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PART A: General Declaration 

Monash University 

Declaration for thesis based or partially based on conjointly published or unpublished 

work 

General Declaration 

In accordance with Monash University Doctorate Regulation 17.2 Doctor of 

Philosophy and Research Master’s regulations the following declarations are made: 

I hereby declare that this thesis contains no material which has been accepted for the 

award of any other degree or diploma at any university or equivalent institution and that, to 

the best of my knowledge and belief, this thesis contains no material previously published or 

written by another person, except where due reference is made in the text of the thesis.  

This thesis includes four original papers published in peer reviewed journals. The core 

theme of the thesis is identifying evidence based treatment to develop independent 

functioning of children and adults with Autism Spectrum Disorder. The ideas, development 

and writing up of all the papers in the thesis were the principal responsibility of myself, the 

candidate, working within the Faculty of Education, Krongold Center under the supervision 

of Professor Dennis W. Moore and Dr Angelika Anderson. 

The inclusion of co-authors reflects the fact that the work came from active 

collaboration between researchers and acknowledges input into team-based research. 
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following: 

Thesis 

chapter 

Publication title Publication status Nature and extent of 

candidate’s 

contribution 

Chapter 

3 

How should we determine 

treatment effectiveness 

with single-case design 

research for participants 

with autism spectrum 

disorder? 

Published in Review Journal 

of Autism and 

Developmental Disorders 

(2014) doi:10.1001/s40489-

014-0030-9

I have conceptualized 

and developed this 

work independently, 

identified  and 

analyzed the data 

independently, and 

prepared the final 

manuscript under the 

guidance and 

collaboration of Prof 

Dennis Moore.  Dr 

Angelika Anderson 

and Dr William Evans 

have provided 

additional guidance 

and collaboration of 

the final manuscript. 

Chapter 

4 

A sensitivity analysis of 

three nonparametric 

treatment effect scores for 

single-case research for 

participants with autism. 

Published in Review Journal 

of Autism and 

Developmental Disorders 

(2014) doi:10.1007/s40489-

014-0037-2

I have conceptualized 

this work 

independently, 

identified and analyzed 

the data independently, 

and sole authored this 

publication.  Prof 

Dennis Moore has 

provided collaboration 

and guidance regarding 
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the selection of 

treatment effect 

calculations included 

in the study, the 

methods adopted in the 

analysis of the data, 

and has completed 

calculations in order to 

derive an inter- 

observer agreement 

report. 

Chapter 

5 

Self-management 

interventions on students 

with autism: A meta-

analysis of single-subject 

research. 

Published in Exceptional 

Children (2014) doi: 

10.1177/0014402914532235 

I have identified this 

research topic under 

the guidance of Prof 

Dennis Moore and Dr 

Angelika Anderson as 

a systematic literature 

review.  Although I 

have independently 

expanded the project 

into a meta-analysis, 

Prof Moore and Dr 

Anderson have 

provided guidance on 

apply quality 

assessment guidelines 

to evaluate the 

evidence.  I have 

analyzed the data 

independently, and 

conducted the inter-

observer agreement 

with a PhD student.  
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Anderson provided 

guidance and 

collaboration on how 

to organize and prepare 

the final written paper.  

Chapter 

6 

Goal setting interventions: 

Implications for 

participants on the autism 

spectrum.  

Published in Review Journal 

of Autism and 

Developmental  Disorders 

(2014) doi:10.1007/s40489-
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I have conceptualized 

this research topic 
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Dr Anderson provided 

guidance and 

collaboration on the 

thematic analysis of 

emergent themes.  

Subsequently, I have 

independently 

analyzed the data.   

The final paper was 

written under the 

guidance of Dr 
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consistent presentation within the thesis. 
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Abstract 

This thesis presents an exploration of how to develop independent functioning for children 

and adults who are diagnosed with Autism Spectrum Disorder (ASD).  Two core areas of 

research are presented in a series of four published papers.  Together with the introduction, 

literature review, discussion and conclusion chapters, eight chapters form the thesis via 

publication.  All data included in this thesis has been extracted from systematic searches of 

peer-reviewed published literature and has drawn from self-management, exercise, and goal 

setting interventions.  The first area of research explored how to measure the strength of 

treatment effect in single-case design (SCD) research.  Over two sequential studies, data 

collection trends over time, and a subsequent sensitivity analysis of three appropriate 

treatment effect calculation methods was conducted.  The widely reported percentage of non-

overlapping data (PND) served as the basis of comparison, and in addition both the 

percentage of all non-overlapping data (PAND) and non-overlap of all pairs (NAP) were 

examined.  The second area of research explored the use of self-management techniques to 

increase independent functioning for individuals diagnosed with ASD.  A meta-analysis of 

these SCD interventions was conducted for studies that targeted the development of a new 

skill or the improvement of an existing skill.  The U.S. Department of Education, What 

Works Clearinghouse (WWC) single-case design technical documentation guidelines were 

adopted to evaluate the quality of studies included in this review.  PND was used to measure 

strength of treatment effect.  One important finding of the meta-analysis indicated that goal 

setting skills were infrequently reported within the self-management literature for participants 

with ASD.  It was argued that goal setting skills are an important component of independent 

functioning for children and adults with ASD, and a systematic review of the broader goal 

setting literature was conducted.  Results were examined with respect to their implications 

for participants on the autism spectrum, and a future research agenda was proposed. 



Page | 1 

CHAPTER 1: INTRODUCTION 

1.1 Overview 

This thesis presents an exploration of how to best develop independent functioning for 

children and adults who are diagnosed on the autism spectrum.  Two core areas of research 

have been conducted, and are presented in depth in a series of four published papers.  Each 

published paper is presented as a stand-alone chapter.  In addition to this introductory 

chapter, a literature review, discussion and conclusion provide the framing and linking text to 

present the entire study in a cohesive format of eight chapters that addresses the overall aim, 

and the specific research questions of the thesis.  

The first core area addressed in Chapters 3 and 4 concerned technical issues that relate 

to how to measure the strength of treatment effect in single-case design (SCD) research, with 

a specific focus on the characteristics of participants with Autism Spectrum Disorder (ASD), 

and what these findings may mean for this population.  The second core area addressed in 

Chapters 5 and 6 has explored interventions that may be beneficial for children and adults 

with ASD when developing skills that are required to function independently in educational, 

social and working environments, by critically evaluating the evidence base represented in 

studies using a SCD research paradigm.   

All data used to inform this thesis has been extracted from peer-reviewed published 

literature.  Literature on the topics of self-management, exercise, and goal-setting 

interventions has been used to build the data sets that have subsequently been analysed.  A 

contribution to knowledge has been made via analysis and interpretation of these data as 

presented in the published papers included.   

1.1.1 Titles of Papers Included in Thesis 
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Paper 1 

How should we determine treatment effectiveness with single-case design research for 

participants with autism spectrum disorder? Review Journal of Autism and Developmental 

Disorders (2014) Monica E. Carr, Angelika Anderson, Dennis W. Moore, William H. Evans. 

DOI:10.1001/s40489-014-0030-9 

Paper 2 

A sensitivity analysis of three nonparametric treatment effect scores for single-case research 

for participants with autism. Review Journal of Autism and Developmental Disorders (2014) 

Monica E. Carr. DOI:10.1007/s40489-014-0037-2 

Paper 3 

Self-management interventions on students with autism: A meta-analysis of single-subject 

research. Exceptional Children (2014) Monica E. Carr, Dennis W. Moore, Angelika 

Anderson. DOI:10.1177/0014402914532235 

Paper 4 

Goal setting interventions: Implications for participants on the autism spectrum. Review 

Journal of Autism and Developmental Disorders (2014) Monica E. Carr, Dennis W. Moore, 

Angelika Anderson. DOI:10.1007/s40489-014-0022-9 

1.1.2 Research Question Covered by the Thesis 

This thesis aimed to answer the following question: 

How can we effectively develop independent functioning of children and adults with Autism 

Spectrum Disorder (ASD)? 
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In addition to this overarching question, additional questions were developed and explored in 

the four papers.  These questions were: 

Paper 1: 

1. Do studies report a sufficient number of baseline and intervention data points to

enable the calculation of a treatment effect score?

2. Are there trends in these data suggesting this pattern is changing?

Paper 2: 

1. Do estimated effect sizes calculated using PND, PAND, and NAP differ significantly

from each other?

2. What benefits or limitations are evident in estimating treatment effect size using

PAND, or NAP, when compared to the PND method?

3. How do calculated treatment effect scores compare with each other using available

interpretation scales?

Paper 3: 

1. Is self-management an effective intervention for improving target behaviours, or

developing new skills, for individuals with ASD?

2. What types of skills have been developed using self-management with this

population?

3. Is self-management training an evidence-based practice for individuals across the

autism spectrum?

Paper 4: 

1. What are the profiles of participants in goal setting research?

2. How have goal setting interventions been structured?
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3. What target behaviour was goal setting applied to?

4. Who is involved in setting participant goals (self or other)?

5. Are goal setting skills maintained over time and was generalisation assessed?

6. What does the current literature suggest for applying goal setting to participants 

with ASD? 

1.2 Theoretical Framework 

The theoretical framework adopted for this thesis subscribes to a scientific approach 

within the field of Applied Behaviour Analysis (ABA).  For professionals in this field, using 

a scientific approach implies a belief that behaviour can be understood in a systematic and 

organized manner.  The three basic scientific concepts of description, prediction and control 

form the underlying premise of ABA (Cooper, Heron, & Heward, 2007).  Description can be 

achieved through systematic observation of facts that relate to the observed event, and may 

serve as the basis for the development of a research hypothesis or specific research questions.  

Prediction, based upon repeated observations, may reveal a relationship between various 

events and may enable the prediction of the relative probability that an event may occur as 

the result of the presence of another observed event.  Together, description and prediction 

may prepare an environment for systematic manipulation of a given event or variable.  

Control may be achieved through the demonstration of a functional relationship between 

events.  In particular, a specific change in an event typically referred to as the dependent 

variable (DV), can be reliably achieved by specific manipulation of another event typically 

referred to as an independent variable (IV).  In addition, other factors referred to as 

confounding variables (CV) should be considered unlikely to have caused the change in the 

dependent variable.   
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Historically, the world view of the field of behaviour analysis was traditionally 

characterized as mechanistic.  According to Pepper’s 1942 study (as cited in Morris, 1988) 

mechanism was described in terms of its root metaphor and theory of truth: as the machine 

and its parts, and the correspondence of theories with the facts that they predict.  Pepper also 

originally described contextualism within the root metaphor as a historic event, and within 

theory of truth as successful working.  Morris has described these criteria within the context 

of behaviour analysis to refer to effective action.  For behaviour analysts, a mechanistic world 

view explores the cause and effect relationship between variables, whereas a contextual 

world view expands this relationship to incorporate the context in which it occurs.  

Proponents of the latter have argued that a mechanistic world view is considered insufficient 

for understanding behavioural change, and Morris has argued that current contemporary 

behaviour analytic theory is non-mechanistic (Morris, 1988).   

It has been suggested that behaviour may be viewed as evolutional in nature, hence 

belonging to a “becoming” ontology.  In keeping with this notion, adopting a contextual 

ontological and epistemological position may suggest that neither response nor stimuli have 

any meaning by themselves.  Rather, the meaning of behaviour emerges from its interacting 

context (Morris, 1988).   

One century ago Watson was reportedly the first to have used the term 

“behaviourism”.  At that time Watson understood that introspection formed no part of the 

methods used by behaviourists, rather it was a purely objective experimental branch of 

natural science (Schneider & Morris, 1987).  Some 20 years on in the 1930s, Skinner first 

described his own views as radical behaviourism.  At this time, a main feature of radical 

behaviourism was the denial of consciousness.  Skinner’s stance has been described as being 

in accord with Watson’s philosophical views in as much as consciousness was viewed as a 

non-existent entity, but in principle conscious events were amenable to scientific analysis.  It 
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has been suggested that Skinner distinguished his views from other behaviourists not through 

his legitimization of private events, but rather by providing a coherent account as to how 

these events function as stimuli for verbal behaviour.   

Radical Behaviourism underlies much of the literature that has informed this study.  

1.3 History of Definitions of ASD 

Diagnostic criteria, classification and prevalence estimates of Autism Spectrum 

Disorder have altered over time.  Early versions of the American Psychiatric Association 

(APA) Diagnostic and Statistical Manual of Mental Disorders (DSM), DSM-I (1952) and 

DSM-II (1968) reflected the thinking of the time, in which diagnostic categories for ASD 

were not devised and psychoanalysis and psychotherapy dominated the field of psychiatry 

(Mayes & Horwitz, 2005).  American psychiatry was organised around an environmental and 

behavioural model, in which symptoms were considered reflections of underlying dynamic 

conditions or as reactions to difficulties of life.  The generally accepted belief was that mental 

disorders were reducible to a failure of the suffering individual to adapt to the environment 

(Menninger, 1963 cited in Mayes & Horwitz, 2005).     

A major paradigm shift occurred within the field of psychiatry upon the adoption of a 

diagnostic model similar to that which was already used in medicine (Mayes & Horwitz, 

2005).  The revisions that were incorporated into the DSM-III (1980) brought about a 

symptoms based model that enabled standardised measurement of mental illness in a 

replicable manner.  Autism was recognized as a separate category, and as a result the DSM-

III legitimised claims that psychiatric professionals were treating a recognized condition 

(Baker, 2013; Mayes & Horwitz, 2005).  This change enabled patients in the United States to 

obtain reimbursement for payments for treatment and services from third party insurers. 
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To date, no biological markers exist for ASD and a cause for the condition has yet to 

be identified.  Diagnosis continues to be made on the basis of clinical observations as 

described most recently in DSM-5 (2013).  Currently under DSM-5, ASD is defined in two 

behavioural domains: persistent impairment in reciprocal social communication and 

interaction, and restricted, repetitive patterns of behaviour, both present from early childhood.  

Sub categories including Asperger’s syndrome (AS) and Pervasive Developmental Disorder – 

Not Otherwise Specified (PDD-NOS) that existed in DSM-IV (1994) have been eliminated 

from DSM-5.  A description of the definitions of autism adopted over time is described in 

Table 1.    

1.3.1 Table 1. Definitions of Autism Over Time 

Kanner, L. 1943 Autistic Disturbances of Affective Contact 

DSM-I 1952 No diagnostic categories.  Symptoms viewed as reflections 

of broad underlying conditions or reactions to difficulties 

of life 

DSM-II 1968 As above 

DSM-III 1980 Autism defined as distinct from Schizophrenia, involved 

three domains: lack of responsiveness to others; gross 

impairment in communicative skills; and bizarre responses 

to various aspects of the environment, all developing 

within the first 30 months of age 

DSM-III-R 1987 Autistic disorder requires 8 of 16 criteria among the three 

domains of social interaction, communication, and 

restricted interest or activities.  Dropped early onset in life 

and provided additional category “Pervasive 
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Developmental Disorder, Not Otherwise Specified (PDD-

NOS) for children meeting some but not all diagnostic 

criteria of autistic disorder 

DSM-IV 

DSM-IV-TR 

1994 

2000 

Criteria for autistic disorder further refined, pervasive 

developmental disorders expanded to include Asperger’s 

syndrome (AS) and Rett’s syndrome (RS) 

DSM-5 2013 Autism Spectrum Disorder (ASD) defined in two 

categories: persistent impairment in reciprocal social 

communication and interaction; plus restricted, repetitive 

patterns of behaviour, both present from early childhood.  

Sub categories including AS and PDD-NOS eliminated 

1.4 Prevalence Estimates of ASD 

Prevalence estimates of ASD appear to be rising rapidly.  Although early estimates 

suggested presentation fell in the range of 4 – 6 per 10,000 children, epidemiological studies 

conducted by Wing in the U.K., and confirmed by Gillberg and colleagues in Sweden during 

the late 1980s, revealed that ASDs presented at a rate of 21 per 10,000 children (Gillberg, 

1990).  This estimate would equate to one in 400 children.  However, a rapid increase is 

evident in prevalence estimates during the last decade.  Using data gathered across the 14 

sites included in The Autism and Developmental Disabilities Monitoring (ADDM) network, 

the U.S. Centers for Disease Control and Prevention (CDC) has reported consistent increases 

in the prevalence of ASD.  In 2006 the CDC reported an average of one child in every 110 as 

having ASD, and by 2012 this estimate was revised to one in 88 children (CDC MMWR, 

2012).  Most recently, based upon data gathered from 11 sites, the estimate was revised to 

one in 68 children (CDC MMWR, 2014).   
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Within the United States it has been recently observed that the largest increases in 

prevalence have been among Hispanic and African American children (Pinder-Amaker, 

2014).  Further, when compared to CDC estimates from the United States, a significantly 

higher prevalence estimate was reported from a study conducted in South Korea.  Kim and 

colleagues found that as many as one in 38 South Korean children may be diagnosed with 

ASD (Kim et al., 2011). However, in a global review of epidemiological studies of autism 

that spanned 14 countries, no evidence of an association between immigrant status or race 

and autism was identified (Fombonne, 2005).   

High functioning autism (HFA) has been determined by some on the basis of 

intelligence quotients (IQs) equal to or in excess of  70 (Koyama, Tachimori, Osada, Takeda, 

& Kurita, 2007).  However, Southall and Gast (2011) provided guidelines that distinguished 

HFA based on an IQ above 80, the use of functional language, and clinical reports for the 

Childhood Autism Rating Scale (CARS) above 30.  Low-functioning or severe autism was 

identified on the basis of an IQ below 80, restricted communication, language or life skills, 

and clinical reports for CARS scores below 30.   

Fombonne reported that 43.9% of children diagnosed with ASD were classified as 

higher functioning (Fombonne, 2005).  Elsewhere in the literature, it has been suggested that 

as many as 50% of children diagnosed with ASD may be described as having High 

Functioning Autism (HFA) (Honda, Sgunuzu, Misumi, Niimi, & Ohashi, 1996; Kielinen & 

Moilanen, 2000).   

1.5 Applied Behaviour Analysis (ABA) 

To better understand an individual student and in turn provide appropriate support in 

an educational placement, a focus on individuality is essential.  This is particularly relevant 

given the heterogeneity evident amongst individuals diagnosed on the autism spectrum, for 
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whom a combination of genetic makeup and lived experiences contribute to a unique 

personal profile of strengths and deficits.  Although 90 percent of published literature in 

experimental psychology is based on group sampling and null hypothesis testing (Hubbard, 

Parsa, & Luthy, 1997; Loftus, 1991), Behaviour Therapy particularly ABA, is based on the 

intensive study of the individual (Blampied, 1999).   Single-case research designs make it 

possible to draw scientifically valid conclusions from the investigation and treatment of 

individuals (Baer, Wolf, & Risley, 1968; Blampied, 1999).   

The field of ABA that evolved from the earlier works of Skinner, has been defined in 

the literature as an applied science that focuses on the causes of socially significant behaviour 

change (Sigafoos & Schlosser, 2008).  In his response to punitive misuse of practices ranging 

from shock treatment to solitary confinement, Skinner explained his original intention with 

the term behavior modification was “the management of human behaviour through 

contingencies of positive reinforcement specifically designed to replace the punitive 

techniques that are commonly observed in prisons and used by parents, teachers, employers 

and others” (Skinner, 1974, 813). 

Despite being at the centre of ongoing controversy, the effective use of ABA 

interventions for individuals with an ASD has been well demonstrated in the empirical 

literature though  misperceptions and misunderstandings of ABA are common; Sigafoos and 

Schlosser (2008) noted that some educational professionals wrongly think that ABA is a 

therapy or a treatment approach for autism. 

1.6 Summary 

This Chapter has provided an overview of the layout of this thesis via publication.  In 

addition, the Chapter has described the population that is the focus of this study and has also 

described the research paradigm within which the study is situated.  Chapter 2 will review the 
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literature that related to the two core areas ultimately provided in detail in the four published 

papers.  Chapters 3 and 4 will examine in depth the issues that pertain to calculation of 

treatment effect scores given specific consideration to participants with a diagnosis of ASD.  

Chapter 5 will apply the treatment effect score argued as most appropriate in a meta-analysis 

of self-management intervention research conducted specifically with participants with a 

diagnosis of ASD.  Chapter 6 will further explore goal setting intervention research beyond 

the inclusion criteria of a diagnosis of ASD.  Chapter 7-8 will provide an integrated 

discussion of the four published papers, and conclude the study by highlighting the 

contributions to knowledge and suggesting recommendations for future research.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

The previous chapter has provided an overview of the population this study is focused 

on, and described the research paradigm that the study is situated in.  This chapter of 

Literature Review will further identify the current issues and gaps that will ultimately be 

explored in depth in the subsequent chapters of the study.  At the end of this review, this 

chapter will identify the areas of study that will be described in depth in Chapters 3, 4, 5 and 

6.  

2.2 Younger Children 

In 2001 the National Academy of Sciences and the U.S. Department of Education 

formed a special committee to explore the issues concerning educational interventions for 

children with autism.  In their report of the same year, the National Research Council (NRC) 

committee suggested that the earlier intervention begins in a child’s life, the better the 

outcome.  Particular recommendations were that services should include a minimum of 25 

hours a week for 12 months a year, with the child engaged in planned and developmentally 

appropriate activities that target identified objectives that are unique to the child.  The 

committee suggested that functional spontaneous communication, social instruction delivered 

throughout the day in various settings, cognitive development and play skills, and proactive 

approaches to behaviour problems be given priority (NRC, 2001). 

Rather than adapting standard assessment procedures used with older children, 

researchers have recently developed diagnostic instruments to use with infants and toddlers.  

The Autism Diagnostic Observation Schedule Toddler module (ADOS-T) has been described 

as appropriate for use in children as young as 12 months (Luyster et al., 2009).  While 

described by the original research group as successful in discriminating between diagnostic 
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groups, and yielding high sensitivity and specificity, the use of a “range of concern” rather 

than a cut off score has been recommended (Luyster et al., 2008).  Bryson, Zwaigenbaum, 

McDermott, Rombough, and Brian (2008) have also developed the Autism Observation Scale 

for Infants (AOSI) for use with children under 2 years old, described as reliable and effective.  

As a result of these improved diagnostic and assessment methods early intervention has been 

embraced by the broader community rather than the “wait and see” attitude that was 

previously evident amongst many professionals who were responsible for screening and 

diagnosing ASD (Boyd, Odom, Humphreys, & Sam, 2010).  Boyd and colleagues reported 

that improvements in early identification and diagnosis of ASD through the development of 

toddler and infant scales have driven this change, and contributed to timely access to support 

services.   

Boyd and colleagues identified evidence-based practices and promising practices for 

infants and toddlers younger than 36 months diagnosed with ASD in their review of focused 

intervention practices used as a component of a Comprehensive Treatment Model (CTM).  

The research studies used in their data set were drawn from five support models: Children’s 

Toddler School, Project DATA (Developmentally Appropriate Treatment for Autism) for 

Toddlers, Early Start Denver Model, Early Social Interaction project, and the Walden 

Toddler Program.  Eighteen components were identified and classified as either Behavioural 

intervention strategies or Positive Behaviour Supports (PBS).  Four behavioural intervention 

strategies of the possible 18 components were represented in each of the five models 

reviewed.  These components were: Prompting; Reinforcement; Naturalistic interventions; 

and Parent-implemented interventions (see Boyd and colleagues, 2010 for additional details).  

