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Abstract
This review is aimed at identifying assessment instruments used to measure treatment outcomes in children with autism 
spectrum disorder who received early and intensive behavioral interventions. Forty three articles were included and appraised 
using the Council for Exceptional Children’s Standards for Evidence Based Practice quality index rater. Ninety-two outcome 
measures were discovered. Measures of adaptive functioning (91%), intellectual functioning (86%), and core symptoms 
(67%) of autism were represented with the highest frequencies. Measures of challenging behavior and parent or caregiver 
wellbeing were reported at 30% and 14% respectively. Reliability and validity of each measure were determined by recently 
published psychometric data. The utility of outcome measures in clinical practice is discussed.
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Autism spectrum disorder is classified as a neurodevelopmental 
disorder with marked impairments in social interactions, 
communication, and the presence of restricted and repetitive 
behaviors. Heterogeneity within the disorder is large, with 
presentation or symptom severity ranging from mild to severe.   
It is estimated that 1 in 54 children in the United States will 
receive an autism spectrum diagnosis (Centers for Disease 
Control, 2020). The diagnostic process includes a clinical 
evaluation alongside caregiver reports, with most children 
receiving their diagnosis between the ages of 2 and 6 years 
(Fletcher-Watson & McConachie, 2017).

Given the substantial empirical support, Early Intensive 
Behavioral Interventions (herein referenced as EIBI) are 
well-established and effective treatments for children with 
autism based on the principles of applied behavior analysis 
which are typically employed to very young children at 
intensities of 20–40 h per week (Reichow et al., 2018). EIBI 
models such as the UCLA or Lovaas model employ one-to-
one, systematic teaching procedures known as Discrete Trial 
Teaching and Incidental Teaching (Lovaas, 1987). Models 
such as the Early Start Denver model embed learning 

opportunities into the contexts of the child’s naturally 
occurring routine (Rogers & Dawson, 2010) whereas other 
naturalistic models such as Pivotal Response Training may 
focus on pivotal areas of the child’s development such as the 
child’s motivation and self-management (Koegel & Koegel, 
2006). These structured, individualized teaching programs 
that are designed to address a wide range of developmental 
areas (Vismara & Rogers, 2010) focus on acquiring new 
skill repertoires and/or decreasing challenging behavior, 
are typically carried out in the child’s home or clinical 
center, and are usually funded through public health, 
education budgets, or insurance. Desired outcomes of these 
interventions include a reduction in the severity of autism 
core symptoms such as increased social communication and 
language, increased adaptive behaviors, and a reduction 
in the frequency and severity of restricted and repetitive 
behaviors and maladaptive behaviors.

Several systematic reviews and meta-analyses have 
discussed positive outcomes in intellectual functioning and 
adaptive behavior regarding treatment outcomes for children 
who participated in EIBI programs (Eldevik et al., 2009; 
Peters-Scheffer et al., 2011; Reichow et al., 2018), with some 
evidence that these gains are maintained overtime (see Smith 
et al., 2019a, b). Emerging evidence for similar behavioral 
based interventions has shown results in developmental 
changes in infants and toddlers such as normalized brain 
activity (Dawson et al., 2012) and improvements in verbal 

 * Samantha Ridout 

1 University of Oslo, Oslo, Norway
2 Greensboro, USA
3 Oslo Metropolitan University, Oslo, Norway

http://crossmark.crossref.org/dialog/?doi=10.1007/s40489-023-00355-9&domain=pdf
http://orcid.org/0000-0001-6369-2081


 Review Journal of Autism and Developmental Disorders

1 3

developmental quotients (Vivanti & Dissanayake, 2016). 
However, gains differ between individuals, and several factors 
may influence treatment outcomes such as: milder symptom 
severity and intellectual functioning at intake (Ben-Itzchak 
& Zachor, 2007; Fossum et al., 2018; Smith et al. 2015a, 
b; Zachor et al., 2007), age of treatment onset (Harris & 
Handleman, 2000), intensity of supervision (Eikeseth et al., 
2009), and treatment intensity (Makrygianni & Reed, 2010).

Despite the growing body of literature supporting 
improved outcomes for children receiving early and 
intensive behavioral interventions, researchers lack a 
consensus regarding the selection of outcome measures. 
Chosen measures should demonstrate sensitivity, as they 
must detect any gains made over the course of treatment; 
reliability, in that they can be depended upon to deliver 
accurate measurement across different assessors, and 
different points in time; and should demonstrate validity, 
that is, assessments accurately measure what they proport to. 
Previous reviews in EIBI outcome research have identified 
a large volume of outcome measures used in ASD research 
(Bolte & Diehl, 2013; Stolte et al., 2016). The variety and 
inconsistencies found in these reviews could reflect frequent 
revision of measures, shifting administration requirements 
and the vast number of tools available in the market.

