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Abstract

Written as an article-based masters thesis, the two articles explore the usage and validity

of different assessment tools used to measure treatment outcomes for children with autism who

have received early and intensive behavioral interventions (EIBI). The project begins with the

extended summary, followed by the article manuscript Measures Used to Assess Treatment

Outcomes in Children with Autism Receiving Early and Intensive Behavioral Interventions: A

Review intended for the Review Journal of Autism and Developmental Disorders (ed. Jill C.

Fostad). The extended summary aims to elaborate on the rationale behind the methodological

structure, and clarify theory and context as it relates to Early Intensive Behavioral Intervention

models. Through the use of systematic-narrative review, the article manuscript intends to answer

the following research questions: 1) What assessment tools are being used in the EIBI literature

to measure treatment outcomes in children with autism? 2) Are the identified tools valid

measures of outcomes for young children with autism? Forty three articles met inclusion criteria

for the review, and a total of 92 outcome measures were identified. Results are reported as

percentages, and psychometrics are discussed. Findings indicate that previous recommendations

from the literature have been followed, though few domains remain underreported. Brief

recommendations for service providers are discussed.
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1. Introduction

This project is written to fulfill the requirements of the masters of philosophy in Special

Needs Education at University of Oslo. The masters thesis consists of an extended summary and

the article manuscript written with the intention of publication in the Review Journal of Autism

and Developmental Disorders. Upon reading the extended summary, one should have a more

complete understanding of the theoretical underpinnings and behavioral approach to specific

interventions discussed in the text, in addition to the context in which this project is situated.

Rationale for choice of design and methods will be described in depth (see Chapter 2), as space

was not permitted in the article manuscript. The analysis will be explored within the extended

summary;  results will be touched upon, but will not be discussed in detail. The article

manuscript seeks to answer the research question by way of systematic narrative review. As per

the guidelines for the Review Journal of Autism and Developmental Disorders, tables will be

cited in-text and listed at the end of the manuscript.

1.1 Rationale for the Intended Journal
In collaboration with the supervisor, the Review Journal of Autism and Developmental

Disorders, edited by Jill C. Fostad, was chosen as the intended journal. The current project fits

within the journal’s scope as defined by the journal’s “Aims and Scope” (Springer, 2021). Topics

of this review include: applied behavior analysis and measurement of treatment effects as it

relates to autism spectrum disorder. Although this review provides recommendations based on

the U.S model of early intervention, the project also touches on current practices in Europe.

Publications included in the review reflect EIBI practices from  North America, Europe,

Australia, the UK and Israel, to name a few.  Thus, the journal’s intended international audience

is in line with the interests of this project.

1.2 Implications for Special Needs and Inclusive Education
As trends towards universality are being adopted in schools worldwide, it is important for

early childhood educators and special educators to recognize the needs of their students and

intervention techniques which are considered best-practice. Some naturalistic developmental

behavioral interventions such as Pivotal Response Treatments (PRT) (R. L. Koegel & Koegel,
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2006) are designed to be incorporated into educational settings and employed by teachers

utilizing the common core curriculum. The Early Start Denver Model has been used in

group-based formats in inclusive settings (Vivanti et al., 2019), and direct-teaching formats like

the UCLA model have been adapted to fit the needs of young children in mainstream preschool

settings (Eldevik et al., 2012, 2019). This project extends the knowledge for special needs and

inclusive education by familiarizing early childhood educators and special educators, not only

for the need for intensive interventions in early childhood but also awareness of empirically

validated intervention strategies to incorporate into inclusive classrooms. Investigation into

outcome measures used to evaluate the effectiveness of these treatments also has implications for

the special and general educator. Teachers are often tasked with providing input for assessments,

and therefore the discovery of quick, psychometrically strong and easy-to-use instruments are of

importance to the practitioner and educator alike.

1.3 Autism in Toddlers and Early Childhood
Autism spectrum disorder is a complex neurodevelopmental disorder characterized by

pervasive impairments in social communication and interaction and the presence of restricted,

repetitive patterns of behavior (CDC, 2020). These symptoms are often present in early

childhood and infancy, thus initial assessment and diagnosis must emphasize a developmental

approach. For example, sensorial exploration has an adaptive function within the first 12 months

of life, yet persistence into the toddler years may signal developmental delay. Alternatively, some

children may seem to be reaching developmental milestones on time, then plateau or regress. At

two years, a lack of response to joint attention bids from caregivers often signals early

symptomatology. Not surprisingly, parents' initial concerns are often related to their child’s

atypical or lack of speech development and social behavior (Chawarska et al., 2014 p. 122).

Evidence suggests that impairments in social interactions, considered core symptoms in children

and adults with autism, are present during the toddler years (Webb & Jones, 2009). For example,

toddlers with autism may show reduced interest or responsiveness to social stimuli such as faces

and voices, and may exceedingly orient themselves towards nonsocial stimuli (Webb & Jones,

2009).

It is suggested that 80-90% of parents recognized signs of atypical behavioral

development prior to 24 months (Chawarska et al., 2014 pp. 122). Diagnostic assessment tools
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such as the ADOS and ADI-R have been shown to reliably diagnose ASD by the age of two,

though some children’s symptoms may not be recognizable until the preschool years and the

average age of diagnosis is still around four years of age (Hedges et al., 2018) . It should be

noted that onset of symptomology and developmental trajectories are considered to be highly

variable (Webb & Jones, 2009). Early identification and diagnosis is further complicated by the

heterogeneity of the disorder, in addition to symptom expression and presentation are likely to

change through different developmental periods (Powell et al., 2018). Though complex, early

identification and eventual diagnosis of ASD is important to eligibility for service delivery.

1.4 Importance of Early Intervention
Despite complexities in identification and diagnosis, experts can agree that interventions

should begin at the earliest stages possible (L. K. Koegel et al., 2014; Reichow et al., 2018).

Lack of appropriate diagnosis and/or the “wait and see” method prevents access to proper early

intervention services and may have negative, long-term downstream consequences (L. K. Koegel

et al., 2014). Children who receive interventions which target areas of core symptoms of autism

(social communication, joint attention etc.) may have reduced symptoms of anxiety and

depression in adolescence and adulthood (Koegel et al., 2013). Secondary symptoms such as

aggression, excessive tantruming and a variety of problematic behavior have been significantly

reduced or eradicated with early intervention techniques such as teaching functionally-equivalent

replacement behaviors (Carr & Durand, 1985; Hanley et al., 2014; L. K. Koegel et al., 2014).

Other important outcomes include increased IQ scores, increases in adaptive functioning and

reduction in core symptomatology (Reichow et al., 2018; Smith et al., 2019) in comparison to

children who received no treatment, or non behavioral, eclectic treatments. Perhaps more

indicative of the success of early intervention services are the effects it has on individual and

family functioning and familial satisfaction (L. K. Koegel et al., 2014). Increasingly reports of

parental well-being are being reported in the literature, though more research into satisfaction of

intervention is warranted. Finally, fiscal implications of these early and intensive behavioral

interventions have been demonstrated to dramatically reduce state educational costs (Chasson et

al., 2007).

Though widely considered to be the best course of action, there are some challenges to

implementing and evaluating psychoeducational treatment models. The first being the initial
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financial and time commitment. Comprehensive treatment programs can be expensive and

require extensive staff and parent training by qualified professionals (Lord et al., 2005).

Implementation of these models into community settings such as mainstream preschools can take

upwards of 3 months to one year (Eldevik et al., 2019). Instigating parents as primary therapists

may help reduce start up costs, but this is an empirical question that needs more investigation (L.

K. Koegel et al., 2014). Another barrier to treatment are questions regarding the methodological

soundness of research conducted with these interventions. RCTs are generally considered the

gold-standard of research (Odom et al., 2010), but very few studies evaluating EIBI are RCTs.

However, practical and ethical considerations are made. Historically, a lack of funding has

prevented large scale RCT trails. Additionally, given the nature of the diagnosis, excluding

children from potentially effective treatment due to randomization is considered by many to be

an ethical violation (Lord et al., 2005; Odom et al., 2010).

In summary, Experts agree that early identification and implementation of early

intervention services can drastically improve the developmental trajectory of many children.

Empirically- validated interventions implemented in the toddler years and early childhood are

time- and cost effective and have positive impacts on familial well-being (L. K. Koegel et al.,

2014).

1.5 Measures of Treatment Outcomes: The Problem Statement
Above, challenges and considerations to early identification and diagnosis as well as

implementation of early intensive behavioral interventions were discussed. Heavy consideration

has been given to comprehensive diagnostic assessment (Ozonoff et al., 2005), though gaps in

measurement selection have been identified when considering how to best evaluate treatment

outcomes (Matson & Rieske, 2014). Bolte and Diehl (2013) identified 239 unique measurement

tools. Use of these tools were widely inconsistent and none were reported in more than 7% of

trials. In another review, Stolte, Hodges and Smith (2017) found 53 measurement tools. They

found measures of adaptive behavior and cognitive functioning to be the most reported

outcomes. They identified strengths to be the use of multiple assessment tools and ASD specific

instruments, and found limitations within test substitutions and underreporting of test

modifications (Stolte et al., 2016).  Guidelines regarding the selection of best-fit measurement

tools are limited in the literature, though some information on what outcomes should be reported

exists. Treatment outcomes have often been reported as standardized gains in intellectual and
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adaptive functioning. More recently, outcomes reporting parental-stress and core symptoms of

ASD have been reported with increasing frequencies (Matson & Rieske, 2014). However,

measures of challenging behavior, treatment side effects and use of behavioral measures remain

scarce.

Discussions raised by Lord and colleagues (2006) suggest outcome measures are selected

a priori, are socially valid and represent changes important to stakeholders (eg. parents and

teachers) and are sensitive to change. McConachie et al. (2018) recently investigated parent

suggested indicators of progress and outcomes. Outcome measures of communication, emotional

well-being, relationships with others, parent stress, safety, and other bodily functions (sleep,

sensitivity to environmental stimuli) etc. were indicated as “most important”, though measures

reporting all aspects of these outcomes were seldom reported.

Equal consideration must be given to what is feasible in clinical practice. Outcome

measures should reflect what is considered of importance to parents and stakeholders, practical

from a cost, time-effective, and administrative standpoint, and comply with policies from private

payers. This calls into question the sensitivity of many standardized assessment tools and

whether they are designed to measure and detect change within short-time intervals. For

example, measures like the Autism Diagnostic Interview and Autism Diagnostic Observation

Schedule were not designed to measure subtle changes (Gotham et al., 2009; Hus et al., 2014).

Additionally, practitioners tasked with assessing outcomes in clinical practice seldom have the

required qualifications needed to administer these tests, though this will be explored further in

Chapter 4.

Selecting measurement tools to report outcomes in research and practice remains

complex. Psychometrics, sensitivity to change and what actual scores represent must be

considered, as well as selecting measures that are of social validity and indicate quality of life to

consumers and stakeholders. The purpose of this review was to identify the measures used to

report outcomes specific to EIBI research, and investigate the validity of these measures. In

addition, information on how scores were reported and intervals between assessments were

sought. Implications of results along with the general recommendations in the literature will help

clinical professionals select measures appropriate for use within the framework in which they are

providing services.
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2. Choice of Research Design and Methods
The goal of the research project was to identify and determine the validity of the

instruments used to measure outcomes in the published EIBI literature. A secondary goal was to

look at the general recommendations for evaluating outcome of early interventions for ASD in

order  to move towards developing a set of recommendations and guidelines for selecting

appropriate assessment measures. Therefore, I first conducted a systematic narrative-type review

of the literature. The intent was to follow the guidelines of a systematic review, but to stop short

of conducting statistical analysis and interpretation of results (as this was not the goal). The

database search was conducted with help from a librarian at the University of Oslo, eligible

articles were evaluated for scientific rigor, data was extracted and analyzed using tables with

narrative components. The following sections aim to take a closer look into the search

procedures, evaluation of articles and data extraction than was permitted in the article

manuscript.

2.1 Inclusion Criteria
Selection of inclusion criteria began with the research question and identifying key

elements based on the PICO (population, intervention, control, outcome) framework. The

inclusion criteria was selected before the search was conducted, as is generally  recommended

when conducting a systematic review. Based on the research question, five keywords were

selected which served as the basis for developing the inclusion criteria., Articles were

considered eligible if they met specified criteria (See Table 2.1). The intent was to apply a

focussed approach to the database search, but cast a “wide net” within EIBI research in order to

capture as much of the published literature as possible. We determined recency to be defined as

journals published within the last 15 years to ensure a large enough span of time to capture all

relevant literature. Interventions were included only if they were developed and based on the

principles of applied behavior analysis (ABA) and were delivered for at least 5 hours per week.

According to standards, treatment intensity of 5 hours per week falls far below the recommended

25-30 hours of intervention per week set forth by the Behavior Analysis Certification Board

(BACB, nd.). Treatment intensity and intervention type “EIBI” were kept intentionally broad.

EIBI interventions included those based on the UCLA Young Autism Project (Lovaas, 1987),

11



Pivotal Response Treatments (R. L. Koegel & Koegel, 2006) and the  Early Start Denver Model

(Rogers & Dawson, 2010). Treatment was considered to start early if the child began receiving

interventions before 7 years of age (although most early intervention programs begin in the

preschool years). Studies included were to employ group designs, these included randomized

controlled trials, quasi-experimental designs, pre-post single group studies, comparison control

trials, follow-up and retrospective studies.

Table 2.1

Inclusion Criteria for Studies Included in Review

Inclusion Criteria Specification

Recency Within the last 15 years

Treatment/Intervention Program EIBI program based on applied behavior analysis

Treatment Intensity At least 5 hours/week

Language English

Study Design
Group designs / comparison (clinically or randomly
controlled), pre-post design, retrospective, follow-up

Assessment tool
Specifies use of a standardized test to measure treatment
outcomes

Outcome domains
Specificies which domains were assessed (Social skills,
symptom severity etc.)

Age Maximum of 7 years old

Intensity of Intervention At least 5 hours/week

2.2  Search String Development and Database Search
With consultation of a librarian at the University of Oslo, keywords were selected and

extrapolated using synonymous terms according to the two intended databases. The Thesaurus

function was utilized in both ERIC and PsycINFO to identify keywords and their synonymous
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identifiers. Keywords were connected with commas in ERIC; Boolean Operators were used

during the search in PsychINFO. In both databases, filters were applied to include only studies

published in the last 15 years (ERIC) or since 2006 (PsychINFO), and to include only articles

published in peer reviewed journals. See Table 2.2 for specific search string combinations with

applied filters.