Boyd and colleagues have reported that access to high quality intervention during infancy and 

toddler years may lead to a reduction in severity of symptoms of ASD over the lifetime due 

to the malleability of the brain during this critical stage of early development.     
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Lovaas (1987) reported that early empirical results from behavioural interventions 

conducted with participants on the autism spectrum were both positive, in that it was possible 

to teach complex behaviours such as language and negate aggression or self-stimulatory 

behaviour, yet negative in that generalisation was not observed nor behaviours maintained at 

follow-up.  Consequently, the pioneering program conducted by Lovaas and colleagues was 

specifically aimed at young children below the age of four, for whom it was hypothesized 

that it would be more likely to promote generalisation and maintenance of treatment effects, 

to address this limitation noted in the literature base of the era.  This three year program 

targeted reductions in self-stimulatory and aggressive behaviours, developing compliance to 

verbal requests, teaching imitation and appropriate play with toys in both clinic and home 

settings.  Subsequently, children were taught expressive and abstract language and play with 

peers.  Settings were also expanded into the community.  In the final stage of the project, 

appropriate and varied emotional expression, and pre-academic skills were developed, with 

the children placed in main-stream settings.   

Several significant findings were reported from the study.  Using the language of the 

time, 47% of the children in the experimental group achieved normal intellectual and 

educational functioning, 40% were described as mildly retarded and only 10% were 

considered profoundly retarded.  However, only 2% of the control group achieved normal 

educational and intellectual functioning, 45% were described as mildly retarded and 53% 

were described as severely retarded.  Lovaas and colleagues noted that findings from their 

study were consistent with the observation by Kanner (1943) that children on the autism 

spectrum may possess normal to superior intelligence.   

Since the original early intervention study conducted by Lovaas (1987) reported 

significant gains from intensive early intervention, researchers have replicated this program 

and reported similar findings.    In Australia, the Murdoch Early Intervention Program 
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(MEIP) (Birnbrauer  & Leach, 1993) replicated the early intervention study originally 

conducted by Lovaas at the University of California, Los Angeles that ran for three years.  

The MEIP program was conducted in Western Australia with young children whose age 

ranged from 17 to 24 months at commencement of the program, and ran for an average of 

21.56 months.  Birnbrauer and Leach reported that substantial gains were realisable in even 

less ideal circumstances than those described by Lovaas, and described improvements in 

compliance, manageability, cooperation, independent and social play, and a reduction in self-

stimulatory behaviours.  In addition, the authors reported a decrease in parental stress levels 

as a study outcome. 

2.3 Adolescents and Adults 

As a result of the ability to diagnose very young children on the autism spectrum, and 

the widely reported success of early intervention programs developed over the last two 

decades, many children on the spectrum have been able to successfully complete high school.  

Consequently, larger numbers of adolescents are now able to enter tertiary education 

programs (Geller & Greenberg, 2010; Pinder-Amaker, 2014; Vanbergeijk, Klin, & Volkmar, 

2008).  While academically capable, many of these students may require ongoing support.    

However, it has been noted that most autism-related research to date has been 

conducted with young children (Howlin, 2008).  Howlin reported that of over 100 autism 

trials listed by the National Institutes of Health (NIH) in the United States, only three were 

specific to adults.  Further, these three studies were drug trials.   

A recent study conducted by Crosland and colleagues investigated research 

publication trends over the 15 year period 1995 – 2009, with data drawn from Journal of 

Applied Behavior Analysis, Journal of Autism and Developmental Disorders, and Focus on 

Autism and other Developmental Disabilities.  The authors reported that research publication 
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trends for participants with typical cognitive functioning and typical communicative 

functioning increased over the period, however this increase was not considered consistent 

with prevalence estimates of children believed to fall at the higher functioning end of the 

autism spectrum  for whom an increase in publications was not noted (Crosland, Clarke, & 

Dunlap, 2012).  This finding is of concern given the rapid increase in ASD prevalence 

estimates. 

Crosland and colleagues also reported an increase in studies for young children with 

ASD aged from birth through to five years from 21% to 36%.  Drawing from publication 

rates of high-quality behavioural interventions conducted with adolescents and adults with 

ASD, it is believed that the volume of research for this subsection of individuals on the 

spectrum is low.  For older children aged from six through to 11 years a decrease in 

publications from 61% to 48% was observed during the fifteen year period covered in the 

review (Crosland et al., 2012).   

More recently, Miller, Vernon, Wu, and Russo (2014) conducted a systematic review 

of social skills interventions for adolescents, within the age range 13-17 years, and diagnosed 

with ASD.  It was noted in their review that seven of 32 studies identified in the National 

Standards Project (2009) included participants of this age range, and Miller and colleagues 

reported that researchers are beginning to recognise the importance of interventions for 

adolescents with ASD. 

2.4 An Important Problem 

The core impairments that characterize autism - social and communicative 

functioning and the presence of restricted, repetitive and stereotyped interests and behaviours 

- are reportedly experienced to varying degrees into adulthood (Roth, Gillis, & DiGennaro

Reed, 2014).  Many individuals who face a life time of autism related challenges may grapple 

with little to no funding for support services.  Research in the United Kingdom has reported 
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that specialist support beyond age 18 is sparse in college settings, that specialised 

employment services are rare, and support for independent living non-existent in much of the 

UK (Howlin, 2008).  Howlin described adults on the spectrum as socially isolated, 

economically unproductive, and financially disadvantaged.  In the United States, it has been 

reported that support systems have been slow in adapting to the needs of transition aged 

youth with ASD, who have largely been described as having typical dreams and aspirations 

(Geller & Greenberg, 2010).  It is not inconceivable that the situations described are not 

unique to the United Kingdom or the United States, but experienced by adolescents and 

adults with ASD around the world.   

Sigafoos and Schlosser (2008) reported that ABA based treatments are considered the 

most consistently effective approach for educating children.  Elsewhere in the literature, a 

recent internet survey of treatments used by parents of children with autism reported that 

speech therapy was the most commonly adopted intervention, used by 70% of survey 

respondents (Green et al., 2006).  Visual schedules (43.2%), sensory integration (38.2%), 

ABA (36.4%), and social stories (36.1%) also ranked amongst the five most frequently 

adopted treatments on a list of 108 reported treatments.  Of concern, sensory integration, 

listed third, has not been demonstrated as evidence-based for participants with ASD, and was 

classified as an unestablished treatment by the National Standards Report (2009).

Elsewhere, The Association for Science in Autism Treatment has reported a long 

history of failed treatments and fads (Food and Drug Administration (FDA) Consumer Health 

Information, 2014) for individuals with ASD.  In their report, the FDA warned that a number 

of companies may face legal action should they continue to promote false or misleading 

claims about products and therapies that claim to treat or cure autism.  In particular, chelation 

therapy, hyperbaric oxygen therapy, miracle mineral solution, detoxifying clay baths, coconut 

kefir and other probiotic products were listed.  Green and colleagues have also reported that 
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trends in their survey of treatments suggested that the presence or absence of an evidence 

base did not appear to influence whether a treatment was used often or infrequently. 

In the United States, the National Autism Center’s National Standards Report (2009) 

(NSR) noted that families, educators and service providers are presented with large volumes 

of often conflicting information about available treatments.  Their project evaluated the 

effectiveness of available treatments and subsequently classified established, emerging, and 

unestablished treatments in the report.   

As of 2008, over 1,000 peer-reviewed articles, spanning 47 years, describe 

scientifically robust success with individuals of all ages using treatments based on the 

principles of ABA (Foxx, 2008).  Foxx reported that no other educational treatment approach 

to autism meets the standards of scientific proof that are met by ABA, nor are there any other 

scientifically valid treatments that produce similar treatment, educational or outcome results.  

2.5 Evaluating the Evidence 

Over three decades ago, Murphy and Bryan (1980) reported that both parents and 

professionals were increasingly demanding evidence regarding the effectiveness of services 

used to support developmentally disabled individuals, noting that the continued use of 

services whose alleged effectiveness is based on conjecture and anecdotal evidence was 

rapidly becoming unacceptable.  At that time, Murphy and Brown suggested that the use of 

multiple-baseline and multiple-probe designs may provide a method to address concerns of 

accountability and evaluating intervention effectiveness.   

In 2005, the APA Presidential Task Force on Evidence-Based Practice (EBP) 

developed a policy statement in which it defined evidence-based practice in psychology 

(EBPP), and discussed issues relating to the adoption of EBP in the field of psychology.  The 

EBP movement was initially advocated within the medical profession, and has spread across 
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other health related disciplines to also include psychiatry, psychology, social work, physical 

and occupational therapy, and education (Kratochwill, 2007).  While earlier described as 

evidence-based treatment or evidence-based intervention, EBP involves the identification, 

dissemination, and adoption of practices that are backed by scientific research.   

In August, 2005, the APA Council of Representatives approved this initiative.  

Accordingly, EBPP has been defined as “the integration of the best available research with 

clinical expertise in the context of patient characteristics, culture, and preferences” 

(Goodheart et al., 2006).  While the task force have noted that their definition has closely 

paralleled the definition of EBP adopted by the Institute of Medicine, the field of psychology 

has expanded this by deepening the examination of clinical expertise, and broadening 

understanding of patient characteristics. 

Across the broader field of psychology, the task force reported that EBPP is intended 

to promote effective psychological practice and enhance public heath by using psychological 

assessment, case formulation, therapeutic relationship, and interventions that are backed with 

empirical evidence (Goodheart et al., 2006).  Given the multitude of elements that are 

included in EBPP, various types of research are endorsed by the APA.  The term “Best 

research evidence” encompasses scientific results pertaining to assessment, intervention, 

clinical problems and patient populations which may be of relevance to laboratory, clinical or 

field settings.   

The taskforce described EBPP as a means to enhance delivery of services that 

encompasses a variety of stakeholders.  In their concluding remarks, the taskforce reported 

that psychological outcomes should not be limited to symptom relief and prevention of future 

symptomatic episodes, but should ideally also address quality of life, adaptive functioning, 



Page | 20 

the ability to make satisfying life choices, personality change and other goals developed 

collaboratively between the patient and clinician (Goodheart et al., 2006, p280).  

 Evidence has been defined as “research findings derived from the systematic 

collection of data through observation and experiment and the formulation of questions and 

testing of hypotheses” (Satterfield et al., 2009).  Like other health services fields, agreement 

on how to define and grade research quality and accumulated evidence in the field of 

psychology has been noted as lacking (Kratochwill, 2007)).  Of significance, Kratochwill 

indicated that research criteria are often supplemented by practice guidelines, enabling 

professional judgement to play a role in best-practice, both in assessment and intervention. 

In a review article that has described the history and development of a model for 

determining an evidence-based practice (EBP), the challenge of how evidence should be 

defined and evaluated has been highlighted (Satterfield et al., 2009).  In particular, a primary 

criticism in evidence-based medicine (EBM) is that evidence has been too narrowly defined, 

with the authors noting the significance of this in behavioural and social sciences.  Satterfield 

and colleagues argued that in these fields the evidence base is not as extensive as in medicine, 

and that furthermore causality is often determined by several factors.  On these grounds, 

Satterfield and colleagues emphasised the importance of defining evidence broadly,

involving both quantitative and qualitative data.   

A review of the literature suggested that quality assessment guidelines for SCD 

research have undergone a process of evolution since the issue was first highlighted in the 

1980s.  In particular, three research teams were identified that have developed quality 

assessment guidelines over the last sixteen years.   

Chambless and Hollon (1998) drew upon the foundation work provided by the 

Division 12 (Clinical Psychology) Task Force on Promotion and Dissemination of 

Psychological Procedures (1995) and the APA Task Force on Psychological Intervention 
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Guidelines (1995).  In their update, Chambless and Hollon evaluate treatment efficacy on the 

basis of demonstration of controlled research that included SCD experiments.  Their proposal 

emphasised that replication is critical, particularly by an independent research team, and 

suggested a minimum requirement of two studies conducted by separate research teams.  In 

the event that only one study supported a treatments efficacy, or if all the research was 

conducted by one team, Chambless and Hollon considered the findings as promising but 

pending replication.   

Chambless and Hollon developed a three-tiered classification scheme for SCD 

research.  Their guidelines suggested that a treatment may be considered ‘possibly 

efficacious’ if treatment effects proved beneficial for at least three participants in a single 

group.  Further, these authors recommended that in order to establish efficacy, three positive 

replications of a treatment effect be conducted by two independent research groups, involving 

a series of SCD studies including at least nine participants.  For treatments described as 

efficacious and specific, identification of participant involvement in any alternative 

treatments during baseline phase(s) was required.  With respect to visual data, the guideline 

suggested that treatment effects be so striking that they are readily apparent to the naked eye, 

however no recommendation for statistical analysis were set forth.  

Subsequently, guidelines were expanded to determine whether a study met 

‘acceptable rigour’ on the basis of replicable precision (Horner et al., 2005).  In particular, 

Horner et al. (2005) required the inclusion of a description of participants, setting, DV, IV, 

and baseline that would enable replication. Their guideline specified that for the majority of 

design types, baseline should provide repeated measurement of the DV and establish a pattern 

of responding that may enable prediction of future performance.  More specifically, Horner 

and colleagues required a demonstration of experimental effect for a minimum of three 
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different points in time, and also required the reporting of an Inter Observer Agreement 

(IOA) which met a minimal standard of 80% for each DV. 

Most recently the What Works Clearinghouse (WWC) Procedures and Standards 

Handbook has been released by the US Department of Education Institute of Education 

Sciences (IES) expert panel (Kratochwill et al., 2010; Kratochwill et al., 2012; Kratochwill et 

al., 2013).  The WWC was formed under the Education Sciences Reform Act (2002) with a 

focus on developing a model for education research that is based on high experimental rigour, 

in particular meta-analyses, in addition to addressing concerns of EBP and empirically-

supported treatment that may enable federal and state governments to invest in educational, 

clinical and social practices that are scientifically valid (Horner, Swaminathan, Sugai, & 

Smolkowski, 2012).   

The WWC assessment guidelines describe quality assessment procedures for both 

group designs (randomized controlled trial, quasi-experimental design, and regression 

discontinuity design) and SCD research.  Under their guidelines, unpublished studies and 

published studies with a publication date not exceeding 20 years may be eligible for 

inclusion, and studies should present a primary analysis of the effect of an intervention.   

Three versions of the WWC SCD Technical Documentation have been released since 

2010: Version 1.0 (Kratochwill et al., 2010), Version 2.1 (Kratochwill et al., 2012), and 

Version 3.0 (Kratochwill et al., 2013).  It has been noted in the literature that these guidelines 

are intended to guide a conversation across the SCD research community to determine 

professional consensus on the adequacy of design type, guidelines for conducting visual 

analysis, options for incorporating statistical analysis for interpreting SCD data and protocols 

for conducting meta-analyses of SCD literature (Horner & Kratochwill, 2012). 

The SCD guidelines describe a procedure in which the design is initially evaluated to 

determine whether it meets evidence standards, meets evidence standards with reservations, 
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or does not meet evidence standards.  This decision is based upon study rating determinants 

that the panel have described for systematic manipulation of the IV, adequate IOA for each 

outcome measure gathered for a minimum of 20% of data points, and adequate attempts to 

demonstrate effects over time and with sufficient data points for each phase as described in 

detail for reversal/withdrawal, multiple baseline and alternating treatment designs (see 

Procedures and Standards Handbook Version 3.0, page E.3 for most current data 

requirements). 

All three versions of the guidelines then recommend conducting visual analysis of 

each outcome variable to determine strong evidence, moderate evidence or no evidence.  

However, versions 1.0 and 2.1 suggested also conducting an effect-size estimation 

calculation.  In these versions, Kratochwill and colleagues reported that regression based 

estimates may be preferable to nonparametric based calculations, and suggested that if a 

nonparametric calculation were adopted, PND should be avoided.  In addition these earlier 

versions of the guidelines suggested conducting a sensitivity analysis using several 

calculation methods to estimate effect size.   

However, in the most recent version 3.0 Kratochwill and colleagues (2013) have 

cautioned against the use of an effect size calculation altogether until a greater consensus is 

achieved across the SCD research field.  In the interim, the panel has recommended 

conducting visual analysis to determine the strength of treatment effect, and have described a 

process to conduct such analysis.   

In summary, the WWC guidelines recommend a practice may be described as 

evidence-based if studies have met the minimum 5-3-20 rule: 

a) At least five SCD studies document experimental control;

b) The five studies were drawn from at least three different research teams/locations, and;

c) The five studies document effects for at least 20 different participants.
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Separately, the NSR (2009) was developed to provide information to parents, 

educators and clinicians regarding the strength of evidence of educational and behavioural 

treatments for individuals below the age of 22 years.  Participants were included if they were 

diagnosed with Autistic Disorder (AD), AS, or PDD-NOS.  Studies for individuals diagnosed 

with Rett’s Disorder (RD) and Childhood Disintegrative Disorder (CDD) were not included, 

nor were individuals identified as “At Risk” for ASD.  Their report was based on literature 

published between 1957 through to 2007, and was limited to studies that included 

quantitative data in order to facilitate visual analysis of treatment effects.  With the exception 

of curative diets, biomedical studies including medical trials, nutrition supplement studies, 

complementary and alternative medical interventions were excluded. 

A scientific merit rating scale (SMRS) was developed to determine the extent to 

which an intervention was effective, and studies were evaluated on the basis of research 

design, measurement of the dependent variable, measurement of independent variable, 

participant ascertainment (reliability of participant diagnostic measures), and generalisation.  

Assessment criteria were devised for both group research and SCD research designs (See 

NSR Table 1, SMRS, page 18-22 for complete detail).  In addition, treatment effects ratings 

criteria were developed for group and SCD research.  Separate criteria were specified for 

alternating treatment designs.  Intervention effects were classified as beneficial, ineffective, 

adverse, or unknown (See NSR Table 2, Treatment Effects Rating, page 26 for complete 

detail).  The NSR (2009) identified 11 established treatments, 21 emerging treatments, and 

five unestablished treatments.   

The three frameworks developed by Chambless and Hollon (1998), National Autism 

Center (2009) and WWC (2010-2013) were critically reviewed given consideration to the 

unique needs of individuals on the autism spectrum.  Three important limitations were 

apparent.  First, participant age ranges varied amongst the versions.  The earlier framework 
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developed by Chambless and Hollon primarily focused on interventions conducted with 

adults.  While the WWC guideline has not included upper age limits, the NSR (2009) capped 

research to not include participants exceeding 22 years old.  Although individuals with autism 

may require support services across the life time, arguably research from early intervention 

and with school aged children is also important for inclusion when informing evidence-based 

best practice.  

Second, unlike medical research, much of the seminal literature in the field of ABA 

was conducted outside a 20 year time frame, and these early findings remain relevant.  The 

framework developed by Kratochwill et al. (2010), that has further developed the 5-3-20 

guidelines developed by Horner et al., (2005), has suggested limiting inclusion criteria to 

studies published within the last 20 years.  The panel have argued that restricting studies to 

within this 20 year time frame avoids inclusion of research that was previously conducted 

with populations or within contexts that may be considered very different to today.  However, 

behaviour therapy has elsewhere been described as a treatment based on research rather than 

one deduced from theory, that produces behavioural change through environmental 

manipulations (Lovaas, Koegel, Simmons, & Stevens Long, 1973).  Lovaas and colleagues 

reported that the methodology enables us to contribute in a cumulative manner to 

psychological treatment.  To not limit the body of research to publications within the last 20 

years is in direct contrast with the WWC inclusion criteria.  In an argument more specific to 

individuals with ASD, that favours retention of early studies, research should not be omitted 

on the grounds of publication date as the core characteristics that define this population 

remain unaltered over time.    

Third, debate currently surrounds a preferred method for calculating treatment effect 

size, and the use of visual analysis is recommended.  Importantly, the APA Taskforce on 

Statistical Inference (1999) have considered treatment effect scores a requirement for 
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research publication (Leland Wilkinson and the Taskforce on Statistical Inference, 1999).  

While it is generally agreed in the literature that establishing the best method to measure 

strength of treatment effect in SCD is a complex issue (Horner & Kratochwill, 2012; Shadish, 

2014; Scruggs & Mastropieri, 2013; Parker et al., 2005), it may be argued that for the WWC 

to revert to a recommendation to evaluate strength of treatment effect on the basis of visual 

analysis is at odds with the earlier APA recommendation.  As such, adoption of some 

quantitative measure of treatment effect is arguably necessary now. 

2.5.1 Measuring Treatment Effect 

It has been acknowledged that support systems are currently sparse for post-high 

school transition aged students and adults on the spectrum.  Parents or older siblings may take 

on support roles in the absence of the school system or community supports that are available 

to many younger children.  It is therefore important that information on the effectiveness of 

interventions is accessible and understandable to a broad array of stakeholders.  Drawing 

from the broader educational psychology literature, Parker and colleagues (2005) have 

reported that the application of meta-analysis to SCD research has highlighted the need for 

valid, objective measures of treatment effects that can be communicated beyond clinical 

contexts (Parker et al., 2005).   

Maggin, O’Keeffe, and Johnson (2011) conducted a systematic review of meta-

analyses with SCD research involving students classified as disabled.  In their review of 

publications during the years 1985-2009 a rapid acceleration in rate of publications over the 

last five years was identified, likely attributed to heightened interest in evidence-based 

practices.  In particular, Maggin and colleagues reported that the Percentage of 

Nonoverlapping Data (PND) (Scruggs, Mastropieri, & Casto, 1987) effect size calculation 

was the most frequently adopted method, applied in 47 of the 84 (55%) effect sizes that were 
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included in the review.  The Standardized Mean Difference (SMD) was the second most 

frequently used measure, applied in 16 of 84 (19%) of the studies.   

Two major issues have been identified in the ongoing debate that surrounds adoption 

of a preferred method for calculating treatment effect.  Firstly, an agreement is lacking on 

which calculation method to adopt.  Secondly, it has been argued that a treatment effect score 

should be compatible with that reported for group design research, so that both may be 

included in meta-analyses (Horner & Kratochwill, 2012).    

Brossart, Parker, Olson, and Mahadevan (2006) have identified several advantages 

associated with the use of an effect size calculation, when compared to visual analysis and 

statistical significance testing, claiming such a measure is the obvious choice for 

summarizing single-case study effects.  Brossart and colleagues reported that effect sizes 

provide an index of the strength of association between intervention and outcome, hence 

providing the basis for explanation, control and prediction attributed to intervention.  Effect 

sizes, which are not affected by sample size, support decisions to make incremental changes 

rather than simply continue or terminate decisions, by providing a continuous index of 

treatment success. 

By comparison, Parker, Vannest, and Brown (2009) indicated significant limitations 

of effect size calculations, but concluded that they provide a useful supplement to visual 

analysis.  In particular, Parker and colleagues argued that an effect size alone does not 

adequately distinguish between improvements in trend, in mean or median level, or both. 

The widely adopted PND score has been found to be strongly correlated with expert 

ratings of treatment effectiveness, and further described as advantageous given that the 

procedure is conceptually meaningful (Scruggs & Mastropieri, 1998).  One of the main 

criticisms of PND frequently mentioned is insufficient sensitivity to changes in slope.  
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However, Scruggs and Mastropieri (1998) have argued that the number of baseline 

observations typically found in single-subject research is inadequate to calculate meaningful 

trends.  