There has been some discussion as to how and 
what should be assessed as part of an initial diagnostic 
battery. For example, Ozonoff et al. (2005) suggested an 
initial assessment battery to include measures of autism 
severity, intellectual functioning, adaptive functioning, 
and a language assessment. Matson and Rieske (2014) 
extend this to include measures of challenging behavior, 
direct measures of targeted behavior (focused criterion 
referenced measurement), family or consumer satisfaction, 
and treatment side effects. A review of assessments by 
Goulde and colleagues (Gould et al., 2011) discusses what 
they determined to be critical assessment components for 
use in EIBI programs. They suggest assessments must be 
comprehensive, targeting all aspects of child development 
and human functioning. Assessments should also target 
early childhood development, that is, assessments 
should be useable for children from infancy until early 
childhood and should be age-normed and age-appropriate. 
Assessments should consider behavior function and not just 
the topography of the behavior. Finally, assessment should 
provide a direct link to specific targets or goals.

Considerations for Research

When selecting outcome measures, goals of the assessment 
must be considered. Standardized measures are used often 
in outcome research and may be important in evaluating 
large scale effects of treatment. However, these measures 

require a large degree of generalization and often measure 
tasks that are never directly addressed in treatment (Rogers 
& Vismara, 2014). Reassessments using standardized 
measures are not typically recommended in intervals of 
less than one year. Alternatively, criterion-referenced 
assessments measure individual performance against an 
objective criterion, identify specific skills and skill deficits, 
may aid in curriculum development, and detect moderate 
or specific gains of treatment (Granpeesheh et al., 2009; 
Lotfizadeh et al., 2020).

When evaluating treatment effectiveness, scoring and 
score interpretation should also be considered. Standard 
scores are the preferred method for reporting change, as 
they measure progress in comparison to same-age peers, 
represent statistically robust gains, and are prevalent in 
outcome research. Although small increases in raw scores 
may represent meaningful change, the corresponding 
standard scores may not increase and can even decrease over 
time. Reporting age-equivalents as an alternative to standard 
scores has been suggested in the literature, as standard 
scores may mask intervention effectiveness (Klintwall et al., 
2013). Age-equivalents can be converted to learn rates, 
which may reflect progress of slower learners with greater 
accuracy and may better communicate outcomes to parents 
and stakeholders (Klintwall et al., 2013).

Finally, when selecting assessment tools, researchers must 
consider the available resources. Master-level clinicians and 
behavior analysts typically meet Pearson’s qualifications at 
the B-Level (Qualifications Policy, n.d.), which require one 
or more of the following: master’s degree in a filed closely 
related to the intended assessment, certification by applicable 
professional organizations, formal supervised training, license 
to practice in healthcare or allied health, or employment with 
an accredited institution. Several standardized and diagnostic 
assessments require additional intensive training, are time-
consuming and costly, or require administration by a licensed 
professional, limiting their utility as feasible, quick and cost-
effective methods of assessment.

As more states require EIBI programs to be funded 
through insurance, identifying psychometrically strong 
assessments for use within the ASD population to measure 
outcomes is critical and can contribute to improving both 
clinical and research-based evaluations.

Purpose

The goals of this study are to review the literature and 
identify outcome measures and published evidence of 
their psychometric properties. Our research questions are 
as follows: What measures have been used up until now 
to assess treatment outcomes in EIBI research? What are 
the current psychometric properties of these measures? 
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Are the identified instruments reliable? Is there published 
evidence of the validity of these measures as tools to assess 
treatment outcomes? Finally, are these measures sensitive 
enough to measure gains over time? Findings are aimed at 
providing brief recommendations for selecting appropriate 
assessment tools as part of a developing set of standards 
for EIBI research.

Methods

Inclusion Criteria

The selection criteria were determined a priori. In order 
to capture as much published literature as possible, the 
inclusion criteria were kept intentionally broad. Outcome 
studies were selected and appraised if (1) interventions 
were comprehensive and based on the principles of applied 
behavior analysis, including Lovaas-style EIBI programs 
(Lovaas, 1987), Pivotal Response Treatment (Koegel & 
Koegel, 2006) and the Early Start Denver Model (Rogers 
& Dawson, 2010); (2) participants received at least 5 h per 
week of 1:1 treatment; (3) participants were a maximum 
of 7 years of age at the onset of treatment; (4) children 
had a diagnosis of autism spectrum disorder or pervasive 
developmental disorder—not otherwise specified; (5) 
the study specified the use of at least one standardized 
measurement tool to assess treatment outcomes in one or 
more domains, such as adaptive functioning, intellectual 
functioning, or autism core symptom severity; (6) the study 
utilized group designs; and (7) the study was published in a 
peer-reviewed journal, in English, between 2006 and 2021.

Search and Search Strategy

The electronic search was performed between the 12th 
and 14th of January in 2021 in the databases PsycINFO 
and ERIC using a combination of the following keywords: 
autism and/or pervasive developmental disorders, children, 
EIBI or early intensive behavioral intervention, applied 
behavior analysis, and outcome measures or treatment 
outcomes. Guidance from a librarian at the University of 
Oslo was used to determine appropriate usage of Boolean 
search terms. The electronic search retrieved a total of 
517 peer-reviewed articles; 383 articles were excluded for 
irrelevance, publication before 2006, incorrect diagnosis, 
and/or duplication. Of the remaining 135 articles, 104 
articles were selected for full-text screening and more 
detailed coding. Studies were deemed eligible for inclusion 
and quality appraisal if they met all the inclusion criteria 
listed above. Thirty-five articles from the database search 
met inclusion criteria; an additional 8 studies were 
retrieved through hand search by examining the reference 

sections of the included articles, yielding a total of 43 
articles included in the review. See Fig. 1 for search and 
selection procedure.