Table 2.2

Search String Combinations Utilizing Boolean Operators

Search Date Database Keyword combination Filters

1/12/21 ERIC
autism, eibi, early intensive behavioral
intervention, early intervention, treatment
outcomes, outcome measures, children, preschool,
prekindergarten, applied behavior analysis

Published in
the last 15
years, peer
reviewed
journal

1/14/21 PsychINFO

children OR preschool children OR young
children) AND ( expAutism spectrum disorders
OR pervasive developmental disorders) AND
(early intensive behavioral intervention OR “eibi”
OR applied behavior analysis OR behavior
modification OR early intervention) AND
(outcome measures OR treatment outcomes)

Since 2006,
peer reviewed
journal

The database search was conducted on January 12, 2021 (ERIC) and January 14, 2021

(PsycINFO). Combined initial results yielded 517 articles. Articles were excluded for

irrelevance, failing to meet criteria for recency or treatment intensity, utilizing case studies or

series of case studies, and inappropriate intervention methods. Thirty five articles remained

eligible for quality appraisal after full text scans. Eight additional articles were found by

searching through eligible article’s background, discussion and reference lists. A total of 43

articles were included for quality appraisal.

2.3 Quality Appraisal of Articles
Articles were scored for scientific merit using the Council for Exceptional Children’s

Standards for Evidence-Based Practices in Special Education Quality Index Rating Tool (Lane,

13



Common, Royer and Muller, 2014). The Standards for EBP are used to rate the quality of

educational research using absolute and weighted coding. The appraisal tool addresses 8 quality

indicators which  pertain to both group and single-case designs. The study is determined to have

positive, neutral/mixed, or negative effects. Finally, based on the scores of the quality indicators,

the papers are classified as Evidence- Based, Potentially Evidence Based, Mixed or Insufficient

Evidence (Royer, Lane, & Common, 2017).

2.4 Risk of Bias
Articles were appraised by two raters, the first being the author and the second, an

independent rater with no further affiliation with the project. The first 10 articles were scored

together to establish confidence and consistency in the overall appraisal. Interrater agreement

was determined as the percentage of agreement over total articles. Interrater agreement was

determined to be 95.25%.

2.5 Data Extraction and Analysis
Primary variables of interest were the assessment tools used to measure outcomes in the

EIBI literature. Data were extracted from each article using a matrix. Outcome measures

reported in each article were classified in one of seven categories: measures of intellectual

ability, adaptive functioning, autism core symptoms, language ability, maladaptive behavior,

parent/caregiver well-being and criterion-based measures. Results were reported as frequencies

and percentages of total articles. I decided to report results as frequencies and percentages to

identify not only what measures were being selected, but also how often. As the literature

included spans the entire 15 years, it is important to note that instruments are revised over the

years. This is reflected in Table X to the article manuscript where measures like the Bayley

Scales of Infant Development are listed as Bayley Scales, Bayley- Revised, Bayley -2 and so

forth. It is important to note that information given in the descriptive table (see Appendix A to

the article manuscript) are reflective of only the most recent version of the measure.

A secondary variable of interest were the psychometric properties associated with each

outcome measure. Reliability was determined as ranging from poor-excellent based on the scale

provided in Assessment of Children: Cognitive Foundations (Sattler, 2018). Validity was deemed
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satisfactory if published evidence of criterion related and construct validity could be provided. I

did not have access to each instrument’s published manual, and therefore I used secondary

sources such as the most recent versions of Assessment of Children: Cognitive Foundations

(Sattler, 2018), and Assessment in autism spectrum disorder (Goldstein & Ozonoff, 2018) who

report published reliability and validity for some measures. Additionally, publication summaries

obtained through the publishers website were used for measures not listed in the aforementioned

sources. Finally, a literature search was performed for recently published evidence of

psychometric properties, if evidence could not be obtained from the publisher’s website. If no

evidence for psychometric properties could be found, reliability and validity were listed as “no

information”.

Background variables such as time between assessments and how authors reported scores

(standard scores, ratio IQ’s, age-equivalents) were coded and used for some analysis as well.

These analyses were used as supplementary information that may be of interest to third party

payers, but were not primary variables in the present study.

2.6 Limitations
There were some weaknesses associated with this research project. The time frame to

complete the masters thesis and my inexperience in conducting systematic reviews probably

contributed to some methodological shortcomings. Although great effort was made to identify

and capture all relevant literature within my topic, it is possible and probable that some articles

were missed. Thus, selection bias cannot be ruled out. Additionally, no statistical analyses were

carried out. Further research into what measures are being used in clinical practice is another

topic for future research as this would identify a gap between research and practice, if any such

exists.
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3. Theoretical Orientation and Framework
3.1 Applied Behavior Analysis, What is it?

Behavior analysis is the science and study of functional relationships between the

environment and human behavior. Three branches extend from behavior analysis: the conceptual

analysis, the experimental analysis of behavior or basic research, and the applied realm

(application of the science to human subjects). Applied behavior analysis (ABA) is the pragmatic

and systematic approach to discovering and manipulating environmental variables to influence

socially significant behavior (definition adapted from Cooper et al., 2019). The practice of

applied behavior analysis uses environmental manipulations of antecedents and consequences

along with shaping, fading and differential reinforcement to decrease problematic behavior and

build skill repertoires in order for consumers to achieve socially meaningful outcomes, and

improve quality of life. Applications of the science of behavior are widely utilized in education,

from classroom management strategies to school-wide positive behavior supports, precision

teaching and the education of all students regardless of needs status (Cooper et al., 2019).

3.2 A Brief History
Psychology in the early 20th century was largely dominated by studies of mental

processes. Early behaviorism differed as it focussed only on observable behavior. John B.

Watson, often considered the father of behaviorism, proposed that it was not mental states that

should be the focus psychology, but the direct observation of the relationships between

environmental stimuli and responses to those stimuli; thus, Stimulus-Response (S-R) psychology

emerged (Cooper et al., 2019 p. 10). Finding that S-R relations within the environment could not

account for all facets of behavior, specifically “voluntary” behavior, through his research B.F.

Skinner proposed that it’s not the antecedent stimuli that has an affect on human behavior, but

the history of the consequent stimuli that has followed the response in the past. This three- term

contingency (S-R-S) became known as it is today, operant learning. Skinner's investigations led

to the development of the experimental analysis of behavior, guided by his philosophy: radical

behaviorism, and eventually the application of the principles of operant learning to human

behavior, or applied behavior analysis (Cooper et al., 2019 pp. 10-14)
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3.3 Trends in Behavioral Interventions
As discussed earlier, early identification and intervention in toddlerhood and early

childhood is widely recommended by experts over the “wait and see” approach (L. K. Koegel et

al., 2014). Upon diagnosis, parents may be somewhat overwhelmed by the wide variety of

different choices of intervention, all with varying underlying methodologies. These interventions

can range from dietary supplements and restriction, behavioral interventions and a number of

eclectic approaches (Grey et al., 2019). Supported by over 30 years of research, early behavioral

interventions are considered well-established treatment methods of choice, and have been shown

to increase adaptive functioning levels and decrease core symptoms of ASD. Children receiving

behavioral interventions early in life may require less specialized support across the lifespan (L.

K. Koegel et al., 2014; Lovaas, 1987), and most will be included in their regular education

classrooms. Experts agree that favorable outcomes are possible with early intensive treatments,

as compared to the 1960’s and 70s where children with autism were largely thought to be

“uneducable”.

Considerable improvements have been made in behavioral interventions over the past

couple of decades. Behavioral interventions consist of both direct-teaching and naturalistic

formats. Though they utilize differing instructional formats, the underlying methodologies

remain the same. Both direct-teaching and naturalistic behavioral interventions utilize operant

learning techniques, target socially significant intervention goals, systematically and objectively

analyze the child's performance before, during and after treatment, and are informed by the

research in the experimental analysis of behavior (Schreibman et al., 2015). Naturalistic

Developmental Behavioral Interventions (NDBI’s) have growing support in the literature and are

influenced by developmental psychologists such as Piaget, Vygotsky and Bruner (Schreibman et

al., 2015). Taking a constructivist approach, children are taught within developmental sequences

building upon prior skills to help them contact new experiences and environmental

contingencies. Not surprisingly, NDBI’s are considered to be family-friendly intervention

approaches as they are often embedded throughout child's day, within familiar routines and

occurring in their natural environment (Schreibman et al., 2015).
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3.4 ABA-Based Early Intensive Behavioral Interventions
Comprehensive Treatment Models (CTMs) can be described as “brand name”

interventions that focus on broad behavioral and developmentally appropriate goals aimed

specifically to impact core deficits of autism spectrum disorders. CTMs are delivered early, at

high intensities (e.g 25+ hours a week), and occur over long periods of time (typically two or

more years) (Odom et al., 2010). Though not entirely synonymous, Early Intensive Behavioral

Interventions fall under an overarching CTM umbrella. Early Intensive Behavioral Interventions,

though implemented with some variance, all share some fundamentals. The first being that EIBI

interventions blend and incorporate the principles of ABA, autism, and developmental

psychology to provide tailored intervention goals to meet the needs of the child and the family.

Second, intervention goals address all domains of child development. Third, skill building

procedures are based on positive reinforcement, and behavior reductive procedures are based on

input from a functional analysis. Fourth, teaching is systematic and data based, and skills are

broken down into step-by-step teachable units. Fifth, measurement of treatment goals are

ongoing, and supervision by qualified professionals is provided frequently (usually weekly).

Lastly, treatment is conducted in multiple settings with a variety of people, and explicit

generalization training is used (Green, 2011 in Eldevik et al., 2019). The following models are

evidence-based EIBI and CTM models.

UCLA Model

The UCLA Model is based on the works of  Ivar Lovaas in the 1970’s and 1980’s.

Though modernization and variations exist, the underlying principles, as with all the models

discussed in this chapter, remain the same. The underlying theory of the UCLA model is of

operant learning, using principals such as reinforcement, shaping, prompting and fading

techniques, task analysis and discrimination training (Cohen et al., 2006; Eikeseth et al., 2002, p.

2; Lovaas, 1987). Treatment often begins in a 1:1 Discrete Trials format, where the child learns

basic listener skills. Skills gradually increase in complexity, moving from vocal and non-verbal

imitation, building receptive and expressive vocabulary, eventually moving to abstract tasks such

as color identification and prepositions (Eikeseth et al., 2002). Tangible reinforcers are often

used in the beginning but are eventually faded out and replaced with social reinforcers such as

praise, hugs, tickles and high-fives, as is appropriate for young children (Cohen et al., 2006).
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Treatment intensity is aimed at 35+ hours per week, and parents are integral in the treatment

progress. Generalization and maintenance are programmed for and are included in weekly

treatment hours. Usually, in the second or third year of treatment, social skills such as functional

toy play, conversation skills, turn taking and symbolic play are targeted (Cohen et al., 2006;

Eikeseth et al., 2002). Finally  peer-play and general education placements are carefully faded in

as 1:1 therapist support is gradually faded out. Frequent supervision by trained and qualified

professionals is a hallmark of the UCLA model. Variations of this model are frequent in the

literature and have expanded from exclusively research-based facilities into effectiveness studies

in real-world community settings in both North America and Europe (Eldevik et al., 2012, 2019;

T. Smith et al., 2015).

Pivotal Response Treatment

Pivotal Response Treatments are comprehensive early intervention treatment models that

incorporate both a developmental approach and procedures based upon applied behavior analysis

(R. L. Koegel & Koegel, 2006; Schreibman et al., 2015). PRTs target pivotal skills such as

motivation, responding to multiple cues and self-initiations, that once acquired, have cascading

generalizing effects. Like other Naturalistic Developmental Behavioral Interventions (NDBIs),

PRT’s are generally child-led and focus on using naturally reinforcing stimuli, or contextual

reinforcers in place of arbitrary reinforcers used in some direct-teaching formats. Children often

help select stimuli used for teaching, and teaching is embedded into the child’s natural

environment, often by following the child’s lead or motivation. Parental involvement plays an

imperative role in Pivotal Response Treatments. Parents are trained to incorporate and embed

teaching strategies within familial routines or daily activities, with the goal being that

intervention is intensive in that it is embedded into all of the child’s waking hours. Parents are

taught to arrange their environments to evoke discrete opportunities for language and social

interactions. Attempts at communication are reinforced, and techniques such as  modeling and

shaping are utilized as the child begins to master the skill (R. L. Koegel & Koegel, 2006). PRT is

compatible with inclusive educational environments as teachers and special educators can learn

to incorporate intervention strategies into the general curriculum, and has been used in

community settings (I. M. Smith et al., 2010, 2015) suggesting its effectiveness and

sustainability in “real life”.
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Early Start Denver Model

The Early Start Denver Model is a developmental, relationship-based and behavioral

intervention for very young children with or at risk for autism. ESDM aims to foster warm,

positive relationships between child and therapist or child and caregiver, and embeds

developmentally appropriate and empirically validated teaching strategies based on ABA into

natural routines in the child’s life. The model takes a collaborative approach between family and

professionals including speech and language pathologists, the child’s pediatrician, occupational

therapists and so on. The ESDM is manualized and targets therapist and child behavior. Goals

and learning objectives are individually designed based on the child's current skills and deficits

and goals that are deemed culturally important to the family. Learning objectives target all areas

of the child’s development, but focus on core developmental areas specific to ASD such as:

imitation, joint attention, verbal communication, social development and pretend play (Talbott et

al., 2016). Unlike in discrete trial format, teaching is embedded into joint activities with the

child, and are often child-led. Like other behavioral interventions, shaping, prompting and

prompt fading are utilized to facilitate learning; data is collected and monitored on an ongoing

basis (Talbott et al., 2016). Because of the flexible nature of the intervention, the ESDM can be

implemented where the child spends most of their time. Delivery of the model has been validated

globally in childcare facilities, inclusive preschools and outpatient clinics (Costanza et al., 2018;

Estes et al., 2015; Lin et al., 2020; Vivanti et al., 2019) Best outcomes are achieved when started

early (Vivanti & Dissanayake, 2016), and are delivered with intensity (>15 hours therapist

implementation) (Talbott et al., 2016).
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4. Context
4.1 ABA Service Delivery and Providers

Comprehensive EIBI treatment models are typically center or home-based, and are

created, implemented and supervised by masters and doctoral level Board Certified Behavior

Analysts (BCBAs). As of 2021, Board Certified Behavior Analysts have a graduate degree in

special education, psychology or behavior analysis and have completed additional coursework at

the graduate level in behavior analysis. In addition, they have completed 1500 hours of

supervised practical experience (as per guidelines by the Behavior Analysis Certification Board),

and have passed a qualifying exam (Behavior Analyst Certification Board, n.d). BCBAs and

BCBA-Ds are considered by policy makers to be the most qualifying practitioners to provide

applied behavior analytic services to consumers (Zhang & Cummings, 2020).

