, non-
verbal IQ, receptive language) and adaptive behaviors have 
been consistent predictors of more positive change during 
EIBI treatment (Ben-Itzchak et al. 2014; Ben-Itzchak and 
Zachor 2007; Howlin et al. 2009; Sallows and Graupner 
2005; Smith et al. 2015) and, in at least a few cases, higher 
cognitive ability (non-verbal ability or developmental quo-
tient) has predicted greater EIBI efficacy within a rand-
omized controlled trial (Hardan et al. 2015; Rogers et al. 
2019). Lower ASD severity (Smith et al. 2000), improved 
social engagement (Ingersoll et  al. 2001; Smith et  al. 
2015), joint attention (Mundy and Crowson 1997; Mundy 
et al. 1990), imitation (Sallows and Graupner 2005), and 
play skills (Ingersoll 2010; Kasari et al. 2008; Sherer and 
Schreibman 2005) have also been associated with posi-
tive outcomes in the context of treatment, but with much 
less consistency than cognitive ability. Further, evaluation 
of these predictors has predominantly occurred in studies 
using a single treated group where prediction of efficacy or 
effectiveness is conflated with prediction of natural develop-
ment. In addition, age of treatment initiation has not been 
a consistent predictor of better outcomes in treated groups, 
despite the well-known impetus to initiate intervention as 
early as possible (Howlin et al. 2009; Smith et al. 2015); 
however, these findings may be influenced by methodology 
where small samples and restricted age ranges were used 
to assess early intervention age. Finally, outside of EIBI 
studies, early motor skills (Bedford et al. 2016) and other 
behavioral profiles (Bopp et al. 2009) have been linked with 
differences in developmental outcomes. Thus, prediction of 
developmental outcomes either prior to or early into EIBI 
could be used to guide treatment targets, track progress, and 
help to plan for transitions to educational environments.

The Present Study

The current study seeks to address methodological issues in 
EIBI outcome research, including small sample sizes, lack of 
repeated measurements throughout intervention, and inad-
equate detail of procedures, which have previously resulted 
in inconsistencies and ambiguity of outcomes. Our approach 
addresses these limitations by reporting on the largest clini-
cally ascertained sample of children with ASD receiving 
EIBI to date (to our knowledge) with planned longitudinal 
language data collection and post-treatment educational 
placement outcomes. The inclusion of clinically-ascer-
tained participants is advantageous, as prior studies have 
been criticized for recruiting samples with relatively high 
cognitive ability and functional levels, which inadequately 

represents real-world clinical EIBI patients (Vivanti et al. 
2014), restricting the usefulness of the outcome data.

We have addressed four specific aims in the current 
study. First, we sought to estimate overall language trajec-
tories from EIBI initiation to exit; we expected that children 
receiving EIBI with ASD would show large overall increases 
in language and vocabulary scores relative to age norms 
(standard scores ≥ 10 points by 36 months of treatment), but 
that substantial individual variability would be observed. 
The expectation of a large overall increases in language 
scores is based on EIBI clinical trials and systematic reviews 
suggesting medium-to-large increases in language and/or 
cognitive ability (Dawson et al. 2010; Eldevik et al. 2009; 
Howlin et al. 2009; Peters-Scheffer et al. 2011; Rogers et al. 
2019). Our second aim was to evaluate demographic and 
clinical predictors of overall language trajectories. Third, 
given high variability in overall trajectories, we explored 
whether sub-groups of language trajectories and their corre-
lates could be empirically-identified. Based on prior research 
(Bopp et al. 2009; Fountain et al. 2012; Lord et al. 2012a, b; 
Smith et al. 2015) and the clinical observation of fast, mod-
erate, and slow learning patterns during EIBI treatment, we 
expected to observe at least 3 language trajectory sub-groups 
and expected that younger age at treatment initiation, lower 
autism symptom severity, and higher baseline language and 
cognitive ability would be significant predictors of more 
positive trajectories. Finally, we aimed to use information 
easily acquired at baseline and early within the intervention 
period to predict post-EIBI educational placement outcomes. 
Post-treatment educational placement has been emphasized 
as an important endpoint for understanding the benefits of 
EIBI (Howlin et al. 2009; Lovaas 1987) and is essential for 
caregivers as they examine future logistical and financial 
considerations for child placement needs. Based on existing 
literature, we anticipated that the earlier age of treatment 
initiation, lower ASD symptom severity scores, higher base-
line cognitive/language skills, and early treatment gains in 
language would predict more positive language trajectories 
and placement outcomes.

Method

Participants

Additional description of the methods is included in the 
supplemental online resources. The local IRB reviewed and 
approved the clinical data collection procedure for the cur-
rent project. Participants consisted of children with a con-
firmed ASD diagnosis (n = 131; 114 male; ages 1.4–5.9) 
who were enrolled in a single-site EIBI program at an aca-
demic medical center between 08/2002 and 03/2014. Inclu-
sion/exclusion criteria was not based on symptom, cognitive, 
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or functional severity, which is consistent with typical clini-
cal EIBI implementation and effectiveness research designs 
(Gartlehner et al. 2006). Data were collected as part of rou-
tine care, which included (a) prospectively planned language 
data, (b) age in years at program start (e.g. 2.5, 3.2) and race/
ethnicity (coded as white Non-Hispanic versus other race/
ethnicity) retrieved from medical records, (c) median house-
hold income, estimated from residential zip code (Berkowitz 
et al. 2015), and (d) other data elements that were coded 
post-hoc from available routine clinically-acquired infor-
mation. Calendar year of entry (e.g., 2006, 2007, etc.) was 
recorded and explored as a predictor of language trajectories 
and outcomes.

Consensus clinical DSM-IV-TR or DSM-5 ASD diagno-
sis was made by a multi-disciplinary evaluation team that 
included (a) parent interview by a clinical psychologist, (b) 
developmental evaluation by a physician, and (c) cognitive/
language testing by a trained psychology aide or speech/
language pathologist. DSM-IV-TR diagnoses were reviewed 
and all children met criteria for DSM-5.