 While the first two versions of the WWC SCD guidelines suggested calculating a 

treatment effect score for studies that provide strong or moderate evidence according to their 

protocols for the various types of SCDs, no particular method was recommended 

(Kratochwill et al., 2010; Kratochwill et al., 2012).  At that time, the WWC suggested that the 

use of a regression based calculation of treatment effect may be advantageous, arguing that 

many researchers may be familiar with these techniques, that the methods can account for 

any trend in the data, and that they can be used to calculate an effect size from a single case 

(unlike multilevel models that require several cases).  However, earlier in the literature 

Scruggs and Mastropieri have reported that alternate metrics may produce effect sizes that are 

non-meaningful, and that regression based procedures for synthesis of single-case research 

will almost certainly not be accurate given limitations in the number of observations, and in 

failure to meet the assumption of equal time intervals across data points (Scruggs & 

Mastropieri, 1998). 

The earlier two versions of the WWC SCD guidelines suggested that a nonparametric 

measure - PND, PAND or Percent Exceeding the Median (PEM) -  may be adequate as an 

approximate measure of  size of treatment effect, but emphasized that any of these 

nonparametric methods fail to address trend.  At that time, the panel suggested that if a 

nonparametric method were adopted a sensitivity analysis of several methods be conducted 

(Kratochwill et al., 2010; Kratochwill et al., 2012).   

The current version of the WWC SCD guidelines has suggested that strength of 

treatment effect be determined using visual analysis until a general consensus is achieved 
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across the field of educational psychology (Kratochwill et al., 2013).  Shadish (2014) has 

reported that ongoing research on calculating treatment effect has seen great progress over 

the last decade, and noted that the field may begin to use a wider array of statistics software 

more often some of which are familiar to most SCD researchers such as SPSS and SAS, and 

other less common such as R and WinBUGS. 

Shadish (2014) presented five articles published by several research groups, including 

members of the WWC panel, that have explored recently developed methods of treatment 

effect calculation in an effort to understand whether varying approaches resulted in a similar 

outcome report of treatment effect.  All studies used the same data set, extracted from 

published interventions on the effects of response cards on disruptive behaviour and 

academic responding during math lessons for four year olds (Lambert, Cartledge, Heward, & 

Lo, 2006).  Calculation methods that were explored in these five articles included SMD, 

multilevel modelling, Bayesian statistics, and generalized additive models. 

Results from four of the five articles reported a reduction of disruptive behaviour that 

ranged from 5.03 to 5.70 intervals.  The fifth article described a modest outlying result, and 

reported 6.70 intervals of disruptive behaviour.  Shadish described these five reported 

outcomes as reasonably consistent with each other, and with visual inspection of the original 

graphed data.  In conclusion, Shadish emphasized several issues that may be of particular 

relevance to stakeholders interested in evaluating treatment effectiveness for participants on 

the autism spectrum.  Shadish suggested that the SCD research community may in fact be 

better described as a group of SCD communities with varying opinions on the application of 

statistics to research.  Further, it was asserted that the issue may not so much be whether 

researchers will eventually derive an agreed upon improved statistical approach for 

evaluating treatment effect, but rather whether  SCD researchers will adopt new methods.  

Arguing this possibility, it was pointed out that such a change in the field would require a 
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paradigm shift in SCD research.  Shadish noted that such a major change has historically 

been rare and that any future change will depend upon many competing variables such as 

influences from external sources, changes in training and publication practise, and 

recognition of SCD research misconceptions about the potential value of statistics. 

While currently a consensus across the field regarding the most appropriate method of 

evaluating the effectiveness of intervention research and conducting meta-analyses has not 

yet been established, the ASD community of stakeholders requires information describing 

evidence-based best practise immediately.  It is important to identify potential treatments that 

may in fact cause harm, and in the best interests of all parties to avoid selecting treatments 

that may be ineffective.  Accordingly, research has been conducted for this thesis that has 

specifically examined the issues surrounding the calculation of treatment effects for 

participants that have a diagnosis of ASD, in order to determine what may be the most 

appropriate methodological approach to currently adopt while additional research efforts are 

pursued by the academic community that may ultimately yield a more sophisticated statistical 

approach. 

2.6 Summary 

This chapter has identified the ongoing debate surrounding a preferred method to 

calculate treatment effect scores in SCD research.  This issue was noted to be of central 

concern when conducting a quality assessment of intervention research, and of utmost 

significance when identifying evidence based practice.  The following four chapters will 

explore these issues in depth.  Chapters 3 and 4 will examine SCD data collected for 

participants with ASD and identify a preferred treatment effect calculation method.  Chapter 

5 will apply the suggested calculation to self-management intervention research and conduct 

a quality assessment of the literature to identify evidence based practice.  Chapter 6 will 
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explore additional literature on goal setting, drawing from interventions conducted with 

participants either with or without a diagnosis of ASD to identify what is known about this 

technique.  The findings will be used to inform goal setting intervention research specifically 

for the ASD population.   
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Abstract Guidelines to inform research evidence standards
have acknowledged that there is currently no agreed-upon
method for treatment effect size estimation in single-case
research. This study has examined the application of treatment
effect size calculations to supplement visual analysis in single-
case research designs (SCD) for participants with autism
spectrum disorder (ASD). Ethical considerations for re-
searchers regarding the collection of baseline data in light of
behaviors often associated with ASD are discussed. The ade-
quacy of the volume of data points from baseline and treat-
ment phases was explored, and the conclusion had drawn that
the majority of studies were not suitable for regression calcu-
lations. The median length of total data series was also ex-
plored, and the suitability of three nonparametric hand calcu-
lations, percentage of nonoverlap (PND), percentage of all
nonoverlapping data (PAND), and nonoverlap of all pairs
(NAP), is discussed in this light.

Keywords Autism . Treatment effect . Regression .

Nonparametric

Introduction

Heterogeneity presents a unique challenge within the field of
autism research, as individuals with Autism Spectrum Disorder
(ASD) exhibit significant variability in the kind and extent of
symptomatology. Research conducted in 2006 has shown that
parents use a wide range of treatments with their children, with
a greater number of treatments being used for younger children,
and for children with greater severity of symptoms (Green
et al., 2006). Green and colleagues also reported that the most
commonly utilized treatments included those without empirical
evidence.

Applied Behavior Analysis (ABA) is an applied science that
focuses on socially significant behavior change (Baer, Wolf,
& Risley, 1968; Sigafoos & Schlosser, 2008). While most
published psychological research is based on between group
research designs, ABA typically examines behavior at the level
of the individual and generally utilizes single-case research
designs (SCD), thus permitting a scientifically valid conclusion
to be drawn from the intensive investigation of an individual
(Blampied, 1999). Interventions based on such research have
been used extensively in working with participants with ASD
since the early 1980s.

Systematic reviews and meta-analyses of SCD literature are
becoming increasingly important to a variety of stakeholders and
have been conducted within academic literature, by government
agencies, and health service providers to address the need for
evidence based practice guidelines as well as to inform decisions
at a policy level. Across the broader field of healthcare, the
PRISMA Statement (2009) sets forth a checklist of 27 items that
should be addressed in systematic reviews or meta-analyses of
literature (Moher, Liberati, Tetzlaff, Altman, & The PRISMA
Group, 2009). The PRISMA Statement (2009) has been used to
guide reviews that are ultimately read by clinicians to inform
practice, granting agencies to fund future research, and other
stakeholders. Such reviews may include between-group design
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research and SCD research. It has been acknowledged that one
limitation of meta-analytic research is that historically SCD
research has often been omitted (Allison & Gorman, 1993).

Results from single-case meta-analyses have recently been
used by health insurance providers both to support and deny
the necessity for intensive behavioral intervention for individ-
uals with ASD (Campbell, 2013). Campbell reported that in
2011, CIGNA companies concluded that behavioral interven-
tion is an effective therapy, while in the same year, United
Healthcare Services, Inc. used similar evidence to justify their
policy that claims the same treatment is not a medical neces-
sity. Separately, the National Autism Center’s National Stan-
dards Report (2009) has assessed the existing SCD published
peer reviewed literature base for participants under 22 years of
age diagnosed with ASD. The report has categorized 11 ABA-
based interventions as established, 21 as emerging, and five as
unestablished treatments. Established treatments were ante-
cedent package, behavioral package, comprehensive behav-
ioral treatment for young children, joint attention intervention,
modeling, naturalistic teaching strategies, peer training, piv-
otal response treatment, schedules, self-management, and
story-based intervention package. Emerging treatments were
augmentive and alternative communication devices, cognitive
behavioral intervention package, developmental relationship-
based treatments, exercise, exposure package, imitation-based
interaction, initiation training, language training (production),
massage/touch therapy, multi-component package, music
therapy, peer-mediated instructional arrangements, the picture
exchange communication system, reductive package,
scripting, sign instruction, social communication intervention,
social skills package, structured teaching, technology-based
treatment, and theory of mind training. Unestablished treat-
ments were academic interventions, auditory integration train-
ing, facilitated communication, gluten- and casein-free diets,
and sensory integrative packages. Their report also highlight-
ed the importance of using meta-analytic procedures to iden-
tify ineffective or harmful treatments, although in their 2009
review, no studies were identified that met criteria. At the time
of writing, the National Association of Insurance
Commissioners and Top Health Insurance (2013) ranked
United Healthcare as the number one insurer in the USA,
providing services to an estimated 70millionAmericans. Given
the current ASD prevalence estimate of one in 88 (CDC
MMWR, 2012), approximately 795,000 individuals are affect-
ed by such policy decisions in the USA alone.

Variations in literature synthesis, such as described above,
have wide reaching implications for individuals on the autism
spectrum and may impact whether or not an individual is able
to access support services. However, despite interest across
the broader educational field regarding how best to calculate
and report strength of treatment effects, an agreement on how
to measure and interpret the strength of treatment effects with
SCD research studies has yet to be achieved.

SCD researchers in the field of ABA have traditionally
relied on visual analysis as the principal method of determin-
ing intervention effects (Kratochwill & Levin, 2014; Matyas
& Greenwood, 1990; Shadish, 2014). Visual analysis can be
used to document experimental control and determine the
overall effectiveness of an intervention by assessing all con-
ditions within a design, with graphical inspection involving
the evaluation of time series data in terms of systematic
changes in level, trend, and variability, both within and across
intervention phases (Horner et al., 2005). Historically, visual
methods have been favored over statistical approaches on the
basis that the former is less likely to report false positive
treatment outcomes (Shadish, 2014). While visual analysis
has wide appeal, it is not without criticism. In particular,
unreliability of judgment across raters has been frequently
reported (Campbell, 2013; Parker & Brossart, 2003;
Scruggs, Mastropieri, & Casto, 1987) though it has also been
noted that critics have seldom addressed consistency in visual
analysis beyond two phases (Horner, Swaminathan, Sugai, &
Smolkowski, 2012). Horner and colleagues have argued for
the continued use of visual analysis in the absence of agree-
ment on a statistical measure to determine treatment effect.

However, while much support is acknowledged for the
continued use of visual analysis, we argue that such an ap-
proach in literature synthesis may not adequately address
several important and topical issues in ASD research and
treatment. Firstly, the American Psychological Association
(APA) Taskforce on Statistical Inference (1999) argued in
support of the earlier APA (1994) publication manual’s sug-
gestion to include a treatment effect size in research reports,
claiming that a treatment effect size permits the evaluation of
the stability of findings across samples and is important to
future meta-analyses. At this time, the earlier guideline was
formalized as a requirement for research publications (Leland
Wilkinson and the Taskforce on Statistical Inference, 1999).
While some (APA Taskforce on Statistical Inference, 1999)
have argued that, with improvements in state-of-the-art statis-
tical analysis software, statistics are commonly reported with-
out an understanding of computational methods or an under-
standing of what the statistics mean, Kratochwill and Levin
(2014) recently highlighted that there are a growing number of
nonoverlap methods that can be hand calculated, which may
be advantageous as a supplement to visual analysis. Argu-
ments for the retention of simple calculation methods such as
percentage of nonoverlap (PND) have also been reported
(Scruggs & Mastropieri, 2013).

Secondly, the evidence based best practice movement
across the broader field of educational psychology highlights
the importance of calculating a treatment effect score when
evaluating and synthesizing literature. A treatment effect score
is considered essential to informing an evidence base. The
U.S. Department of Education, What Works Clearinghouse
(WWC) has produced a procedures and standards handbook
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to assess the quality of both group and SCD studies and
developed protocols to evaluate their effectiveness in order
to establish a scientific evidence base for educational research
(Kratochwill et al., 2010). The WWC SCD Pilot Version 1.0
guidelines suggested a preference for the use of regression-
based calculations, advising specifically against the adoption
of the PND calculation. Elsewhere in the earlier literature,
researchers have stated a preference for regression-based ap-
proach (Allison & Gorman, 1993; Parker & Brossart, 2003).
By contrast, the most recent update to the WWC (2013)
Version 3.0 has reverted to recommending visual analysis as
the primary procedure used in determining the strength of a
treatment effect (Kratochwill et al. 2013). In this current
version, the panel has predicted that at some future point,
when the field has achieved greater consensus about appro-
priate quantitative techniques, new standards for effect dem-
onstration will be developed. However, at the time of writing,
the WWC guidelines do not specify a metric to use when
calculating a treatment effect size.

SCDs are unique in that significant design decisions re-
garding length of baseline data collection and when to imple-
ment or withdraw treatment are not determined in advance,
depending rather on the participant data that are collected.
Typically, phase changes are made once the data within a
phase are considered stable, as is characterized by the absence
of slope and no more than a small level of performance
variability within the phase (Kazdin, 1978). Ethical consider-
ation of a participant’s circumstances and of the behavior
under investigation may also contribute to determining how
many data points are collected. If a participant has a severe
skill deficit, or if a behavior is harmful either to the self or
others, it may not be socially valid or ethically acceptable to
prolong baseline data collection. Such scenarios are common
in studies involving individuals with ASD. Even in cases
where the intervention does not directly target a reduction in
problem behavior, challenging behavior may still be present
and an issue to be considered.

Debate regarding the most appropriate methodological ap-
proach to interpreting SCD research dates back as far as the
early 1970s (Kratochwill & Brody, 1978). Effect size may be
calculated using regression-based estimators, standardized
mean difference, or nonparametric methods. Of these, the
most extensively adopted method is the nonparametric calcu-
lation, PND developed by Scruggs, Mastropieri, and Casto
(1987). However, PND has been criticized for misrepresenting
treatment effects, being insufficiently sensitive to changes in
slope, producing an invalid outcome in instances in which
outlier data points in baseline obscure true intervention effects,
being ineffective as a discriminator for powerful treatment
effects, and that the number of baseline observations may in
itself distort outcomes (Scruggs & Mastropieri, 1998).

A variety of statistical approaches for use in SCD meta-
analyses are currently under development including

procedures for modeling trend, determining and estimate of
treatment effect size, and investigating statistical methods to
improve estimates for small data samples (Shadish, 2014). In a
recent special series of articles exploring emerging approaches
to calculating treatment effect, it has been suggested that what
exists is a group of communities and that perspectives of
researchers from various sub-communities may differ greatly
on the role of statistical analysis in research interpretation and
reporting (Shadish, 2014). In light of this claim, we argue the
significance of examining SCD data specifically in the context
of participants with ASD.

Data Requirements for Treatment Effect Calculations

A review of existing literature was conducted to identify
minimum data requirements for use in both regression-based
and nonparametric approaches to calculating a treatment ef-
fect score. Parker et al. (2005) noted a minimum of six data
points per phase, and at least 14 data points in a phase A and B
comparison are required for a regression-based effect size
calculation. In their research based upon a convenience sam-
ple of 77 published AB datasets, Parker and colleagues
reported a median number of data points per graph of 23
(counting only A and B phases), with a median length of 10
for phase A and 11 for phase B for their sample.

In addition, our search identified three nonparametric ap-
proaches that can be calculated by hand: PND (Scruggs et al.
1987), percentage of all nonoverlapping data (PAND) (Parker
et al. 2007), and nonoverlap of all pairs (NAP) (Parker &
Vannest, 2009). PND was developed specifically to supple-
ment visual analysis. While PND does not specify a minimum
number of data points, outlier ceiling or floor effects in base-
line data can result in the calculation of a zero score. Baseline
variability may mean that a PND score should not be
calculated, and Scruggs and Mastropieri (2013) have reiterat-
ed their original advice against the calculation of an effect
score in those cases where the result would be inconsistent
with visual examination.

PAND presents an approach designed to address the limi-
tation of rogue outlier baseline data present in the PND
calculation. For the nonparametric calculation PAND, Parker
et al. (2007) reported that a minimum threshold of 20 data
points in total is necessary. Parker and colleagues demonstrat-
ed the suitability of PAND for an initial AB comparison using
a dataset comprised of multiple baseline design samples in
which 60 to 80 data points were typical.

NAP offers a calculation that utilizes all data points in a
pairwise comparison. Parker and Vannest (2009) examined
the performance of NAP using 200 AB contrasts and reported
that the median length of a full data series in their sample was
18 data points. In particular, phase A had a median of 8 data
points, and phase B had a median of 9 data points.
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Purpose of Study

A preferred method to evaluate SCD research for participants
with ASD has yet to be agreed upon by experts across the
field, and contradictory recommendations that suggest either
calculating a treatment effect score, or conducting visual anal-
ysis, have been made by different advisory panels within the
broader educational psychology community. Given the appar-
ent significant discrepancies in interpretation of meta-analytic
reports on ABA based treatment research for participants with
ASD conducted by leading US healthcare policy makers, we
argue that it is important to the ASD research community to
further examine SCD data with a view to determining how best
now to calculate treatment effects while alternate improved
procedures are being developed. We argue that the ASD com-
munity currently requires a suitable method to evaluate SCD
intervention research to inform an evidence base, policy
guidelines, and educational and clinical practice in this interim.

Accordingly, the purpose of this research project was to
gauge the feasibility of calculating a treatment effect score
using SCD data specifically in the context of participants with
ASD. In their literature review, The National Standards Report
(2009) has classified treatments as established, emerging, or
unestablished. To compare the data collection trends of re-
searchers working with participants on the autism spectrum,
we have selected self-management interventions as an exam-
ple of an established treatment, and physical activity as an
example of an emerging treatment. The following research
questions were developed:

1. Do studies report a sufficient number of baseline and
intervention data points to enable the calculation of a
treatment effect score?

2. Are there trends in these data suggesting this pattern is
changing?

Method

Locating Studies

Studies were located by conducting a systematic search of
peer-reviewed literature published prior to November 2013.
Both the PsycINFO and ERIC databases were queried using
the keywords “autism*” and “Asperger’s syndrome.” For self-
management interventions, the following terms were queried:
“self-management,” “self-regulation,” “self-regulate,” “self-
monitoring,” “self-recording,” “self-reinforcement,” “self-
evaluation,” “self-advocacy,” “self-observation,” “self-in-
struction,” “empowerment,” “self-determination,” and “self-
control.” For physical activity interventions, the following

terms were queried: “physical activity,” “exercise,” and “fit-
ness.” In addition, a hand search of the reference lists of
existing systematic reviews on both self-management and
exercise was undertaken.

The abstract of each article was examined to determine
whether an article met inclusion criteria for further review,
and the original article was retrieved and reviewed when
necessary. No age limits were placed upon participants. Inclu-
sion criteria required that:

1. Participants had an existing diagnosis of ASD or AS. In
instances in which several participants with various con-
ditions were included in a single article, only participants
with either an ASD or AS were included for further
review.

2. The study utilized a single subject research design such as
a multiple baseline, reversal, changing criterion, or alter-
nating treatment design.

3. The study presented data from each phase in graphical
format for each participant thereby enabling the calcula-
tion of a treatment effect.

4. Components of self-management or exercise were includ-
ed throughout the intervention.

5. Articles were published in English in a peer-reviewed
journal.

This search procedure identified 38 articles that utilized
SCDs in self-management interventions and a further eight
articles that utilized SCDs for exercise interventions. Two
studies appear in both self-management and exercise searches,
in interventions that targeted participation in physical activity
that also used self-management procedures (Todd & Reid,
2006; Todd, Reid, & Butler-Kisber, 2010).

Data Requirements for Treatment Effect Calculations

1. Regression-based approach: A minimum of six data
points per baseline or treatment phase and at least 14 data
points in a phase A and B comparison

2. PND: No minimum number of data points required; how-
ever, baseline stability must be evident

3. PAND: A minimum of 20 data points across baseline and
treatment phases required

4. NAP: No minimum number of data points specified

Reliability of Data

Inter-coder agreement was calculated with the first and one of
the co-authors separately coding each study before comparing
results. Initial trial coding was performed using three studies
to ensure consistency between assessors.
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A 30 % random sample of abstracts from all search results
was reviewed independently, to determine the reliability of the
article selection process. Inter-coder agreement was determined
by dividing the number of agreements by the total number of
agreements plus disagreements and multiplying by 100. Inter-
coder agreement was 97 % for self-management interventions
and 100 % for exercise interventions.

Once the data set was developed, the accuracy of the data
point count procedure was checked. The first author randomly
selected a 50 % sample of included studies, and a co-author
independently counted data points in baseline, treatment, and
any subsequent phases. These results were then compared to the
first author’s counts. Inter-coder assessment was 98 % for self-
management interventions and 100% for exercise interventions.

Results

Thirty eight self-management intervention articles included in
the data set reported treatment data from a variety of behaviors
and settings for 102 participants. Given that many treatments
were repeated across either behaviors or settings, a total of 215
data series were included in these graphs. A further eight
exercise intervention articles reported treatment data for an
additional 20 participants, and the corresponding graphs in-
cluded 43 data series.

Hand counts of the number of data points reported in each
baseline and treatment phase were conducted for each of the
data series included in the graphs. These tallies were recorded
manually into an Excel spreadsheet and subsequently com-
pared to the advised minimal baseline and treatment phase
data requirements for regression-based procedures, PND,
PAND, and NAP to determine the feasibility of using these
procedures with these data sets. Table 1 provides a summary
of the results of each comparison.

The feasibility of the application of regression-based cal-
culations was determined via the adherence to a minimum of
six data points in the first baseline phase, six data points in the
first treatment phase, and a minimum total of 14 data points
across the first AB comparison. With this threshold, 97 of the
215 self-management data series (45.1 %) provided sufficient
data. This is illustrated graphically in Fig. 1. In order to
calculate a treatment effect for an entire study, each individual
data series should meet the minimum data threshold. Given
this constraint, only nine self-management articles (23.7 %)
had sufficient data for a regression-based calculation. When
considered on a participant basis, we identified 36 individuals
(35.3 %) for whom a sufficient volume of data was reported
for each data series to permit a regression-based treatment
effect calculation per participant.

For exercise interventions, 11 of the 43 data series (25.6 %)
met the minimum total of data points across the first AB

comparison. This is illustrated graphically in Fig. 2. When
the exercise intervention articles were viewed in their entirety,
a single article (12.5 %) included sufficient data to enable the
calculation of treatment effect for the entire study. When
considered on a participant basis, we identified four individ-
uals (20.0 %) for whom sufficient data is provided to enable a
regression-based treatment effect calculation per participant.

Within the self-management studies, ceiling or floor data
points in baseline occurred in three data series that resulted in
a 0 % PND calculation. Variability in baseline data for one
study that included two participants indicated that a PND
should not be coded. Accordingly, data from 34 of the 38
studies (89.5 %) appear sufficient for a PND calculation.
When viewed on a participant level, 96 of 102 (94.1 %) of
participant data appear sufficient for a PND calculation.