Behavior Analysts  provide focussed and/or comprehensive services. They are

responsible for the design, implementation, training and evaluation of behavior analytic services

such as early intensive behavioral interventions. BCBCAs are regulated by the Behavior Analyst

Certification Board (BACB). The BACB was established in 1989 in order to provide credentials

and a set of standards to professional behavior analysts worldwide (Zhang & Cummings, 2020).

Certificant data from the BACB indicates there are over 40,000 masters-level BCBAs holding

credentials in the United States and over 3,500 masters-level certificants world-wide (Behavior

Analyst Certification Board, n.d).

Over the years there have been a number of disputes and lawsuits for the denial of aba

services, claiming EIBI programs as experimental (L. K. Koegel et al., 2014), largely due to lack

of RCTs. These claims have been overturned and ABA is now considered medically and

educationally necessary (Keenan et al., 2015).  In the United States, coverage of ABA services

for children with autism is funded through private insurance payers and is now mandated by law

in 48 states and the District of Columbia (Zhang & Cummings, 2020).

4.2 Challenges to Measuring Treatment Outcomes in Applied Settings

Through efforts of literature reviews like Bolte & Diehl (2013),  Stolte et al (2016), and

the current project, a great deal has been uncovered about the usage of outcome measures for

individuals with autism and individuals receiving behavior analytic interventions in early
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childhood. Previous reviews found measures to be inconsistent and large in number. This was

true in some cases in my review. I found domains of language assessment and challenging

behavior to lack preference in measurement, with many measures being used only once. These

domains were also found to be reported in less than 20% of articles, along with criterion-based

measures and measures of parent and caregiver well being. Reporting measures of parental well

being and social validity is a critical area for improvement in the field of EIBI. Grey and

colleagues (2019) defined social validity in EIBI as the social importance and acceptability of the

intervention relating to the goals, procedures and outcomes produced by the intervention. They

comment on the underrepresentation of intervention acceptability in EIBI research. Similar to

their findings, my review did not discover any measures of intervention satisfaction, or other

measures of social validity.

Currently we do not have nation-wide information on the instruments being used to

measure outcomes at the clinical level. Additionally, the interval between measurements and the

domains in which outcomes are being measured in practice remain largely unknown. Services

are provided by insurance-funded agencies and practitioners, and therefore authorization for the

continuation of services is largely determined by these providers. Authorization periods and

requirements likely differ between companies and states. For example, outcome measures may

be required every 3 months, 6 months, or on an annual basis. This presents a challenge in two

respects: 1) outcome measures currently in use may not be sensitive enough to display change

over periods of months, and 2) masters -level practitioners often do not have the qualifications to

administer gold-standard instruments found in recent reviews. Insurance providers are likely

looking for measures that are quick to administer, cheap, reliable, valid and sensitive to measure

change over short intervals. With these criteria in mind and keeping with the recommendations

set forth by previous research, the article manuscript intends to discuss current trends in outcome

measurement and provide brief recommendations for clinical practice.
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Color Art

● Color art is free of charge for online publication.
● If black and white will be shown in the print version, make sure that the main information

will still be visible. Many colors are not distinguishable from one another when converted
to black and white. A simple way to check this is to make a xerographic copy to see if the
necessary distinctions between the different colors are still apparent.
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● If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering
● To add lettering, it is best to use Helvetica or Arial (sans serif fonts).
● Keep lettering consistently sized throughout your final-sized artwork, usually about 2–3

mm (8–12 pt).
● Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type

on an axis and 20-pt type for the axis label.
● Avoid effects such as shading, outline letters, etc.
● Do not include titles or captions within your illustrations.

Figure Numbering
● All figures are to be numbered using Arabic numerals.
● Figures should always be cited in text in consecutive numerical order.
● Figure parts should be denoted by lowercase letters (a, b, c, etc.).
● If an appendix appears in your article and it contains one or more figures, continue the

consecutive numbering of the main text. Do not number the appendix figures,"A1, A2,
A3, etc." Figures in online appendices [Supplementary Information (SI)] should,
however, be numbered separately.

Figure Captions
● Each figure should have a concise caption describing accurately what the figure depicts.

Include the captions in the text file of the manuscript, not in the figure file.
● Figure captions begin with the term Fig. in bold type, followed by the figure number, also

in bold type.
● No punctuation is to be included after the number, nor is any punctuation to be placed at

the end of the caption.
● Identify all elements found in the figure in the figure caption; and use boxes, circles, etc.,

as coordinate points in graphs.
● Identify previously published material by giving the original source in the form of a

reference citation at the end of the figure caption.

Figure Placement and Size
● Figures should be submitted separately from the text, if possible.
● When preparing your figures, size figures to fit in the column width.
● For large-sized journals the figures should be 84 mm (for double-column text areas), or

174 mm (for single-column text areas) wide and not higher than 234 mm.
● For small-sized journals, the figures should be 119 mm wide and not higher than 195

mm.
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Permissions
If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some
publishers do not grant electronic rights for free and that Springer will not be able to refund any
costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of your figures, please
make sure that

● All figures have descriptive captions (blind users could then use a text-to-speech software
or a text-to-Braille hardware)

● Patterns are used instead of or in addition to colors for conveying information (colorblind
users would then be able to distinguish the visual elements)

● Any figure lettering has a contrast ratio of at least 4.5:1

Figure caption sheet

The figure caption sheet contains a list of only the captions for all figures used. Center the label
"Figure Captions" in uppercase and lowercase letters at the top of the page. Begin each caption
entry flush left, and type the word "Figure", followed by the appropriate number and a period, all
in italics. In the text of the caption (not italicized), capitalize only the first word and any proper
nouns. If the caption is more than one line, double-space between the lines, and type the second
and subsequent lines flush left. Table notes: Copyright permission footnotes for figures are typed
as part of the figure caption.

● Each figure should appear on a separate page. The page where the figure is found should
have the figure number and the word "top"[ie, Figure 1 top] typed above the figure.
Figures or illustrations (photographs, drawings, diagrams, and charts) are to be numbered
in one consecutive series of arabic numerals. Figures may be embedded in the text of a
Word or Wordperfect document. Electronic artwork submitted on disk may be in the
TIFF, EPS or Powerpoint format (best is 1200 dpi for line and 300 dpi for half-tones and
gray-scale art). Color art should be in the CYMK color space. Assistance will be
provided by the system administrator if you do not have electronic files for figures;
originals of artwork may be sent to the system administrator to be uploaded. *** After
first mention in the body of the manuscript, a call-out for the correct placement of each
figure should be included in brackets on a separate line within the text.

Electronic Supplementary Material
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Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Submission
● Supply all supplementary material in standard file formats.
● Please include in each file the following information: article title, journal name, author

names; affiliation and e-mail address of the corresponding author.
● To accommodate user downloads, please keep in mind that larger-sized files may require

very long download times and that some users may experience other problems during
downloading.

Audio, Video, and Animations
● Always use MPEG-1 (.mpg) format.

Text and Presentations
● Submit your material in PDF format; .doc or .ppt files are not suitable for long-term

viability.
● A collection of figures may also be combined in a PDF file.

Spreadsheets
● Spreadsheets should be converted to PDF if no interaction with the data is intended.
● If the readers should be encouraged to make their own calculations, spreadsheets should

be submitted as .xls files (MS Excel).

Specialized Formats
● Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),

and .tex can also be supplied.

Collecting Multiple Files
● It is possible to collect multiple files in a .zip or .gz file.

Numbering
● If supplying any supplementary material, the text must make specific mention of the

material as a citation, similar to that of figures and tables.
● Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the

animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
● Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
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Captions
● For each supplementary material, please supply a concise caption describing the content

of the file.

Processing of supplementary files
● Electronic supplementary material will be published as received from the author without

any conversion, editing, or reformatting.

Accessibility
● The manuscript contains a descriptive caption for each supplementary material
● Video files do not contain anything that flashes more than three times per second (so that

users prone to seizures caused by such effects are not put at risk)

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to
deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the
journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation is helped by following the
rules of good scientific practice, which include*:

● The manuscript should not be submitted to more than one journal for simultaneous
consideration.

● The submitted work should be original and should not have been published elsewhere in
any form or language (partially or in full), unless the new work concerns an expansion of
previous work. (Please provide transparency on the re-use of material to avoid the
concerns about text-recycling (‘self-plagiarism’).

● A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e.
‘salami-slicing/publishing’).

● Concurrent or secondary publication is sometimes justifiable, provided certain conditions
are met. Examples include: translations or a manuscript that is intended for a different
group of readers.

● Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors should
adhere to discipline-specific rules for acquiring, selecting and processing data.
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● No data, text, or theories by others are presented as if they were the author’s own
(‘plagiarism’). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

● Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

● Research articles and non-research articles (e.g. Opinion, Review, and Commentary
articles) must cite appropriate and relevant literature in support of the claims made.
Excessive and inappropriate self-citation or coordinated efforts among several authors to
collectively self-cite is strongly discouraged.

● Authors should avoid untrue statements about an entity (who can be an individual person
or a company) or descriptions of their behavior or actions that could potentially be seen
as personal attacks or allegations about that person.

● Research that may be misapplied to pose a threat to public health or national security
should be clearly identified in the manuscript (e.g. dual use of research). Examples
include creation of harmful consequences of biological agents or toxins, disruption of
immunity of vaccines, unusual hazards in the use of chemicals, weaponization of
research/technology (amongst others).

● Authors are strongly advised to ensure the author group, the Corresponding Author, and
the order of authors are all correct at submission. Adding and/or deleting authors during
the revision stages is generally not permitted, but in some cases may be warranted.
Reasons for changes in authorship should be explained in detail. Please note that changes
to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights such
as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out
an investigation following COPE guidelines. If, after investigation, there are valid concerns, the
author(s) concerned will be contacted under their given e-mail address and given an opportunity
to address the issue. Depending on the situation, this may result in the Journal’s and/or
Publisher’s implementation of the following measures, including, but not limited to:
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● If the manuscript is still under consideration, it may be rejected and returned to the
author.

● If the article has already been published online, depending on the nature and severity of
the infraction:
- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or retraction
note. Please note that retraction means that the article is maintained on the platform,
watermarked “retracted” and the explanation for the retraction is provided in a note linked to the
watermarked article.

● The author’s institution may be informed
● A notice of suspected transgression of ethical standards in the peer review system may be

included as part of the author’s and article’s bibliographic record.

Fundamental errors
Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal and
explain in what sense the error is impacting the article. A decision on how to correct the
literature will depend on the nature of the error. This may be a correction or retraction. The
retraction note should provide transparency which parts of the article are impacted by the error.

Suggesting / excluding reviewers
Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should
make sure they are totally independent and not connected to the work in any way. It is strongly
recommended to suggest a mix of reviewers from different countries and different institutions.
When suggesting reviewers, the Corresponding Author must provide an institutional email
address for each suggested reviewer, or, if this is not possible to include other means of verifying
the identity such as a link to a personal homepage, a link to the publication record or a researcher
or author ID in the submission letter. Please note that the Journal may not use the suggestions,
but suggestions are appreciated and may help facilitate the peer review process.

Authorship principles
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These guidelines describe authorship principles and good authorship practices to which
prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave explicit
consent to submit and that they obtained consent from the responsible authorities at the
institute/organization where the work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is
recommended that authors adhere to the guidelines for authorship that are applicable in their
specific research field. In absence of specific guidelines it is recommended to adhere to the
following guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the acquisition,
analysis, or interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific
publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations
All authors are requested to include information regarding sources of funding, financial or
non-financial interests, study-specific approval by the appropriate ethics committee for research
involving humans and/or animals, informed consent if the research involved human participants,
and a statement on welfare of animals if the research involved animals (as appropriate).
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The decision whether such information should be included is not only dependent on the scope of
the journal, but also the scope of the article. Work submitted for publication may have
implications for public health or general welfare and in those cases it is the responsibility of all
authors to include the appropriate disclosures and declarations.

Data transparency
All authors are requested to make sure that all data and materials as well as software application
or custom code support their published claims and comply with field standards. Please note that
journals may have individual policies on (sharing) research data in concordance with disciplinary
norms and expectations.

Role of the Corresponding Author
One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures
that questions related to the accuracy or integrity of any part of the work are appropriately
addressed.

The Corresponding Author is responsible for the following requirements:

● ensuring that all listed authors have approved the manuscript before submission,
including the names and order of authors;

● managing all communication between the Journal and all co-authors, before and after
publication;*

● providing transparency on re-use of material and mention any unpublished material (for
example manuscripts in press) included in the manuscript in a cover letter to the Editor;

● making sure disclosures, declarations and transparency on data statements from all
authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors during
submission and proofing may be delegated to a Contact or Submitting Author. In this case please
make sure the Corresponding Author is clearly indicated in the manuscript.

Author contributions
In absence of specific instructions and in research fields where it is possible to describe discrete
efforts, the Publisher recommends authors to include contribution statements in the work that
specifies the contribution of every author in order to promote transparency. These contributions
should be listed at the separate title page.

Examples of such statement(s) are shown below:

• Free text:
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All authors contributed to the study conception and design. Material preparation, data collection
and analysis were performed by [full name], [full name] and [full name]. The first draft of the
manuscript was written by [full name] and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:

• Conceptualization: [full name], …; Methodology: [full name], …; Formal analysis and
investigation: [full name], …; Writing - original draft preparation: [full name, …]; Writing -
review and editing: [full name], …; Funding acquisition: [full name], …; Resources: [full name],
…; Supervision: [full name],….

For review articles where discrete statements are less applicable a statement should be included
who had the idea for the article, who performed the literature search and data analysis, and who
drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended that
the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA
Science Student Council 2006

Affiliation
The primary affiliation for each author should be the institution where the majority of their work
was done. If an author has subsequently moved, the current address may additionally be stated.
Addresses will not be updated or changed after publication of the article.

Changes to authorship
Authors are strongly advised to ensure the correct author group, the Corresponding Author, and
the order of authors at submission. Changes of authorship by adding or deleting authors, and/or
changes in Corresponding Author, and/or changes in the sequence of authors are not accepted
after acceptance of a manuscript.

● Please note that author names will be published exactly as they appear on the
accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and that
addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it
may be warranted. Reasons for these changes in authorship should be explained. Approval of the
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change during revision is at the discretion of the Editor-in-Chief. Please note that journals may
have individual policies on adding and/or deleting authors during revision stage.