Clinical Assessments

When feasible, language measures were collected at base-
line and 6, 12, 18, 24, and 36 months post program entry 
through exit. These language measures consisted of recep-
tive and expressive measures taken from the Preschool Lan-
guage Scales—Fourth or Fifth Edition (PLS) (Zimmerman 
et al. 2011), receptive and expressive one-word vocabulary 
obtained from the Receptive One-Word Picture Vocabulary 
Test—Third Edition (ROWPVT) or the Peabody Picture 
Vocabulary Test—Third or Fourth Edition (PPVT) (Dunn 
and Dunn 2007 1997), and the Expressive One-Word Picture 
Vocabulary Test—Third Edition (EOWPVT) or the Expres-
sive Vocabulary Test—First or Second Edition (EVT) (Wil-
liams 1997, 2007). Verbal and non-verbal IQ estimates were 
obtained from either the Mullen Receptive Language and 
Visual Reception subtests (Mullen 1995) or the Wechsler 
Preschool and Primary Scales of Intelligence—Third or 
Fourth Edition (WPPSI) (Wechsler 2002, 2012), based 
on age and ability of the child. All of these measures have 
previously shown good internal consistency reliability and 
construct validity across the relevant ages in this sample. 
Verbal IQ estimates from well-established standardized 
measures were prioritized, however, if these measures were 
not available for a participant, then all available verbal test 
information was averaged across (a) PLS Total Language, 
(b) PPVT, (c) EVT, and (d) Mullen Receptive and Expres-
sive Language or WPPSI subtest scores.

Other measures included: (a) cognitive testing (Mullen 
or WPPSI) to estimate intellectual disability, (b) Vineland 
Adaptive Behavior Scales—Caregiver Rating Form to deter-
mine adaptive function later in treatment, and (c) educational 

and/or medical record descriptions to document additional 
behaviors and/or medical comorbidities. ASD symptomol-
ogy and traits were also measured using both clinician-rated 
and parent-report measures. Clinician-rated measurements 
included calibrated severity scores from the Autism Diag-
nostic Observation Schedule—First or Second Edition 
(ADOS) (Lord et al. 2002, 2012a; b) and raw scores from 
the Childhood Autism Rating Scale (CARS) (Esler et al. 
2015; Gotham et al. 2009; Lord et al. 2012a, b; Luyster et al. 
2009; Schopler et al. 2010). Parent-report ASD trait meas-
ures utilized age-adjusted Total T-scores from the Social 
Responsiveness Scale—Second Edition (SRS-2; (Constan-
tino and Gruber 2012). Each of these measures has been 
shown to have strong internal consistency and/or test–retest 
reliability (Constantino and Gruber 2012; Garfin et al. 1988; 
Lord et al. 2012a, b; Schopler et al. 2010), good screening 
or diagnostic accuracy/agreement (Chlebowski et al. 2010; 
Constantino and Gruber 2012; Molloy et al. 2011; Risi 
et al. 2006; Schopler et al. 2010; Ventola et al. 2006a), and 
prior research has found good convergent validity between 
these measures (Bolte et al. 2008; Ventola et al. 2006b). 
To address longitudinal inconsistencies in the collection of 
ASD symptom measures, a clinical judgment of ASD sever-
ity, using mild (= 1) or moderate to severe (= 2) categories, 
was created using the following interpretation guidelines, 
mild was scored as ADOS total severity score 4–5, CARS 
raw score 30–36.5, and SRS Total T-score 60–75; and mod-
erate to severe was scored as ADOS total severity score 6 + , 
CARS raw score 37 + , and SRS Total T-score 76 + . In six 
cases, none of these ASD severity measures were available, 
therefore severity was categorized using clinical diagnostic 
team judgement with the use of all available baseline clinical 
information that they had obtained for those children. All 
clinical measures were administered according to standard-
ized procedures.

Early Intensive Behavioral Intervention Procedures

Each child’s EIBI program initially utilized a structured 
ABA approach with heavy emphasis on 1:1 discrete trial 
teaching and primary reinforcement to acquire initial 
compliance-based skills (ex. sit in chair, look at me, hands 
down, etc.). Once acquired, discrete trials teaching con-
tinued to ensure compliance skill maintenance and more 
naturalistic child-led activities using secondary reinforce-
ments were included. For example, children participated 
in group activities using a leader-prompter model in pre-
school environments. The leader-prompter model has a 
teacher at the front with students sitting around the teacher 
in a semi-circle with therapists behind each student act-
ing as prompters. Various topics can be presented by the 
teacher ranging from social skills to new academic concepts 
and appropriate behavioral responding is reinforced by the 
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prompter. Weekly classroom-based intervention times var-
ied by age of the child; children < 3 received up to 30 h, 
and those ≥ 3 up to 32.5 h. In addition, all children received 
1 h per week of 1:1 speech-language therapy that focused 
on building basic receptive and expressive language, and 
advanced sentence-level production and pragmatic language 
skills for more advanced students. Nearing the end of the 
intensive treatment phase children received a therapist who 
shadowed them to help facilitate transition to the new edu-
cational environment.

To support placement decisions, post-EIBI outcomes 
were obtained from the treatment team and ordinally coded 
as follows: 1-mainstream placement with no special edu-
cation supports; 2-minimal educational supports within 
a typical classroom placement (no aide) that included an 
IEP or 504 plan to specify accommodations and therapies 
needed (speech/language or occupational therapy); 3-sub-
stantial educational supports either within special education 
classrooms that have a low student:teacher ratio, or within 
a typical classroom with a 1:1 aide without ABA or behav-
iorally-based program support; and 4 = intensive behavio-
ral intervention support, with low ratio 1:1 or 2:1 ABA or 
specialty behaviorally-based placement. Then, the treatment 
team shared these outcome recommendations with the par-
ents, who then made a final decision regarding educational 
placement for their child.