For the exercise interventions, floor data points in baseline
occurred in one study that reported one data series for a single
participant. For this study, a 0 % PND would be calculated.
Overall, seven of the eight studies (87.5 %) report sufficient
data for a PND calculation. At a participant level, data suffi-
cient for a PND calculation is available for 19 of 20 (95.0 %)
participants.

The calculation of PAND requires a minimum of 20 data
points per data series across baseline and treatment phases.
Using this guideline, 117 self-management data series
(54.4 %) reported a sufficient number of data points. When
each article was considered overall, 22 self-management arti-
cles (57.9 %) included data series of an adequate length for the
application of PAND. Examination of the self-management
data on a per participant basis revealed that PAND was ap-
propriate to apply to 53 individuals (52.0 %).

For exercise interventions, 26 data series (60.5 %) reported
a sufficient number of data points. Viewed overall by article,
five exercise articles (62.5 %) included data series of an
adequate length to apply the PAND calculation. Examination
of the exercise data on a per participant basis revealed that
PAND was appropriate to apply to 13 individuals (65.0 %).

Although no minimum threshold was reported for the
application of the NAP calculation, Parker and Vannest
(2009) reported the median length of the full data series of
200 selected AB contrasts was 18 data points. By way of
comparison, the self-management data set of 215 data series
had a median length of 13.75 data points for the first AB
comparison and a median length of 25.5 data points across the
full data series. For exercise interventions, the 43 data series
had a median length of 13 data points for the first AB com-
parison and 25 data points across the full data series.

The length of the data series including baseline and treatment
data that was reported in each self-management and exercise
article was plotted over time and a line of best fit was calculated
for the data. A split-middle line of progress (Cooper, Heron, &
Heward 2007) was plotted and indicated a declining trend over
time in the number of data points collected (see Fig. 3).
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Table 1 Feasibility of treatment effect score calculation for studies

Authors No. of data
series graphs

No. of participants Sufficient data
for regression

Sufficient
data for PND

Sufficient data
for PAND

Sufficient
data for NAP

Self-management studies, n=38

Koegel and Koegel (1990) 7 4 No Yes No Yes

Sainato et al. (1990) 3 3 No Yes Yes Yes

Koegel et al. (1992) 14 4 No Yesa Yes Yes

Stahmer and Schreibman (1992) 6 3 Yes Yesb Yes Yes

Koegel and Frea (1993) 6 2 Yes Noc Yes Yes

Pierce and Schreibman (1994) 18 3 No Yes No Yes

Strain, Kohler, Storey, & Danko (1994) 10 3 Yes Yes Yes Yes

Newman et al. (1995) 3 3 No Yes Yes Yes

Strain and Danko (1995) 3 3 No Yes Yes Yes

Dixon et al. (1995) 2 1 No Yes No Yes

Newman et al. (1996) 3 3 No Yes Yes Yes

Shearer et al. (1996) 3 3 No Yesd No Yes

Kern et al. (1997) 3 1 No Yes No Yes

Callahan and Rademacher (1999) 2 1 Yes Yes Yes Yes

Reinecke et al. (1999) 3 3 Yes Yes Yes Yes

Mancina et al. (2000) 6 1 Yes Yes Yes Yes

Newman et al. (2000) 3 3 Yes Yes Yes Yes

Shabani et al. (2001) 2 1 No Yes No Yes

Morrison et al. (2001) 16 4 Yes Yes Yes Yes

Mithaug and Mithaug (2003) 2 2 No Yes Yes Yes

Wehmeyer et al. (2003) 2 1 No Yes Yes Yes

Apple et al. (2005) 8 3 No Yes No Yes

Newman and Ten Eyck (2005) 3 3 No Yes Yes Yes

Ganz and Sigafoos (2005) 1 1 No Yes Yes Yes

Agran et al. (2005) 2 2 No Yes Yes Yes

Todd and Reid (2006) 3 3 No Yes Yes Yes

Delano (2007) 6 3 No Yes No Yes

Loftin et al. (2008) 3 3 No Yes No Yes

Palmen et al. (2008) 9 9 No Yes No Yes

Dorminy et al. (2009) 8 4 No Yes No Yes

Soares et al. (2009) 1 1 Yes Yes Yes Yes

Deitchman et al. (2010) 2 3 No Yes No Yes

Asaro-Saddler and Saddler (2010) 9 3 No Yes No Yes

Cihak et al. (2010) 18 3 No Yes No Yes

Holifield et al. (2010) 8 2 No Yes No Yes

Todd et al. (2010) 3 3 No Yes Yes Yes

Parker and Kamps (2010) 12 2 No Yes No Yes

Shogren et al. (2011) 2 2 No Yes Yes Yes

209 102 9 34 22 38

Percentage of studies with sufficient data points 23.7 % 89.5 % 57.9 % 100.0 %

Exercise studies, n=8

Kern et al. (1982) 6 4 No Yes No Yes

Allison et al. (1991) 1 1 Yes Yese Yes Yes

Celiberti et al. (1997) 3 1 No Yes No Yes

Todd and Reid (2006) 3 3 No Yes Yes Yes

Nicholson et al. (2011) 12 4 No Yes Yes Yes

Toddet al. (2010) 3 3 No Yes Yes Yes
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A line of best fit was also plotted using Excel and produced
a trend line that closely paralleled that calculated using the
quarter-intersect and split-middle line of progress methods,
hence confirming this declining trend. The Excel calculation
derived the equation y=−0.1339x+49.558 for this trend line.
The graph illustrates that older research papers reported a
greater volume of observational data than more recent articles.

Discussion

Our results show that for 64 of the 102 participants included in
the self-management interventions, and 16 of the 20

participants included in the exercise interventions, the number
of data points in the first AB phase comparison was below the
required minimum for regression-based estimates of treatment
effect sizes.

While not always described as the target behavior of an
intervention, a variety of problem behaviors or unacceptable
performances were described for these participants. Examples
of these behaviors included physical aggression towards
others, elopement for the purpose of engaging in ritualistic
behaviors, self-injury, non-compliance, loud screaming, psy-
chotic speech, inappropriate touching or hugging, destruction
of property, head banging, placing non-edibles in mouth,
tantrums, threats towards others, prolonged crying or body

Table 1 (continued)

Authors No. of data
series graphs

No. of participants Sufficient data
for regression

Sufficient
data for PND

Sufficient data
for PAND

Sufficient
data for NAP

Schmidt et al. (2013) 6 1 No Yes Yes Yes

Yanardag et al. (2013) 9 3 No Yes No Yes

43 20 1 7 5 8

Percentage of studies with sufficient data points 12.5 % 87.5 % 62.5 % 100.0 %

aCeiling data point in baseline for Howard community setting assumed normal baseline variability, PND coded as 0 %
b Target behavior data appropriate for PND on all participants for appropriate play data. Additional measurements taken for self-stimulatory behavior
given detrimental effects on appropriate play; Bruce and Justin PND coded as 0 %
cVariability in baseline data, unable to code PND
dCeiling data points in baseline for Child One engagement task assumed in line with baseline variability; PND coded as 0 %
e Floor data points in baseline; PND coded as 0 %

Key: First Baseline (A) First Intervention (B) Nb. Regression minimum threshold: A=>6; B=>6; AB=>14
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rocking, and social withdrawal. Unacceptable levels of class-
room engagement or academic performance were also de-
scribed. In some instances, collateral reduction in these chal-
lenging behaviors was recorded or observed in interventions
that targeted the development of a skill.

Problem behaviors such as those described present an
ethical dilemma to researchers as the collection of lengthy

baseline data for these participants might be considered unac-
ceptable practice. Significantly, the data series collected in
both established and emerging treatments for participants with
autism are often limited in length. The nature of the behaviors
frequently under investigation with this population is at odds
with the ability to apply a regression-based calculation to
determine the strength of treatment effects. Furthermore, for
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the studies included in this dataset, we have identified a
declining trend in the volume of data points that are collected
in baseline and treatment phases. This downward trend, in
addition to the nature of behaviors often described among
participants on the autism spectrum, suggests that it is unlikely
that regression-based calculation methods will be appropriate
in future research. Alternative methods that are appropriate
where shorter data sets are the norm appear advantageous.

Previous criticism of PND has included claims that outly-
ing data in baseline phases result in calculations that do not
accurately reflect the success of an original study. However,
examination of both self-management and exercise extant data
sets reveals that there are relatively few occasions in which a
0 % PND is calculated or that baseline variability results in an
inability to code a study. Our findings support recent claims by
Scruggs and Mastropieri (2013) that PND continues to pro-
duce treatment effect scores that accurately represent the find-
ings described by original authors.

By contrast, PAND appears appropriate for slightly less
than two thirds of the studies included in this review. While
the literature has suggested merit in adopting this calculation
as an alternative to PND, this benefit appears to be offset by
the reduced utility of the method as a result of insufficient data
collection for participants with ASD.

NAP is not constrained by the volume of data points
collected in intervention and consequently is appropriate to
apply to all studies included in both self-management and
exercise SCD research. However, as the calculation is based
on a comparison of all pairs contained within baseline and
treatment data, a somewhat more cumbersome hand calcula-
tion is required than that of PND or PAND.

Conclusion

We have explored the volume of SCD data collected in both
an established and an emerging treatment for participants on
the autism spectrum. Relatively short data series were fre-
quently reported, and results of this study suggest a declining
trend in the length of data series reported over time, with older
studies including a greater volume of data when compared to
more recent studies. Behavioral challenges were described for
many of the participants; consequently, the collection of addi-
tional data, particularly extended baseline phases, may pose an
ethical dilemma to researchers, clinicians, or other stake-
holders. It appears unlikely that data yielded from such ap-
plied research in the future will provide the longer data series
necessary for more complex treatment effect calculations.
Accordingly, while a regression-based calculation is arguably
more accurate, the nature of the data examined in this study
appears at odds with this method. A nonparametric approach
may be preferable in the calculation of effect sizes in research
involving participants with ASD.

The feasibility of three nonparametric hand calculations
was explored. Both PAND and NAP are considered by many
to offer a potentially superior calculation to PND. However,
our findings suggest that PAND cannot always be calculated
given the volume of data points that are typically reported.
Excluding studies with limited baseline data points from effect
size calculations may distort meta-analysis findings.While the
NAP procedure is unrestricted in this regard, the reality of
conducting this more cumbersome calculation may present a
barrier to many stakeholders to the adoption of this method in
terms of the time involved, the increased chance of calculation
error, and of erroneous interpretation of the treatment effect
score that is produced. The simpler PND calculation appears
appropriate for the majority of data sets included in this study,
and relatively few instances in which outlier ceiling or floor
data points in baseline data obscure the true treatment effects
were identified.

Further, while acknowledging the inability of PND to
differentiate between demonstrably powerful treatment ef-
fects, we observe that baseline variability systematically re-
duces the product of a PND calculation, thereby making the
calculation inherently more conservative as a measure of
strength of treatment effects. A calculation that is complemen-
tary to visual examination and does not require extensive
additional training is highly desirable. The continued use of
a PND calculation is arguably advantageous given that it has
been widely applied and hence facilitates comparison with
previous research findings. The PND calculation is also ad-
vantageous in that it can be calculated and interpreted with
limited additional training, by a variety of stakeholders includ-
ing clinicians, teachers, and parents. In light of the findings
from this study, the continued use of PND appears justified
though further research leading to the development of more
robust and, at the same time, sensitive procedures is clearly
warranted.
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Abstract The widely used percentage of nonoverlapping da-
ta (PND) treatment effect calculation was compared to more
recently developed methods which, it has been argued, better
account for outlying variables and trend in single-case design
(SCD) intervention studies. Percentage of all nonoverlapping
data (PAND) and nonoverlap of all pairs (NAP) were selected
for comparison as both are amenable to hand calculation,
making them widely accessible to clinicians and teachers as
well as researchers. A data set was developed through a
systematic search of peer-reviewed literature on self-
management interventions conducted with participants with
autism spectrum disorder (ASD). Treatment effect sizes de-
rived from each method were compared for studies that pro-
vided sufficient data. Results indicated that PND provided a
conservative measure of strength of treatment effect when
compared to PAND and NAP scores. Interpretation scales
for treatment effect scores derived from each method were
reviewed. Implications for selecting a calculation method for
participants with ASD are discussed.

Keywords Autism .Treatment effect .Nonparametric .Hand
calculation . PND

Introduction

In 1994, the American Psychological Association (APA) pub-
lication manual encouraged the inclusion of a treatment effect
size in research reports. Since that time, the APATaskforce on
Statistical Inference (1999) argued that a treatment effect size
permits the evaluation of the stability of findings across sam-
ples and is important to future meta-analyses. Subsequently, in

some quarters, treatment effect scores have been considered a
requirement for research publication (Leland Wilkinson and
the Taskforce on Statistical Inference 1999).

The initial report developed by the APA Taskforce on
Statistical Inference (1996) warned that, with advances in
state-of-the-art statistical analysis software, statistics are com-
monly reported without understanding of the computational
methods or necessarily even an understanding of what the
statistics mean. Parker and colleagues have also argued that
treatment effect calculations reported in meta-analysis of
single-case design (SCD) research should be interpretable by
various different stakeholder groups (Parker et al. 2005), a point
well illustrated with autism intervention-related research where
parents, educators and policy makers as well as clinicians and
researchers all need to understand reports on treatment effects.

Given the increasing demand to develop an evidence base
in educational psychology, quality assessment guidelines have
been developed by the US Department of Education What
Works Clearinghouse (WWC) (Kratochwill et al. 2010;
Kratochwill et al. 2013a; Kratochwill et al. 2013b). Various
methods for determining treatment effects have been proposed
for use in meta-analyses of SCD research, although the merits
of these different computation methods remain a matter of
debate (Horner and Kratochwill 2012; Horner et al. 2012;
Kratochwill et al. 2013b; Scruggs and Mastropieri 2013).
Unlike group research designs, a generally accepted method
for the calculation of treatment effect size for SCD research
has yet to be established. The initial version of theWWCSCD
guidelines indicated a preference for regression based proce-
dures for calculating effect sizes though the WWC panel
subsequently suggested conducting a sensitivity analysis of
treatment effect scores using several indices. Most recently,
the WWC has moved away from the use of a treatment effect
score and reverted to visual analyses until a general consensus
on the most appropriate method has been reached
(Kratochwill et al. 2013b).
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There is an extensive body of literature examining ap-
proaches to the evaluation of the strength of treatment effects
for SCD research. Shadish (2014) has reported that a number
of new methods are currently in development including
standardised mean difference approaches, multilevel analysis
and Bayesian generalised least squares procedures. In a recent
review of SCD research conducted with students with a broad
array of disabilities, Maggin et al. (2011a) reported percentage
of nonoverlapping data (PND) as the most frequently used
treatment effect score appearing in 55 % of the 84 effect sizes
garnered from 68 literature syntheses. Maggin and colleagues
also reported that nearly 40 % of authors did not describe the
method they used for comparing data from various phases
within studies when estimating effect sizes. Of the studies that
did include these details, several approaches were described.
These included taking an arithmetic mean across all baseline
and treatment phases, selecting only certain phases (i.e.,
A1B2) and consolidating baselines and treatment phases
(i.e., A1A2B1B2).

The PND (Scruggs et al. 1987) was developed as a method
to synthesise SCD literature which could be easily calculated
and readily as well as meaningfully interpreted. Several pos-
itive features of PND have been described and include ease of
calculation from graphical rather than raw data, high degree of
inter-rater reliability, applicability to any SCD design type and
ease of interpretation (Campbell 2013; Parker et al. 2007). The
continued utility of the procedure has recently been argued by
the original developers (Scruggs and Mastropieri 2013).
However, PND is not without its critics, and major limitations
of the procedure include the following: (i) PND requires its
own interpretation guidelines as it does not correlate to an
accepted effect size; (ii) it lacks sensitivity in discriminating
treatment effectiveness as the calculated score approaches
100 %; (iii) PND is reliant on a single extreme data point in
baseline, and all other baseline data are excluded from the
calculation; and (iv) as PND has no known sampling distri-
bution, confidence intervals cannot be calculated (Parker et al.
2007).

All current alternative procedures have their own limita-
tions however. Maggin et al. (2011b) compared 11 commonly
used effect size measures including three parametric methods:
interrupted time series analysis procedure (ITSACORR),
piecewise regression, hierarchical linear modelling; and seven
nonparametric methods: PND, percentage of all nonoverlap-
ping data (PAND), percent of zero data points (PZD), pairwise
overlap squared (PDO2), percentage exceeding mean (PEM),
percentage exceeding mean trend line (PEM-T), improvement
rate difference (IRD) and the standardisedmean difference. Of
the nonparametric methods that were assessed, PAND re-
ceived the most favourable assessment.

PAND (Parker et al. 2007) has been presented as an alter-
native to PND, the developers recommending it for documen-
tation and accountability purposes in schools and clinics, in

addition to applications in meta-analyses and academic re-
search reports. Their method was illustrated with sample data
that typically contained between 60 and 80 data points, and
the authors noted that the method was not well suited for data
series that contained fewer than 20–25 data points. Parker
et al. (2011) reported that PAND has been adopted in two
meta-analyses along with a phi correlation coefficient, which
is analogous to an R2 score, that is frequently reported in large
N studies (Parker et al. 2011).

Recently, Parker and Vannest (2009) developed the
nonoverlap of all pairs (NAP) procedure, suggesting that this
method offers an improvement on both PND and PAND.
Several anticipated advantages have been suggested by these
researchers, notably that the calculation uses all data points
and as such should yield a more representative treatment effect
score. Unlike other nonparametric indices, NAP is not based
on means or medians, and it has been suggested that the
calculation should relate more closely to the regression term
R2. Importantly for stakeholders within the autism spectrum
disorder (ASD) community, NAP can be calculated by hand.
NAP was omitted from the effect size comparison conducted
by Maggin and colleagues (2011b) however, Parker and
colleagues (2011) reported that NAP has also been used in
several recent meta-analyses.

Although greater consensus is evident between researchers
regarding how to calculate treatment effects in group design
research (Kratochwill et al. 2013b), it has been noted that the
interpretation of these treatment effect scores can also be
problematic (Brossart et al. 2006). Brossart and colleagues
observed that a basis for comparison of treatment effect sizes
obtained using different calculations is lacking in the litera-
ture, arguably making this task challenging for clinicians and
other stakeholders. These researchers noted that simple
methods tend to yield different effect sizes than regression-
basedmethods and that even ballpark interpretation guidelines
for R2—e.g., “large” (R2=.25), medium (R2=.09) and small
(R2=.01)—drawn from large N group research in social sci-
ence vary depending on the field of investigation.

Guidelines for interpretation of derived scores have been
clearly defined for PND. However, other than the original
developers describing a phi correlation coefficient for
PAND, based upon a Pearson R 2×2 contingency table
(Parker et al. 2007), it appears that an interpretation scale for
PAND is not available in the literature to date. Parker and
Vannest (2009) did provide a tentative interpretation scale for
NAP, analogous to that used in PND, based on a process of
expert judgements of 200 data sets.

In a recent exploration of the characteristics of SCD data
for participants with ASD, Carr et al. (2014) reported a de-
clining trend over time in the volume of data gathered in both
baseline and treatment phases in SCD studies in both an
established treatment (self-management) and an emerging
treatment field (physical exercise) as classified by the
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National Standards Report (2009). Only 23.7 % of the studies
included in the review reported a sufficient volume of data for
a regression-based calculation. Carr and colleagues also ex-
plored the applicability of three readily hand-calculated non-
parametric procedures for calculating effect sizes. PND was
selected because of the frequency with which the procedure is
reported and both PAND and NAP because they were devel-
oped to address limitations evident in PND. The authors
concluded that a NAP calculation, which is not restricted by
either volume of data points or the presence of ceiling or floor
points in baseline, appeared appropriate for all studies that
were included in the review and that PNDwas applicable with
90 % of the studies sampled. Conversely, PAND, which can
only be applied when a minimum of 20 data points are
presented, appeared applicable for only 54 % of the studies.

The purpose of this current study was to conduct a sensi-
tivity analysis on treatment effect scores for use by the variety
of stakeholders working with the ASD community.
Accordingly, a primary requirement of the procedures includ-
ed was the ability to perform all calculations by hand. PND
has been selected as the basis of comparison in the sensitivity
analysis, as it has been widely adopted in published literature.
Burns et al. (2012) have recently recommended that additional
research on new overlap approaches, particularly PAND and
NAP, is warranted. The literature review for this current study
has also found support for the suggestion made by Burns and
colleagues, with NAP identified on the basis of anticipated
improvements and PAND on the basis of prior favourable
review. The current study sought to explore the advantages
and limitations of PND, PAND and NAP. In addition, it was
noted in the literature that previous research on newer calcu-
lations has been limited to AB designs (Brossart et al. 2006;
Parker and Vannest 2009). As such, this study has included
data from all phases.

The following research questions were investigated:

1. Do estimated effect sizes calculated using PND, PAND
and NAP differ significantly from each other?

2. What benefits or limitations are evident in estimating
treatment effect size using PAND, or NAP, when com-
pared to the PND method?

3. How do calculated treatment effect scores compare with
each other using available interpretation scales?

Method

Data Set Creation

Studies were located by conducting a systematic search of
peer-reviewed literature prior to November 2013. Both
PsycINFO and ERIC databases were queried using the

keywords “autism*” and “Asperger’s syndrome” which were
combined with the following terms typically associated with
self-management: “self-management”, “self-regulation”,
“self-regulate”, “self-monitoring”, “self-recording”, “self-re-
inforcement”, “self-evaluation”, “self-advocacy”, “self-obser-
vation”, “self-instruction”, “empowerment”, “self-determina-
tion” and “self-control”. In addition, a hand search of the
reference lists of existing systematic reviews of self-
management studies was undertaken.

The abstract of each article was examined to determine
whether the article was likely to meet inclusion criteria for
further review. The original article was retrieved and reviewed
when further clarification appeared necessary. No age limits
were placed upon participants. Inclusion criteria required that

1. Participants had an existing diagnosis of ASD or AS (for
studies that included participants with differing condi-
tions, only participants with ASD or AS were included
for further review).

2. The study utilized a single-subject research design such as
a multiple baseline, reversal, changing criteria or alternat-
ing treatment design.

3. Data for each phase and for each participant was present-
ed in graphical format thus enabling calculation of PND,
PAND and/or NAP.

4. Components of self-management were included through-
out the intervention.

5. Articles were published in an English language peer-
reviewed journal.

This search procedure identified 38 articles that were in-
cluded for further review.

Calculating Treatment Effect

A treatment effect score was calculated for each participant
included in each study as described for the following three
methods.

PND (Scruggs et al. 1987) was calculated by counting the
number of treatment data points that exceed the most extreme
baseline data point, in the expected direction determined by
whether an increase or decrease in target behaviour was de-
sired. This number was then divided by the total number of
treatment phase data points. Scruggs and colleagues have
advised against coding a study when baseline stability has
not been established and additionally noted that for cases
including ceiling or floor baseline data points that yield a
0 % PND, the variation between treatment effect score and
original research findings should be described.

PAND (Parker et al. 2007) was calculated by determining
the minimum number of data points that need to be removed
from either the baseline and/or treatment phases to eliminate
all overlap. The number of remaining data points was then
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divided by the total number of data points across baseline and
treatment phases. This number represents the overlap, which
is then subtracted from 100 to derive the nonoverlap and
finally multiplied by 100 to express this value as a percentage.