Author identification
Authors are recommended to use their ORCID ID when submitting an article for consideration or
acquire an ORCID ID via the submission process.

Deceased or incapacitated authors
For cases in which a co-author dies or is incapacitated during the writing, submission, or
peer-review process, and the co-authors feel it is appropriate to include the author, co-authors
should obtain approval from a (legal) representative which could be a direct relative.

Authorship issues or disputes
In the case of an authorship dispute during peer review or after acceptance and publication, the
Journal will not be in a position to investigate or adjudicate. Authors will be asked to resolve the
dispute themselves. If they are unable the Journal reserves the right to withdraw a manuscript
from the editorial process or in case of a published paper raise the issue with the authors’
institution(s) and abide by its guidelines.

Confidentiality
Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share
information.

Compliance with Ethical Standards
To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial), informed
consent if the research involved human participants, and a statement on welfare of animals if the
research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

● Disclosure of potential conflicts of interest
● Research involving Human Participants and/or Animals
● Informed consent
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Please note that standards could vary slightly per journal dependent on their peer review policies
(i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the
above-mentioned guidelines.

Conflicts of Interest / Competing Interests
Authors are requested to disclose interests that are directly or indirectly related to the work
submitted for publication. Interests within the last 3 years of beginning the work (conducting the
research and preparing the work for submission) should be reported. Interests outside the 3-year
time frame must be disclosed if they could reasonably be perceived as influencing the submitted
work. Disclosure of interests provides a complete and transparent process and helps readers form
their own judgments of potential bias. This is not meant to imply that a financial relationship
with an organization that sponsored the research or compensation received for consultancy work
is inappropriate.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the grant
number) and/or research support (including salaries, equipment, supplies, reimbursement for
attending symposia, and other expenses) by organizations that may gain or lose financially
through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication of this
manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or
children) that may gain or lose financially through publication of this manuscript; consultation
fees or other forms of remuneration from organizations that may gain or lose financially; patents
or patent applications whose value may be affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such
figure is necessarily arbitrary, so one possible practical guideline is the following: "Any
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undeclared financial interest that could embarrass the author were it to become publicly known
after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that go beyond
financial interests that could impart bias on the work submitted for publication such as
professional interests, personal relationships or personal beliefs (amongst others). Examples
include, but are not limited to: position on editorial board, advisory board or board of directors or
other type of management relationships; writing and/or consulting for educational purposes;
expert witness; mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an expert
synthesis of evidence and may be treated as an authoritative work on a subject. Review articles
therefore require a disclosure statement. Other article types such as editorials, book reviews,
comments (amongst others) may, dependent on their content, require a disclosure statement. If
you are unclear whether your article type requires a disclosure statement, please contact the
Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that funding
is a potential conflict of interest (as mentioned above)) needs to be disclosed upon submission of
the manuscript in the peer review system. This information will automatically be added to the
Record of CrossMark, however it is not added to the manuscript itself. Under ‘summary of
requirements’ (see below) funding information should be included in the ‘Declarations’ section.

Summary of requirements
The above should be summarized in a statement and included on a title page that is separate
from the manuscript with a section entitled “Declarations” when submitting a paper. Having
all statements in one place allows for a consistent and unified review of the information by the
Editor-in-Chief and/or peer reviewers and may speed up the handling of the paper. Declarations
include Funding, Conflicts of interest/competing interests, Ethics approval, Consent, Data,
Materials and/or Code availability and Authors’ contribution statements. Please use the title
page for providing the statements.

Once and if the paper is accepted for publication, the production department will put the
respective statements in a distinctly identified section clearly visible for readers.

Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one blanket
statement.
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Provide “Funding” as a heading (see template)

● Partial financial support was received from [...]
● The research leading to these results received funding from […] under Grant Agreement

No[…].
● This study was funded by […]
● This work was supported by […] (Grant numbers […] and […]

In case of no funding:

● The authors did not receive support from any organization for the submitted work.
● No funding was received to assist with the preparation of this manuscript.
● No funding was received for conducting this study.
● No funds, grants, or other support was received.

 

Provide “Conflicts of interest/Competing interests” as a header (see template)

● Financial interests: Author A has received research support from Company A. Author B
has received a speaker honorarium from Company Wand owns stock in Company X.
Author C is consultant to company Y.
Non-financial interests: Author C is an unpaid member of committee Z.

● Financial interests: The authors declare they have no financial interests.
Non-financial interests: Author A is on the board of directors of Y and receives no
compensation as member of the board of directors.

● Financial interests: Author A received a speaking fee from Y for Z. Author B receives a
salary from association X. X where s/he is the Executive Director.
Non-financial interests: none.

● Financial interests: Author A and B declare they have no financial interests. Author C
has received speaker and consultant honoraria from Company M and Company N. Dr. C
has received speaker honorarium and research funding from Company M and Company
O. Author D has received travel support from Company O.
Non-financial interests: Author D has served on advisory boards for Company M,
Company N and Company O.

When authors have nothing to declare the following statement may be used:
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● The authors have no relevant financial or non-financial interests to disclose.
● The authors have no conflicts of interest to declare that are relevant to the content of this

article.
● All authors certify that they have no affiliations with or involvement in any organization

or entity with any financial interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

● The authors have no financial or proprietary interests in any material discussed in this
article.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Research involving human participants, their data or biological material

Ethics approval
When reporting a study that involved human participants, their data or biological material,
authors should include a statement that confirms that the study was approved (or granted
exemption) by the appropriate institutional and/or national research ethics committee (including
the name of the ethics committee) and certify that the study was performed in accordance with
the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. If doubt exists whether the research was conducted in
accordance with the 1964 Helsinki Declaration or comparable standards, the authors must
explain the reasons for their approach, and demonstrate that an independent ethics committee or
institutional review board explicitly approved the doubtful aspects of the study. If a study was
granted exemption from requiring ethics approval, this should also be detailed in the manuscript
(including the reasons for the exemption).

Retrospective ethics approval
If a study has not been granted ethics committee approval prior to commencing, retrospective
ethics approval usually cannot be obtained and it may not be possible to consider the manuscript
for peer review. The decision on whether to proceed to peer review in such cases is at the Editor's
discretion.

Ethics approval for retrospective studies
Although retrospective studies are conducted on already available data or biological material (for
which formal consent may not be needed or is difficult to obtain) ethics approval may be
required dependent on the law and the national ethical guidelines of a country. Authors should
check with their institution to make sure they are complying with the specific requirements of
their country.
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Ethics approval for case studies
Case reports require ethics approval. Most institutions will have specific policies on this subject.
Authors should check with their institution to make sure they are complying with the specific
requirements of their institution and seek ethics approval where needed. Authors should be aware
to secure informed consent from the individual (or parent or guardian if the participant is a minor
or incapable) See also section on Informed Consent.

Cell lines
If human cells are used, authors must declare in the manuscript: what cell lines were used by
describing the source of the cell line, including when and from where it was obtained, whether
the cell line has recently been authenticated and by what method. If cells were bought from a life
science company the following need to be given in the manuscript: name of company (that
provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and contamination
of human cell lines. This step will alert authors to possible problems with the cell line and may
save considerable time and effort.

Further information is available from the International Cell Line Authentication Committee
(ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics
committee (including the name of the ethics committee) approved the study and that informed
consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)
Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a
DOI) for research resources. This journal encourages authors to adopt RRIDs when reporting key
biological resources (antibodies, cell lines, model organisms and tools) in their manuscripts.

Examples:

Organism: Filip1tm1a(KOMP)Wtsi RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005
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Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research
resources already have designated RRIDs. The portal also provides authors links so that they can
quickly register a new resource and obtain an RRID.

Clinical Trial Registration
The World Health Organization (WHO) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects on health outcomes". The WHO defines health interventions
as “A health intervention is an act performed for, with or on behalf of a person or population
whose purpose is to assess, improve, maintain, promote or modify health, functioning or health
conditions” and a health-related outcome is generally defined as a change in the health of a
person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register
prospective clinical trials (phase II to IV trials) in suitable publicly available repositories. For
example www.clinicaltrials.gov or any of the primary registries that participate in the WHO
International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line of
the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register
retrospectively to ensure the complete publication of all results. The trial registration number
(TRN), date of registration and the words 'retrospectively registered’ should be included as the
last line of the manuscript abstract.

Standards of reporting
Springer Nature advocates complete and transparent reporting of biomedical and biological
research and research with biological applications. Authors are recommended to adhere to the
minimum reporting guidelines hosted by the EQUATOR Network when preparing their
manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions
for Authors.

Checklists are available for a number of study designs, including:
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Randomised trials (CONSORT) and Study protocols (SPIRIT)

Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)

Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements
The above should be summarized in a statement and placed in a ‘Declarations’ section before the
reference list under a heading of ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

• All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The study was
approved by the Bioethics Committee of the Medical University of A (No. ...).

• This study was performed in line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of University B (Date.../No. ...).

• Approval was obtained from the ethics committee of University C. The procedures used in this
study adhere to the tenets of the Declaration of Helsinki.

• The questionnaire and methodology for this study was approved by the Human Research Ethics
committee of the University of D (Ethics approval number: ...).
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Examples of statements to be used for a retrospective study:

• Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the routine
care.

• This research study was conducted retrospectively from data obtained for clinical purposes. We
consulted extensively with the IRB of XYZ who determined that our study did not need ethical
approval. An IRB official waiver of ethical approval was granted from the IRB of XYZ.

• This retrospective chart review study involving human participants was in accordance with the
ethical standards of the institutional and national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. The Human Investigation
Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption granted:

• This is an observational study. The XYZ Research Ethics Committee has confirmed that no
ethical approval is required.

• The data reproduced from Article X utilized human tissue that was procured via our Biobank
AB, which provides de-identified samples. This study was reviewed and deemed exempt by our
XYZ Institutional Review Board. The BioBank protocols are in accordance with the ethical
standards of our institution and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Informed consent
All individuals have individual rights that are not to be infringed. Individual participants in
studies have, for example, the right to decide what happens to the (identifiable) personal data
gathered, to what they have said during a study or an interview, as well as to any photograph that
was taken. This is especially true concerning images of vulnerable people (e.g. minors, patients,
refugees, etc) or the use of images in sensitive contexts. In many instances authors will need to
secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as
facial features, fingerprint, writing style, voice pattern, DNA or other distinguishing
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characteristic) and other information) of the participants that were studied should not be
published in written descriptions, photographs, and genetic profiles unless the information is
essential for scholarly purposes and the participant (or parent/guardian if the participant is a
minor or incapable or legal representative) gave written informed consent for publication.
Complete anonymity is difficult to achieve in some cases. Detailed descriptions of individual
participants, whether of their whole bodies or of body sections, may lead to disclosure of their
identity. Under certain circumstances consent is not required as long as information is
anonymized and the submission does not include images that may identify the person.

Informed consent for publication should be obtained if there is any doubt. For example, masking
the eye region in photographs of participants is inadequate protection of anonymity. If
identifying characteristics are altered to protect anonymity, such as in genetic profiles, authors
should provide assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

• Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides
unless there is a concern about identifying information in which case, authors should ensure that
consent is obtained.

• Reuse of images: If images are being reused from prior publications, the Publisher will assume
that the prior publication obtained the relevant information regarding consent. Authors should
provide the appropriate attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or guardian
if the deceased has not made a pre-mortem decision) must have given prior written consent. The
aspect of confidentiality as well as any wishes from the deceased should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors
should ensure, as part of the informed consent procedure, that the participants are made aware
what kind of (personal) data will be processed, how it will be used and for what purpose. In case
of data acquired via a biobank/biorepository, it is possible they apply a broad consent which
allows research participants to consent to a broad range of uses of their data and samples which
is regarded by research ethics committees as specific enough to be considered “informed”.
However, authors should always check the specific biobank/biorepository policies or any other
type of data provider policies (in case of non-bio research) to be sure that this is the case.
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Consent to Participate
For all research involving human subjects, freely-given, informed consent to participate in the
study must be obtained from participants (or their parent or legal guardian in the case of children
under 16) and a statement to this effect should appear in the manuscript. In the case of articles
describing human transplantation studies, authors must include a statement declaring that no
organs/tissues were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts
reporting studies involving vulnerable groups where there is the potential for coercion or where
consent may not have been fully informed, extra care will be taken by the editor and may be
referred to the Springer Nature Research Integrity Group.

Consent to Publish
Individuals may consent to participate in a study, but object to having their data published in a
journal article. Authors should make sure to also seek consent from individuals to publish their
data prior to submitting their paper to a journal. This is in particular applicable to case studies. A
consent to publish form can be found

here. (Download docx, 36 kB)

Summary of requirements
The above should be summarized in a statement and placed in a ‘Declarations’ section before the
reference list under a heading of ‘Consent to participate’ and/or ‘Consent to publish’. Other
declarations include Funding, Conflicts of interest/competing interests, Ethics approval, Consent,
Data and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.

Sample statements for "Consent to participate":

Informed consent was obtained from all individual participants included in the study.

Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:
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The authors affirm that human research participants provided informed consent for publication of
the images in Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the journal.

Patients signed informed consent regarding publishing their data and photographs.

Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom identifying
information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or the
paper may be removed and replaced with a notice explaining the reason for removal.

Research Data Policy
This journal operates a type 1 research data policy. The journal encourages authors, where
possible and applicable, to deposit data that support the findings of their research in a public
repository. Authors and editors who do not have a preferred repository should consult Springer
Nature’s list of repositories and research data policy.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may also be
used.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in
the reference list. Data citations should include the minimum information recommended by
DataCite: authors, title, publisher (repository name), identifier.

DataCite
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Authors who need help understanding our data sharing policies, help finding a suitable data
repository, or help organising and sharing research data can access our Author Support portal for
additional guidance.

After acceptance
Upon acceptance, your article will be exported to Production to undergo typesetting. Once
typesetting is complete, you will receive a link asking you to confirm your affiliation, choose the
publishing model for your article as well as arrange rights and payment of any associated
publication cost.

Once you have completed this, your article will be processed and you will receive the proofs.

Article publishing agreement
Depending on the ownership of the journal and its policies, you will either grant the Publisher an
exclusive licence to publish the article or will be asked to transfer copyright of the article to the
Publisher.

Offprints
Offprints can be ordered by the corresponding author.

Color illustrations
Online publication of color illustrations is free of charge. For color in the print version, authors
will be expected to make a contribution towards the extra costs.

Proof reading
The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new results,
corrected values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will
be hyperlinked to the article.