Statistical Analyses

Descriptive statistics (M, SD, range) were used to charac-
terize demographic and clinical features of the sample. No 
univariate or bivariate outliers were detected. Analyses with 
and without very low and very high language scores did not 
influence the pattern of language trajectories. Therefore, all 
cases were included in subsequent analyses. Missing data 
at follow-up time points were examined by estimating dif-
ferences between cases with and without data on baseline 
demographic (age at EIBI start and sex) and clinical fac-
tors (ASD severity, time in program [exit minus entry in 
months], and verbal and non-verbal IQ).

Aim 1a (Overall Trajectories)

To examine overall language trajectories, we computed 
random intercept and slope growth curve models separately 
for each of the five language measures (PLS total language, 
receptive language, and expressive language; ROWPVT or 
PPVT receptive vocabulary; and EOWPVT or EVT expres-
sive vocabulary). Then, language measures obtained at base-
line and 6, 12, 18, 24, and 36 months post-EIBI initiation 
were used to characterize language development through-
out intervention using growth models. Maximum likelihood 
estimation was used and model fit was evaluated using the 

Comparative Fit Index (CFI) and Bayesian Information 
Criterion (BIC) (Bentler 1988). Comparisons were made 
between models with and without quadratic parameters 
to determine whether including this parameter enhanced 
description of the growth process. In all cases, adding the 
quadratic parameter substantially increased fit and, there-
fore, models are presented with linear and quadratic slopes. 
We also investigated whether the calendar year of entry into 
the EIBI program (e.g., 2006, 2007, etc.), race, and median 
household income were correlated with intercept and slope 
parameters from growth models and educational placement 
outcomes.

Aim 2 (Predictors of Overall Language Trajectories)

To examine what factors may be important correlates of lan-
guage ability at entry and during the course of EIBI, over-
all growth models from Aim 1a were re-estimated adding 
demographic (age at EIBI start, sex) and clinical predictors 
(ASD severity, time in program (months from entry to exit), 
verbal IQ, and non-verbal IQ) of baseline language ability 
(intercept) and change in language ability during interven-
tion (linear slope). An early reviewer of this work suggested 
examining race/ethnicity, median household income, and the 
calendar year of entry into the EIBI program. Therefore, 
these were included in post-hoc analyses. Calendar year 
of entry into the EIBI program evaluates whether program 
improvements over time, particularly a gradual shift toward 
increased use of naturalistic teaching strategies as the field 
become more aware of their value, might predict positive 
language trajectories. It is important to note that, in these 
models, estimates of individual change can be highly vari-
able. For example, a child with a low rate of change early 
in treatment can have the same end point as a child with a 
high rate of change early in treatment because the children 
may differ in their later patterns of change reflected in the 
quadratic slope. Furthermore, predictors of linear change in 
this model are relevant to early change patterns and not to 
later differences in the pattern of change.

Aim 3 (Sub‑group Trajectories)

When growth models identify significant variability in 
overall longitudinal trajectories, it is possible to estimate 
sub-group trajectories that represent distinct patterns of 
growth. To estimate sub-group trajectories, growth mix-
ture models were computed using the same underlying 
growth process as described above and estimated across 
an increasing number of latent classes (1–4). Model fit 
was evaluated using the BIC (Bentler 1988; Nylund et al. 
2007) and changes in BIC (Raftery 1995), with smaller 
BIC values and decreases in BIC > 5 indicative of better 
fit. Entropy was also included to describe whether more 
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complex class structure resulted in substantially improved 
classifications. Model classifications were saved, and class 
descriptions were computed using analysis of variance and 
chi-square statistics.

Aim 4 (Predictors of Educational Placement Outcomes)

To examine potential predictors of educational placement 
support at EIBI program exit, we first computed bivariate 
Spearman’s Rho correlations between ordinal educational 
placement support code (1–4) and demographic informa-
tion (age at EIBI start, sex), baseline clinical character-
istics (ASD severity, verbal IQ, non-verbal IQ), baseline 
language measures, and 6-month change in language 
measures. These measures were chosen a priori from the 
available data because they are commonly used in clinical 
practice, are often available to clinicians prior to treatment 
initiation, and existing data suggest they may be useful 
in predicting outcomes (Hardan et al. 2015; Howlin et al. 
2009; Sallows and Graupner 2005). Inclusion of 6-month 
changes was chosen a priori to determine whether this 
information might be useful to assist clinicians in provid-
ing information to caregivers regarding future placement. 
The choice was supported by overall growth models show-
ing that most language change occurred within the first 
6–12 months. Based on the results of bivariate correla-
tions, two separate prediction models of educational sup-
port at EIBI exit were computed using probit regression. 
The first model included age, ASD severity, total language 
at baseline, and 6-month change in total language as pre-
dictors. The second model included age, ASD severity, 
and non-verbal IQ. A model with only non-verbal IQ was 
chosen a priori because baseline and 6-month language 
follow-up may not be available in all clinical environ-
ments and non-verbal IQ has been found to be a strong 
predictor of outcome in prior research (Hardan et al. 2015; 
Howlin et al. 2009). Model results were internally cross-
validated using training and test subsamples (70% and 
30% of cases, respectively). Total language was the only 
language measure included in these models because it was 
more strongly correlated with educational support scores 
than other measures.

SPSS version 25 was used to compute descriptive 
statistics, chi-square, and ANOVA models (IBM Corp 
2018). MPlus version 7.3 was used to compute all growth, 
growth mixture, and probit regression models (Muthén 
and Muthén 1998–2012). Online Resource 1 provides 
additional methodological details including information 
on participants, diagnoses, clinical assessments, defini-
tions for key descriptive and predictive variables, EIBI 
procedures, statistical analyses, and statistical power 

calculations. Online Resource 2 presents the STROBE 
checklist for cohort studies (von Elm et al. 2007).