NAP (Parker and Vannest 2009) was calculated by
counting all nonoverlapping pairs. Often, this is achieved
most quickly by counting overlapping pairs and subtracting
from the total possible pairs to obtain the nonoverlap count.
The total possible pairs are determined by multiplying the
number of data points in the baseline phase with the number
of data points in the treatment phase. Scores are assigned for
each pairwise comparison and totalled. An overlap counts as
one point, a tie counts as a half point and a nonoverlap
receives a zero. Each overlap score is summed, and the total
subtracted from the total possible pairs. The result is in turn
divided by the total possible pairs and then multiplied by 100
to derive the percentage of all nonoverlapping pair treatment
effect score.

Various approaches to determining treatment effect scores
beyond an initial AB phase comparison were identified in
previous research of treatment effect calculation methods.
Skiba et al. (1985) argued in favour of an effect size based
solely on the first AB phase comparison, claiming that treat-
ment effects beyond the first treatment tested may be con-
founded with multiple treatment interference or that failure to
revert to baseline levels in subsequent baseline phases may be
attributed to lack of experimental control or powerful treat-
ment effects. Other approaches were based on a combination
of comparable phases prior to calculation of an arithmetic
mean (Scruggs et al. 1987) and a comparison of first A with
last B phase (Allison and Gorman 1993). The methodology
adopted by Scruggs and colleagues was selected as preferable,
based on consistency with the widely published PND metric.

Interpretation of Treatment Effect Scores

The scales provided by the respective original authors of each
method have been adopted to interpret treatment effect scores
and are summarised in Table 1. Scruggs and colleagues have
suggested the following ranges for the interpretation of PND
scores: 0–50 % ineffective, 50–70 % questionable, 70–90 %
effective and 90 % or greater very effective (Scruggs and
Mastropieri 1998). Parker and colleagues (2007) presented

PAND as an alternative to PND; however, their original paper
does not describe an interpretation scale analogous to that of
PND. While a phi correlation coefficient can be derived using
a 2×2 table of proportions, an interpretation scale for the
output of this computation has not been described by the
developers. Consequently, an interpretation scale for PAND
or phi has been omitted from Table 1. In their more recent
research that compared treatment effect scores with expert
visual judgements made on 200 published AB phase compar-
isons, Parker and colleagues have proposed the following
tentative ranges for the interpretation of NAP: 0–65 % weak
effect, 66–92 % medium effect and 93–100 % strong effect
(Parker and Vannest 2009).

Inter-Observer Agreement

Reliability of computations was verified by conducting inter-
observer checks, and an initial trial coding was performed
using four randomly selected studies. Both the author and a
Senior Professor within the Faculty of Education separately
hand counted data points for each phase of each data series
and recorded tallies on a coding sheet. PND, PAND and NAP
were then calculated independently by hand by each coder and
recorded in the coding sheet for all studies that reported
sufficient data. Both the coders then met to discuss any vari-
ations in results, and a 100 % agreement for these four studies
was achieved.

Subsequently, a further 14 articles (36.8%)were selected at
random, and each coder independently calculated tallies for
data points for each phase of the data series and calculated
PND, PAND and NAP for each AB phase comparison. Both
coders then met again to compare the scores that each had
calculated independently. Overall, 172 agreements were
achieved from a total of 179 treatment effect calculations,
and an overall inter-coder agreement was calculated at 96.7
for 47 % of the studies included in the total data set. When
calculated separately for computational procedure, an inter-
observer agreement (IOA) of 98.3 % was calculated for PND,
96.6 % for PAND and 93.3 % for NAP.

Subjective assessments were made on the consistency of
interpretation of the treatment effect scores that were reported
in Table 2. Both assessors met to discuss a method for deter-
mining consistency between interpretation scales, and consis-
tency was operationalised using the scales provided in Table 1
as follows:

1. One rating of “ineffective” and the other rating as any
other considered a disagreement

2. Ratings on the same band as each other considered an
agreement

3. Ratings plus/minus one or more band considered a
disagreement.

Table 1 Interpretation scale for strength of treatment effect score

PND NAP

0–50 % Ineffective

50–70 % Questionable 0–65 % Weak effect

70–90 % Effective 66–92 % Medium effect

90 %+ Very effective 93–100 % Strong effect

PND percentage of nonoverlapping data, NAP nonoverlap of all pairs
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Both assessors separately rated each participant treatment
effect score then compared their findings. A total of 58 agree-
ments and 43 disagreements were recorded by both assessors,
and a further two scores were described as not applicable for
this procedure. An IOA of 100 % was obtained for this
process.

Results

A data set based on 38 articles that reported treatment data
gathered across a variety of behaviours and settings for 103
participants was developed. Hand counts of the number of
data points reported in each baseline and treatment phase were
conducted for each of the 215 data series included in 177
graphs. These tallies were entered manually into an excel
spreadsheet and subsequently compared to calculation guide-
lines to determine the suitability of applying PND, PAND and
NAP calculations.

Baseline variability that included numerous ceiling data
points was identified in one study (Koegel and Frea 1993),
for which a PND result could not be calculated. Another three
studies included ceiling data points in baseline that resulted in
a 0 % PND for the respective participants (Koegel et al. 1992;
Shearer et al. 1996; Stahmer and Schreibman 1992). As a
result of too few data points noted in 15 studies, a PAND
treatment effect score was calculated in 23 studies. A NAP
treatment effect score was calculated for all 38 studies.

Treatment effect scores were calculated for all 103 partic-
ipants for whom sufficient data was provided (see Table 2).
Variations between PND, PAND and NAP scores are
summarised, and treatment effect scores interpreted for PND
and NAP.

To examine the variation in treatment effect score methods,
the data set was reduced to include only studies that met the
requirements for all three treatment effect score calculations.
Twenty two studies were identified, and data for 57 partici-
pants was included. These 22 studies are indicated by an
asterisk in Table 2.

Mean treatment effect scores for the 57 participants were
PND 78.8 %, PAND 92.7 % and NAP 93.2 %. NAP indicated
that treatment effect was on average 14.4 % greater than the
product of the PND calculation and 0.5 % greater than that
produced by PAND. PAND indicated strength of treatment
effect that was 13.9 % greater when compared to PND.

A single-factor ANOVA was used to test the null hypoth-
esis, that the variances between the mean treatment effect
scores are equal. H0: the mean variances of treatment effect
scores are equal. A summary of the mean variances for 57
participants and the ANOVA data is presented in Table 3.

The single-factor ANOVA resulted in an Fcalc value that
was greater than the Fcrit value, and the conclusion drawn thatT
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the mean variances are not equal. The difference was statisti-
cally significant (F2,168=13.259, p<.005). The mean PND
score of 78.8 % for 22 studies indicates an effective treatment.
By comparison, the mean NAP score of 93.2 % indicates a
strong treatment effect for the same 22 studies.

PND and NAP treatment effect scores were interpreted
using the scales provided by the original authors and subjec-
tively assessed for consistency in interpretation for all 103
participant scores. It appeared that these scales yielded a
consistent strength of treatment effect for 58 scores (56.3 %)
but appeared inconsistent for 43 scores (41.7 %), and a com-
parison was not applicable for the remaining two scores
(1.9 %).

Discussion

The purpose of this research was to explore the suitability of
three nonparametric calculation methods to estimate treatment
effect size with SCD studies, with a specific focus on the
needs of participants with ASD. In particular, PND, PAND
and NAP hand calculation techniques were selected, and
published data from self-management interventions conduct-
ed with participants diagnosed on the autism spectrum was
used to test the calculations.

For each calculation method, a mean of all participant
scores was calculated. Results from the ANOVA test of dif-
ferences between the three methods suggested that the mean
treatment effect scores derived using these three treatment
effect calculation methods differ significantly with PND pro-
ducing the most conservative estimates of effect size.

Benefits and limitations are apparent for each scoring
method. A main criticism of PND is the weighting it places
on extreme, possibly outlier data points in baseline phases
(Parker et al. 2007). Scruggs and colleagues have defended
their procedure, stating that these potential problems have
rarely been encountered in the research literature, and when
they are encountered, they can be easily addressed, as was

noted in their original conventions, by acknowledging such
discrepancies in the research report (Scruggs and Mastropieri
2013). Consistent with their conclusion, the current data set
included relatively few instances in which outlying data points
in base line skewed the resultant treatment effect score.

Both PAND and NAP address the weakness acknowledged
in PND by integrating additional baseline data points in the
algorithm. PAND incorporates additional baseline data al-
though eliminates all overlapping data across baseline and
treatment phases. This study identified a significant propor-
tion of participant data that does not meet the minimal thresh-
old of 20 data points. Of further concern, the original devel-
opers proposed a minimum range of data points of 20–25 data
points. Had the upper level of their suggested threshold, 25
data points, been adopted, it is likely that an even greater
number of studies would have been deemed as not suitable
for PAND methodology.

The NAP calculation appeared to offer the greatest advan-
tage in this regard as the algorithm incorporates a pairwise
comparison of all data points included in the data set, thus
utilising every data point recorded. NAP is not restricted by a
minimum number of data points and, in that sense, is prefer-
able to PAND as a treatment effect score can be calculated for
all studies with even greater precision. However, as NAP
requires a more complex calculation than PND, or PAND, it
is more error prone and potentially problematic with longer
data series when calculated by hand.

The treatment effect scores calculated for both PND and
NAP have been interpreted using rating scales in published
literature, however no such scale is available for PAND. Using
PND, the mean effect size for self-management interventions
was described as effective, the second highest category under
this scale. By contrast, using NAP, the mean effect size for
self-management interventions was described as strong, the
highest category on the scale. The difference in interpretative
guidelines, in addition to the observed difference in scores
derived by the procedures, suggests that PND reports a more
conservative strength of treatment effect than that calculated

Table 3 Analysis of variance: n=22 studies, 57 participants

Summary

Groups Count Sum Average Variance

PND 57 44.92883 78.8 % 0.063873

PAND 57 52.83922 92.7 % 0.006321

NAP 57 53.13582 93.2 % 0.015822

ANOVA

Source of variation SS df MS F p value Fcrit

Between groups 0.760334 2 0.380167 13.25908 4.5012E-06 3.049792

Within groups 4.816929 168 0.028672

Total 5.577263 170

PND percentage of nonoverlapping data, PAND percentage of all nonoverlapping data, NAP nonoverlap of all pairs
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using NAP. This discrepancy underscores the warning by 
Brossart and colleagues (2006) that clinicians, as well as other 
interested stakeholders, face difficulty when interpreting 
stud-ies that use various treatment effect calculation 
methods.Page | 47

Conclusion

Fifteen years ago, the Wilkinson and the Taskforce on 
Statistical Inference (1999) emphasised the importance of 
understanding how a given statistical measure is 
calculated and how to interpret the statistic. Findings from 
this study suggest that both issues remain of concern in 
SCD research conducted with participants with ASD.

Of the three treatment effect scores that were 
reviewed, PAND may cautiously be considered the least 
applicable to stakeholders in the autism community for two 
reasons. First, a significant percentage of the articles 
included in this review did not include sufficient data points 
to permit a PAND-based analysis, and as observed 
elsewhere (Carr et al. 2014), evi-dence suggests that 
researchers are not collecting more data as would be required 
were PAND to be adopted in the future. Second, 
interpretation of the PAND score, or its associated phi or phi2

correlation coefficient, is difficult in the absence of a 
conversion scale like that available for both PND and 
NAP. Further, as reported by Brossart and colleagues (2006), 
differ-ences across research fields in the interpretation of a 
phi or phi2 term may further compromise interpretation of 
these statistics. Further research into the development of a 
scale to interpret a PAND/phi calculation, with a particular 
focus on participants with ASD, is justified.

Few studies in this sample included lengthy baselines 
and consequently the NAP calculation was relatively 
straightfor-ward to apply to the studies included in 
this review. Importantly, NAP utilised all data points 
reported for each participant. Given that a scale for 
interpreting strength of treatment effect has also been 
proposed, these factors arguably add support to the adoption 
of NAP as a potential improve-ment over PND for 
incorporation in research for participants with ASD. 
However, given the greater treatment effect scores calculated 
by NAP compared to those of PND, the adoption of NAP as a 
new standard should be treated cautiously.

The PND metric currently dominates SCD literature, 
and the present data show it to yield a relatively conservative 
result with strength of treatment effect for self-
management inter-vention procedures described as 
effective under PND and strong under NAP. Such 
calibration differences across methods for calculating 
treatment effects, were they found to be generalizable, are 
unlikely to contribute positively to our understanding of the 
relative effectiveness of our intervention procedures. 
Arguably, this issue is relevant to the ASD com-munity, and 
research reports using newer alternate treatment effect 
scores should be treated with caution to avoid

presenting potentially misleading information to the ASD
research stakeholders. Importantly, this study has indicated
that PND is widely applicable to the data that is gathered for
participants with ASD, and its continued use appears justified.
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Although many treatment approaches are uti-
lized for students with autism spectrum disor-
der (ASD), the standard of scientific proof met 
by intervention procedures based on applied 
behavior analysis has not been achieved by 
any other approach (Foxx, 2008); as a result, 
the application of applied behavior analysis is 
generally thought to be the current best prac-
tice for this population. One such intervention 
procedure is self-management, defined as an 
individual’s application of techniques that 
achieve a desired change in behavior (Cooper, 
Heron, & Heward, 2007). There is a long tradi-
tion of behavioral research on self-manage-
ment in schools, with researchers in the 1970s 
studying self-management strategies as a way 
to increase or maintain desired positive behav-
ior and decrease undesired behavior (Broden, 
Hall, & Mitts, 1971; Glynn & Thomas, 1974) 
or to teach writing skills (Ballard & Glynn, 
1975). At that time, Lovitt (1973) noted that 
the educational system should not only teach 
students performance skills but also provide 
them with a foundation in the principles of 

self-management. Although self-management 
treatment packages vary, a combination  
of self-monitoring, self-observation, self- 
evaluation, self-recording, and self-reinforcement  
components is typically included.

Previous Reviews of Self-
Management Applications in 
Students With ASD

A PsycINFO search identified three literature 
reviews published prior to November 2012 
that used self-management interventions for 
students with ASD. Machalicek et al. (2007) 
identified three self-management interven-
tions among 26 studies that concentrated on 
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classroom treatment of students aged 3 to 21 
years with ASD who engaged in challenging 
behavior. Mixed findings were reported for 
the use of self-management techniques.

Lee, Simpson, and Shogren (2007) con-
ducted a meta-analysis that investigated the 
efficacy of self-management techniques with 
students with ASD, and they selected only 
self-management-based interventions that tar-
geted an increase in appropriate behavior of 
learners with ASD. The rationale for their 
decision is consistent with the current objec-
tives of positive behavior support, with the 
authors noting the importance of improving 
social and academic outcomes by increasing 
positive behavior. Eleven studies published 
between 1992 and 2001 met inclusion criteria 
for their review. Students included in the study 
ranged in age from 3 to 17 years. Lee et al. 
measured strength of treatment effect of the 
interventions using the percentage of nonover-
lapping data (PND) metric. An overall mean 
PND of 81.9% was reported, and the research-
ers concluded that self-management interven-
tions were an effective treatment for increasing 
target behaviors. Lee et al. attributed advan-
tages to self-management based intervention 
that included “the potential to increase stu-
dents’ self-reliance, facilitate skill generaliza-
tion, and free teachers and staff from full 
management responsibility” (p. 3).

Southall and Gast (2011) conducted a 
review of empirical research published 
between 1994 and 2008 that used a self-man-
agement component with participants having 
a pervasive developmental disorder. Their 
review included studies that required a stu-
dent to take responsibility for behavior, and 
24 studies were identified. Seven of these 
studies were included in the meta-analysis of 
Lee et al. (2007).

Southall and Gast (2011) separated stu-
dents by their diagnosis into categories for 
autistic disorder and higher-functioning 
autism/Asperger’s syndrome (AS). Given their 
descriptive assessment of the studies, rather 
than an effect size calculation, Southall and 
Gast reported that self-management interven-
tions were effective in teaching social, voca-
tional, and communication skills to students 

with either autistic disorder or higher- 
functioning autism/AS, who ranged in age 
from 3 to 25 years. In conclusion, their review 
suggested that any claim to a specific self-
management component as the primary cause 
of behavior change would be premature.

Confidence in the Findings

The American Psychological Association Presi-
dential Task Force on Evidence-Based Practice 
(2006) developed a policy statement in which it 
defined evidence-based practice in psychology 
as “the integration of the best available research 
with clinical expertise in the context of patient 
characteristics, culture, and preferences (p. 273).” 
Several versions of research assessment guide-
lines have been developed for single-subject 
research designs over the last 15 years (Chamb-
less & Hollon, 1998; Horner et al., 2005; Krato-
chwill et al., 2010).

Although the standards that have been devel-
oped for the What Works Clearinghouse (WWC) 
are the most comprehensive to date, Horner and 
Kratochwill (2012) have acknowledged that any 
standard that may ultimately be adopted by the 
single-subject research community will con-
tinue to evolve over time. The most recent 
guidelines developed for the WWC (see Krato-
chwill et al., 2010) suggest restricting literature 
to the most recent 20 years. However, as noted 
more than 20 years ago, single-subject research 
designs enable the cumulative development of a 
treatment knowledge base (Lovaas, Koegel, 
Simmons, & Stevens Long, 1973). It is conceiv-
able that for self-management specifically, the 
seminal work might have been done more than 
20 years ago. Accordingly, we argue that the 
20-year limitation should not apply to studies for 
this review.

A significant limitation of all three pub-
lished reviews is that, other than including only 
peer-reviewed studies, no evaluation was made 
of the quality of the studies. We have applied 
the WWC (Kratochwill et al., 2010) bench-
mark for replicable precision that has been 
detailed for each of the main single-case design 
types. The standards require a minimum of 
three data points per phase to “meet standard 
with reservations” or five data points per phase 
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to “meet standards.” Interobserver agreement 
assessments are required for each case on each 
outcome variable, collected on at least 20% of 
sessions across all intervention phases (Krato-
chwill et al., 2010).

When combining studies to determine a 
sufficient evidence base, Kratochwill et al. 
(2010) suggest adherence to a 5-3-20 standard:

•• A minimum of five single-case design
research papers meet minimal quality
assessment standards and are published
in peer-reviewed journals.

•• The studies must be conducted by at
least three different research teams at
three different geographical locations.

•• The five or more studies include a total
of at least 20 participants.

In the current version of the WWC guide-
lines (Kratochwill et al., 2010), calculation of 
treatment effect remains an unresolved issue. 
The guidelines require visual analysis for 
each outcome variable in studies that meet 
assessment standards with or without reserva-
tions. Subsequent to this, the calculation of 
treatment effect for studies with strong or 
moderate evidence is recommended (Kratoch-
will et al., 2010). However, unlike group 
research designs, a generally accepted method 
for the calculation of treatment effect size has 
yet to be established for single-case designs.

In single-case research, effect size may be 
calculated using regression-based estimates, 
standardized mean difference, or nonparamet-
ric methods. Early research into various treat-
ment effect calculation methods indicated a 
preference for a regression based approach, 
described in the literature as favorable, though 
not a gold standard (Allison & Gorman, 
1993). The WWC (Kratochwill et al., 2010) 
similarly suggested a preference for regres-
sion-based estimates but indicated that a non-
parametric measure may be adequate as an 
approximate measure of treatment effect size. 
The WWC panel (Kratochwill et al., 2010) 
has acknowledged the need for procedural 
refinement to account for data trends before 
recommendation of a preferred approach to 
the calculation of treatment effect.

In a review of effect size calculations, 
Parker, Vannest, and Brown (2009) concluded 
that no single effect size calculation available 
adequately summarizes the effects of inter-
ventions on behavior rate and variability over 
time. Parker and Vannest (2012) suggested 
that visual analysis should be used to regu-
late quantitative analysis, with each approach 
complementing the other to inform under-
standing of research outcomes. A review on 
the use of PND to synthesize single-subject 
research reported that this approach resulted 
in coherent and valid summaries and has been 
used in more than 40 published research sum-
maries spanning the last 25 years. Scruggs 
and Mastropieri (2013) here reemphasized 
that reviewers should identify specific reasons 
in the event that a PND calculation does not 
adequately reflect the findings reported by the 
original research authors.

This update has also focused on 
empirical studies that aimed to 

improve target behaviors, echoing 
the sentiment of Lovitt (1973) that 

education should aim to teach 
performance skills and self-

management techniques.

Given the lack of consensus on determin-
ing treatment effect for single-subject 
research and having considered the major 
arguments of both Parker and colleagues 
(2009) and Scruggs and Mastropieri (2013), 
we have adopted the PND method for treat-
ment effect calculations.

Purpose of the Study

The purpose of this review was to update 
three prior reviews that together span publica-
tions from 1992 to 2008. Search terms adopted 
for this update were expanded to include addi-
tional terms associated with self-management. 
This update has also focused on empirical 
studies that aimed to improve target behav-
iors, echoing the sentiment of Lovitt (1973) 
that education should aim to teach perfor-
mance skills and self-management techniques. 
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Interventions that explored improvement in 
problem behaviors as a collateral effect of a 
skill development intervention have been 
favored over studies that targeted a reduction 
in problem behaviors.

Another purpose of this study was to con-
duct a quality assessment of the empirical 
research, an identified limitation in the exist-
ing reviews. Studies that met the inclusion 
criteria for this review were subsequently 
evaluated against the three quality assessment 
benchmarks described earlier. To determine 
adequacy of the evidence base, the generally 
agreed-on 5-3-20 standard for synthesis of the 
studies was adopted (Horner & Kratochwill, 
2012).

A final purpose of this review was to adopt 
the description of ASD per the fifth edition of 
the Diagnostic and Statistical Manual of 
Mental Dis orders (American Psychiatric 
Association, 2013), in which the subdiagnos-
tic category of AS has been absorbed into the 
broader description of ASD. Consequently, 
the search was expanded to include partici-
pants with a diagnosis of AS to explore the 
effectiveness of self-management techniques 
for students across the autism spectrum.

To determine adequacy of the 
evidence base, the generally 

agreed-on 5-3-20 standard for 
synthesis of the studies was 

adopted....

Method

Locating Studies

Studies were located by conducting a system-
atic search of peer-reviewed literature pub-
lished prior to November 2012. Both the 
PsycINFO and ERIC databases were queried 
using the keywords autism and Asperger’s syn-
drome, combined with the following terms 
typically associated with self-management: 
self-management, self-regulation, self-regulate, 
self-monitoring, self-recording, self-rein-
forcement, self-evaluation, self-advocacy, self-
observation self-instruction, empowerment, 
self-determination, and self-control.

The abstract of each article was examined 
to determine whether an article was likely to 
meet inclusion criteria for further review, and 
a review of the article was conducted when 
necessary. No age limits were placed on par-
ticipants. Inclusion criteria required that

1. participants had an existing diagnosis of
ASD or AS (in instances in which sev-
eral participants with various conditions
were included in a single article, only
participants with a diagnosis of ASD or
AS were included for further review);

2. the study utilized a single-subject
research design, such as a multiple-
baseline, reversal, changing-criterion,
or alternating-treatment design;

3. the study presented data from each
phase in graphical format for each par-
ticipant, thereby enabling the calcula-
tion of treatment effect using PND;

4. the intervention targeted an increase
in behavior described as positive or
appropriate;

5. components of self-management were
included throughout the intervention;
and

6. articles were published in English in a
peer-reviewed journal.