Quality Appraisal and Interrater Agreement

Articles were appraised for methodological rigor using the 
Council for Exceptional Children Standards for Evidence-
Based Practices in Special Education (Lane et al., 2014). 
The Standards for EBP is a quality index matrix which 
appraises scientific publications based on eight domains. 
Quality indicators are met when raters agree the study 
satisfactorily addresses the content outlined in each indicator 
(CEC, 2014). All included studies were evaluated by the 
author and one independent rater. Raters worked together 
on the first 10 articles before scoring independently, 
disagreements were discussed, and interrater agreement was 
determined to be > 95%.

Analysis

Outcome measures were extracted and coded using a matrix 
of whether they assessed (1) intellectual functioning, 
(2) language ability, (3) adaptive functioning, (4) ASD 
symptom severity, (5) challenging behavior, (5) parental 
wellbeing, or (7) a criterion-referenced or direct observation 
measure. A total of 92 outcome measures were found 
across the 43 included articles in this review. This total 
reflects sequential revisions to instruments as separate 
measures (e.g., Vineland-2 and Vineland-3 are recorded 
as two independent measures). Measures of intellectual 
functioning (86%) and adaptive functioning (91%) were 
most prevalent in the literature, followed by measures of 
core symptom severity (67%). Measures of language ability 
and challenging behavior were found in 33% and 30% of 
the published papers, respectively. Measures to assess 
parental wellbeing were found in 14% of articles, and 6% 
of articles reported the use of manualized, criterion-based 
measures. A brief description of each measure, including 
cost, administration, reliability, validity, and frequency 
in which they appear in the literature, is reported in 
Appendix A. Although earlier editions to instruments will 
be referenced throughout the following sections, they will 
be cited in their most current edition for ease of reference 
and clarity. Psychometrics of measures reported in three or 
more articles are included below.

The reliability of the measures was evaluated based on 
the following coefficient scale: 0.00 to 0.59—very poor 
reliability, 0.60–0.69—low or poor reliability, 0.70–0.79—
moderate to fair reliability, 0.80–0.89—good reliability, 
and 0.90–0.99—excellent reliability. The validity of the 
assessment was determined as satisfactory if we could find 
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current-published evidence of criterion validity, concurrent 
validity, or construct validity.

Secondary variables such as score reporting methods 
and intervals between assessments were also examined. 
Table 1 provides frequencies of scores reported in standard 
scores (SS), age equivalents (AE), ratio scores (RA), or 
raw scores (RW).

Time between assessment administrations was determined 
as the interval between the initial assessment (T1) and 
outcome measurement (T2). If more than two assessments 
were provided, the time interval between each assessment was 
recorded (ex. T1: baseline, T2: after 3 months of treatment, 

T3: outcomes after 6 months of treatment = 3 month intervals 
between assessments). Table 2 describes measures used in 
assessment intervals of one year or less.

Measures of Intellectual Functioning

Measures of intellectual functioning appear frequently 
in the literature (Matson & Rieske, 2014). Thirty-seven 
of the forty-three articles, report at least one measure 
of intellectual functioning. Thirty different measures 
of intellectual functioning were reported. More than 
half (53%) of the articles reported the use of more than 
one measure of intellectual functioning, either across 
participants or across time. Forty percent (17 out of 43) of 
articles computed ratio IQ scores for at least some of their 
participants. Full Scale Measures of Intelligence (FSIQ) 
was reported in 74% (32 out of 43) of articles. Some 
articles used a mix of FSIQ and nonverbal intelligence tests 
(4 out of 43, 9%) and reported only the use of nonverbal 
tests (2 out of 43, 5%) to measure intellectual functioning. 
Measures of full scale intelligence include Bayley Scales 
of Infant Development (Bayley-4), Mullen Scales of Early 
Learning (MSEL), Wechsler Preschool and Primary Scale 
of Intelligence (WPPSI-IV), PsychoEducational Profile-
Revised (PEP-3), Differential Abilities Scale (DAS-II), 

Fig. 1  Database search and 
selection procedure

Table 1  Matrix of reported scores in included articles for intellectual 
and adaptive functioning

Intellectual and adaptive functioning are categorized into composite 
and subscale as many articles reported both composite scores and 
subscale scores

Domain Standard 
scores

Ratio 
score

Raw 
scores

Age equivalents

Intellectual Composite 37 14 0 4
Subscale 7 5 1 3

Adaptive Composite 27 1 2 7
Subscale 20 1 3 8
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Table 2  Measures used in intervals of one year or less