Results

Participant Characteristics

131 children (114 male; ages 1.4–5.9) were enrolled in the 
EIBI program and had language data (Table 1), six children 
were excluded due to not have any language assessments 
at any timepoint. While the modal time for EIBI program 
enrollment was 2 years, individual data showed high vari-
ability among length of enrollment with (a) 2% (n = 3) being 
enrolled for < 6 months; (b) 19% (n = 25) between 6 and 
12 months; (c) 17% (n = 22) between 13 and 18 months; 
(d) 18% (n = 38) between 19 and 24  months); (e) 29% 
(n = 38) between 25 and 36 months; and (f) 15% (n = 20) for 
37 + months. Age at entry was moderately negatively cor-
related with time in program (r = − 0.37, p < 0.001). Upon 
EIBI completion, approximately 38% of the children exited 
to a no support or minimal support educational placement, 
while 28% required significant special education support 
without intensive behavioral intervention, with 34% requir-
ing ongoing intensive behavioral intervention. ASD symp-
tom severity ranged from moderate to severe, and as such 
baseline language and cognitive scores were highly variable 
and fell, on average, at the lower end of the borderline range 
(Standard Score (SS) ~ 70). However, only 28.2% of the sam-
ple was identified as having an intellectual disability, which 
may be under-reported in the medical records for children 
in this age range, in addition, the average adaptive behavior 
composite score was in the low range. Online Resource 3 
presents age at EIBI entry and exit, length of follow-up, and 
missing and available data at relevant ages and timepoints.

Overall Changes in Language with EIBI

In line with Aim 1, growth models estimated a substantial 
increase in all 5 language measures (linear slope = 1.09–1.37, 
SE = 0.14–0.17, all p < 0.001), with increases from baseline 
to 36 months of ~ 10 standard score points (Fig. 1). Most 
growth occurred within the first 12 months, with continued 
gradual growth to 24 months, followed by a slight downturn 
from 24 to 36 months relative to expected trajectories (quad-
ratic slope = − 0.02 to − 0.03, p < 0.001). The overall pattern 
was highly consistent across measures.

Predictors of Overall Language Trajectories

Earlier age at program start, lower autism severity, higher 
verbal and non-verbal ability estimates predicted better tra-
jectories across language and vocabulary measures. Younger 
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age at program start was associated with longer time in EIBI 
treatment (r = − 0.37, p < 0.001). This likely reflects the fact 
that children who receive an earlier ASD diagnosis are often 
more impaired, have a longer time available for EIBI prior to 
school-age, and require additional treatment prior to place-
ment. Longer treatment (time in program) was also a signifi-
cant independent predictor of worse language trajectories. 
This suggests that staying longer in the program is indicative 
of worse language trajectory, regardless of the age at pro-
gram start, and reflects the need for ongoing intervention.

Post-hoc analyses indicated that race/ethnicity and house-
hold income were not associated with intercept or slope esti-
mates from these models (all p > 0.100), but calendar year of 
entry into the EIBI program was significantly positively cor-
related with greater improvements in total language (r = 0.20, 
p = 0.019), expressive language (r = 0.21, p = 0.013), and 
expressive vocabulary (r = 0.27, p = 0.001), reflecting pro-
gram improvements over time. Online Resource 4 presents a 
priori predictors of intercept and slope for all growth models. 
Fit for all models was adequate to good (CFI = 0.84–0.92), 
but suggested that further improvements might be possible 
by estimating sub-group (class) structure.

Sub‑Groups of Language Development During EIBI

A growth mixture model fit indicated that a 3-class struc-
ture was optimal for all language measures except receptive 
one-word vocabulary, where a 2-class structure was fit best 
(Online Resource 5). In general, larger numbers of classes 
(4 +) tended to have a worse fit, producing at least one 
class with a very small base rate (< 3%) without substantial 
improvements in ASD classification accuracy. For compari-
son across measures, we estimated 3-class structure for all 
measures and saved classifications for subsequent analyses. 
However, it should be noted that, for receptive vocabulary, 
where a 2-class structure fit slightly better than a 3-class 
structure, the two classes with higher baseline receptive 
vocabulary scores and large increases in receptive vocabu-
lary over time are probably best represented as a single class.

All five language measures had a class with low scores 
at baseline and very little improvement in standard scores 
over time, but the size of this class varied across measures 
(32–62%; Fig. 2a–e). This class was largest for receptive lan-
guage and smallest for receptive one-word vocabulary, pos-
sibly reflecting problems with more complex language struc-
tures in a subset of children with ASD. Each measure also 
had one class which started with low or borderline scores 
and showed a substantial increase over time, with the biggest 
increases being for receptive language and expressive vocab-
ulary. Additionally, each measure had a class with average 
initial language scores, but different patterns of change over 
time across measures. Class overlap across measures was 

Table 1  Sample characteristics

Time in Program (months) represents the number of months from 
the child starting in the program to their exit. SS Standard Score, 
CARS Childhood Autism Rating Scale, ADOS Autism Diagnostic 
Observation Schedule, SRS Social Responsiveness Scale. Total Lan-
guage was measured using the PLS Total Language Standard Score. 
Receptive Language was measured using the PLS Auditory Com-
prehension Standard Score. Expressive Language was measured 
using the PLS Expressive Communication Standard Score. Recep-
tive Vocabulary was measured using the Receptive One-Word Pic-
ture Vocabulary Test—Third Edition or Peabody Picture Vocabulary 
Test—Fourth or Fifth Edition. Expressive Vocabulary was measured 
using the Expressive One-Word Picture Vocabulary Test—Third Edi-
tion or the Expressive Vocabulary Test—First or Second Edition. 
Non-Verbal IQ n = 44. Adaptive Function Composite n = 55 was col-
lected using the Vineland Adaptive Behavior Scales-Caregiver Rating 
Form, but was collected at variable times during program enrollment, 
with most coming later in the EIBI program. Intellectual Disability 
diagnosis was only coded later during treatment using all available 
data. For these reasons, adaptive function composite and intellectual 
disability are included only for descriptive purposes and not as poten-
tial predictors of outcome