Quality Assessment

Twenty-nine identified studies were included 
in a quality assessment process. Each study 
was assessed to determine whether it met 
evidence standards, met evidence standards 
with reservation, or did not meet evidence 
standards (Kratochwill et al., 2010). Studies 
were required to describe the systematic 
manipulation of the independent variable by 
the researcher, who actively determined when 
and how experimental conditions changed. 
Studies that did not meet this condition were 
deemed to not meet evidence standards. Stud-
ies that adhered to this condition were assessed 
further using the following assessment criteria 
(Kratochwill et al., 2010):

1. Each outcome variable was systemati-
cally measured over time by more
than one assessor, and interobserver
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agreement reported for 20% (mini-
mum) of data in each condition. 
Interobserver agreement met minimal 
thresholds of 80% agreement or 0.6 
for Cohen’s kappa.

2. The study included at least three
attempts to demonstrate an interven-
tion effect at different points in time or
with three different phase repetitions.

3. An intervention phase met the required 
data point threshold as specified by
design type:

Reversal/withdrawal designs must
have a minimum of four phases per
case with at least five data points per
phase to meet standards or at least
three data points to meet standards
with reservation. Multiple-baseline
designs must have a minimum of six
phases with at least five data points
per phase to meet standards or three
data points to meet standards with res-
ervation. Changing-criterion designs
must have at least three different crite-
ria with at least five data points per
phase to meet standards or three data
points to meet standards with reserva-
tion. Alternating-treatment designs
need five repetitions of the sequence
to meet standards or four repetitions to
meet standards with reservations.

Calculating Treatment Effect

The PND calculation between treatment and 
baseline phases involved drawing a line 
through the highest baseline datum point (or 
lowest, depending on the expected treatment 
effect) parallel to the sessions axis and deter-
mining the proportion of treatment data points 
that exceed this line (Scruggs & Mastropieri, 
1998). For studies that reported duplicated 
phases, such as multiple- baseline or reversal 
designs, PND was calculated by combining 
the total number of nonoverlapping data points 
by the total number of data points in the two 
phases (Scruggs, Mastropieri, & Casto, 1987). 
PND scores < 90% were interpreted as very 
effective treatments, 70% to 90% as effective, 
50% to 70% as questionable, and > 50% as 
ineffective (Scruggs & Mastropieri, 1998).

PND was calculated for all studies except 
those in which the baseline phase included 
individual ceiling or floor data points that 
obscured the “true” treatment effects and led 
to results in conflict with visual inspection. In 
those instances, detailed consideration of any 
discrepancies between the calculated treat-
ment effect score and observed intervention 
effects has been provided in accordance with 
the intended application of PND (Scruggs & 
Mastropieri, 2013). An arithmetic mean was 
calculated through individual participant 
treatment effect scores, to obtain an overall 
PND score for each coded study.

High- or Low-Functioning 
Classification

Participant descriptions were evaluated as 
high or low functioning in accordance with 
the description provided by Southall and Gast 
(2011). An assessment was determined from 
descriptions provided in the original research 
and incorporated traditional cutoff points of 
the Childhood Autism Rating Scale and 
Wechsler Intelligence Scale for Children–
Fourth Edition (Mayes et al., 2011).

High-functioning autism

•• Defined as such by the original author
•• IQ > 80
•• Functional language
•• Clinical reports for Childhood Autism

Rating Scale < 30

Low-functioning or severe autism

•• Defined as such by the original author
•• IQ < 80
•• Restricted communication/language or

life skills
•• Clinical reports for Childhood Autism

Rating Scale ≥ 30

Reliability of Data 

Intercoder agreement was calculated for each 
of the four methodological steps, with the first 
and second authors separately coding each 
study before comparing results. Initial trial 
coding was performed with three studies to 
ensure consistency between assessors.
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A 30% random sample of abstracts from 
all search results was reviewed indepen-
dently, to determine the reliability of the arti-
cle selection process. Intercoder agreement 
was determined by dividing the number of 
agreements by the total number of agree-
ments plus disagreements and multiplying by 
100. Intercoder agreement was 97%. To
ensure accuracy in the quality assessment
procedure, the second author independently
evaluated a randomly selected 30% sample of
studies. These results were then compared to
the first author’s assessments. Intercoder
assessment was 97%. A 30% sample of the
70 participants was randomly selected for
verification of PND calculations. Twenty-
one individual participant PND scores were
calculated separately and independently.
Intercoder agreement was 100%. In the final
step, high- or low-functioning classification
assessments were independently reviewed
for a 50% random sample of all participants.
Descriptions of age, gender, use of language,
cognitive ability, descriptions of problem
behavior, and clinical reports provided in the
original articles were reviewed, and inter-
coder agreement here was 93%.

Results

The search and study inclusion procedure 
identified 29 studies that aimed to increase 
performance or develop a new or existing 
skill. Although Richter and Test (2011) met 
inclusion criteria in the abstract search, their 
intervention procedures did not include self-
management components and were conse-
quently judged to be outside the scope of 
this review.

Five studies did not meet the standards of 
the quality assessment guidelines. The multiple-
baseline, across-participants design used by 
Agran et al. (2005) included only two par-
ticipants with an autism diagnosis. A third 
participant was undergoing assessment for  
AS but, as such, did not meet the inclusion 
criteria for this review. Consequently, the 
study reported an insufficient demonstration 
of replication of treatment effects. Apple,  
Billingsley, and Schwartz (2005) described 

two experiments, although only the second 
included self-management procedures. Base-
line data were not reported for one of the 
three participants; as a result, the study pre-
sented an insufficient demonstration of inter-
vention effects. Todd and Reid (2006); 
Newman, Reinecke, and Meinberg (2000); 
and Todd, Reid, and Butler-Kisber (2010) 
provided insufficient information on interra-
ter reliability.

Table 1 provides an overview of partici-
pant characteristics, target behavior, research 
design, quality assessment description, key 
findings, generalization and maintenance 
data, and a mean PND for each study that 
met all inclusion criteria.

Descriptive Statistics

The data analysis that follows is based only  
on studies that met quality assessment stan-
dards. The data set contained 23 papers by  
20 research teams, including 70 participants—
specifically, 65 males and 5 females, aged 3 to 
25 years. One study took place in Canada, one 
in the Netherlands, and the remainder in vari-
ous locations through 10 American states.

Social skills were the dependent variable in 
15 of the 23 studies, the most common focus in 
self-management-based interventions for stu-
dents with ASD in this data set. Seven studies 
targeted various aspects of academic behavior. 
Only one of these was included in the most 
recent review by Southall and Gast (2011). One 
study targeted daily living skills. Five studies 
reported evidence of a collateral reduction in 
problem behaviors for the study participants.

The number of studies with a PND score 
indicative of a highly effective intervention has 
increased from the three reported by Lee et al. 
(2007) to 13 with a mean PND ≥ 90%. A further 
six studies could be categorized as effective 
treatments, having a PND of 70% to 90%. Two 
studies fell within the questionable range (PND 
= 50%–70%), with one study producing a score 
in the ineffective range (PND < 50%) and with 
one study not coded. The mean PND calculation 
was 84.3%, based on the individual PND scores 
of 68 participants, indicating that, overall, self-
management procedures can be considered an 
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effective treatment for students on the autism 
spectrum. Two participants without a PND score 
were omitted from the mean calculation.

Table 2 provides additional details regard-
ing gender, age, ability, intervention setting, 
and target behavior for each of the 70 partici-
pants in these studies.

Examination of studies grouped by age 
revealed the following mean PND calcula-
tions: preschool-aged learners, 68.4%; school-
aged learners, 88.0%; adolescent learners, 
89.9%; and adults, 81.4%. Although PND for 
preschool-aged learners is marginally below 
the effective threshold, it is important to note 
that one study in this group (Shearer, Kohler, 
Buchan, & McCullough, 1996) had a ceiling 

effect in baseline data for one child and high 
baseline scores for the other two. The original 
authors described effective outcomes, both  
for increasing interactive play with either an 
adult or child intervention agent and for main-
taining social engagement in the absence of 
adult prompts. Self-management interven-
tions appear effective across all age ranges, 
particularly with adolescents.

PND mean calculations were also conducted 
when participants were grouped according to 
target behaviors. One study was conducted with 
three participants that targeted daily living skills, 
and a mean PND of 100% was obtained. Four-
teen studies that included 47 participants 
addressed social skills, resulting in a mean PND 
of 79.8%. Seven studies that involved 18 par-
ticipants targeted academics and yielded a PND 
of 93.3%. These findings suggest that self-man-
agement procedures are highly effective for 
increasing a range of behaviors.

A mean PND was also calculated for the 
participants when grouped by the various set-
tings included in this review. The following 
mean PNDs were derived: general education 
settings, 84.8%; special education settings, 
83.0%; homes, 87.3%; community settings, 
74.8%; and clinics, 82.1%. The consistency in 
these PND scores indicated that self-manage-
ment procedures have been shown to be effec-
tive in all these settings.

Thirty-eight students (54%) in the cohort 
were classified as high functioning and  
32 students (46%) as low functioning. PND 
scores were omitted for two of the high-
functioning students (Koegel & Frea, 1993). 
Mean PND scores of 90.8% and 77.1% were 
obtained for high- and low-functioning par-
ticipants, respectively, reflecting differential 
self-management treatment effects for these 
two groups (highly effective, effective).

Analysis of Studies

Studies were grouped by the intervention 
characteristics summarized in Table 3. Mean 
PND calculations were conducted for each 
category, derived from the individual par-
ticipant scores. A self-recording procedure 
was included in 16 studies (70%), and a 

Table 2. Participant characteristics.

Percentage of 
nonoverlapping data

n M Description

Gender
 Male 65  83.8 Effective
 Female  5  90.0 Highly  

 effective
Age

Preschool (2–5) 12  68.4 Questionable
School age (6–12) 33  88.0 Effective
Adolescence (13–17) 18  89.9 Effective

 Adulthood (≥18)  7  81.4 Effective
Ability
 High 38  90.8 Highly  

 effective
 Low 32  77.1 Effective
Education
 General 35  84.8 Effective
 Special 15  83.0 Effective
Setting
 Home 19  87.3 Effective
 Community  8  74.8 Effective
 Clinic 17  82.1 Effective
 Multiple 24  82.8 Effective
Behavior

Social skills 49  79.8 Effective
 Academics 18  93.3 Highly  

 effective
Daily living  3 100.0 Highly  

 effective
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mean PND of 83.0% was calculated for 
these interventions. Manual recording meth-
ods were noted in the most recent and highly 
effective studies and included recording 
sheets, blank bar charts, daily organizational 
chart with plus (+) and minus (–) signs to 
denote correct behavior, pencils, and marker 
pens (Delano, 2007; Dorminy, Luscre, & 
Gast, 2009; Parker & Kamps, 2011).

Self-reinforcement was the most common 
reinforcement method described in the data 
set, which occurred in 13 studies (57%). New-
man and Tan Eyck (2005) described the use of 

a token exchange system, in which students 
choose a preferred activity from a picture 
menu of available reinforcers, and they noted 
that inaccuracies tended to reflect forgetful-
ness rather than participants taking unde-
served tokens. Newman, Buffington, and 
Hemmes (1996) also noted a pattern of under-
reinforcement. Reinforcement was provided 
by adults in five studies (22%) and was not 
mentioned in the remaining five. Mean PND 
scores of 83.2% and 72.5% were achieved for 
the self-reinforcement and adult reinforce-
ment studies, respectively. Studies that did not 

Table 3. Intervention characteristics.

AC SS DL SM SRC SRE SGS ADR NR P PV VSP VRP CR NSC

Koegel et al. (1992) × × × × × × 3
Stahmer & Schreibman 

(1992)
× × × × × 3

Koegel & Frea (1993) × × × × 3
Strain et al. (1994) × × × × × × × 3
Newman et al. (1995) × × × × 2
Newman et al. (1996) × × × × 2
Shearer et al. (1996) × × × × × 2
Reinecke et al. (1999) × × × × 2
Morrison et al. (2001) × × × × × 3
Newman & Ten Eyck 

(2005)
× × × × 2

Ganz & Sigafoos (2005) × × × × 1
Loftin et al. (2008) × × × × × × × 3
Palmen et al. (2008) × × × × × 3
Deitchman et al. (2010) × × × × × 1
D. Parker & Kamps

(2010)
× × × × × × × 2

Pierce & Schreibman 
(1994)

× × × × × 2

Delano (2007) × × × × × × × × 3
Dorminy et al. (2009) × × × × × 2
Soares et al. (2009) × × × × × × × 2
Asaro-Saddler & 

Saddler (2010)
× × × × × × 4

Cihak et al. (2010) × × × × × 2
Holifield et al. (2010) × × × × × 2
Shogren et al. (2011) × × × × × 2
Total studies, % 30.0 65.0 4.0 100 70.0 57.0  9.0 22.0 22.0 17.0 13.0 30.0 70.0 22.0
Mean PND 93.3 79.8 100 84.3 83.0 83.2 96.3 72.5 97.7 82.8 96.9 89.6 80.2 81.1

Note. AC = academics; SS = social skills; DL = daily living; SM = self-monitoring; SRC = self-recording;  
SRE = self-reinforcement; SGS = self–goal setting; ADR = adult-delivered reinforcement; NR = no 
reinforcement; P = peers; PV = photo/video prompts; VSP = visual prompts; VRP = verbal prompts;  
CR = collateral reduction in problem behavior; NSC = number of self-components; PND = percentage of 
nonoverlapping data.
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report a reinforcement component produced 
the highest mean PND score, 97.7%. Four of 
these five studies targeted academic-related 
behaviors, and one targeted social skills. All 
participants involved in these five studies 
were described as high functioning.

Prompts were incorporated in the majority 
of studies. Only four did not describe the use 
of any type of prompt. Verbal prompts were 
most common, occurring in 16 studies (70%) 
and yielding a mean PND of 80.2%. Soares, 
Vannest, and Harrison (2009) achieved a 
highly effective increase in academic produc-
tivity and a simultaneous decrease in problem 
behavior using verbal prompts and self-
recording. The participant substituted his 
preference for a large plush Mickey Mouse to 
an age-appropriate version of Mickey that 
was cut and pasted in a computerized record-
ing sheet. A typical morning prompt was pro-
vided: “Don’t forget we are going to cut and 
paste Mickey.” Photos or videos were used in 
three studies (13%), and other visual prompts, 
including flowcharts and written instructions, 
were reported in another seven (30%). 
Though less common, these visually based 
prompts proved highly effective. Mean PND 
scores of 96.9% and 89.6% were calculated 
for photos/videos and other visual prompts, 
respectively.

Four studies included mention of peer 
involvement during intervention. The specific 
role of peers varied, with some taking a tutor-
ing role (Parker & Kamps, 2010) or facilitat-
ing peer monitoring (Morrison, Kamps, 
Garcia, & Parker, 2001) and with others act-
ing as confederates in social interaction pro-
cesses (peer-directed verbalization, modeling, 
and feedback; Strain, Kohler, Storey, & 
Danko, 1994) or providing positive reinforce-
ment for appropriate social initiations (Loftin, 
Odom, & Lantz, 2008). Overall, these studies 
produced a mean PND of 82.8%, reflecting 
effective treatment.

Goal setting was described in two studies 
(9%), both of which used the self-regulated 
strategy development procedure, which 
includes self- modeling, goal setting, and self-
recording to improve academic story writing. 
Delano (2007) focused on increasing the 

number of words written by three teens. 
Asaro-Saddler and Saddler (2010) used the 
same procedure to improve story writing for 
three school-aged children. Participants 
worked with their instructor to develop a goal 
of including more story elements in light of 
feedback received. Students were observed 
independently setting goals for the following 
day on occasions when they had not included 
all story elements in their writing task (Asaro-
Saddler & Saddler, 2010). A mean PND of 
96.3% was calculated for both studies. 
Although few in number, the positive results 
described by the authors of these studies sug-
gest that goal setting is a self-management 
strategy worthy of further exploration.

Discussion

This study updates earlier self-management 
reviews (Lee et al., 2007; Machalicek et al., 
2007; Southall & Gast, 2011). Search terms 
typically associated with self-management 
have been extended to include self-record-
ing, self-control, self-determination, and 
empowerment, and studies conducted with 
individuals with AS have been included. 
This study

A reduction of problem behaviors 
has been described as a collateral 

effect of self-management 
interventions....

also extended prior work by assessing the 
quality of studies that were included, and it 
has explored many of the themes identified 
previously as gaps in the knowledge base. The 
data set has grown significantly in the last 
decade, from 11 studies involving 34 partici-
pants (Lee et al., 2007) to 23 studies involving 
70 participants. Of these, 12 met the WWC 
quality assessment guidelines, and a further 
11 met standards with reservation.

WWC also recommended a 5-3-20  
standard for synthesis of literature. Eight 
research teams conducted 12 studies that met 
WWC standards and included a total of 34 
participants, resulting in a ratio of 12-8-34, 
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exceeding the minimum recommended 
threshold. This review thus found adequate 
evidence to support self-management inter-
vention procedures. These studies reflect 
effective treatment for students aged from 3 
to 20 years. Further, the 11 studies that met 
standards with reservation were conducted 
by 11 research teams with 36 participants. 
This resulted in a ratio of 11-11-36 and may 
be considered as additional emerging evi-
dence of successful self-management inter-
ventions conducted with participants aged 5 
to 25 years.

A reduction of problem behaviors has 
been described as a collateral effect of self-
management interventions for five studies 
reflecting 14 participants. For three studies, 
the dependent variables included an increase 
in various social skills; improvements in  
problem behaviors were also measured  
(Koegel, Koegel, Hurley, & Frea, 1992;  
Loftin et al., 2008; Stahmer & Schreibman, 
1992). A reduction in stereotypic behavior 
was described in an intervention that taught 
various daily living skills to three low-func-
tioning children (Pierce & Schreibman, 
1994). Soares et al. (2009) used a self-moni-
toring intervention to increase academic out-
put for one teenaged participant with AS. 
Using data collected during intervention, 
these researchers graphically demonstrated 
an inverse relationship between task comple-
tion and tantrums/self-injury. Findings illus-
trated that as task completion increased, 
problem behaviors decreased.

Findings of this review have 
indicated that self-management was 

highly effective for academic 
behaviors.

Goal setting has emerged as a new theme, 
having been discussed in two recent academic 
studies involving six participants described as 
high functioning. Both these studies used self-
regulated strategy development as a technique 
to improve students’ writing, with goal  
setting described as an important aspect of 
self-regulation. The authors of these studies 

noted the independent use of goal setting by 
the students following training and feedback.

The application of self-management proce-
dures to academic behaviors has been identi-
fied as a gap in the published literature (Lee 
et al., 2007); however, since then, seven stud-
ies have been published targeting academic 
behaviors, such as a student’s ability to stay 
on task or improve the quality or volume of 
academic work. Findings of this review have 
indicated that self-management was highly 
effective for academic behaviors.

Although early research on the applica-
tion of self-management interventions with 
children with ASD was conducted in clinics, 
homes, and special education classrooms, 
research has recently extended into general 
education settings, and highly effective out-
comes have been reported. The earlier meta-
analysis of Lee et al. (2007) suggested that 
additional self-management research involv-
ing younger children was warranted. Recently, 
research evidence has continued to grow, with 
preschool-aged children now accounting for 
17% of the data set. Research has also been 
extended to adult learners on the autism 
spectrum.

Although interventions for young children 
have typically targeted various social skills, 
Shogren, Lang, Machalicek, Rispoli, and 
O’Reilly (2011) recently reported a highly 
effective treatment directed at improving 
classroom engagement of 5-year-olds. Further 
research is clearly warranted exploring the 
effects of self-management training with 
young children with ASD in the classroom.

Adult learners in this review included six 
individuals classified as high functioning and 
one as low functioning. Palmen, Didden, and 
Arts (2008) used self-recording and self-
reinforcement to substantially increase ques-
tion-asking skills during tutorial sessions. 
Skills were found to generalize from training 
conducted in a therapy room to the natural 
tutorial settings. For three of these partici-
pants, results were highly effective, with PND 
scores of 100%, and were within the range of 
questionable to ineffective for the other three 
students aged 18 years or older. However, 
high baseline rates of correct question asking 
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account for lower individual treatment effects 
for these participants (Palmen et al., 2008). 
Ganz and Sigafoos (2005) also found self-
monitoring, when combined with time on 
preferred activities as reinforcement, a highly 
effective treatment for improving indepen-
dent task completion for a 20-year-old in a 
vocational training setting.

Consistent with previous research findings 
regarding visual learning styles of students 
with ASDs (Quill, 1997), the use of visual 
prompts within self-management procedures 
has also been associated with positive out-
comes. Although students have initially 
responded favorably to the use of static pic-
ture prompts using a handheld device, Cihak 
et al. (2010) suggested that future research 
explore the novelty effect and use of technol-
ogy over a longer time frame. Although verbal 
prompts have been used more frequently, the 
PND metric indicates that visual prompts 
were associated with highly effective treat-
ments. Continued research is recommended 
on the effects of visual supports on self-man-
agement procedures for children with ASD.

The data set provided limited information 
on a number of dimensions. Six of the seven 
studies that targeted academic behaviors 
involved 16 participants classified as high 
functioning. Only one study (Holifield, Good-
man, Hazelkorn, & Heflin, 2010) involved 
two students classified as low functioning. 
Although attending to task and academic 
accuracy improved relative to baseline mea-
sures for both participants, effect sizes were 
not as great as those achieved with higher-
functioning participants in the other academic 
studies. There is a need for further research 
targeting academic behaviors across a broader 
range of learners.

Peer support for self-management pro-
grams may be emerging as a research focus. 
Four studies, involving a total of 12 partici-
pants, included peers in various facilitating 
or reinforcing roles in interventions that  
targeted gains in sharing or verbal initia-
tions or interactions. The results suggest that 
these were effective treatments. Consequently, 
the role of peers in self-management inter-
ventions appears worthy of further research.

Although the WWC panel (Kratochwill 
et al., 2010) has cautioned against PND, evi-
dence in support of the use of PND has 
recently emerged, with proponents claiming 
that the metric remains versatile, meaningful, 
and reliable when used appropriately (Scruggs 
& Mastropieri, 2013). This meta-analysis has 
adopted this approach to measuring treatment 
effects. Employing conventional approaches 
to the use of PND, only one study in this  
set (Koegel & Frea, 1993) was judged unsuit-
able to score. Koegel and Frea (1993) con-
cluded that treatment effects were rapid and 
the intervention highly effective, suggestive 
of pivotal behavior change. Overall, PND 
scores varied from the original outcomes 
reported in the original studies on only two 
occasions (Koegel & Frea, 1993; Shearer 
et al., 1996).

Both Machalicek et al. (2007) and Southall 
and Gast (2011) assessed studies using descrip-
tive methods. One study (Mancina, Tankersley, 
Kamps, Kravits, & Parrett, 2000) was included 
in both reviews, and intervention effects were 
described as mixed and successful, respectively. 
By contrast, both Lee et al. (2007) and this cur-
rent review adopted PND, and mean scores were 
noted to remain consistent between reviews. 
This outcome may suggest that a treatment 
effect score has merit in ensuring uniformity 
among reviewers.

Southall and Gast (2011) suggested that 
future research evaluate the relative contribu-
tion of components of a self-management pro-
gram toward overall effectiveness. Based on 
PND in this current update, highly effective 
treatment outcomes were reported across tar-
get behaviors, and a prevailing pattern regard-
ing component inclusion was not apparent 
among studies. Accordingly, the findings of 
this review are consistent with those of South-
all and Gast and support their suggestion that 
further research into the effectiveness of spe-
cific components is warranted.