ADOS Autism Diagnostic Observation Schedule, ADI-R Autism Diagnostic Interview-Revised, ASQ Autism Spectrum Questionnaire, BAS-EY 
British Abilities Scales-Early Years, BSID Bayley Scales of Infant Development, CARS Childhood Autism Rating Scale, CDI Macarthur 
Bates Communicative Development Inventory, CBCL Child Behavior Checklist, CELF Clinical Evaluation of Language Fundamentals, 
DAS Differential Abilities Scale, DP-2 Developmental Profile-2, DO Direct Observation Measure (author), EOWPVT Expressive One Word 
Picture Vocabulary Test, ESAT Early Skills Assessment Tool, ESCS Early Social Communication Scales, EVT Expressive Vocabulary Test, 
GARS Gilliam Autism Rating Scales, GMDS Griffith Mental Development Scales, HADS Hospital Anxiety and Depression Scale, KIPP Kansas 
Inventory of Parental Perceptions, LENA Language ENvironment Assessment, Leiter Leiter International Performance Scale, M-COSMIC 
Modified Classroom Observation Schedule to Measure Intentional Communication, M-P-R Merrill Palmer Scale of Mental Tests-Revised, MSEL 
Mullen Scales of Early Learning, NRDLS New Reynell Developmental Language Scales, NCBRF Nisonger Child Behavior Rating Form, QRS 
Questionnaire on Resources and Stress, PEP-R Psychoeducational Profile-Revised, PDD-MRS Scale of Pervasive Developmental Disorder 
in Mentally Retarded Persons, PLS Preschool Language Scales, PPVT Peabody Picture Vocabulary Test, PSI/PSI-SF Parental Stress Index/
Short Form, RBS Repetitive Behavior Scales, ROWPVT Receptive One Word Picture Vocabulary Test, SB Stanford Binet Intelligence Scales, 
SCQ Social Communication Questionnaire, SIB-R Scales of Independent Behavior-Revised, SICDT Sequenced Inventory of Communication 
Development-Revised, SON 2.5–7 Snijders-Oomen Nonverbal Intelligence Test, SRS Social Responsiveness Scale, VABS Vineland Adaptive 
Behavior Scale, VB-MAPP Verbal Behavior-Milestones Assessment and Placement Program, WIAT Wechsler Individual Achievement Test, 
WISC Wechsler Intelligence Test for Children, WPPSI Wechsler Preschool and Primary Scales of Intelligence, WRAT  Wide Range Achievement 
Test

Author 3–6 months 9 months 1 year

Costanza et al., 2018 GMDS, VABS
Cohen et al., 2006 BSID, WPPSI, NRDLS, M-P-R, VABS,
Dawson et al., 2010 MSEL, VABS, ADOS, RBS
Rogers et al., 2019 MSEL, VABS, ADOS
Eikeseth et al., 2012 VABS, CARS
Fava et al., 2011 ADOS, GMDS, CDI, VABS, CBCL, 

PSI, DO
Howard et al., 2014 VABS, M-P-R, WPPSI, WISC, SB, DAS, 

NRDLS, ROWPVT, EOWPVT, SICDT, 
PPVT, EVT

Macdonald et al., 2014 ESAT
Peters-Scheffer et al., 2010 BSID, SON 2.5–7, VABS, CBCL, 

PDD-MRS
Reed et al., 2007 GARS, PEP-R, BAS-EY, VABS
Reed & Osborne, 2012 GARS, PEP-R, BAS-EY, VABS
Remington et al., 2007 BSID, SB, NRDLS, VABS, NCBRF, 

DBC, ASQ, ESCS, HADS, QRS, KIPP
Smith et al., 2019a, b VABS, SRS, SIB-R
Strauss et al., 2012 ADOS, GMDS, VABS, CDI, DO
Vivanti et al., 2019 LENA, M-COSMIC, MSEL, VABS, PSI
Waters et al., 2020 WPPSI, WISC, BSCID, DP-2, PEP-R, 

Leiter, SB, M-P-R, VABS, WIAT, 
WRAT 

Zachor et al., 2007 ADOS, BSID, SB
Zachor & Ben Itzchak, 2010 ADOS, VABS, MSEL
Lin et al., 2020 MSEL, ADOS
Paynter et al., 2018 MSEL, SCQ, VABS
Smith et al., 2015a, b PLS, CELF, PPVT, M-P-R, WPPSI, 

VABS, SRS, CBCL, PSI-SF
Fossum et al., 2018 PLS, CELF, VABS, SRS, M-P-R
Ben-Itzchak & Zachor, 2007 ADOS, BSID, SB
Smith et al., 2015b MSEL, VABS, ADOS, ADI-R
Vivanti   & Dissanayake, 2016 MSEL, ADOS, VABS
Vivanti et al., 2013 MSEL, ADOS
Eldevik et al., 2019 VABS, BSID, SB, CARS
Lotfizadeh et al., 2020 VB-MAPP VABS
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Stanford Binet (SB-5), and the Wechsler Intelligence Scale 
for Children (WISC-V).