M (SD, range)

Demographics
 N 131
 Age at program start 3.3 (1.0, 1.4–5.9)
 Sex (n, %)

  Male 114 (87.0%)
  Female 17 (13.0%)

 Race/ethnicity (n, %)
  White non-Hispanic 103 (78.6%)
  Other race/ethnicity 28 (21.4%)

 Household Income ($) $72,165 (22,001, 
29,787–150,625)

 Time in program (months) 24.0 (11.7, 2–49)
 Educational support at exit (n, %)

  No support/mainstream 22 (17%)
  Minimal support 27 (21%)
  Significant support 37 (28%)
  1:1 IBI support 45 (34%)

Autism symptoms
 ASD severity (n, %)

  Mild 52 (39.7%)
  Moderate/severe 79 (60.3%)

 CARS (n = 68) 36.7 (7.2, 25–56)
 ADOS severity score (range 1–10) (n = 30) 7.3 (2.2. 2–10)
 SRS total T-score (n = 44) 88.3 (17.3, 55–131)

Language
 Total language (SS) 68.2 (20.4, 50–150)
 Receptive language (SS) 69.0 (21.2, 50–150)
 Expressive language (SS) 70.7 (19.2, 50–150)
 Receptive vocabulary (SS) 70.0 (23.3, 50–148)
 Expressive vocabulary (SS) 70.0 (23.1, 50–144)

Cognitive and adaptive
 Verbal IQ 70.2 (21.3, 45–150)
 Non-verbal IQ 67.9 (21.5, 45–115)
 Adaptive function composite (SS) 56.7 (24.5, 13–108)
 Intellectual disability (n, %) 37 (28.2%)
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moderate to strong (class agreement 48.5–83.2%; weighted 
Κ = 0.32–0.79).

Age at EIBI program start was significantly associated 
with growth model classifications for total, receptive, and 
expressive language measures (Table 2). Children who were 
older at entry tended to fall in the low (Class 1) or border-
line (Class 2) initial language classes, which is consistent 
with older age of EIBI entry being associated with worse 
language trajectories in the overall analysis. However, age 
at EIBI program entry was not significantly associated with 
vocabulary trajectory classifications. Not surprisingly, for 
all measures, classes with better language trajectories spent 
less time in the EIBI program. Moderate to severe ASD 
symptoms and intellectual disability were more prevalent 
in classes with worse language trajectories. Finally, sex was 
not associated with latent class structure.

Prediction of Educational Placement Support at Exit

Younger age at EIBI start, lower ASD symptom severity, 
higher verbal and non-verbal IQ, higher baseline language, 
and larger 6-month increases in language measures were 
all significantly correlated with less educational support 
required at exit (Online Resource 6). Non-verbal IQ and 
6-month changes in total language were the strongest asso-
ciations (r = − 0.64 for both measures). Given the observed 
predictive overlap between verbal and non-verbal IQ and 
the potential that some programs will only collect language 
data, we estimated two separate probit regression models. 
The first model indicated significant independent contribu-
tions from age at EIBI start, ASD symptom severity, and 
baseline and 6-month changes in total language (Fig. 3), 
accounting for 55% of the variance in educational placement 
support outcomes. The second model indicated significant 
independent predictive contributions from ASD symptom 
severity and non-verbal IQ, accounting for 53% of the vari-
ance in educational placement outcomes. Age at EIBI start 
was not significant in this model but trended toward sig-
nificance and, for this reason, was retained as a predictor. 

Both models showed good internal cross-validation (Online 
Resource 7). Chronological year of entry into the EIBI pro-
gram (r < 0.01, p = 0.997), race (r = − 0.01, p = 0.889), and 
household income (r = 0.15, p = 0.111) were not significantly 
associated with placement outcomes.

Discussion

To our knowledge, this study included the largest clinically-
ascertained sample to date of ASD-affected children receiv-
ing EIBI with planned collection of language measures 
throughout treatment and recording of well-defined educa-
tional placement outcomes. From these data, three major 
findings emerged. First, generally positive, but highly vari-
able, language trajectories were observed during EIBI. Sec-
ond, three latent trajectories (sub-groups) were identified 
(albeit with different class sizes and slightly different trajec-
tories across measures) that explained much of the individ-
ual-level variability in language trajectories. Finally, base-
line and early treatment characteristics strongly predicted 
language trajectories and educational placement outcomes.

Language Trajectories

Careful examination of individual language trajectories 
identified that most of the children with ASD had meaning-
ful increases in language scores over the course of their EIBI 
treatment, even when compared to normative trajectories. 
For example, the present results identified that half of chil-
dren receiving EIBI had large increases in total language 
(≥ 12 SS points) after twelve months of intervention. Even 
more impressive, nearly 3/4 of children had large improve-
ments (> 10 SS points) in receptive (ROWPVT/PPVT) and 
expressive (EOWPVT/EVT) vocabulary after 1 year of 
EIBI. The large positive gains seen in this study, relative 
to the active arm of a recent three-site, randomized con-
trolled trial of the Early Start Denver Model (Rogers et al. 
2019), may reflect greater intensity of treatment, a variable 

Fig. 1  Growth model results 
for all language measures from 
baseline to 36 months. Con-
fidence intervals are included 
only for total language as these 
intervals were highly consistent 
in magnitude across different 
measures and including for all 
measures obscured the point 
estimates
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but generally longer treatment duration, and structured 
teaching of language as a primary intervention technique 
in the present study. Regardless, the sizeable proportion of 
children showing improved trajectories in these studies, and 
the magnitude of gains, suggests that EIBI may facilitate 
substantial language improvements in young children with 
ASD. Furthermore, these preliminary findings suggest that 
intensity, duration, and target emphasis across EIBI program 
delivery models may be important considerations for future 
controlled investigations. Although the current results are 

impressive, it is important to note that these results were not 
obtained using a randomized controlled trial, and therefore 
these gains could have been influenced by regression to the 
mean, parent and clinician expectations, practice effects, 
and/or natural development, resulting in language gains that 
may be equivalent to natural development.