Although earlier reviews did not assess the 
quality of studies, this update has addressed 
this limitation. This current review has identi-
fied a pattern of collateral reduction in prob-
lem behavior associated with self-management 
interventions that target an increase in  
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positive behavior. PND scores reflecting the 
expanded data set have continued to describe 
self-management interventions within the 
effective range, and, for this review, PND 
appears to report an accurate reflection of the 
original findings for the majority of studies.

Conclusion

The ability to function as independently as 
possible within the general community is an 
important lifelong goal (Lovitt, 1973). This 
review was restricted to studies that targeted 
the development of a variety of performance 
skills while teaching individual participants the 
principles of self-management. Findings of this 
review indicate that there is sufficient research 
evidence to conclude that self-management 
should be considered an evidence-based treat-
ment: Clinicians, teachers, and parents now 
have evidence of successful outcomes from the 
application of self-management procedures in 
a variety of naturalistic settings and across age 
groups. Specifically, this review has identified 
successful applications of self-management 
techniques in the areas of social skills develop-
ment and, recently, in academic develop-
ment among students of all ages with ASD.  
In addition, collateral benefits in the form  
of a reduction of challenging behaviors 
have been reported. Continued exploration of  
self-management procedures across a variety 
of educational, home, and community settings 
and activities may prove valuable for devel-
oping improved ways of assisting individu-
als, young and old, with an ASD to function 
with greater independence in an increasingly 
competitive world.
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Abstract Single-case research design studies that includ-
ed a goal setting component in interventions for a broad
array of participants engaged in a learner role were
reviewed. A systematic search of the empirical literature
identified 38 studies that met the inclusion criteria.
These studies were evaluated in terms of participant
characteristics, who set the goals (self or other), how
goals were incorporated into interventions, type of be-
havior change goal setting was applied to and whether
maintenance and generalization of intervention effects
was assessed. Results highlight the potential benefits
of including a self-set goal component in interventions
aimed at assisting participants across the autism spec-
trum to achieve independent functioning. An agenda is
proposed for future research exploring goal setting for
this population.

Keywords Autism spectrum disorder . Goal setting .

Self-management . Systematic review

Introduction

Goals have been defined as the object or aim of an action that
an individual is trying to accomplish, and it is generally
understood that goal attainment involves meeting a specific
standard of task proficiency within an acceptable time frame
(Locke et al. 1981). Several published reviews have reported
that goal setting and goal attainment are important compo-
nents of self-determination for students with various develop-
mental or learning disabilities (Algozzine et al. 2001; Fowler
et al. 2007; Konrad et al. 2007; Palmer and Wehmeyer 2003).
Self-determination has been identified by the US Department
of Education as an important educational outcome for students
with disabilities (Algozzine et al. 2001). The Division of
Career Development and Transition (DCDT) has suggested
that by the age of 14 years, students should be encouraged to
the full extent of their capabilities to assume a maximum
amount of responsibility in planning their futures (Halpern
1994).

The skills required to develop self-determination are de-
rived from the classic career development literature (Super
1983) and include developing an understanding of the rela-
tionship of time to goal attainment (Field et al. 1998).
Research by Palmer and Wehmeyer (2003) conducted
amongst children with learning disabilities, speech impair-
ments, giftedness and mental retardation has shown that
problem solving and goal setting skills develop over time.
Their findings demonstrated that children with disabilities
can, with the support of teachers, set goals and work through
a self-determined skill development model at as young as
5 years of age.

Copeland and Hughes (2002) conducted a review on the
effects of goal setting upon task performance for individuals
with a diagnosis of mental retardation (MR). The authors
reported an improvement in awareness and task performance
upon the introduction of goal setting, with stronger effects
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noted with more training. Self-management strategies were
taught in addition to goal setting in 7 of the 17 studies
reviewed and achieved positive outcomes. Similarly, Konrad
et al. (2007) published a review of the effects of self-
determination interventions on the academic skills of students
with learning disabilities (LDs) and/or attention deficit/
hyperactivity disorder (ADHD). Again, stronger increases in
students’ productivity were achieved when goal setting was
added to self-management.

The literature has indicated that goal setting skills can direct
attention and effort towards relevant activities and positively
affect task performance (Copeland and Hughes 2002; Konrad
et al. 2007; Locke and Latham 2002). While it is evident that
these skills can be learned over time, it is possible that indi-
viduals with autism spectrum disorder (ASD) are not always
given adequate opportunity to acquire the necessary skills to
set and attain goals or opportunity to practice them. The ability
to independently set challenging, attainable and appropriate
goals is an important skill for students with ASD to develop
and may contribute to improved awareness, task performance,
fulfilment and independent functioning.

Recently, attention has been drawn to the significant num-
ber of individuals with high-functioning autism or Asperger’s
syndrome who were diagnosed during the early 1990s and, as
a result of early intervention and supports throughout school,
are both capable and motivated to enter higher education
(Pinder-Amaker 2014; VanBergeijk et al. 2008). Elsewhere,
it has been reported that children with ASD may face an
elevated risk for developing obesity (Curtin et al. 2014).
Curtin and colleagues (2014) postulated that contributing
factors may include disordered sleep, atypical eating patterns
and challenges associated with engaging in physical activity.
It is plausible that goal setting skills may prove an important
component in treatment programs aimed to overcome these
barriers and develop a healthy and independent lifestyle.

However, a recent review of self-management interven-
tions for students with ASD (Carr et al. 2014) identified a
paucity of goal setting research for students on the autism
spectrum. Yet, evidence of the success of goal setting tech-
niques has been reported for individuals with mental retarda-
tion or cognitive disabilities. Therefore, to address this knowl-
edge gap, we conducted a broader systematic literature search
of goal setting researchwhich included an array of participants
not restricted by diagnostic category. The aim of this review
was to map the current knowledge base regarding goal setting
as an intervention, or part thereof, for students with varied
additional learning needs and challenges. Given our focus on
the use of goal setting as part of individualised self-
management training for individuals with ASD, the search
was restricted to research employing single-case research
designs (SCDs). The ideographic nature of SCD research
makes this methodology particularly appropriate when exam-
ining the effects of individualised interventions (Southall and

Gast 2011), such as often seen in special education research
(Horner et al. 2005). These findings are then discussed with
reference to their implications for students with ASD with a
view to proposing an agenda for future research in this area.
The following research questions were investigated:

1. What are the profiles of participants in goal setting
research?

2. How have goal setting interventions been structured?
3. What target behavior was goal setting applied to?
4. Who is involved in setting participant goals (self or

other)?
5. Are goal setting skills maintained over time and was

generalization assessed?
6. What does the current literature suggest for applying goal

setting to participants with ASD?

Method

Studies were located for this review by conducting a system-
atic search of peer-reviewed literature published prior to
November, 2013. Keywords typically associated with goal
setting were identified from existing literature reviews, and a
PsycINFO database search was subsequently conducted. The
following search terms were queried: “goal setting”, “goal
attainment” and “goal orientation”. A hand search of the
reference lists of existing goal setting reviews, published in
peer-reviewed journals, was also conducted to identify any
additional relevant articles that may have been omitted from
the database search results.

The following inclusion criteria were adopted for this
review:

1. The study utilised a SCD such as a multiple baseline,
reversal or alternating treatment design.

2. The study presented data from each phase in graphical
format for each participant.

3. The intervention included a goal setting component.
4. Participants were students engaged in a learning process.
5. Articles were published in English in peer-reviewed

journals.

An independent review of both the title and the abstracts
was conducted to ensure the reliability of the article selection
process. A graduate student familiar with the broader self-
management literature was provided a randomly selected
sample of 30 % of all search results and examined both the
titles and the abstracts to determine whether these articles met
the inclusion criteria for further review. Inter-assessor agree-
ment (IOA) for the article selection procedure was determined
by dividing the number of agreements by the total number of
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agreements plus disagreements and multiplying by 100. An
IOA of 97 % was achieved for this process.

Results and Discussion

This search and selection process yielded 38 studies describ-
ing research conducted with 186 participants, who ranged in
age from 6 to 54 years. Participants were attending school,
higher education, elite athlete or sheltered workshop job skills
training programs. The 38 studies were conducted by 29
separate research teams in various locations. A total of 30
studies were fromwithin the USA, conducted in the following
states: Alabama (2), California (1), Florida (3), Georgia (1),
Hawaii (1), Illinois (2), Kansas (2), Louisiana (2), Missouri
(1), Montana (1), Nebraska (2), New York (3), Ohio (3),
Oklahoma (2), Oregon (1), Tennessee (2) and Washington
(1). The remaining eight studies were conducted in the fol-
lowing locations: Canada (3), New Zealand (2) and the UK
(3). Further, for one study by researchers from Oregon, data
collection was conducted in South Korea.

Table 1 provides a descriptive overview of each study
included in the review.

The descriptive statistics obtained from these data are
further summarised in Table 2.

What Are the Profiles of Participants in Goal Setting
Research?

Of the 186 participants, 128 were males (69 %) and 58 were
females (31 %). For studies that reported an age range only,
we have classified the participants using the uppermost age.
Where studies reported an average age, we have classified the
participants using the average age provided. The remaining
studies provided an age for each participant. Accordingly,
there were 82 elementary students aged 6 through 12 years
(44 %), 73 high school students aged 13 through 17 years
(39 %) and 31 adults aged 18 years or older (17 %).

Participant descriptions were classified using the primary
diagnosis provided in the original study. Accordingly, there
were 5 participants with autism (3 %), 4 with Asperger’s
syndrome (AS) (2 %), 14 with ADHD (8 %), 14 with emo-
tional behavioral disorder or difficulties (8 %), 45 with learn-
ing disability or difficulties (24 %), 21 with mental retardation
(11 %), 12 with non-compliance/conduct disorder (6 %), 1
participant who was manic/depressive (1 %), 2 gifted students
(1 %), 15 participants described as typically developing (8 %),
49 athletes (26 %) and 4 participants with physical disabilities
(2 %).

Mixed results were reported with young students. Figarola
et al. (2008) used goal setting and self-graphing to improve the
math fact fluency of three young participants that included a
7 year old with a LD and 7 and 8 year olds with ADHD. A

goal was established for the end of the year, and participants
graphed their daily performance scores. Participants were
given verbal praise for correctly entering their data, as well
as for meeting or exceeding their aim line. Results showed that
performance met or exceeded goals 83% of the time for the 8-
year-old participant and 90 % of the time for the 7 year old
with LD. Modifications in the form of shorter problem sets,
verbal prompts and reinforcement were required for the other
7 year-old participant before achieving consistent
improvement.

By contrast, Grossi and Heward (1998) reported more
consistent results in a study with older participants.
Four adults aged 20–37 years old diagnosed with mild
mental retardation were included in an intervention that
was conducted in a community based restaurant training
program. During training, each participant established a
goal to increase production, goal setting being guided
by the experimenter if the goal appeared unattainable.
Participants were taught to self-monitor and record their
performance. The authors reported that all participants
increased their work productivity without compromising
the quality of their work and without achieving com-
plete accuracy in self-recording.

Similarly, Balcazar et al. (1991) reported consistent results
and generalization effects among older physically disabled
students. Three university students aged in their 20s and one
aged 40 years were included in an intervention that used role-
play to teach the skills necessary for individuals to recruit the
help they may need to attain their own self-set personal goals.
A goal attainment scale was used to identify either no change,
realistic attainment or best anticipated attainment outcomes,
and the authors reported that for the 20 goals that were set by
the four participants, realistic attainment was reported eight
times and best anticipated attainment was achieved for seven
goals. No change was reported in only five instances. A
generalization probe also reported that intervention effects
were observed in natural situations in which participants asked
for help.

To date, intervention research has been conducted across a
broad age range of participants. While less consistency has
been demonstrated with younger children, the literature we
reviewed has indicated preliminary support for goal setting
employed across all ages. Importantly, these findings indicate
that adults have been able to learn and apply goal setting
skills. While our search revealed little research conducted
among participants diagnosed with ASD, goal setting has
been employed in successful interventions with participants
who experience learning difficulties or cognitive challenges.
These preliminary findings may present significant implica-
tions for future research with this population as the behavioral
issues often exhibited by individuals with ASD that may serve
to mask a self-determination skill deficit amenable to goal
setting intervention.
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How Have Goal-Setting Interventions Been Structured?

Interventions that included goal setting as part of treatment
packages and alongside other intervention components were
frequently described. These included contracting (3), self-
monitoring (25), reinforcement (15) and feedback (17). The
use of technology was also described and included computer
instruction (1) and video modelling (1). An approach to teach
goal setting was described in six studies (16 %), and the use of
self-regulated strategy development (SRSD) techniques was
reported in two studies (5 %). Public goal sharing was includ-
ed as an intervention element in four studies (11 %).

Lyman (1984) explored the effects of private student-set
goals and public sharing of student-set goals with six students
schooled in a residential treatment facility as a result of con-
duct disorder. During the public condition, a goal card was
placed on the bulletin board at the front of the class.
Participants reportedly spent a slightly higher percentage of
time attending to task during the private goal setting condition
and substantially more time on task upon introduction of
public goal sharing.

Goal setting was introduced during the latter stage of
intervention in two studies (5 %). One study examined the
effects of self-monitoring with contingent reinforcement un-
der two conditions: comparison to prior performance and
contingent to meeting a goal (Maag et al. 1992). Another
study introduced goals in the latter phase in order for one
participant to achieve mastery of math division (Skinner et al.
1993).

Maag et al. (1992) introduced goal setting in the final
phase of an intervention that included the following
phases: a self-observation condition; self-observation
and self-recording; self-observation (reversal), self-
recording and contingent verbal reinforcement for per-
formance improvement; and self-observation, self-
recording and contingent reinforcement using teacher-
and student-set goals for successive increases in mathe-
matics problem task performance. The largest gain in
academic productivity occurred during the phase of con-
tingent reinforcement plus goal setting, during which the
teacher not only provided verbal reinforcement for an
increase over prior performance but also provided verbal
encouragement in the event a goal was not met. The
authors concluded that treatment effects can be in-
creased by the simultaneous use of goal setting.
However, the effect of goal setting alone was not
explored.

While the original authors of these 38 studies have consis-
tently reported positive treatment effects, the majority of the
studies have confounded goal setting with other dependant
variables. Three studies were identified which enable the
effectiveness of goal setting alone to be examined. Lambert
et al. (1999) compared self-set goals with coach-set goals, andT
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both Maag et al. (1992) and Skinner et al. (1993) introduced a
goal condition additively to achieve an effective treatment
thereby enabling intervention effects to be measured before
and after the introduction of goal setting. In each case, goal
setting was associated with clear behavioral gains.

What Types of Target Behavior Was Goal Setting Applied
To?

These interventions addressed a variety of target behaviors
including transition planning (2), decreasing problem

Table 2 Summary of descriptive
statistics Descriptor Participant numbers

Sex Male 128

Female 58

Age School aged (6–12 years) 82

Adolescence (13–17 years) 73

Adulthood (18 years and older) 31

Diagnosis Autism 5

Asperger’s syndrome 4

ADHD 14

Emotional behavioral disorder 14

Learning disability 45

Mental retardation 21

Non-compliance/conduct 12

Manic depressive 1

Giftedness 2

Typically developing 15

Athletics 49

Physical disability 4

Method Taught prerequisite skills 1

Taught goal setting 6

Taught self-regulated strategy development (SRSD) 2

Goals set by other 11

Guided goal setting 9

Guided goal setting, set by participant 20

Public goal sharing 4

Goals introduced in latter phase 2

Other components Contracting 3

Self-monitoring 25

Reinforcement 15

Feedback 17

Used computer instruction 1

Used video modelling 1

Target behavior Transition planning 2

Problem behavior 8

Mathematics 9

Writing 6

Reading 1

Academics—all subjects 3

Homework 4

Projects 1

Social skills 1

Athletics 7

Development of physical activity skills 1

Vocational tasks 4
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behavior (8), mathematics (9), writing (6), reading (1), all
academic subjects (3), homework (4), projects (1), social skills
(1), athletic performance (7), development of physical activity
skills (1) and vocational tasks (4). Target behavior was plotted
by number of participants, as illustrated in (Fig. 1).

Barry and Messer (2003) incorporated goal setting with
self-management to increase on-task behavior and academic
performance and decrease disruptive behavior in an interven-
tion conducted with five boys with ADHD. The teacher set
participant goals using the approximate average for the class
in an intervention that included self-recording, teacher
prompting and reinforcement. Goals for academic achieve-
ment and on-task behaviors were gradually increased during
fading. While results again showed this to be an effective
intervention procedure, researchers noted that gradual fading
of supports was necessary to ensure maintenance.

Tollefson et al. (1986) targeted an increase in completion of
classroom assignments and an increase in homework assign-
ment completion for eight middle school students described as
learning disabled. During training with the research assistant,
each student selected an achievement goal: daily or weekly in-
class assignments, or homework assignments for the week,
and developed a goal statement of what was required and by
when. A study plan was specified, and each student self-
monitored work completion. Subsequently, students met with
the research assistant to evaluate the goal and the plan, ad-
dressing reasons for success or failure in goal attainment. A
homework contract phase was introduced for four students,
intended to promote generalization of goal implementation
skills. Three students demonstrated a marked increase in
homework assignment completion. The authors reported that

time spent teaching goal setting and goal implementation
strategies not only increased the rate of assignment comple-
tion but also made students more confident in their ability to
plan.

A goal setting model that included goal determination, goal
setting and goal reviewing was used to examine the cumula-
tive effects on skill performance among six high school boxers
(O’Brien et al. 2009). During goal determination, participants
met with the researcher to determine a self-generated perfor-
mance behavior. All participants rated the number of punches
landed as most important, thus determining this as the target
behavior. During goal setting, a numeric system to measure
changes in the participants’ target expectations over time as
well as a means to measure progress during intervention was
developed. Three elite level participants immediately im-
proved performance, and improvement was sustained during
a follow-up phase. However, while the three non-elite partic-
ipants also immediately improved performance, their increase
was not sustained during follow-up.

Individuals with ASD are often described as having an
uneven profile of executive functioning skills, an area of
importance for achieving academic or vocational success
(Geller and Greenberg 2010). While high-functioning stu-
dents on the spectrummay be academically capable, problems
with organisation and planningmay negatively impact success
in higher education or vocational settings and present a chal-
lenge for independent functioning. The application of goal
setting to behavior management, attention to task and time
management described in the existing literature raises the
possibility that effective goal setting instruction may be ben-
eficial to students with ASD in learning skills necessary to
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overcome these challenges and to perform tasks
independently.

Who Is Involved in Setting Participant Goals?

The studies in this data set described a variety of stakeholders
involved in the goal setting process. Twenty studies (53 %)
described goal setting by the participants, 9 studies (24 %)
described the participant setting goals under guidance, and in
11 studies (29 %), goals were set by someone other than the
participant.

Two studies employed an alternating treatment design to
compare the effects of goal setting by either the experimenter/
coach with goals that were set by the participant (Codding
et al. 2005; Lambert et al. 1999). While Codding and
colleagues (2005) reported that participants not only per-
formed better during the student selected goals condition but
also favoured this condition over the experimenter-selected
goal condition, Lambert and colleagues (1999) reported that
self-set and coach-set goals functioned differently depending
on the participants’ locus of control. In particular, an internal
locus of control was associated with greater gains under a self-
set goal condition, and an external locus of control was
associated with greater gains under a coach-set goal condition.

Participant descriptions were plotted against the differences
in the identity and role of the goal setter (self vs other vs
guidance provided) for the studies reviewed, as illustrated in
Fig. 2. The graph illustrates a potpourri of self, other and
guided approaches to goal setting. The exclusive use of inde-
pendently set goals was noted amongst participants described

either as gifted or physically disabled, while goals were either
set independently by the participants or under guidance for
participants with ASD, AS, conduct disorder and students
with manic depression. Typically developing students in this
data set did not set goals independently and received guidance
with setting goals only marginally more frequently than hav-
ing goals set by an adult. A few athletes received guidance
with goal setting, and athletes set goals independently in just
over one third of the data. The majority of participants with
learning disabilities self-set goals, although both guidance and
goals set by another adult were observed. Few students with
ADHD set goals independently, and occasional provision of
guidance was observed in these studies though the majority of
these participants had goals set by an adult. This diversity in
approaches may reflect different purposes on the part of the
researchers when adopting goal setting in interventions. For
studies targeting increased performance, such as in the case of
athletes, it may arguably be less relevant for the participants to
independently set their own performance goals. By contrast,
where the aim of the intervention is to enhance independent
functioning, developing social skills, transition planning or
reducing problem behavior for example, teaching participants
to set their own goals either independently or with guidance
may be of greater relevance.

By way of example, three non-verbal high school students
diagnosed with ASD were included in an intervention that
aimed to increase participation in sustained physical activity
(Todd et al. 2010). The students possessed the physical skills
required to cycle and were able to discriminate correctly
between more or less necessary to set distance goals. Prior to
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independently setting cycling distance goals, participants were
given guidance to understand their cycling capabilities and
were taught to self-monitor. All three students developed
accuracy in setting both distance and intensity goals, and
two of the students increased the distance they cycled.

However, for interventions in which successful completion
of task is less related to attaining independence, the identity of
the goal setter may be less significant. For example, guided
goal setting, combined with self-monitoring and performance
feedback, formed the basis of a coaching intervention in an
intervention conducted with three high school students with
ADHD (Merriman and Codding 2008). An initial goal setting
meeting was conducted between each student and the coach.
Students used their baseline data to set goals for mathematics
homework completion and accuracy, and the coach gave
guidance in the event of unrealistic goal suggestions.
Coaching was conducted daily with feedback and goal refor-
mulation, and praise for progress was provided until the
students achieved their long-term goals. During systematic
fading, coaching sessions went to alternate days then weekly
until eventual termination. Results showed that coaching im-
proved the completion and accuracy of homework for all three
participants, with improvements maintained during fading and
follow-up for the two participants that met their long-term
goals.

In contrast, interventions that do not impact the partici-
pants’ ability to achieve independent functioning may not
require the participants themselves to set goals in order to
achieve positive outcomes. For example, Brobst and Ward
(2002) reported a study with three teenaged female soccer
players to increase performance of existing ball skills in both
practice sessions and games. The head coach and the research-
er established a performance level for the targeted skills, and
an intervention package that included public posting, goal
setting and oral feedback was implemented. Both the goal
and the rationale behind it were explained to the participants,
and practice results were reported on a performance chart
displayed near the playing field. Players were praised for
meeting goals and given encouragement if they did not.
Results demonstrated improvement during practice.
Generalization results were less consistent, and improvement
during games was apparent for only one of the three ball skills.

Are Goal Setting Effects Maintained Over Time
and Was generalization Assessed?

While frequent informal reports of generalization and mainte-
nance over time were included by the original authors of
studies in this set, data confirming such effects was reported
in 18 of the 38 studies (47 %). Three of the 38 studies included
participants with ASD (Asaro-Saddler and Saddler 2010;
Delano 2007; Todd et al. 2010), and notably, all three of these

articles included data for either generalization or maintenance
of treatment effects over time.