Both Wechsler tests (WPPSI-IV, WISC-V) are considered 
to have excellent internal consistency reliability and show 
satisfactory criterion validity, though tests are limited. SB-5 
has excellent internal consistency and test–retest reliability; 
satisfactory concurrent validity and may be useful for older 
children with significant developmental delays (Klinger 
et  al., 2018). DAS-II is considered to have excellent 
reliability and shows satisfactory concurrent validity. 
PEP-R has been reported to have good internal reliability 
(Reed et al., 2007) and has been found to correlate highly 
with measures like Childhood Autism Rating Scale and the 
original Vineland Adaptive Behavior Scales, Expanded 
Form (Naglieri et al., 2018). Bayley-4 is reported to have 
excellent internal consistency reliability and good test–retest 
reliability, correlates with similar developmental measures, 
and has a good degree of classification accuracy (convergent 
validity). Construct and convergent validity of the Mullen 
Scales of Early Learning has been demonstrated in young 
children with ASD (Swineford et  al., 2015). Internal 
consistency reliability of the scales ranges from satisfactory 
to good and from good to excellent for the Early Learning 
Composite. Test–retest reliability is good for children 
ages 1 month to 24 months, but poorer reliability has been 
reported for children 25 to 56 months (Shank, 2018).

Measures of nonverbal intelligence were reported for 
some participants but were typically used as part of a 
comprehensive intellectual assessment. In two articles, the 
Merrill-Palmer Scale of Mental Tests Revised (M-P-R) was 
used in place of a FSIQ (Fossum et al., 2018; Smith et al., 
2010). M-P-R has excellent reliability and has evidence of 
content and criterion-related validity, correlations to the 
Bayley Scales, and the abbreviated version of the SB-5.

Measures of Adaptive Functioning

Adaptive functioning was predominantly measured by the 
Vineland Adaptive Behavior Scales (Vineland-3). All 39 
articles reporting a measure of adaptive functioning used 
either the first or the second edition of the Vineland to 
assess outcomes of adaptive functioning. In three articles, 
the Child Behavior Checklist was used as a supplement to 
the Vineland (Eikeseth et al., 2007; Fava et al., 2011; Peters-
Scheffer et al., 2010), and in one case, the Developmental 
Profile 1 and 2 was used (Waters et al., 2020).

The Vineland has excellent internal consistency 
reliability. Test–retest reliability at the domain level ranges 
from moderate to excellent, while test–retest reliability 
for the adaptive behavior composite is considered good 
to excellent. The Vineland demonstrates satisfactory 
construct, content, and concurrent validity as reported by 
the Vineland-3 publication summary.

Measures of Autism Core Symptoms

Measures of autism core symptoms were identified in 33 
articles. Of these articles, 15 assessment tools were identified. 
The original and revised versions of the Autism Diagnostic 
Interview (ADI-R), Autism Diagnostic Observation Schedule 
(ADOS-2), and Childhood Autism Rating Scale (CARS2- 
ST) were the most prevalent. Both the ADI-R and ADOS-2 
are considered the “gold standard” in autism diagnosis and 
measurement (Ozonoff et al., 2005). The ADOS demonstrates 
excellent internal consistency, interrater and test–retest 
reliabilities, and excellent diagnostic validity in distinguishing 
individuals with autism and those without autism. ADI-R 
has good intraclass correlations (Ozonoff et al., 2005) and 
has been shown to correlate with the Social Communication 
Questionnaire (Naglieri et al., 2018 p. 43.). Although the 
ADI-R has empirical support for discriminating ASD from 
other developmental disorders, these findings are limited to 
children whose mental age is above 2 years (Ozonoff, 2005). 
The CARS2-ST demonstrates excellent internal reliability, and 
many studies demonstrate diagnostic and criterion- related 
validity (Ozonoff et al., 2005; Naglieri et al., 2018 p. 51).

The ADI-R and ADOS are limited in their utility of 
measures of change over time. However, it is possible to 
use parts of the ADI-R for measuring sensitivity across time 
using the ADOS as a guide to compare scores (Gotham et al., 
2009). In general, the CARS is more suited for measuring 
change over time (CARS2-ST).

The Gilliam Autism Rating Scale (GARS-2; Gilliam, 
2006) has internal consistency, and test–retest reliabilities 
are reported as good for the subscales and excellent for the 
Autism Indexes. Interrater reliability for the Autism Index 
is good. GARS has excellent sensitivity and specificity and 
correlates with other measures of ASD diagnostics, though 
specifics were not provided. Reliability and validity of the 
GARS were obtained from Pearson Assessments website 
(Pearson Assessments, nd). The Social Responsiveness Scale 
(SRS-2) was the final measure used in three or more articles. 
Internal consistency reports are in the range of excellence 
for all age ranges. Interrater reliability between parents and 
teachers for both school age and preschool forms was low 
to fair. Correlations between SRS-2 and Child Behavior 
Checklist were found by the authors to be moderate, noting 
SRS-2 was more sensitive to specific behaviors associated 
with ASD (Naglieri et al., 2018 p. 61–65). The Early Social 
Communication Scales (ESCS)  is a manualized, direct-
observation measure using video recordings to assess 
nonverbal communication skills in children with mental 
ages between 8 and 30 months and was the only criterion-
referenced measure used to assess outcomes in core 
symptoms. Recently published reliability and validity of 
the ESCS could not be found. Reliability and validity of the 
author-created direct observation tools were not included.
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Maladaptive Behavior