Online First
The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited
by issue and page numbers.

Open Choice
Open Choice allows you to publish open access in more than 1850 Springer Nature journals,
making your research more visible and accessible immediately on publication.
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Article processing charges (APCs) vary by journal – view the full list

Benefits:

● Increased researcher engagement: Open Choice enables access by anyone with an
internet connection, immediately on publication.

● Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4
times more often on average, and cited 1.7 more times on average*.

● Easy compliance with funder and institutional mandates: Many funders require open
access publishing, and some take compliance into account when assessing future grant
applications.

It is easy to find funding to support open access – please see our funding and support pages for
more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis,
2018.

Open Choice

Funding and Support pages

Copyright and license term – CC BY
Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative
Commons Attribution License.

Find more about the license agreement

English Language Editing
For editors and reviewers to accurately assess the work presented in your manuscript you need to
ensure the English language is of sufficient quality to be understood. If you need help with
writing in English you should consider:

● Asking a colleague who is a native English speaker to review your manuscript for clarity.
● Visiting the English language tutorial which covers the common mistakes when writing

in English.
● Using a professional language editing service where editors will improve the English to

ensure that your meaning is clear and identify problems that require your review. Two
such services are provided by our affiliates Nature Research Editing Service and
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American Journal Experts. Springer authors are entitled to a 10% discount on their first
submission to either of these services, simply follow the links below.

English language tutorial

Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this
journal and does not imply or guarantee that the article will be selected for peer review or
accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style
before publication.

.
为便于编辑和评审专家准确评估您稿件中陈述的研究工作，您需要确保您的英语语言质量

足以令人理解。如果您需要英文写作方面的帮助，您可以考虑：

● 请一位以英语为母语的同事审核您的稿件是否表意清晰。

● 查看一些有关英语写作中常见语言错误的教程。

● 使用专业语言编辑服务，编辑人员会对英语进行润色，以确保您的意思表达清晰，并识别
需要您复核的问题。我们的附属机构 Nature Research Editing Service 和合作伙伴
American Journal Experts 即可提供此类服务。

教程

Nature Research Editing Service

American Journal Experts

请注意，使用语言编辑服务并非在期刊上发表文章的必要条件，同时也并不意味或保证文

章将被选中进行同行评议或被接受。

如果您的稿件被接受，在发表之前，我们的文字编辑会检查您的文稿拼写是否规范以及文

体是否正式。

.
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エディターと査読者があなたの論文を正しく評価するには、使用されている英語の質が十分に

高いことが必要とされます。英語での論文執筆に際してサポートが必要な場合には、次のオプ

ションがあります：

・英語を母国語とする同僚に、原稿で使用されている英語が明確であるかをチェックしてもらう。

・英語で執筆する際のよくある間違いに関する英語のチュートリアルを参照する。

・プロの英文校正サービスを利用する。校正者が原稿の意味を明確にしたり、問題点を指摘

し、英語の質を向上させます。Nature Research Editing Service とAmerican Journal Experts の2
つは弊社と提携しているサービスです。Springer の著者は、いずれのサービスも初めて利用す
る際には10%の割引を受けることができます。以下のリンクを参照ください。

英語のチュートリアル

Nature Research Editing Service

American Journal Experts

英文校正サービスの利用は、投稿先のジャーナルに掲載されるための条件ではないこと、また

論文審査や受理を保証するものではないことに留意してください。

原稿が受理されると、出版前に弊社のコピーエディターがスペルと体裁のチェックを行います。

.
영어 원고의 경우, 에디터 및 리뷰어들이 귀하의 원고에 실린 결과물을 정확하게 평가할
수 있도록, 그들이 충분히 이해할 수 있을 만한 수준으로 작성되어야 합니다. 만약
영작문과 관련하여 도움을 받기를 원하신다면 다음의 사항들을 고려하여 주십시오:

• 귀하의 원고의 표현을 명확히 해줄 영어 원어민 동료를 찾아서 리뷰를 의뢰합니다.

• 영어 튜토리얼 페이지에 방문하여 영어로 글을 쓸 때 자주하는 실수들을 확인합니다.

• 리뷰에 대비하여, 원고의 의미를 명확하게 해주고 리뷰에서 요구하는 문제점들을
식별해서 영문 수준을 향상시켜주는 전문 영문 교정 서비스를 이용합니다. Nature
Research Editing Service와 American Journal Experts에서저희와 협약을 통해 서비스를
제공하고 있습니다. Springer 저자들이 본 교정 서비스를 첫 논문 투고를 위해 사용하시는
경우 10%의 할인이 적용되며, 아래의 링크를 통하여 확인이 가능합니다.

영어 튜토리얼 페이지
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Nature Research Editing Service

American Journal Experts

영문 교정 서비스는 게재를 위한 요구사항은 아니며, 해당 서비스의 이용이 피어 리뷰에
논문이 선택되거나 게재가 수락되는 것을 의미하거나 보장하지 않습니다.

원고가 수락될 경우, 출판 전 저희측 편집자에 의해 원고의 철자 및 문체를 검수하는
과정을 거치게 됩니다.

Open access publishing
Review Journal of Autism and Developmental Disorders publishes open access articles. Authors
of open access articles published in this journal retain the copyright of their articles and are free
to reproduce and disseminate their work.

Visit our Open access publishing page to learn more.
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Abstract
This review aimed to identify and assess the psychometrics of 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/caregiver well being were

under reported at 30% and 14% respectively. Reliability and validity of each measure was

determined by recently published psychometric data. Utility of outcome measures in clinical

practice are discussed.

Keywords
Autism, early intensive behavioral intervention, outcome measures, treatment outcomes

Word Count: 6330 (excluding references and tables)
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Autism spectrum disorder is classified as a neurodevelopmental disorder with marked

impairments in social communication and the presence of restricted and repetitive behaviors.

Heterogeneity of the disorder is large, with presentation or symptom severity ranging from mild

to severe. (American Psychological Association, 2013). It is estimated that 1 in 54 children in the

United States will receive an autism spectrum diagnosis (Center for Disease Control, 2021). The

diagnostic process includes a clinical evaluation alongside caregiver reports, with most children

receiving their diagnosis between the ages of 2 and 6 years old (Fletcher-Watson & McConachie,

2017).

Naturally, parents with children presenting symptoms of autism in early childhood will

seek information regarding appropriate early intervention services. In the United States,

treatment models based on the principles of applied behavior analysis are considered to be the

“treatment of choice”. Intensive behavior analytic interventions are well structured,

individualized teaching programs that are designed to address a wide range of developmental

areas (Vismara & Rogers, 2010), and focus on acquiring new skill repertoires and/or decreasing

challenging behavior. In the United States, these interventions are typically carried out in the

child’s home or at a centre and are funded through insurance. Given the substantial empirical

support for early intensive behavioral intervention (hereafter referenced as EIBI), when

considering treatment alternatives, EIBI is generally considered to be a well-established and

effective treatment for children with autism (Reichow et al., 2018).

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). Additional findings from Smith et al., 2019 suggests that gains made in intellectual and

adaptive functioning, as well as some reduction in autism symptomatology had maintained

overtime. Although additional outcome research in follow-up studies are needed. 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 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
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al., 2018; Smith et al., 2015; Zachor et al., 2007), age of treatment onset, and intensity of

supervision (Eikeseth et al., 2009), and treatment intensity (Eldevik et al., 2009). The Behavior

Analyst Certification Board recommends 30-40 treatment hours per week to achieve optimal

outcomes. In keeping with this Lotfizadeh et al., 2020 found moderate treatment gains made on

the Verbal Behavior Milestones and Placement Program (VB-MAPP; Sundberg, 2008) for

children who received between 8 and 15 hours of ABA per week, indicating that although

moderate, treatment gains can be made at lower-intensities. Similarly, Eldevik and colleagues,

2019 compared outcomes of adaptive and intellectual functioning and ASD symptom severity in

groups of children who received low intensity, high intensity, or eclectic special education.

Although below the recommended treatment hours, those in the “high-intensity” group made

significantly better gains than both the low-intensity and eclectic group, suggesting a

dose-response relationship.

Despite the growing body of literature supporting improved outcomes for children

receiving early and intensive behavioral interventions across core domains, the field lacks a

consensus regarding the selection of valid and appropriate outcome measures. This could be due

to a host of difficulties surrounding the heterogeneity of the disorder; for example, the wide

range in cognitive abilities, deficits in motor planning and social skills, and comorbid

challenging behaviors (Matson & Rieske, 2014). Ozonoff et al. (2005) suggests a core initial

assessment battery to  include measures of autism diagnosis, intellectual functioning, adaptive

functioning and a language assessment. Matson and Rieske (2014) extend this core battery to

represent assessment of outcomes. They propose measures of challenging behavior, direct

measures of targeted behavior (focused measurement), family or consumer satisfaction, and

treatment side effects to be included in a comprehensive assessment battery. Though there is

some agreement as to what should be measured, how to measure outcomes remains complex.

Previous reviews have identified  high volumes and wide varieties of outcome measures

in ASD research (Bolte & Diehl, 2013; Stolte et al., 2016). The high volume and inconsistencies

found in these reviews reflect frequent revision of measures, shifting requirements of these

measures and the sheer amount of tools available for purchase today. Identification of valid

instruments for use within asd populations is critical. In addition, practicalities such as

administration qualifications, time and cost to administer, and sensitivity to detect subtle change
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over shorter time frames (eg. 3-6 months) must be considered in keeping in line with policies set

forth by insurance providers.

The purpose of this study is to review the current EIBI literature and identify what

measurement tools are being used to assess outcomes of children with ASD. In addition, the

review seeks to determine the validity of these measures in order to provide brief

recommendations in selecting appropriate assessment tools as part of a developing set of

standards for research and clinical practice.

Methods
Inclusion Criteria

Selection criteria was determined a-priori. In order to capture as much published

literature as possible, 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 hours/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 PDD-NOS; 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, cognitive functioning, autism core symptom severity, or language

functioning; 6)  the study utilised group designs; 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. The search was

conducted in consultation with a librarian from the University of Oslo. 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,
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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 of the inclusion criteria listed above.

Thirty five articles from the database search met inclusion criteria, an additional 8 studies were

retrieved through hand search yielding a total of 43 articles included in the present review. See

Figure 2.1 for search and selection procedure.

Figure 2.1 Database search and selection procedure.

Quality Appraisal and Inter-Rater Agreement

Articles were appraised for methodological rigor using the Council for Exceptional

Children Standards for Evidence- Based Practices in Special Education (Council for Exceptional

Children, 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
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satisfactorily addresses the content outlined in each indicator (CEC, 2104). 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 inter-rater 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 well being  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 (eg.

Vineland 2 and Vineland 3 are recorded as two independent measures). Measures of intellectual

(86%) and adaptive functioning (91%) were reported most frequently, followed by measures of

symptom severity (67%).  Measures of language ability and challenging behavior were found in

33% and 30% respectively. Parental and caregiver wellness was underrepresented at 14%.

Similarly, only 6% of articles found reported the use of manualized, criterion-based measures to

assess outcomes. Brief descriptions of each measure, including cost, administration, reliability

and validity can be found in Appendix A.

Reliability of the measures used for individual assessment was evaluated based on the

following coefficient scale: .00 to .59: very poor reliability, .60-.69: low or poor reliability,

.70-.79: moderate to fair reliability, .80-.89 good reliability, .90-.99 excellent reliability (Sattler,

2018). Validity of the assessment was determined as satisfactory if the measure provided

published evidence of criterion,  concurrent validity, or construct validity. Recent reliability and

validity for measures with a frequency of 3 or more are discussed below.

Secondary variables such as score reporting methods and time intervals between

assessments were also examined. Table 3.1. provides frequencies of scores reported in standard

scores (SS), age equivalents (AE), ratio scores (RA), or raw scores (RW).

[Insert Table 3.1 here]
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Time between assessments 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 3.2

describes measures used in assessment intervals of one year or less.

[Insert Table 3.2 here]

Measures of Cognition

Similar to previous research in EIBI, measures of intellectual functioning appear

frequently (Matson and Rieske, 2014). Thirty-seven of the forty-three articles report at least one

measure of cognitive ability. Thirty measures of intellectual functioning were reported and more

than half (53%) of the articles reported the use of more than one measure of cognitive

functioning, either across participants or across time. Forty percent (17/43) of articles computed

ratio IQ scores for at least some of their participants. Full Scale Measures of Intelligence (FSIQ)

were reported in 32/43 (74%) of articles. Some articles used a mix of FSIQ and NV intelligence

tests (4/43, 9%), and few articles (2/43, 5%) reported only use of NV tests to measure cognition.

Measures of full scale intelligence included : Bayley Scales of Infant Development (Bayley-4;

Bayley, 2019),  Mullen Scales of Early Learning (MSEL; Mullen, 1995), Wechsler Preschool and

Primary Scale of Intelligence (WPPSI-IV; Wechsler, 2012), PsychoEducational Profile- Revised

(PEP-3; Schopler et al., 2005), Differential Abilities Scale (DAS-II; Elliot, 2007), Stanford Binet

(SB-5; Roid, 2003) and the Wechsler Intelligence Scale for Children (WISC-V; Wechsler, 2014).

See Table 3.3 for frequencies and percentage of use for measures of intellectual functioning.

[ Insert Table 3.3 here]

Both Wechsler tests (WPPSI-IV, WISC-V) are considered to have excellent internal

consistency reliability ( .88-.96) and show satisfactory criterion validity, though tests are limited

(Sattler, 2018). SB-5 has excellent internal consistency and test retest reliability. SB-5 has

satisfactory concurrent validity (.84), and may be useful for older children with significant

developmental delays (Klinger et al., 2018). DAS-II is considered to have excellent reliability,
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with internal consistency coefficients >.95, and shows satisfactory concurrent validity (.80)

(Sattler, 2018). PEP-R has been reported to have good internal reliability (Reed et al., 2007a) 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) (Bayley, 2019). Construct and convergent validity of the MSEL 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 1month-24 months, but poorer

reliability has been reported for children 25-56 months (Shank, 2018).

Measures of Non-Verbal 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; Roid & Sampers, 2004) was used in place of a

FSIQ (Fossum et al., 2018; I. M. 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

Abbreviated version of the SB-5.

Measures of Adaptive Behavior

Adaptive functioning was predominantly measured by the Vineland Adaptive Behavior

Scales (Vineland-3; Sparrow, Cicchetti, & Saulnier, 2016). All 39 articles reporting a measure of

adaptive functioning used either the first or the second edition of the VABS to assess outcomes

of adaptive functioning (see table 3.4). In three articles, the Child Behavior Checklist was used

as a supplement or follow up 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).