Overall, most of the language gains occurred within 
the first 18 months of EIBI intervention, with the strong-
est initial gains (~ 11 SS points) occurring within the first 
12 months. This implies that, for many children receiving 

Fig. 2  Growth mixture model results, separately for each language measure. Results are presented only for the first 24 months of intervention, as 
some sub-group trajectories become unstable due to attrition before 36 months
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Table 2  Latent growth class descriptions for each language measure

Total language (PLS)

Class 1
Low with slight decrease

Class 2
Borderline with big 
increase

Class 3
High with big increase

Χ2/F (p)

N 61 40 30
Age at Program Start (M, SD) 3.6 (1.0) 3.3 (0.9) 2.9 (0.9) 6.29 (.002)
Time in Program (M, SD) 27.2 (12.3) 25.4 (10.8) 15.6 (7.1) 11.90 (< .001)
Educational Support after Exit (n, %)
 No Support/Mainstream 0 (0.0%) 4 (10.0%) 18 (60.0%) 75.20 (< .001)
 Minimal Support 11 (18.0%) 11 (27.5%) 5 (16.7%)
 Significant Support 13 (21.3%) 17 (42.5%) 7 (23.3%)
 1:1 IBI Support 37 (60.7%) 8 (20.0%) 0 (0.0%)

ASD Severity (n, %)
 Mild 10 (16.4%) 20 (50.0%) 22 (73.3%) 29.79 (< .001)
 Moderate/Severe 51 (83.6%) 20 (50.0%) 8 (26.7%)

Intellectual Disability (n, %) 36 (59.1%) 1 (2.5%) 0 (0.0%) 53.39 (< .001)

Receptive Language (PLS)

Class 1
Low with Slight Increase

Class 2
Borderline with Big 
Increase

Class 3
High and Stable

Χ2/F (p)

N 85 27 19
Age at Program Start (M, SD) 3.5 (1.0) 2.9 (0.7) 3.1 (1.0) 5.37 (.006)
Time in Program (M, SD) 27.4 (11.8) 19.3 (8.9) 15.2 (7.7) 13.22 (< .001)
Educational Support after Exit (n, %)
 No Support/Mainstream 1 (4.5%) 11 (40.7%) 10 (52.6%) 56.73 (< .001)
 Minimal Support 18 (21.2%) 4 (14.8%) 5 (26.3%)
 Significant Support 23 (27.1%) 10 (37.0%) 4 (21.1%)
 1:1 IBI Support 43 (50.6%) 2 (7.5%) 0 (0.0%)

ASD Severity (n, %)
 Mild 20 (23.5%) 14 (51.9%) 18 (94.7%) 34.99 (< .001)
 Moderate/Severe 65 (76.5%) 13 (48.1%) 1 (5.3%)

Intellectual Disability (n, %) 36 (42.4%) 1 (3.7%) 0 (0.0%) 23.85 (< .001)

Expressive language (PLS)

Class 1
Low with slight decrease

Class 2
Borderline with big 
increase

Class 3
High with big increase

Χ2/F (p)

N 66 52 13
Age at Program Start (M, SD) 3.6 (1.0) 3.2 (1.0) 2.8 (0.8) 4.92 (.009)
Time in Program (M, SD) 27.7 (12.2) 21.8 (10.1) 13.8 (6.6) 10.41 (< .001)
Educational Support after Exit (n, %)
 No Support/Mainstream 0 (0.0%) 15 (28.8%) 7 (53.8%) 57.80 (< .001)
 Minimal Support 13 (19.7%) 11 (21.2%) 3 (23.1%)
 Significant Support 13 (19.7%) 21 (40.4%) 3 (23.1%)
 1:1 IBI Support 40 (60.6%) 5 (9.6%) 0 (0.0%)

ASD Severity (n, %)
 Mild 13 (19.7%) 28 (53.8%) 11 (84.6%) 26.34 (< .001)
 Moderate/Severe 53 (80.3%) 24 (46.2%) 2 (15.4%)

Intellectual Disability (n, %) 36 (54.5%) 1 (1.9%) 0 (0.0%) 45.42 (< .001)
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EIBI, the majority of gains can be expected early in treat-
ment. While additional data and replication are needed, this 
finding suggests that some children can exit the program, 
receive decreased intensity of treatment, or shift the focus of 
treatment to other skills after 12–18 months of intervention, 
with plans for maintaining language gains while promoting 
integration into the next educational setting. Furthermore, 
other children may be able to shift from a heavy language 
focus to more intensive teaching of social skills, adaptive 
function, and/or other skills after acquiring these early 
improvements in language.

A non-trivial minority of children (~ 40% sub-group size 
across different measures) began with limited language/
vocabulary skills and showed language gains comparable 
to, but not greater than, normative growth trajectories. It 

should be noted, however, that these children still showed 
absolute increases in language/vocabulary over time, even 
though they did not gain ground relative to norms. Across 
measures, these subgroups of children had lower initial lan-
guage/vocabulary and verbal/non-verbal IQ scores, along 
with more severe ASD symptoms at baseline. Upon EIBI 
exit, these participants tended to require more intensive sup-
ports and were more likely to receive a comorbid intellectual 
disability diagnosis. This observation suggests that, in these 
subgroups with flat language/vocabulary trajectories, EIBI 
may promote slow, steady progress in language development 
and prevent loss of ground but that dramatic improvements 
are not generally observed. Maintaining a normative rate 
of growth in language development for these children may 

Table 2  (continued)

Receptive vocabulary (ROWPVT or PPVT)