Thirteen articles reported a measure addressing either 
repetitive or challenging behavior (30%). Of these articles, 
11 measures were reported. The Child Behavior Checklist 
(CBCL 1.5–5) ( n = 4 ), Nisonger Child Behavior Rating 
Form (NCBRF) ( n = 2 ), and Maladaptive Domain of the 
Vineland ( n = 2 ) were reported more than once. Both 
articles reporting use of the NCBRF used only the Positive 
Social subscale to report outcomes of challenging behavior; 
a 10-item Likert scale provides general descriptions of 
prosocial behaviors and may not accurately reflect specific 
challenging behaviors. The Maladaptive Behavior subscale 
of the Vineland Adaptive Behavior Scales was reported in 
two articles (Eikeseth et al., 2007, 2012), though recent 
reliability and validity of this subscale could not be found. 
Test–retest reliabilities for the CBCL 1.5–5 are considered 
good, though interrater reliabilities between parents and 
teachers are low. Additionally, the manual provides evidence 
of construct, criterion, and content validities. The Repetitive 
Behavior Scale-Revised (RBS-R) was the only assessment 
tool used to measure restrictive and repetitive behaviors 
observed in individuals with autism. Outcomes related to 
the reduction of RRBs were reported in 3 out of 43 (7%) 
articles. RBS-R shows good internal consistency reliability 
has been validated in ASD populations though sample sizes 
were small (Hooker et al., 2019; Lam & Aman, 2007).

Language Assessment

Measures designed to assess language were found in 14 of 
43 articles, and fourteen different measures were found. 
The following measures were reported in three or more 
articles: the Reynell Developmental Language Scales-3rd 
edition (Edwards et al., 1999) (n = 5), the third and fourth 
editions of the Peabody Picture Vocabulary Tests (PPVT-V; 
Dunn, 2019) (n = 4), Macarthur Bates Communicative 
Developmental Inventories (CDI) (n = 3), Expressive 
One Word Picture Vocabulary Tests (EOWPVT-R) 
(n = 3), and Preschool Language Scales-fourth edition 
(PLS-5; Zimmerman et al., 2011) (n = 3). Thirteen of the 
14 measures used to report language functioning focus 
exclusively on receptive and expressive vocabulary. All 
reliability and validity measures for the PPVT-5 indicate 
good to excellent reliability, good clinical validity in 
autism populations, and moderate correlations to similar 
measures (Dunn, 2019). Internal consistency reliability 
of the EOWPVT is reported as acceptable, with excellent 
test–retest reliability. Additionally, the EOWPVT has been 
shown to correlate with other measures of vocabulary such 
as the WISC-4 VCI and WISC-4 FSIQ (Frauwirth et al., 
2018). Most recent psychometrics were not available for the 
PLS-5, NRDLS, or the Macarthur Bates CDI. Outcomes 

assessed using the Verbal Behavior Milestones Assessment 
and Placement Program (VB-MAPP) are included here 
as it primarily measures language functioning in young 
children. The Verbal Behavior-Milestones Assessment and 
Placement Program (VB-MAPP) is a criterion-referenced 
assessment and curriculum development tool designed to 
measure and develop skills in language and related skills. 
Interrater reliability for the Total Milestones was reported 
as good (0.87), though low to poor (0.62) reliability for the 
Barriers Assessment was reported (Montallana et al., 2019). 
Content validity of the VB-MAPP was recently examined 
by national experts. Domain relevance, age appropriateness, 
method of measurement, and domain representativeness were 
considered to be moderate to strong (Padilla & Akers, 2021).

Parent or Caregiver Wellbeing

Parent or caregiver wellbeing was measured in 6 out of the 
43 articles. The Short-Form of the Parenting Stress Index 
(PSI-4 SF) was used in 3 out of the 6 articles reporting 
a measure of parental well-being. The PSI-4 provides a 
measure of 120 items designed to quantify parent and child 
characteristics, as well as situational and demographic 
information which may be influencing familial stress. 
Internal reliability for the two domains and the Total Stress 
scale reported as excellent, though test–retest reliabilities 
were mixed and ranged from poor to good. Validation in 
families of children with autism was not reported. The 
Hospital and Depression Scale (HADS), Questionnaire on 
Resources and Stress-Short Form, and Kansas Inventory 
of Parental Perceptions were reported once, though 
psychometrics for these instruments could not be found.

Other Measures

Academic achievement (n = 2) was measured by the Wide 
Range Achievement Test 3rd and 4th edition (WRAT) or the 
Wechsler Individual Achievement Test-II (WIAT-4) (n = 1). 
Play was assessed using the Symbolic Play Test and the Test 
of Pretend Play in one article. None of these measures were 
reported more than once in this review.