[Insert Table 3.4 here]

The Vineland Adaptive Behavior Scales -III (Sparrow et al., 2016) is a standardized

instrument intended to measure the degree to which the individual performs daily activities
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required to maintain self-sufficiency for personal and social independence (Sattler & Hoge,

2006). Vineland-3 has excellent internal consistency reliability (.90-.98). Test-retest reliability at

the domain level ranges from moderate to excellent (.73-.92), while test-retest reliability for the

adaptive behavior composite is considered good to excellent (.80-.92). The Vineland-3

demonstrates satisfactory construct, content, and concurrent validity as reported by the

Vineland-3 publication summary (Sparrow et al., 2016).

Measures of Autism Core Symptoms

Measures of autism core symptoms were identified in 33 articles. Of these articles, 15

assessment tools were identified. Table 3.5 shows frequencies and reported percentages of use

found in the current review. The original and revised versions of the Autism Diagnostic

Interview (ADI-R; Rutter et. al, 2003) , Autism Diagnostic Observation Schedule (ADOS-2;

Lord et al., 2012), and Childhood Autism Rating Scale (CARS2- ST; Schopler et al., 2010)

reported outcomes most frequently. 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, as well as 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 Gilliam Autism Rating

Scale  (GARS-2; Gilliam, 2006) has internal consistency and test-retest reliabilities are good

(>.80) for the subscales, and excellent for the Autism Indexes (.90+). 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 was obtained from Pearson Assessments website (Pearson Assessments, nd). The Social

Responsiveness Scale (SRS-2; Constantino & Gruber, 2012) was the final measure used in three

or more articles. Internal consistency reports are in the range of excellence (.90-.99) for all age

ranges. Interrater reliability between parents and teachers for both school age and preschool
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forms were 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).

[Insert Table 3.5 here]

Measures Repetitive and Challenging 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;

Achenbach, 2000) (n=4) , Nisonger Child Behavior Rating Form (NCBRF; Aman et al., 1996)

(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 providing general descriptions of prosocial behaviors

and may not accurately reflect specific challengings behaviors. Recent (from 2006-present)

reliability and validity for the NCBRF could not be found. The Maladaptive Behavior subscale

of the Vineland Adaptive Behavior Scales was reported in two articles (Eikeseth et al., 2007;

Eikeseth et al., 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 was low. Additionally, the manual provides evidence of construct,

criterion and content validities (Achenbach, 2000). The Repetitive Behavior Scale- Revised

(RBS-R; Lam & Aman, 2007) 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 3/43 (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). Use of each measure is reported in Table 3.6.

[Insert Table 3.6 here]

Language Assessment

Measures designed to assess language were found in 14 of 43 articles, fourteen measures

were found. The following measures were reported in three or more articles: the Reynell

71



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; Fenson et al., 2006) (n=3), Expressive One

Word Picture Vocabulary Tests (EOWPVT-R; Martin & Brownell, 2011) (n=3), and Preschool

Language Scales- fourth edition (PLS-5; Zimmerman et al., 2011) (n=3) All measures are

reported in Table 3.7 below. 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.

[Insert Table 3.7 here]

Parent or Caregiver Well Being

Parent or caregiver wellness was measured in 6 out of the 43 articles. The Short-Form of

the Parenting Stress Index (PSI-4 SF; Abidin, 2012) was used in 50% of the 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 (>.96), though test retest reliabilities were mixed and ranged from poor to

good. Validation in families of children with autism were not reported (Abidin, 2012). The

Hospital and Depression Scale (HADS; Zigmond & Snaith, 1983), 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. Frequencies are reported below in table

3.8.

[Insert Table 3.8 here]
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Criterion-based or Direct Observation Measures

Two manualized, criterion-based or direct-observation and 3 non-manualized direct

observation (Ben-Itzchak & Zachor, 2007; MacDonald et al., 2014; Vivanti et al., 2019)

measures were reported across 5 of the 43 articles. The Verbal Behavior-Milestones Assessment

and Placement Program (VB-MAPP; Sundberg, 2008) 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 (.87), though low to

poor (.62) reliability for the Barriers Assessment was reported (Montallana et al., 2019). Content

validity of the VBMAPP 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). The Early Social Communication Scales (ESCS;

Mundy et al., 2003) is a manualized, direct-observation measure using video recordings to assess

nonverbal communication skills in children with mental ages between 8 and 30 months. Recent,

published reliability and validity of the ESCS, could not be found. Reliability and validity of the

author-created direct observation tools were not included.

Other Measures

Academic achievement (n=2) was measured by the Wide Range Achievement Test 3rd

and 4th edition (WRAT; Jastak, 1984), or the Wechsler Individual Achievement Test-II (WIAT-4;

Wecshler, 2020) (n=1) . Play was assessed using the The Symbolic Play Test (Lowe & Costello,

1988) and the Test of Pretend Play in one article (Lewis & Boucher, 1997). None of these

measures were reported more than once in this review.

Discussion
The purpose of this study was to review the current literature in EIBI and determine the

usage, reliability and validity of measures used to assess outcomes of children with ASD.

Findings indicate that recommendations set forth by Lord et al. (2005) and Matson & Reiske

(2014) are being followed. Outcomes in adaptive functioning and core symptoms are being

reported with increasing frequencies, though measures of language functioning, challenging

behavior and parental well-being remain low. Considerations for measurement, practical

implications, social validity and brief recommendations for practice are discussed below.
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Research and Clinical Considerations

Previous research has provided guidelines of what a comprehensive assessment battery

should consist of, but lack consistent guidelines for selecting measures. This is reflected in the

wide variety of measures found in the current review. “Measures of choice” are indicated in

domains of cognitive, adaptive functioning and core symptoms, but remain less salient in areas

such as language assessment and challenging behavior. When selecting measures, researchers

and practitioners must consider what the instrument intends to measure, its psychometric

properties, which scores are sensitive enough to measure change over time, and the required time

between sequential administrations. Time, cost and administration qualifications should be

considered as well.

Standardized testing is often used to measure treatment effects in children with autism.

Norm-referenced measurement compares the child's performance against the performance of a

normative group (Sattler, 2018 p. 103). Norm- referenced measurement is helpful in interpreting

performance as results are often meaningless without an average. Standardized measures, like the

WPPSI-IV or ADOS-2 require standardized administration and scoring to eliminate the

possibility of extraneous variables on child performance (Sattler, 2018 p. 104). Rogers and

Vismara comment on the logical criticism that standardized measures, such as those that measure

intelligence, require a large degree of generalization and measure tasks that are never directly

addressed in treatment (Rogers & Vismara, 2014). Although global measures like standardized

tests of IQ and diagnostic scales lack the sensitivity to detect small changes, they provide an

overall picture of the child's performance relative to children in the population across an

extended period of time (Granpeesheh et al., 2009) Alternatively, criterion-referenced

assessments measure the performance of an individual against an objective criteria, and are often

administered under typical contexts and in the natural environment (Sundberg 1983, 1990 in

Powers et al., 2014 p. 702). Benefits of criterion-referenced assessments are that they identify the

exact skills the person has in their repertoire, as well as identifying skill deficits. Additionally,

they provide a starting point for treatment, and can be used to measure progress over smaller

increments in time (Granpeesheh et al., 2009) as opposed to an age-equivalent score (Sundberg

& Parington, 1998 in Powers et al., 2014 p. 702). When selecting an outcome measure, consider

the goal of the assessment:  standardized measures may be important in evaluating large scale
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effects of treatment, while criterion-referenced assessments may lead to curriculum development,

and detect moderate or specific gains of treatment (Lotfizadeh et al., 2020).

How a measure is scored and score interpretation are important factors to be aware of

when evaluating effectiveness of EIBI treatment. Standard scores are considered the preferred

method for reporting change (Satler, 2018), and are reported in much of the outcome research in

behavioral intervention. Standard scores measure progress in comparison to same-age, typically

developing peers and represent statistically robust gains. Individuals vary in their response to

treatment (Paynter et al., 2018; Vivanti et al., 2013), and although small changes in standard

scores represent meaningful change, some scores may appear to decrease over time. This is often

the case when reporting outcomes of adaptive functioning (Klintwall et al., 2013). Decreases or

small changes in standard scores may be discouraging for parents and stakeholders.  Klintwall,

Eldevik and Eikeseth (2013) suggest reporting age-equivalents as an alternative to standard

scores, as standard scores may mask intervention effectiveness across individuals with different

levels of functioning. Age-equivalents can be converted to learn rates, which may reflect

progress of slower learners more accurately, and may aid in communication of outcomes to

parents and stakeholders (Klintwall et al., 2013). Raw scores are the total scores achieved before

statistical conversion and can reflect dramatic changes (Salkind, 2010). Consumers are cautioned

to be made aware of these when interpreting outcomes reporting raw scores, as they typically do

not represent the type of change reflected in changes of standard scores.

Ratio IQ’s are typically converted when an individual has a chronological age that is

older than the normative sample on one test, but is unable to reach a basal on an age-appropriate

test. As seen in Table 3.1, reporting ratio IQ’s for at least one participant was somewhat common

in this literature review. Ratio IQs can be calculated when standard scores are unavailable and

intelligence approximations warranted, but are not recommended as Ratio IQs are not

comparable across ages, and likely have different meanings at different ages (Satller, 2018 p.

108).

Another consideration when selecting assessment tools are the available resources.

Several standardized and diagnostic assessments require intensive training, are time-consuming

and costly, or require administration by a licensed psychologist. Agencies or centres providing

ABA services typically employ masters-level Behavior Analysts who meet Pearson

qualifications at the B Level (Qualifications Policy, n.d.). Measures of intelligence and the
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diagnostic instruments such as the ADI-R or ADOS-2  require additional qualifications or

licensing and administration is  restricted to clinical psychologists. Psychologists and Doctoral

level BCBAs may only be available on a contractual basis and therefore may be impractical and

costly when conducting these assessments for multiple individuals and at regular intervals.

Core Findings by Domain

Adaptive functioning represents an individual's personal independence and functioning

within their environment relative to same-aged peers. Children with autism commonly

demonstrate lower levels of adaptive functioning than intellectual functioning (Klintwall et al.,

2013). Ozonoff et al. (2005) recommend measures of intellectual functioning  always be

accompanied by measures of adaptive functioning. Only 3 studies failed to report measures of

AF accompanied by IQ, suggesting that these recommendations are being followed in the current

literature. The clear choice for reporting outcomes in AF was the use of the Vineland Adaptive

Behavior Scales (39/43, 91%). Due to its strong psychometric properties, the VABS is

considered the measure of choice in EIBI outcome research, though no data is available for its

current use in clinical practice. 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 compare with other standardized measures of adaptive functioning, such

as the Adaptive Behavior Assessment System (ABAS-3; Harrison & Oakland, 2015), or the

Scales of Independent Behavior-Revised (Bruininks et al., 1996).

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 Autism Diagnostic

Observation Schedule was most frequently reported to evaluate outcomes in core symptoms of

ASD. 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 to be the gold-standard

in autism diagnostic measurement, given their excellent sensitivity and specificity. The ADOS is

particularly valuable as it requires direct testing and observation, rather than reliance on

parent-report. Calculating calibrated scores for the ADOS Total Severity Score, and domain-level

scores have been shown to decrease the influence of child characteristics on autism severity than

raw totals. These findings indicate that calibrating raw scores may help examine trajectories in
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core symptoms over time (Gotham et al., 2009; Hus et al., 2014).  However, there are some

practical constraints to administering these measures; specifically that they require a licensed

professional to administer, are time consuming and costly.

Like diagnostic measures, instruments measuring full scale intelligence present similar

challenges to measurement in clinical practice. Lengthy assessment times and stringent

qualifications create practical challenges to widespread administration. Some research supports

higher intellectual functioning at intake are solid predictors of later outcomes (Smith et al., 2015)

and therefore, is an important component to comprehensive assessment. Due to characteristically

uneven profiles, intelligence functioning can be difficult to assess. Selecting measures of

intellectual functioning are impacted by the individual’s chronological and the individual's

current level of performance and motivation levels (Ozonoff, 2005). Non-Verbal Intelligence

Tests such as the Merrill-Palmer-Revised (Roid & Sampers, 2004) have attractive stimuli which

may retain the interests of some children with autism, but do not provide a measure of verbal

functioning. Additionally, use of exclusively NV measures has been said to inflate intelligence

scores in young children (Eldevik et al., 2006). Thus, full scale measures of intelligence with

verbal and non-verbal components are recommended (Ozonoff, 2005). Measures of FSIQ were

reported in 74% of articles, suggesting these recommendations are being followed to an extent.

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.

Language ability was primarily measured by standardized assessments of receptive and

expressive language, though measures of language pragmatics were absent. Benefits of these

measures include quick administration time, low cost and administration qualifications

commensurate with the qualifications of a behavior analyst. Alternatively, one study used the

Verbal Behavior Milestone Assessment and Placement Program as a measure of language ability

(Lotfizadeh et al., 2020). The VB-MAPP is a criterion-referenced assessment using direct

observations by trained observers of language and related skills such as play, social and motor

skills. The VB-MAPP is divided into developmental milestones and  is scored as the number of

milestones mastered (Sundberg, 2008). Direct-observation measures like the VB-MAPP are

useful in that they provide very fine-grained measures of progress over time. Additionally, they

can be re-administered in shorter intervals and help guide moment-to-moment treatment
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decisions (Granpeesheh et al., 2009). Though the VB-MAPP shows positive preliminary

psychometrics,  and has been shown to correlate with other behavioral measures, the Barriers

Assessment was found to have poor reliability and should be used with caution. As is the

recommendation for assessment in general, use of the VB-MAPP should be used in conjunction

with other measurement tools (Montanalla et al., 2019; Padilla & Akers, 2021).

Measures of parent/caregiver well being and challenging behavior were present in 6 and

13 articles respectively. 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. More research to determine the validity

of the PSI-4 and PSI-4 SF is needed in families of children with autism. Repetitive and

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 (CBCL 1.5-5; ) may give some indication of frequency an/or severity of the behavior

occurring, 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.  Repetitive behaviors were assessed by the Repetitive Behavior Scale -Revised, a

continuous measurement tool rating the frequency and severity of common behaviors of asd

(Lam & Aman, 2007). Although classified in this review as a measure of challenging behavior,

RBS-R might better reflect changes in core symptoms of asd, though further research is

necessary.