Class 1
Low and stable

Class 2
Borderline with big 
increase

Class 3
High with big increase

Χ2/F (p)

N 43 49 37
Age at Program Start (M, SD) 3.4 (1.0) 3.4 (1.0) 3.1 (1.0) 1.31 (.274)
Time in Program (M, SD) 27.2 (12.4) 26.0 (11.7) 17.9 (8.7) 8.03 (.001)
Educational Support after Exit (n, %)
 No Support/Mainstream 0 (0.0%) 6 (12.2%) 16 (43.2%) 47.35 (< .001)
 Minimal Support 7 (16.3%) 13 (26.5%) 7 (18.9%)
 Significant Support 9 (20.9%) 15 (30.6%) 13 (35.1%)
 1:1 IBI Support 27 (62.8%) 55 (30.6%) 1 (2.7%)

ASD Severity (n, %)
 Mild 7 (16.3%) 17 (34.7%) 28 (75.7%) 30.20 (< .001)
 Moderate/Severe 36 (83.7%) 32 (65.3%) 9 (24.3%)

Intellectual Disability (n, %) 28 (65.1%) 8 (16.3%) 0 (0.0%) 47.18 (< .001)

Expressive vocabulary (EOWPVT or EVT)

Class 1 Low and stable Class 2 Low with big 
increase

Class 3 High and stable Χ2/F (p)

N 47 35 46
Age at Program Start (M, SD) 3.4 (1.0) 3.3 (1.0) 3.3 (1.1) 0.04 (.966)
Time in Program (M, SD) 26.6 (13.4) 20.2 (10.5) 25.3 (9.7) 3.92 (.022)
Educational Support after Exit (n, %)
 No Support/Mainstream 0 (0.0%) 6 (17.1%) 16 (34.8%) 44.17 (< .001)
 Minimal Support 7 (14.9%) 7 (20.0%) 13 (28.3%)
 Significant Support 10 (21.3%) 13 (37.1%) 14 (30.4%)
 1:1 IBI Support 30 (63.8%) 9 (25.7%) 3 (6.5%)

ASD Severity (n, %)
 Mild 6 (12.8%) 13 (37.1%) 33 (71.7%) 33.76 (< .001)
 Moderate/Severe 41 (87.2%) 22 (62.9%) 13 (28.3%)

Intellectual Disability (n, %) 24 (51.1%) 7 (5.5%) 4 (8.7%) 22.31 (< .001)

Time in Program represents the number of months from the child starting in the program to their exit
IBI Intensive Behavioral Intervention. Total, receptive, and expressive language N = 131. Receptive vocabulary N = 129. Expressive vocabulary 
N = 128
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be considered an optimal outcome (Georgiades and Kasari 
2018).

For each measure, there was another subgroup of children 
with borderline language scores at baseline, showed signifi-
cant and rapid language gains, particularly with expressive 
language. This finding is consistent with the anecdotal clini-
cal observation that some children with ASD, who have not 
received substantial intervention, do not speak because it 
is difficult for them to understand the social and functional 
value of language (Bradshaw et al. 2017; Tager-Flusberg 
et al. 2005). Early EIBI programs that utilize structured 
ABA stimulus–response pairings, with progression into 
naturalistic teaching methods when appropriate (Moham-
madzaheri et al. 2014), may help these children to under-
stand that language can be used to achieve desired outcomes, 
rather than employing aberrant behaviors that do not achieve 
the desired results. Thus, language, rather than tantrums or 
other dysfunctional behavior, becomes the primary mecha-
nism for interacting with others.

EIBI Exit Support

A large minority of children (38%) that exit EIBI required 
less intensive or no support in their future educational place-
ments. Specifically, higher initial language scores, improved 
language early in treatment, earlier age of EIBI initiation, 
and mild ASD symptoms are indicative of more positive 

educational placement outcomes. Unfortunately, a similar 
proportion of children (34%) will need intensive behavioral 
intervention support. This highlights the wide array of out-
comes from EIBI, the need to improve prediction of treat-
ment response to maximize resources (Etscheidt 2003), and 
the imperative to tailor EIBI to produce optimal outcomes 
for all children (Georgiades and Kasari 2018).

By examining predictors of placement outcomes, we can 
begin to build more accurate models that inform and guide 
clinical practice. Combining age at EIBI start, baseline 
autism severity, initial language ability, and early changes 
in language accounted for more than 50% of the variance 
in placement outcomes. Age at EIBI start, ASD severity, 
and non-verbal IQ (as a group) achieved similar predictive 
value to the model using age at EIBI start, ASD severity, 
and baseline and early change in language. Individually, the 
predictive value of these factors is not surprising, as prior 
studies have found similar predictive relationships (Hardan 
et al. 2015; Howlin et al. 2009; Smith et al. 2015). However, 
taken together, these models, if externally replicated, could 
help clinicians in predicting outcomes for future children, 
allowing better intervention by therapists and life planning 
by families. Online Resource 7 provides additional infor-
mation for using these models in future research. Given the 
small size of the test sample, it will be important to use 

Fig. 3  Probit regression model results (estimate and SE) for baseline plus 6-month changes in total language (a) and baseline characteristics only 
(b)
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larger samples coupled with train-test-validate approaches to 
increase the probability that models will replicate and gener-
alize to new samples and to provide more precise estimates 
of model parameters.