Discussion

Core Findings by Domain

Adaptive Functioning

The Vineland Adaptive Behavior Scales was indicated as 
the measure of choice when reporting outcomes in adaptive 
functioning, used in 39 out of the 43 published articles 
(91%). Due to its strong psychometric properties, ease of 
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administration, and developmental comprehensiveness, the 
Vineland is considered the gold standard when selecting 
measures of adaptive functioning. Standards scores for 
the Vineland were reported most frequently, though age 
equivalents, raw scores, and ratio scores were also reported. 
Cost and qualifications to administer the Vineland were 
compared with other standardized measures of adaptive 
functioning, such as the Adaptive Behavior Assessment 
System (ABAS-3; Harrison & Oakland, 2013) or the Scales 
of Independent Behavior-Revised. The Vineland is typically 
assessed in intervals of one year, indicating that it is a robust 
and sensitive measure when evaluating outcomes over time.

Measures of Autism Core Symptoms

Although it may be unreasonable to expect changes in 
diagnostic status over time (Reichow et al., 2018; Vivanti 
& Dissanayake, 2016), measures of core symptoms of ASD 
are a critical component of a comprehensive assessment. 
In this review, the ADOS was most frequently reported to 
evaluate the effects of treatment on autism core symptom. 
The ADI-R was used to compare outcomes in some articles 
but was used primarily to confirm an autism diagnosis. 
Both the ADOS and ADI-R are considered the gold-
standard in autism diagnostic measurement, given their 
excellent sensitivity and specificity to determine an autism 
diagnosis, but may be limited when measuring changes in 
scores over time. However, guidelines for how to use the 
ADOS for measuring change over time have been published 
(Gotham, et al., 2009). Clinical limitations to the ADOS 
include a licensed professional to administer and are time-
consuming and costly. However, unlike many measures of 
core symptoms which rely on parent or caregiver report, 
the ADOS modules use direct testing and observation. An 
alternative to these measures could be the CARS-2ST which 
relies on both direct and indirect measures to evaluate 
symptom severity, may be sensitive to changes in severity 
over time, and does not require a licensed professional. 
Finally, restricted and repetitive behaviors were assessed 
by the Repetitive Behavior Scale-Revised, a continuous 
measurement tool rating the frequency and severity of 
common behaviors in ASD (Lam & Aman, 2007). The 
RBS-R has good reliability, but published validity studies 
indicate mixed results.

Intellectual Functioning

Providing measurement of full-scale intelligence presents 
challenges within a clinical context. Lengthy assessment 
times and stringent qualifications create practical 
challenges to repeated administrations necessary for 
determining outcomes. However, there is research that 
suggests intellectual functioning at intake is a predictor 

of treatment outcomes (Smith et  al., 2015a, b) and 
therefore should be considered as part of a comprehensive 
assessment in research. Although ASD is not defined by 
intellectual functioning, it is an important variable measure 
to better describe the sample and any variations within 
the group. The DSM-V categorizes the disorder by level 
of severity and level or support required. Increases in 
intellectual functioning following intervention will often 
decrease the level of support needed. Measures like the 
Bayley Scales and Weschler Preschool and Primary Scales 
have strong psychometrics and were represented frequently 
within the literature (see Appendix A). Nonverbal 
intelligence tests such as the Merrill-Palmer-Revised have 
attractive stimuli which may retain the interests of some 
children and were somewhat prevalent in the literature 
but may inflate intelligence scores in young children 
(Eldevik et al., 2006) and are therefore not recommended 
as a primary measure of intellectual functioning. Though 
used less frequently, the Psychoeducational Profile and 
Differential Abilities Scales may more accurately reflect 
intellectual functioning in individuals who do not reach 
basal levels or have aged-out of measures like the Bayley, 
Weschler tests, or the Mullen Scales. Because full-scale 
intelligence testing requires significant time and high levels 
of qualifications to administer, these instruments may not 
be feasible or practical for applications at the agency level; 
however, they should be included when used in outcome 
research.

Language Assessment

Language outcomes were primarily measured by 
standardized assessments of receptive and expressive 
language. Ten different measures were used, with the 
Reynell Developmental Language Scales being reported in 5 
of the10 papers. Although frequently used, current published 
reliability and validity data could not be found. In addition, a 
speech pathologist credential is required for administration. 
The PPVT, EVT, ROPVT, and EOPVT all utilize direct 
testing and observations, have good psychometric properties, 
and are norm referenced. Only one study used the Verbal 
Behavior Milestone Assessment and Placement Program as 
a measure of language ability (Lotfizadeh et al., 2020). The 
VB-MAPP uses direct observations to measure language and 
related skills such as play, social, and motor skills. From 
a clinical standpoint, criterion referenced measurement 
tools like the VB-MAPP can be readministered in shorter 
intervals and help guide moment-to-moment treatment 
decisions (Granpeesheh et al., 2009). The VB-MAPP has 
promising psychometrics and has been shown to correlate 
with other behavioral measures. However, the VB-MAPP 
Barriers Assessment was found to have poor reliability and 
should be used with caution. As is the recommendation for 
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assessment in general, the use of the VB-MAPP should 
be used in conjunction with other measurement tools 
(Montallana et al., 2019; Padilla & Akers, 2021).