Though reporting measures of familial wellbeing and challenging behavior has improved,

measures of social validity were missing from the review. Social validity can be defined as the

social significance of the goals, appropriateness of the procedures and importance of the effects

of the intervention (Wolf, 1978). Measures of social validity may consist of measures of

acceptability of the intervention and address parent perceived outcomes for their child and the

family. No standardized measures of intervention acceptability specific to EIBI currently exist.

Grey et al. (2019) addressed this area of need by creating their own parental satisfaction

questionnaire, additionally they solidify the need for measures of acceptability in the field.

Quality of life measures were also missing from the literature. A critical review by Ikeda et al.,

(2013) identified the Pediatric Quality of Life Inventory (PedsQL) as the most used measure of
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QoL in children and youth with ASD. Similarly, Tavernor et al., (2012) investigated two QoL

measures  in children with autism (PedsQL and Kidscreen). They highlight the need for careful

consideration of content and face validity of general QoL measures as their results indicated that

parents felt the constructs on both tests did not adequate address QoL indicators important to

children with autism (Tavernor et al., 2012). Thus, construction of valid QoL measures for

children with ASD warrants further research. Finally, Matson and Reiske suggest the inclusion of

measures of treatment side effects alongside measures of social validity. Though EIBI

interventions are considered well established and evidenced based, treatments seldom come

without side effects. Interestingly, no measures of side effects were found in this review. This

leaves much room for improvement for both researchers and practitioners in the domain of social

validity.

Limitations and Future Research

This paper reviewed 43 articles reporting outcomes for children who received early and

intensive behavioral intervention. The aim of the review was to determine the measures in use in

outcome research for these interventions in children with autism. The majority of outcome

measures represented domains of adaptive (91%) and intellectual functioning (86%) , and core

symptoms of asd (77%). This review extends the existing body of knowledge by pooling

together both standard and criterion-referenced measures towards standardization of

measurement selection in outcome research.

However, there were 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 (citation) were excluded, and therefore it is

possible some measures, especially criterion-referenced measures may be under represented.

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.

Additionally, criterion-referenced assessments as measures of treatment outcome should be

explored. Measures of social validity including measures of quality of life, acceptability of the

intervention and treatment side effects also warrant use in research. Finally, future research may
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be able to discern the frequency to which the identified measures are being used in clinical

practice, and whether or not a gap between research and practice exists.

Conclusion and Brief Recommendations

This review attempted to search the EIBI literature in an attempt to identify assessment

tools being used to measure treatment outcomes in young children with autism. No longer

considered “experimental” treatments, EIBI interventions are now required to be funded through

private insurance in almost all states (Zhang & Cummings, 2020). Mandates to provide

documentation and measures of treatment outcomes is certainly considered by many to be a

positive movement in the field. Insurance providers likely want measures that are sensitive to

change over relatively small periods of time (eg. 3-6 month intervals), are inexpensive, easy to

administer, and psychometrically strong. Informed by these factors and in keeping with current

suggestions from the literature (measures should have representative norms, strong

psychometrics, multiple measure should be use and address core symptomatology of ASD) the

following recommendations are provided: Vineland-3 provides a representative measure of

adaptive functioning , has been validated for use in ASD populations and can be administered by

service providers (behavior analysts), therefore it should be considered the gold-standard for this

domain. Core symptoms may be accurately represented by the CARS2-ST as it reflects both

informed report and observation of the child.  SRS-2 or SCQ may be considered as

supplementary or additional measures when necessary. 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 may be a useful and sensitive measure of

treatment outcomes as a function of treatment objectives mastered (Granpeesheh et al., 2009).
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Tables and Figures

Table 3.1

Matrix of Reported Scores in Included Articles for Intellectual and Adaptive Functioning.

Domain Standard Scores Ratio Score Raw Scores Age Equivalents

Cognitive
Composite 37 14 0 4

Subscale 7 5 1 3

Adaptive
Composite 27 1 2 7

Subscale 20 1 3 8

Note.  Cognitive and adaptive functioning are categorized into composite and subscale as many articles reported both composite scores and

subscale scores.
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Table 3.2.

Measures Used in Intervals of One Year or Less.

Author 3-6 months 9 months 1 year

Colombi 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
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Table 3.2 Continued

Author 3-6 months 9 months 1 year

Reed et al., 2007a GARS, PEP-R, BAS-EY, VABS

Reed, P., and Osborne,
L., 2012 GARS, PEP-R, BAS-EY, VABS

Remmington et al.,
2007

BSID, SB, NRDLS, VABS, NCBRF, DBC,
ASQ, ESCS, HADS, QRS, KIPP

Smith et al., 2019 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, A.
Ben-Itzchak, E., 2010 ADOS, VABS, MSEL

Lin et al., 2020 MSEL, ADOS
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Table 3.2 Continued

Author 3-6 months 9 months 1 year

Paynter et al., 2018 MSEL, SCQ, VABS

Smith et al., 2015 PLS, CELF, PPVT, M-P-R, WPPSI,
VABS, SRS, CBCL, PSI-SF

Fossum et al., 2018
PLS, CELF, VABS, SRS, M-P-R

Ben-Izchak, E., and
Zachor, D. A., 2007 ADOS, BSID, SB

Smith, T., et al., 2015 MSEL, VABS, ADOS, ADI-R

Vivanti et al., 2016 MSEL, ADOS, VABS

Vivanti et al., 2013 MSEL, ADOS

Eldevik et al., 2019 VABS, BSID, SB, CARS

Lotfizadeh et al., 2018 VB-MAPP VABS

Note. Measure abbreviations used. 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
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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
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Table 3.3.

Measures of Intellectual Functioning: Frequency and Percentage of Use.

Measure Frequency / Total Articles

Bayley Scales of Infant Development

BSID (first edition or not specified) 6/43 (14%)

Bayley-R 4/43 (9%)

Bayley-2 6/43 (14%)

Bayley-3 1/43 (2%)

Totals 17/43 (40%)

Wechsler Preschool and Primary Scale

WPPSI (first edition or not specified) 3/43 (7%)

WPPSI-R 6/43 (14%)

WPPSI-III 5/43 (12%)

Totals 14/43 (33%)

Wechsler Intelligence Scale for Children

WISC (first edition or not specified) 1/43 (2%)

WISC-R 2/43 (5%)

WISC-III 2/43 (5%)

WISC-IV 4/43 (9%)

Totals 9/43 (21%)

Wechsler Abbreviated Scale of Intelligence 1/43 (2%)

Wechsler Adult Intelligence Scale 1/43 (2%)

Stanford Binet Intelligence Scales
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Table 3.3 Continued
SB (first edition or non-specified) 3/43 (7%)

SB-IV 7/43 (16%)

SB-V 1/43 (2%)

Totals 11/43 (26%)

Mullen Scales of Early Learning 12/43 (28%)

Merrill - Palmer Scales of Mental Tests

M-P 4/43 (9%)

M-P-R 3/43 (7%)

Totals 7/43 (16%)

Griffith Mental Development Scales 3/43 (7%)

British Abilities Scales

BAS 1/43 (2%)

BAS-EY 1/43 (2%)

BAS-2 1/43 (2%)

Totals 3/43 (7%)

Psychoeducational Profile

PEP 1/43 (2%)

PEP-R 2/43 (5%)

Totals 3/43 (7%)

Differential Abilities Scale 2/43 (5%)

Developmental Profile-2 1/43 (2%)

Leiter International Scales 1/43 (2%)

Woodcock-Johnson 1/43 (2%)

Slosson 1/43 (2%)

SON 2.5-7 1/43 (2%)
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Table 3.4

Measures of Adaptive Functioning: Frequency and Percentage of Use.

Measure Frequency/ Total Articles

Vineland Adaptive Behavior Scales 25/43 (58%)

Vineland Adaptive Behavior Scales -2 15/43 (35%)

Child Behavior Checklist 3/43 (7%)

Developmental Profile 1&2 1/43 (2%)
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Table 3.5

Measures of ASD Core Symptoms: Frequency and Percentage of Use.

Measure Frequency/ Total Articles

Autism Diagnostic Interview 1/43 (2%)

ADI-R 5/43 (21%)

ADI-R (items 61-65) 1/43 (2%)

Totals 7/43 (16%)

Autism Diagnostic Observation Schedule 10/43 (23%)

ADOS-2 2/43 (5%)

Totals 12/43 (28%)

Childhood Autism Rating Scale 4/43 (9%)

CARS2-ST 2/43 (5%)

Totals 6/43 (14%)

Gilliam Autism Rating Scale 3/43 (7%)

Social Responsiveness Scale 3/43 (7%)

SRS-2 1/43 (2%)

Totals 4/43 (9%)

Lovaas measure 1/43 (2%)
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Table 3.5 Continued

Scale of Pervasive Developmental Disorder in
Mentally Retarded Persons (PDD-MRS) 1/43 (2%)

Developmental Behavior Checklist 1/43 (2%)

Social Communication Questionnaire 2/43 (5%)

Autism Screening Questionnaire 1/43 (2%)
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Table 3.6

Measures of Challenging or Repetitive Behavior: Frequency and Percentage of Use.

Measure Frequency/ Total Articles

The Aberrant Behavior Checklist 1/43 (2%)

The Developmental Behavior Checklist 1/43 (2%)

Nisonger Child Behavior Rating Form- Positive Social Subscale 2/43 (5%)

Conners’ Rating Scales–Revised 1/43 (2%)

Child Behavior Checklist (1.5-5) 4/43 (9%)

SIB-R, Maladaptive Behavior Domain 1/43 (2%)

Autism Spectrum Disorder-Behaviors Problems for Children 1/43 (2%)

Questions About Behavior Function 1/43 (2%)

Measure adapted from Fava et al., 2010 1/43 (2%)

VABS (Maladaptive Behavior domain) 2/43 (5%)

Repetitive Behavior Scale 3/43 (7%)
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Table 3.7

Measures of Language: Frequency and Percentage of Use.

Measure Frequency/ Total Articles

Reynell Developmental Language Scales 3/43 (7%)

RDLS-3 2/43 (5%)

Totals 5/43(12%)

Macarthur Communicative Developmental Inventories 3/43 (7%)

Receptive One-Word Picture Vocabulary Test 1/43 (3%)

Expressive One Word Vocabulary Test 2/43 (5%)

EOWPVT-R 1/43 (3%)

Totals 3/43 (8%)

Expressive Vocabulary Test 1/43 (3%)

Sequenced Inventory of Communication Development-Revised 1/43 (3%)

Peabody Picture Vocabulary Test - 3rd Edition 3/43 (7%)

PPVT-IV 1/43 (3%)

Totals 4/43(9%)

British Picture Vocabulary Scales (BPVS-II) 2/43 (5%)

104



Table 3.7 Continued

Preschool Language Scale (PLS-IV) 3/43 (7%)

Clinical Evaluation of Language Fundamentals (CELF-IV) 2/43 (5%)

Vineland-2 (receptive/expressive) 1/43 (3%)
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Table 3.8.

Measures of Parent/Caregiver Well Being: Frequency and Percentage of Use.

Measure Frequency and Percentage of Total Articles

Parenting Stress Index 1/43 (2%)

PSI-SF 3/43 (7%)

Totals 4/43 (9%)

Questionnaire on Resources and Stress- FSF 1/43 (2%)

Hospital Anxiety and Depression Scale 1/43 (2%)

Kansas Inventory of Parental Perceptions 1/43 (2%)
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Appendix
Appendix A.

Descriptive Table Outlining Cost and Administration Qualifications, Psychometrics and Administration Details.

Measures of Intellectual Functioning

Measure Age About
Cost &

Qualifications Reliability Validity

Bayley Scales of Infant Development
(Bayley-4; Bayley and Aylward, 2019)

1-42months

Administration: Direct testing. Measures
strengths of young children in the areas of
cognitive, motor, language, social-emotional,
and adaptive behavior. Administration time:
about 50 minutes for children <12 months,
approximately 90 minutes for children >13
months.

$1350
B (Pearson)

Good-
Excellent

Good

Differential Abilities Scale (DAS-II; Elliot,
2007) *US adaptation of the former British
Abilities Scales

2years 6
months- 17

years 11
months

Administration: Direct testing. Offers lower and
higher level test batteries aimed at capturing
individual cognitive strengths and deficits.
DAS-II offers flexibility to administrators and
individuals in that it does not require absolute
ordering of subtests during administration.
Administration time: approximately 30-40
minutes.

$1375
C (Pearson)

Excellent Good

Mullen Scales of Early Learning (MSEL;
Mullen 1995)

Birth -5 years,
8 months

Administration: child observation. Measures
early cognitive, gross and fine motor
development, receptive and expressive language
abilities and visual reception. Administration
time: 15-60 minutes (depending on age).

$1030 B
(Pearson)

Good Good
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

PsychoEducational Profile (PEP-3; Schopler et
al., 2005)

2-7.5 years

Administration: Child observation and parent
report. Measures cognition and behavior in
children with ASD. Identifies learning
strengths, emerging skills and uneven
development. Administration time: 45-90
minutes

$586
C (WPS)

Good Good

Stanford Binet Intelligence Scales (SB-5; Roid,
2003)

2-85 years

Administration: Observation of child
performance. Measures non-verbal and verbal
IQ and offers a factor score in fluid reasoning,
knowledge, quantitative reasoning,
visual-spatial processing and working memory.
Administration time: on average, 45-75
minutes.

$1205
C (WPS)

Excellent Good

Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-IV; Weshler, 2012)

2 .6 years-7.7
years

Administration: observation of child
performance. Measure of cognitive
development in young children (2.6-3.11 years)
and preschoolers (4.0 years-7.7 years). Young
children are assessed in verbal comprehension,
visual spatial skills and working memory. The
older children include two additional
components, fluid reasoning and processing
speed. Administration time: about 30-60
minutes.

$1375
C (Pearson)

Excellent Satisfactory
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

Wechsler Intelligence Scale for
Children(WISC-V; Weschler, 2014)

6 years- 16
years, 11
months

Administration: observation of child
performance. Measures cognitive strengths and
weaknesses in five primary index scales: verbal
comprehension, visual spatial, fluid reasoning,
working memory and processing speed. Timed
tests and necessary verbal understanding may
lead to underestimation of non-verbal
capabilities in some children. Administration
time: approximately 55-65 minutes.

$1,475
C (Pearson)

Excellent Satisfactory

Wechsler Abbreviated Scale of Intelligence
(WASI-II; Weschler, 2011)

6 years-90
years

An abbreviated measure appropriate for clinical,
psychoeducational and research settings
designed to measure verbal comprehension,
perceptual reasoning and full scale intelligence.
Administration of the two-subtest form can be
completed in 15 minutes and the four-subtest
form can be completed in 30 minutes.