Changes in Vocabulary

Although less complex and predictive of EIBI outcome, 
one-word receptive (ROWPVT/PPVT) and expressive 
(EOWPVT/EVT) vocabulary tests showed interesting pat-
terns. First, a substantial proportion of children with ASD 
receiving EIBI scored high on receptive vocabulary at pro-
gram entry, identifying a strength prior to intervention that 
can be built on. This is consistent with research identify-
ing early receptive vocabulary as an important predictor of 
receptive language growth over time (Yoder et al. 2015). 
Second, a subgroup of approximately 1/4 of participants who 
initially had low expressive vocabulary scores made sub-
stantial gains (≥ 18 SS points) in receptive and expressive 
one-word vocabulary across the first year of EIBI, improving 
rapidly from low to average scores. This pattern may reflect 
the use of discrete trial teaching and appropriate prompt-
ing of expressive language during regular EIBI therapy and 
SLP-conducted sessions. Directed attention toward a speaker 
has been shown to partially explain variances in receptive-
expressive vocabulary in children with ASD, which could 
explain these rapid and substantial increases in language 
scores, providing further support for the inclusion of direct 
language instruction in EIBI (McDaniel et al. 2018). Future 
research focusing on the specific components of EIBI that 
may be generating these improvements will be important for 
individualized EIBI programming.

Age of Intervention Start

Although prior studies have found inconsistent relationships 
between age at EIBI entry and outcomes (Howlin et al. 2009; 
Smith et al. 2000, 2015), data from the current study found 
early age of entry in EIBI to significantly predict a better 
language trajectory, especially for expressive language, and 
a better educational placement outcome. This highlights the 
importance of utilizing expressive language as an important 
initial treatment target, and supports the need to improve 
early ASD identification efforts to enable early and rapid 
enrollment in EIBI programs (Robins et al. 2016; Rogers 
et al. 2014). The present data suggest that every year of delay 
in entry to EIBI may result in ~ 6 fewer expressive language 
standard score points gained over 24 months relative to nor-
mative expectation and decreases the probability of a low 
intensity educational support placement by as much as 11%.

Limitations and Future Directions

The primary limitation of this study was the use of a clini-
cal convenience sample, obtained from one EIBI program 
using available clinical measures. Additionally, the program 
evolved over time to use more naturalistic teaching methods 
over time, data were collected over a long enrollment period, 
with variable length of treatment, and no comparison group 
was available. As a result, it is not possible to infer that EIBI 
alone generated language improvements or if these would 
have occurred naturally as part of development. It is also not 
possible to discern whether the language increases observed 
would have occurred if the children had only received small 
doses of outpatient speech/language therapy, as speech/lan-
guage therapy was embedded into the program with close 
consultation between the speech/language therapist and the 
rest of the EIBI team. Furthermore, the limited representa-
tiveness of this clinical sample limits the likelihood that the 
findings generalize to other academic or community settings.

Another limitation is the decreased availability of lan-
guage data over time, language patterns at later time points 
may be less accurately and precisely estimated. At mini-
mum, future research should include planned collection of 
language data at each time point during the intervention 
period. Intriguingly, however, calendar year of entry into 
the EIBI program was associated with more positive expres-
sive language and vocabulary trajectories, which is consist-
ent with improvements in EIBI treatment over the last two 
decades that corresponds with a shift toward greater use of 
naturalistic teaching strategies (Schreibman et al. 2015).

A substantial proportion of individuals with significant 
developmental and cognitive delays were included in the 
current study to address the criticism regarding the limited 
variance of ASD functional levels in other studies. Thus, 
the current findings may not be reflective of more recent 
ASD cohorts where higher functioning presentations are 
better identified and included. However, this potential 
difference would suggest that the language improvements 
identified in the present study may be under-estimated 
relative to cohorts with a lower proportion of cognitively-
delayed children. Future multi-site, clinical trials, includ-
ing both academic and community sites and recruiting 
children with ASD across the full spectrum of severity 
and impairment, are needed to make real-world inferences 
about the efficacy of EIBI as a treatment approach and 
to identify predictors specific to treatment response. In 
addition, multi-site, longitudinal studies enrolling very 
large cohorts (n’s > 200) of children with ASD who are 
followed through the natural history of EIBI treatment to 
exit into educational placements are needed to replicate 
the present results and generalize them to other clinical 
and community settings. Specifically, the present study 
is limited by the observed values for predictors. Larger 
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studies are likely to include a fuller range of predictor val-
ues and therefore, less biased and more efficient estimates 
for possible predictors of outcome. Inclusion of longitudi-
nal information beyond language, such as ASD symptom 
severity, executive functioning, adaptive behavior, and 
potentially other cognitive or physiological measurements 
would also provide a richer view of EIBI efficacy.

Finally, the current study was limited by the use of mul-
tiple measures of ASD symptom severity that necessitated 
a dichotomous clinical rating rather than a poly-ordinal or 
continuous measurement. This may have attenuated the rela-
tionship between ASD symptom severity and outcome meas-
ures, and as a result, the observed significant relationships 
between lower ASD symptom severity and better language 
trajectories and placement outcomes are likely under-esti-
mated. As previously mentioned, language measures were 
consistently collected during the first 18 months of treat-
ment for most individuals who remained in the program, but 
dropped after 18 months. This could have resulted in a mis-
estimation of the later segments of language trajectories and 
may account for the downturn in language growth from 24 
to 36 months. However, given the use of growth models that 
are resistant to attrition, as they assume data are missing at 
random, and the fact that the present analyses indicated that 
attrition was largely due to exit from the program, estimates 
of later time points may be reasonable for initial descriptive 
purposes.

It is important that future investigations diligently collect 
a full range of longitudinal data to characterize and predict 
language development during EIBI treatment as well as 
educational placement outcomes. The consistent collection 
of ASD symptoms, cognitive ability, adaptive skills, and 
quality of life measures longitudinally could inform mecha-
nisms of EIBI-based language improvement and determine 
whether EIBI treatment influences broader family func-
tioning. This type of longitudinal collection would allow 
for simultaneous estimation of growth processes and their 
inter-relationships over time. In addition, more consistent 
and comprehensive data could be used to develop power-
ful predictive models of (a) improved ASD symptomology, 
(b) language, (c) cognitive ability, (d) social skills, and (e) 
educational placement outcomes, along with providing an 
early indication of target EIBI trajectories with the potential 
for individualized alterations to achieve the most optimal 
outcomes for each child with ASD.

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s1080 3-021-04900 -5.
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