Parent and Caregiver Wellbeing

Parental outcomes were primarily assessed by the Parental 
Stress Index. Parents of children receiving EIBI make a 
considerable time, financial, and emotional contribution 
(Matson & Rieske, 2014); thus, stress and parents’ perceived 
relationships with their children are good indicators of the 
family’s well-being. The PSI-4 demonstrates excellent 
reliability, but research to determine the validity of the PSI-4 
and PSI-4 SF in families of children with autism is needed.

Maladaptive Behavior

Maladaptive behavior was largely measured by informant-
based checklists and rating scales. While measures like 
the Maladaptive Behavior domain on the Vineland-3 or 
the Child Behavior Checklist may give some indication 
of frequency and/or severity of the behavior, they do not 
provide an accurate description of the function or context 
of the behavior and may primarily serve as screeners to a 
more extensive assessment such as a functional analysis. 
Measures like the Questions about Behavior Function do 
provide an indication of function but may not capture a 
reduction in maladaptive behaviors over time. Measures with 
published psychometrics within this domain were difficult to 
find, with the Maladaptive Behavior domain of the Vineland 
demonstrating the strongest evidence of good psychometrics.

Limitations and Future Research

This paper reviewed 43 articles reporting outcomes for 
children who received early and intensive behavioral 
intervention. The majority of outcome measures fell within 
the domains of adaptive functioning (91%), intellectual 
functioning (86%), and core symptoms of ASD (77%). 
This review extends the existing body of knowledge by 
pooling together both standardized and criterion-referenced 
measures toward standardization of measurement selection 
in outcome research.

There are some limitations to the current study. Although 
efforts were made to ensure as much of the published EIBI 
outcome literature was captured, due to the timing of the 
search, some relevant papers may have been missed. Single 
case designs, which are frequently used in educational, and 
behavior analytic research were excluded, and therefore, it 
is possible some measures, especially criterion-referenced 
measures, may be missing or under-represented. These 
criterion-referenced assessments as measures of treatment 
effectiveness should be further explored.

This review touched on the intervals at which measures 
are administered, but more research into the sensitivity of 
these instruments to detect change over shorter periods 
of time is warranted. Further research into the prevalence 
and validity of measures of social validity, treatment side 
effects, and quality of life would extend findings from this 
review. Finally, future research may be able to discern the 
frequency to which the identified measures are being used 
in clinical practice and whether a gap between research and 
practice exists.

Conclusion and Brief Recommendations 
for Research

This review attempted to identify assessments used to 
measure treatment outcomes within EIBI outcome research; 
however, research-informed practice is a hallmark of 
applied behavior analytic treatment, and these findings may 
be of interest to practitioners and insurance payors alike. 
No longer considered “experimental” treatments, EIBI 
interventions are now required to be funded through private 
insurance in almost all 50 states (Zhang & Cummings, 
2020). Mandates to provide documentation and measures 
of treatment outcomes are certainly considered by many 
to be a positive movement in the field. Measures that are 
sensitive to change over relatively small periods of time 
(e.g., 6 month intervals), inexpensive, easy to administer, 
and psychometrically strong are likely to appeal to insurance 
funders. Two organizations, the Behavioral Health Center 
of Excellence (BHCOE) and the International Consortium 
for Health Outcomes Measurement (ICHOM), have recently 
published frameworks for selecting appropriate instruments 
to measure treatment outcomes for children with ASD 
(BHCOE, 2019; Kazemi et  al., 2023; ICHOM, 2023). 
These frameworks seem to be well aligned with the research 
literature, are comprehensive, and provide associated 
costs of recommended tools. The recommendations 
can be accessed via the ICHOM and BHCOE websites 
respectively. In alignment with current suggestions from 
the literature (measures should have representative norms 
and strong psychometrics; multiple measures should be 
used and address core symptomology of ASD) and the 
more comprehensive BHCOE and ICHOM frameworks, the 
following brief recommendations for assessing outcomes in 
research are provided:

When possible, a measure of full-scale intelligence should 
be considered, at least, at the on and offset of treatment. 
Measures like the Bayley-4 and Mullen Scales and WPPSI 
are prevalent in the literature, have strong psychometrics, 
and are based on direct observation and testing. When unable 
to reach basal or aging out the Psychoeducational Profile or 
Differential Abilities Scales may be suitable alternatives. 
Another alternative is to compute a ratio IQ based on 
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the mental age scores from the Bayley-4 or similar. The 
Vineland-3 provides a representative measure of adaptive 
functioning, has been validated for use in ASD populations, 
and can be administered by most service providers; therefore, 
it should be considered the gold-standard for assessment of 
adaptive functioning. Core symptoms may be accurately 
represented by the CARS2-ST as it is based on both informed 
report and direct observation of the child. SRS-2 or SCQ may 
be considered supplementary or additional measures when 
necessary. As a newer measure, the Autism Impact Measure 
has recently gained interest as a measure of core symptoms 
(Kanne et al., 2014), though more research is necessary to 
determine if it is both sensitive and psychometrically valid. 
Finally, direct observation or criterion-based measures such as 
the VB-MAPP or the ABLLS-R may be a useful and sensitive 
measure of treatment outcomes (Granpeesheh et al., 2009; 
Titlestad & Eldevik, 2019).
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