396/ C
(Pearson)

Unknown Unknown

Woodcock -Johnson III (WJ-III; Woodcock et
al., 2001)

2-90+ years
Administration: Child performance. Consists of
cognitive and academic battery. Unknown
assessment time.

Unknown
Poor-

Excellent
Satisfactory
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Appendix A. Continued

Measure
Age

About
Cost &

Qualifications
Reliability Validity

Leiter International Performance Scale-3
(Leiter-3; Roid et al., 2013)

3-75+ years

Administration: Child performance. Measures
non-verbal intelligence in children. Consists of
cognitive and attention/memory battery.
Appropriate for older children with minimal
verbal skills, modifications can be made for
impairments with fine motor. Administration
time: about 30 minutes/subscale.

$1185
C (WPS)

Unavailable Unavailable

Merrill-Palmer Scale of Mental Tests (M-P-R;
Roid and Sampers, 2004)

1month-6
years, 5
months

Administration: child observation and caregiver
report. Measures cognitive,
language/communication, self-help/adaptive,
motor development, social-emotional.
Administration time: 45 min.

$1000
C (WPS)

Excellent Satisfactory

Developmental Profile (DP-2; Alpern, 2006) 0-13 years

Measures early strengths and abilities in
development across cognitive, communication,
adaptive functioning, psychical and
social-emotional. Can be used for routine
assessments or focussed treatments.
Administration time: about 20-40 minutes.

$125
B (WPS)

Unavailable Unavailable

Griffith Mental Development Scales (GMDS; ) 0-6 years

Administration: Child Performance. Provides an
overall picture of child development across
scales of early learning, language and
communication, hand/eye coordination, fine
motor skills and social-emotional development.
Administration time: approximately 1 hour.

$2000
N (WPS)

Unavailable Unavailable
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Appendix A. Continued

Language Functioning

Measure Age About
Cost &

Qualifications Reliability Validity

Reynell Developmental Language Scales
(Reynell NRDLS; Edwards et al., 2011)

3-7years

Assessment of both comprehension of
vocabulary and the child's speech production in
a play-based format. Administration time: about
35-60 minutes.

$1295
Speech

Pathology
Unavailable Unavailable

Macarthur Communicative Developmental
Inventories (MB-CDI; Fenson et al., 2006)

8-37 months

Administration: Parent report.  Measures
expressive and receptive vocabulary as well as
play and gesture based communication. Later
levels assess expressive vocabulary and syntax.
Administration time: 20-40 minutes to
complete, 10-20 minutes to score.

$124
No

Information
Unavailable Unavailable

Receptive /Expressive One-Word Picture
Vocabulary Test (ROWPVT/EOWPVT-4;
Martin & Brownell, 2011)

2-80+ years

Administration: Direct. The individual
demonstrates the ability to point, match or say
the correct colored picture to the spoken word
of the administrator. The 190 items are
presented in a developmental sequence and the
ROWPVT-4 is co-normed with the EOWPVT-4
to give a complete profile of a learners receptive
and expressive language abilities.
Administration time: about 20 minutes, with 5
minutes scoring time.

$195
B (Pearson)

Good-
Excellent

Good
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

Expressive Vocabulary Test (EVT-3; Williams,
2018)

2 years, 6
months- 90+

years

EVT-3 is administered directly to the individual
to assess expressive vocabulary without
requiring the individual to read or write. The
measure can be used as part of an overall
cognitive battery or as a stand alone measure of
expressive vocabulary. It is co-normed with
PPVT-V and can be used to measure progress
over time. Administration time: 10-15 minutes.

$230
B (Pearson)

Good-
Excellent

Moderate-
Strong

Peabody Picture Vocabulary Test (PPVT-V;
Dunn, 2018)

2 years, 6
months- 90+

years

PPVT-V uses age-based standard scores to
measure receptive vocabulary across the
lifespan. Can be used with EVT-3 to provide a
complete assessment of receptive and
expressive language. Administration time: 5-10
minutes.

$230
B (Pearson)

Good-
Excellent

Moderate-
Strong

Sequenced Inventory of Communication
Development-Revised (SICD-R; Hedrick et al.,
1978)

4months-
48months

Administration: paper and pencil. Measures
Receptive and Expressive communication skills
in very young children. Administration time:
about 70 minutes.

No Pricing
Info

C (WPS)
Unavailable Unavailable

112



Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

British Picture Vocabulary Scales (BPVS-III;
GL Assessment, 2009)

3-16 years

BPVT-3 measures receptive vocabulary
development, suitable for young children as it
requires no reading or spoken responses.
Administration time: 5-10 minutes.

No
information/

No info
Unavailable Unavailable

Preschool Language Scale (PLS-V;
Zimmerman, Steiner & Pond, 2011)

Birth-8 years

Administration: Child observation. Measures
developmental language profile ranging from
pre-verbal to early literacy. Administration time:
45-60 minutes.

$349
B (Pearson)

Unavailable Unavailable

Clinical Evaluation of Language Fundamentals
- Preschool (CELF-3 Wigg et al., 2020)

3-7 years

Administration: Child observation. Measures
receptive/expressive language skills necessary
to meet the expectations of preschool
classrooms. Administration time: variable.

$128
B (Pearson)

Unavailable Unavailable

Measures of Adaptive Functioning

Measure
Age

About
Cost &

Qualifications
Reliability Validity

Vineland Adaptive Behavior Scales
(Vineland-3; Sparrow et al., 2016)

Birth-90 years

Administration: interview, parent/caregiver
report and teacher report. Measures
communication, daily living skills and
socialization with an optional motor skills and
maladaptive behavior component. Can be
scored comprehensively or at the domain-level.
Administration time: varies by child age and
format; approximately 10 minutes (domain),
40-50 minutes (comprehensive interview).

$200-500/ B
(Pearson)

Excellent Satisfactory
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Appendix A. Continued

Measures of Autism Core Symptoms

Measure Age About
Cost &

Qualifications Reliability Validity

Autism Diagnostic Interview- Revised (ADI-R;
Rutter et. al, 2003)

2 years-
adulthood

Administration: Parent/caregiver interview.
Measures language and communication,
reciprocal social interactions,
restricted/repetitive and stereotyped behaviors
and interests. The ADI-R includes two
algorithms, Diagnostic and Current Behavior.
The Current Behavior algorithm can be used to
assess symptoms at the time of administration
and can be used for treatment and/or
educational planning. Administration time:
approximately 90-120 minutes.

$320
C (WPS)

Excellent Good

Autism Diagnostic Observation Schedule
(ADOS-2; Lord, Rutter, et al., 2012)

12 months-
adulthood

Administration: Semi Structured assessment.
Measures social interaction, communication,
RRB and play and imagination in individuals
suspected of having ASD. Assessment modules
are used according to developmental and
expressive language level. Administration time:
40-60 minutes.

$2,495
C (WPS)

Excellent Good

Childhood Autism Rating Scale (CARS2-ST;
Schopeler et al., 2010)

6 years and
younger
(standard
form)

Administration: Observation or parent
interview. 15-item rating scale designed to
distinguish children with ASD from children
with other developmental disorders. CARS2-ST
is also used to identify varying degrees of
severity for ASDs. Administration time: 5-10
minutes.

$237
C (WPS)

Excellent Good
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

The Developmental Behavior Checklist
(DBC-2; Gray et al., 2018)

4-18 years

Administration: Parent or teacher report. Uses
rating scale to measure social and emotional
difficulties in individuals who have intellectual
or developmental disabilities. Administration
time: less than 20 minutes.

$129
C (WPS)

Unavailable Unavailable

Gilliam Autism Rating Scale (GARS; Gilliam,
2013)

3-22 years

Administration: Parent/ teacher report. Based on
the 2013 ASD diagnostic criteria, GARS-3
estimates symptom severity across six
subscales: Restrictive/Repetitive Behaviors,
Social Interaction, Social Communication,
Emotional Responses, Cognitive Style, and
Maladaptive Speech. Administration time: 5-10
min.

$175
B (Pearson)

Good-
Excellent

Good

Scale of Pervasive Developmental Disorder in
Mentally Retarded Persons (PDD-MRS; ) No Information Available
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

Social Communication Questionnaire (Rutter,
Bailey, et al., 2003)** Formerly Autism
Screening Questionnaire (Berument et al.,
1999)

>4 years

SCQ is a 40-item rating scale used to measure
ASD symptom severity by parent/caregiver
questionnaire. The SCQ comes in two forms:
Lifetime or Current Behavior. Wording of the
SCQ is identical to the ADI-R, and is used in a
"yes/no" format. The Lifetime format may be
used as a screener or diagnostic tool as it
measures the entire developmental history. The
Current Behavior form measures behavior in the
previous 3 months and can be used in
developing treatment plans, or measure changes
in symptoms over time. Administration time:
Less than 10 minutes.

$175
C (WPS)

Good Satisfactory

Social Responsiveness Scale (SRS-2;
Constantino & Gruber, 2012)

2.6 years
-adulthood

SRS-2 is a 65-item likert type questionnaire
designed to measure the individual's
interpersonal behavior, communication and
repetitive/stereotypic behavior. SRS-2 comes in
age-based formats: Preschool, School-Age,
Adult Self-Report and Adult
Relative/Other-Report and results can be used
and interpreted in different ways depending on
the goals and intent of the assessment.
Administration time: 15 minutes with 5-10
minutes scoring time.

$334
C (WPS)

Good Good
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Appendix A. Continued

Measures of Challenging Behavior

Measure Age About
Cost &

Qualifications Reliability Validity

The Aberrant Behavior Checklist (Aman&
Singh, 1994)

6 years-
adulthood

Administration: Parent/teacher report. The
ABC-2 is a symptom checklist used to assess
problem behaviors in children and adults in
home, residential or educational settings. The
58 checklist components can be divided into 5
subscales: Irritability/Agitation, Lethargy/Social
Withdrawal, Stereotypic Behavior,
Hyperactivity/Noncompliance, Inappropriate
Speech. Administration time: 10-15 minutes.

$180
No Info

Unavailable Unavailable

The Developmental Behavior Checklist
(DBC2; Gray et al., 2018)

4-18 years

Rating scales in three forms: Parent Report,
Teacher Report, or Adult Report. Measures
emotional and behavioral difficulties in
individuals with intellectual and/or
developmental disabilities. Administration time:
Less than 20 minutes

$129
C (WPS)

Unavailable Unavailable

Nisonger Child Behavior Rating Form
(NCBRF; Aman et al., 1996)

3-16 years

The NCBRF is an informant-based rating scale
designed to measure behavior of children with
intellectual disability, autism spectrum disorders
and other related disorders. The measure has
two forms, parent/caregiver report and teacher
report. The Nisonger CBRF contains 76 items
divided into two sections: the positive/social
subscales (10 items) and the problem behavior
subscales (66 items). Items are scored on a
likert type scale. Administration time is about
15 minutes.

Available
Online/

No
information

Unavailable Unavailable
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

Conners’ Rating Scales–Revised (CRS-R;
Conners, 1997)

3-17 years

A cross-informant assessment of externalizing
behaviors in children and adolescents. Report
can be completed by parents and teachers for
children ages 3-17 years and includes a
self-report component for children 12-17 years.
All versions are scored on a 4-point likert scale.
Administration takes 5-10 minutes (short form)
and 10-15 minutes (long-form).

Unavailable

Child Behavior Checklist (CBCL 1.5-5,
C-TRF; Achenbach & Rescorla, 2001).

1.5-5 years

CBCL 1.5-5 is to be completed by parents or
caregivers and is designed to measure
internalizing-externalizing problems in children.
Parents rate 99 questions and provide
descriptions of problems, concerns, strengths
and disabilities related to the child. Includes a
multicultural Teacher Report Form.

$45 (Manual)
CBCL- online

Low-
Good

Satisfactory

Scales of Independent Behavior-Revised.
Maladaptive Behavior Domain (SIB-R;
Bruininks et al., 1996)

Birth -80
years+

SIB-R is a norm-referenced measure of adaptive
and problem behavior in individuals. It is
administered to the individual and is available
in two formats: interview and checklist. The
problem behavior scale is rated on the
frequency and severity of the behavior and
includes 8 areas of problem behavior.
Administration time: 45-60 minutes (full scale),
15-20 minutes (short or early years form).

$446 Unavailable Unavailable
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Appendix A. Continued

Measure Age About
Cost &

Qualifications Reliability Validity

Autism Spectrum Disorder-Behaviors Problems
for Children (ASD-BPC; Matson, Gonzalez, &
Rivet, 2008)

NA

Part of a larger assessment battery designed by
Matson and colleagues (2008) to measure
behaviors commonly observed in individuals
with ASD and is rated by parent or caregiver
from 0-2 (not a problem, severe problem).
Consists of 18 items divided into two subscales.
Administration time: not reported.

Available
Online

Low-
Moderate

Unavailable

Questions About Behavior Function (QABF;
Matson et al., 1999) NA

A 25- item, likert scale questionnaire designed
for the functional assessment of problem
behavior in individuals with developmental
disabilities. NA Unavailable Unavailable

Measures of Parent/ Caregiver Well Being

Measure
Age

About
Cost &

Qualifications
Reliability Validity

Parental Stress Index (PSI; Abidin, 2012)
Parents of

children ages
1-12 years

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

$ 314, $192
(Short Form)

Excellent Unavailable
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Appendix A. Continued

Manualized Criterion -Based Measures

Measure Age About
Cost &

Qualifications Reliability Validity

Verbal Behavior Assessment and Placement
Program (VB-MAPP; Sundberg, 2008)

Develop-
mental

milestones up
to 48 months

Administration: Direct testing/ child
observation. Assesses functional and
topographical language and related skills (e.g
motor, pre-academic, play skills). Milestones
are broken up into 3 developmental sequences.
Includes Milestones, Barriers and Transitions
Assessments.

$70 (kit)
Good

(Milestones),
Low (Barriers)

Satisfactory

Early Social Communication Scales (ESCS;
Mundy et al., 2003)

Mental ages
8-30 months

Administration: Video-taped, structured
assessment. Measures non-verbal
communication skills in young children through
task presentations. Videos are observed and
scored after the assessment. Administration
time: 15-25 minutes.

NA Unavailable Unavailable

Note. Descriptive Information retrieved from Assessment of Autism Spectrum Disorders (Second Edition) (eds. Goldstein and Ozonoff , 2018),

Assessment of Children: Cognitive Foundations (Sattler, 2018), and publishing websites: wpspublishing.com, pearsonassessments.com.

Information about cost and qualifications retrieved from publishing websites.
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