Inspection of generalization and maintenance data for the
participants with ASD revealed variable findings. Asaro-
Saddler and Saddler (2010) included a generalization task in
an intervention conducted with two elementary students with
AS, and one with autism, in which the writing requirement
altered from fiction to personal recount. While two partici-
pants appeared to successfully generalize writing skills to the
new task, one participant included a fictional name rather than
“I”. The authors reported that participants may not have
clearly distinguished the required difference. Similarly, data
gathered to explore maintenance of treatment effects over time
also resulted in variable findings. Todd et al. (2010) examined
cycling distance goals in the maintenance phase of an inter-
vention with three non-verbal teens. Gains in excess of base-
line were maintained for two of the three participants during
the phase. Delano (2007) collected follow-up data at both 1-
week and 3-month time frames for three teens with AS.
Although a gain in the number of words written was main-
tained by all three participants at 3 months, the number of
functional essay elements was not maintained. Delano (2007)
suggested that a longer intervention period may be required.
Asaro-Saddler and Saddler (2010) also collected maintenance
probes after 4 weeks and acknowledged the limitation of their
data as continued gains beyond this time frame remain
unknown.

Stokes and Baer (1977) described generalization across
subjects, settings, people, behaviors and/or time as the occur-
rence of relevant behavior under different untrained condi-
tions in the absence of conditions that had been scheduled
during training. At that time, attention was drawn to the
importance of actively programming to achieve generaliza-
tion, rather than to passively expect it as an outcome of
training procedures. In addition, the use of stimuli found in
the generalization settings, which included the role of peers as
tutors, was highlighted as significant to future research when
structuring training sessions.

Authors of the original studies from our broader data set
generally concur that graduated fading is necessary in order to
maintain intervention effects over time or to observe general-
ization of effects to new settings or behaviors. Several studies
reported successful maintenance of treatment effects over time
among all participants in research that included systematic
stimulus fading (Moore et al. 2001; Merriman and Codding
2008).

Conclusions

Our aim in this study was to map the existing single-subject
research evidence for interventions that have included a goal
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setting component with a view to informing a research agenda
for participants with ASD. This data set as a whole provides
preliminary support for the effectiveness of goal setting tech-
niques in a wide variety of interventions. However, to date,
little research on goal setting has been performed with indi-
viduals who have a diagnosis of ASD.

Second, in the research identified, goal setting effects have
almost always been confounded with interventions typically
involving a combination of components additional to goal
setting. The most common of these, self-monitoring, was
included in two thirds of the interventions. Several of these
studies noted that participants value both establishing their
goal independently and self-monitoring their behavior.
Feedback was also included in almost half of the
interventions, and again, original author reports suggest that
information derived from feedback played a significant role in
positive intervention outcomes.

Southall and Gast (2011), in their qualitative review of self-
management interventions for students with ASD,
emphasised the need for researchers to examine the effects
of specific components of current self-management interven-
tion packages to identify the relative contribution of each. Our
findings support this conclusion, highlighting in particular the
need to explore the contribution goal setting has, either in
isolation or in combination with other intervention compo-
nents, on intervention outcomes and on the development of
self-determination more generally.

Another important observation arising from this data set
concerns the generalization and maintenance of observed
changes. Goal setting skill training may be an important
component of treatment packages that aim to develop inde-
pendent functioning for participants with ASD, and effective
goal setting may be a vital skill for high-functioning students
who pursue higher education. Given that goal setting skills are
developed over time, it appears particularly important to gath-
er generalization and maintenance data. While limited in
volume, the preliminary maintenance data for participants
with ASD is variable, including accounts of maintenance
failure post-intervention. Accordingly, we reiterate the impor-
tance that future research includes longer intervention phases,
in addition to programming for generalization and mainte-
nance over longer time frames and/or including peers.

With respect to how participants have been involved in the
goal setting process within an intervention, no clear pattern is
evident in our data set. The basis on which researchers have
decided either to set goals themselves or how and to what
extent to involve the participants in this process is unclear, and
importantly, the implications of these decisions are largely
unexplored. This review has identified goal setting research
that has been conducted successfully with a wide variety of
individuals engaged in the process of learning. Although the
authors of this work have consistently reported successful
outcomes in interventions that have included goal setting

and these accounts suggest that goal setting skills are teach-
able, further research that explores the relative merit of engag-
ing participants in the goal setting process and that identifies
effective strategies for teaching goal setting appears
warranted.

Finally, although the literature has included successful
accounts of individuals improving sports performance
through the use of goal setting skills, there is a paucity of
research with participants with ASD regarding the develop-
ment and/or improvement of skills required to promote a
physically active lifestyle. This finding is of significance to
this population given the recent reports of elevated chance of
developing obesity, in addition to the loss of opportunity to
engage in social interactions with typically developing peers.
Research that explores treatments aimed to overcome chal-
lenges that may result from a sedentary lifestyle, food selec-
tivity or disrupted sleep appears justified.

Proposed Research Agenda for Participants with ASD

While limited in quantity, the SCD research with participants
on the autism spectrum included in this review suggests that
goal setting instruction may be successful with this popula-
tion. We propose the following foci as elements of future
research to aid in developing treatment packages that foster
independent living:

1. Research that explores the role of goal setting in isolation
or in combination with other intervention components

2. Research that explores the generalization and mainte-
nance effects of goal setting interventions, particularly
including peers as tutors to assist in programming
generalization

3. Research that explores how to best teach goal setting
skills to participants with a view to attaining the ability
to perform this skill independently

4. Research that explores the relative effects of goal setting
by the participants themselves compared to goals set by
other stakeholders
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CHAPTER 7: DISCUSSION 

7.1 Methodological Implications of Treatment Effect Calculations 

The papers presented above have attempted to identify issues and challenges that are 

of particular concern when evaluating SCD literature for participants with ASD.  While 

additional research with other behavioural interventions employed with participants with 

ASD is required before these preliminary findings can be confidently generalised across this 

population, several important points for consideration have been identified. 

Most importantly, the first of the studies reported that relatively short data series are 

being collected, with a declining trend in the volume of data points observed over time.  Self-

management studies were used to represent an established treatment and physical activity 

studies to represent an emerging treatment.  Drawing from both data sets, more recent studies 

were found to have included fewer data points than older studies.  However, behavioural 

challenges were described for many participants.  Collecting a greater number of data points, 

particularly in base line conditions poses a significant ethical dilemma to researchers and may 

often not be in the best interests of the participant, other students, or teachers.  Given this 

current trend it appears that in future, SCD data for participants with ASD may not be 

suitable for more complex treatment effect calculations should minimum data requirements 

not meet the required thresholds of these algorithms.  

In particular, regression based calculations do not appear suitable for the type of data 

that is collected for participants on the autism spectrum, making a nonparametric calculation 

the better of the currently available options.  Excluding studies which provide an insufficient 

volume of data points from meta-analyses may result in distorted findings.  Furthermore, 

omission of studies on this basis arguably does not assist researchers collating information to 

determine best evidence.  Therefore, the second study explored in further detail which of the 
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available nonparametric calculations may be most appropriate currently for all stakeholders 

to evaluate best treatment practices for individuals with ASD.   

The second study was guided by the statements made by the Taskforce on Statistical 

Inference (1999), that emphasized the importance of understanding how a given statistical 

measure is calculated, and further, how to interpret the statistic.  The three indices included in 

Study 2 were selected on the grounds that they can be calculated by hand in a relatively 

straightforward manner, without requiring extensive training or additional software 

applications.  Arguably, this may mean that teachers, clinicians, or other stakeholders in 

underfunded communities, or remote location, could access and interpret treatment reports. 

Data were extracted from a systematic search of published self-management 

intervention studies.  PND, PAND, and NAP were calculated for all participants for whom 

sufficient data had been provided, with PND used as the basis for comparison.  A significant 

percentage of these articles contained insufficient data to employ the PAND metric.   

Given that the current data collection trend observed in the reviewed studies appears 

unlikely to change in the near future, short data sets appear typical in intervention research 

with participants with ASD.  Although PAND has received favourable feedback in the 

literature when compared to PND, and has appeared recently in several published systematic 

reviews conducted with students with disabilities, PAND appears inappropriate given the 

short data sets that were typical for participants on the autism spectrum.   

While the sensitivity analysis of the three treatment effect scores intended to identify 

the most appropriate method to calculate treatment effect in the immediate term was the main 

focus of this study, a secondary issue of great significance was identified as a study outcome.  

Interpretation of derived scores is currently not a straightforward procedure.  At present, an 

interpretation scale is in wide use for PND, a separate scale has been proposed for NAP, and 
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an interpretative scale is absent for PAND.  While it is mathematically relatively 

straightforward to calculate a Phi or Phi
2
 correlation coefficient for PAND scores, the

literature review has revealed that interpretation standards currently vary across research 

fields.  Reporting treatment effect in this manner may address the aim to integrate both group 

and SCD research in meta-analyses, yet additional research is currently required to facilitate 

meaningful interpretation of either Phi or Phi
2
 correlation coefficients.  Furthermore,

additional research is necessary in order to determine the applicability of the PAND metric to 

data sets for interventions with participants with ASD, as the research with self-management 

data has shown that studies frequently include fewer than the required 20 data points.  

Also of concern, the tentative interpretative scale that has been developed for NAP 

presents bandings of scores that are inconsistent to those of the widely employed PND 

metric.  Until these issues are further researched, interpretation of newer calculation methods 

should be treated cautiously.  In particular, it appears that newer methods may report inflated 

treatment effect scores relative to PND.  This may be potentially misleading, as readers may 

perceive studies as more effective should a newer treatment effect score be adopted.  This in 

turn may contribute to false expectations on behalf of treatment providers should they 

implement a new treatment reported to have a greater treatment effect when compared to 

older established treatments that have been reported using a more conservative PND score.  

Consequently, it may appear in the short term that PND is the most appropriate calculation 

for evaluating research specific to individuals with ASD.   

7.2 Developing Independent Functioning 

“As Lovitt (1973) observed more than 30 years ago, the fact that systematic instruction of 

self-management skills is not a part of most schools’ curricula is a paradox because ‘one of 



Page | 105 

the expressed objectives of the educational system is to create individuals who are self-reliant 

and independent’  (p. 139)”  (Cooper et al., 2007, 583). 

Arguably, support services for individuals around the world face immediate challenges in 

keeping pace with the rapid increase in prevalence of ASD as described earlier.  Findings 

from research reviews of treatments conducted with participants with ASD have been 

interpreted in different ways by major United States health insurance coverage providers.  In 

a recent report it was noted that coverage for ABA services had been extended to individuals 

under one insurance carrier, and not another, resulting in funding anomalies (Campbell, 

2013).  Accordingly, some students may receive support services while others do not, as a 

result of the insurance plan guidelines. 

Providing appropriate supports for individuals with ASD is a big challenge that 

impacts a tremendous number of children and adults alike.  It appears that ASD affects 

families regardless of ethnicity or social or economic factors, and the condition remains to 

varying extents throughout the lifetime of affected individuals.  As larger numbers of 

adolescents on the autism spectrum enter higher education the ability to function 

independently with as little support as possible is of utmost concern.   

In its most simple form, self-management may be understood as a behaviour 

performed by a person that influences another of their behaviours.  Cooper and colleagues 

(2007) have defined self-management within the ABA framework as “the personal 

application of behavior change tactics that produces a desired change in behavior” (p. 578).  

When a behaviour modification intervention is implemented by a teacher, clinician or parent, 

this party may manipulate variables in the environment, arrange stimuli, provide visual or 

verbal prompts, deliver consequences, and observe and record occurrences or non-

occurrences of targeted behaviour over a set time period or in terms of frequency.  Self-
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management of the behaviour change intervention involves the participant performing some, 

or all, elements of the program.      

Self-management has been applied to a variety of situations to help individuals to 

become more effective and efficient in daily living, break bad habits and establish good ones, 

achieve difficult tasks and attain personal goals.  Further, self-management has been 

identified in the processes of generalising and maintaining behaviour change gains to new 

tasks or settings, and over extended periods of time (Baer et al., 1968).   

Managing one’s self independently in social, academic, and work environments is 

frequently reported to be challenging for children and adults with ASD.  Given that self-

management techniques offer the potential to assist individuals to attain greater 

independence, the literature was systematically examined to identify what is known about 

self-management specifically with individuals diagnosed on the autism spectrum.  Goal 

setting was associated with highly effective treatment outcomes in the general self-

management literature review, but found to be included relatively rarely in the ASD 

literature.  As goal setting may be considered an important skill for older students and young 

adults who aspire to independence an additional goal setting literature search was conducted 

subsequent to the self-management review.  

7.3 Findings from Self-Management and Goal-Setting Systematic Reviews 

The meta-analysis of self-management interventions adopted the WWC SCD pilot 

guidelines as a general framework for assessing the quality of the evidence in the research 

base.  However, in a departure from the WWC guidelines, studies that exceeded 20 years 

since publication date were retained.  Further, participants were included regardless of age, a 

variation to the current NSR (2009) report that capped age of participants at 22 years.  The 5-

3-20 rule was adopted to synthesise the collection of studies.
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The review found adequate evidence to support self-management procedures as a best 

practice for participants with ASD.  More specifically, self-management was described as an 

effective treatment for students aged three to 25 years old.  One important finding of this 

review was that for three studies, one targeting improvements in social skills, one the 

development of daily living skills, and one an increase in academic skills, collateral benefits 

in the form of reductions in problem behaviours, stereotypy and self-injury were described.  

While earlier studies reported success in clinics, home and/or special education settings, more 

recent studies were conducted in general education classrooms and playgrounds where self-

management interventions were also described as highly effective.  In addition, self-

management was applied to various aspects of academic skills that included attention to task, 

and improvements in either the quality or volume of academic work.  Self-management 

interventions were found to be effective with pre-school aged children, and also with adults 

that were described as either high or low functioning.   

Several areas of the self-management topic appear under researched to date.  In 

particular, the majority of studies that targeted academics were conducted with high 

functioning students.  Evidence regarding the inclusion of peers in interventions was 

relatively sparse, with peers being described in either a facilitator or reinforcing role.  

Importantly, goal setting appears to be associated with successful treatment outcomes but has 

not been frequently included in self-management interventions.  Goal setting was applied in 

interventions that targeted improvements in academic writing and was described as an 

important aspect of self-regulation.  Following training and feedback, it was observed that 

independent goal setting was often observed.  

The ability to independently set realistically attainable and appropriate goals is of 

utmost importance to individuals with autism aiming for independent living, yet appeared 

under researched in the self-management literature.  Consequently, a broader systematic 
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search of the literature was conducted to better understand what is known on teaching and 

applying goal setting skills. 

This second literature review identified preliminary support for the effectiveness of 

goal setting techniques in a variety of settings and for a range of target behaviours, although 

few interventions included participants with ASD.  It was noted that goal setting techniques 

were almost always confounded with other intervention components in a treatment package: 

two thirds of the studies with self-monitoring; and one half of the studies with feedback.   

While no clear pattern on how goals were set was evident from the studies included in 

the review, the results did suggest that goal setting skills are teachable.  Several studies used 

goal setting to successfully improve sports performance.  This may prove a valuable line of 

research for individuals with ASD by promoting the development of various skills required to 

engage in a physically active lifestyle and providing opportunities to socialize with typically 

developing peers.  A more physically active lifestyle may also assist in alleviating the 

challenges associated with a sedentary life style, food selectivity, and disrupted sleep that are 

frequently described in the ASD literature. 

Goal setting skills appear to be developed over time.  However, maintenance probes 

suggested that treatment gain was not always maintained over time.  As such, it may be 

crucial to program interventions to promote generalization of goal setting skills across 

behaviours and settings, and to improve the likelihood of skill maintenance over time.   

7.4 Summary 

Individuals on the autism spectrum may have unique profiles that often include 

special talents or unique strengths in addition to social, sensory or behavioural challenges.  

Many highly desirable personal attributes are often associated with ASD, such as an ability to 

concentrate deeply on specific tasks, a strong sense of fairness, and honesty.  Geller and 
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Greenberg (2010) noted that often high functioning individuals on the autism spectrum may 

be intellectually advanced, passionate about studying, focused on academic or work goals, 

loyal and hardworking, and may have highly marketable skills.  Ideally, behavioural 

interventions that can assist individuals to overcome barriers to social inclusion and 

participation, yet allow retention of their unique strengths, are highly desirable.   

Intervention techniques that can be taught to very young children may ultimately help 

alleviate the costs associated with providing support services later in life.  However, many 

higher functioning individuals on the spectrum are not diagnosed until older and miss the 

opportunity for early intervention.  Similarly, children in underfunded communities, or who 

may be geographically isolated from support services, may be overlooked at a young age.  

Therefore, intervention techniques that are effective with older learners are also very 

important.  Self-management was identified as an evidence-based intervention technique that 

may be used across the life-span with individuals regardless of level of cognitive functioning. 

Further, the ability to manage independently, and self-advocate in the absence of 

family or teacher support is a priority to older children or those who fall outside of a support 

system.  In this context teaching effective goal setting looks to be a promising strategy that 

appears to be teachable to young and older learners alike.  The review of goal setting research 

presented above has indicated that further research that promotes the acquisition of this 

important skill is warranted.   
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CHAPTER 8: CONCLUSION 

8.1 Recount of Study 

Lovass (1987), drawing on the findings of the original early intervention program, 

reported that the assignment of one fulltime special education teacher for two years would 

cost an estimated $40,000, in contrast to the nearly $2 million it would cost for life-long 

institutionalisation of one individual.  When adjusted for inflation into the current dollar 

value, the cost of a special education teacher would now equal a little over $80,000, with 

costs for life-long institutionalisation exceeding $4,038,000 (Friedman, 2015).  Long-term 

institutionalisation is neither in the best interests of individuals or societies.  Soaring support 

care costs place a burden on families and support service providers, and are arguably 

unsustainable.  A solution that assists in the promotion of independent functioning is urgently 

required.   

Transition beyond secondary school into adulthood has been described in the 

literature as particularly challenging for individuals diagnosed on the autism spectrum.  

Common difficulties for this age group may include: developing or maintaining conversation 

or relationships; patterns of thinking that may be perseverative; difficulty in understanding 

non-verbal cues or perspectives of others; visual, auditory or tactile hyper or hypo sensitivity; 

physical clumsiness or unusual movements; difficulty understanding oral directions; and 

emotional dysregulation (Geller & Greenberg, 2010).  An uneven profile of strengths and 

deficits may result in underperformance or social withdrawal.  Post-secondary faculty, 

employers, peers and/or colleagues may struggle to understand an apparent mismatch 

between a student or employee’s potential, and their performance, as a result of impairments 

in organisational or social skills.  The literature has highlighted that appropriate support 



Page | 111

systems are sparse, and much work is required in order to improve outcomes for this 

population. 

This current study has explored two pertinent issues central to the understanding of 

how to improve outcomes for youth and adults who are diagnosed with ASD.  The research 

question that guided this research was: 

How can we effectively develop independent functioning of children and adults with Autism 

Spectrum Disorder (ASD)? 

The first core area of research involved developing an understanding of how to assess 

the literature in order to identify an evidence base of best practice that may be interpreted by 

various stakeholders including clinicians, teachers, parents and researchers.  This entailed 

identifying the most current taskforce protocols in the literature regarding the conduct of 

quality assessment of interventions, and performing meta-analyses in SCD research.  A 

review of this literature highlighted the ongoing debate that surrounds the most appropriate 

method to determine the strength of treatment effects.  A series of two studies was undertaken 

to better understand the nature of SCD data that are collected in interventions conducted with 

participants of all ages, who are diagnosed with ASD, and compare outcomes from different 

methods that were considered most suitable to calculate treatment effect scores.  In summary, 

the findings suggested that PND remains a widely applicable calculation method that 

produces a comparatively conservative treatment effect score. 

The second core area of research involved exploring intervention components that 

may teach the requisite skills to function independently in settings that offer little or no 

support to high functioning transition age youth or young adults with ASD.  In particular, 

self-management techniques that were used in interventions that sought to develop skills or 

increase performance of a targeted behaviour formed the focus of the review.  Goal setting 
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skills were identified as largely absent from this self-management research base, and a further 

systematic review that extended into the broader population was conducted.  PND was 

applied in the self-management review to studies that met the WWC SCD quality assessment 

guidelines.  Accordingly, self-management was found to be an effective evidence-based 

treatment.  Further, goal setting was identified as a teachable skill that may prove beneficial 

to those with ASD. 

8.2 Significance of Findings 

The first study identified that shorter data sets are being included in recent studies 

when compared to older studies.  More complex regression based treatment effect algorithms 

have been argued by some as a favourable calculation approach.  However, the volume of 

data points that has been presented in this data set was found to be insufficient for use with 

such methods. 

The second study compared PND with two newer nonparametric formulae, PAND 

and NAP, both described in the literature as promising improvements.  The findings of this 

study were significant in three important ways.  PAND was found to be unsuitable for a 

significant number of studies that did not include a high enough volume of data points.  

Firstly, when identifying evidence-based practice, omitting studies is problematic.  This may 

result in an insufficient volume of studies to satisfy the 5-3-20 guideline, or may misrepresent 

the results of meta-analysis.   Secondly, PND, while often rejected in critiques favouring 

newer nonparametric calculations, was found to be applicable for the majority of studies, and 

to report a conservative strength of treatment effect compared to both PAND and NAP.  

Thirdly, while a primary focus of ongoing debate in the literature is centred on which 

treatment calculation method to adopt in SCD research, interpretation of derived scores has 

emerged as an equally important issue. 
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The third study, an examination of the self-management literature, revealed that this 

technique can be successfully taught to older students and young adults and used in settings 

in which the participants are required to function independently.  Support systems for many 

older learners are scarce, and limited funding may present challenges to stakeholders when 

designing and implementing treatment packages.  This meta-analysis has identified that a 

reduction in problem behaviour may not need to be the target behaviour of an intervention in 

order to achieve improved outcomes.  Rather, a reduction in such behaviours was identified 

as a collateral effect of interventions that focused on skill development or improvement in 

performance of an already acquired skill.  This review also identified that the inclusion of 

peers in either a facilitator or feedback/support role was associated with effective treatments, 

however this appears to be an under researched phenomenon.   

The ability to independently set appropriate goals is an essential skill for successful 

transition beyond secondary education for youth and young adults with ASD.  Given the 

paucity of ASD specific research, the systematic review of goal setting intervention literature 

was extended to the general population.  Findings of the review have been focused on their 

significance to individuals on the autism spectrum.    Firstly, this review has indicated that 

goal setting skills are teachable.  Secondly, it also identified that goal setting is often 

combined with self-monitoring.  However, the latter was not apparent in the earlier review of 

self-management, and it may be argued that this important component of treatment packages 

has been overlooked by researchers working with individuals with ASD. 

8.3 Implications for Practice 

Several important implications have emerged as an outcome of this study.  The first 

core component of the study examined various methods of calculating treatment effect 

scores.  A significant implication to the variety of stakeholders who may access this 
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information is that extreme care should be exercised when interpreting derived scores.  While 

older studies have typically measured strength of treatment effect using PND, newer 

algorithms may yield a greater strength of treatment effect when applied to the existing 

literature, or to newly published studies.  This information is potentially misleading as 

stakeholders may unintentionally anticipate a greater result from treatment packages. 

It has been noted in a recent study that friendships play an important role in mental 

health, and that accordingly it may be reasonable to assume that assisting individuals on the 

autism spectrum to better develop and maintain friendships may lead to improvements in the 

core deficits, and comorbid symptoms, of ASD (Miller et al., 2014).  The review of self-

management literature has identified that inclusion of peers as facilitators or reinforcers has 

proven effective, yet has been employed relatively infrequently.  Research with teachers or 

parents that includes peers in these capacities is encouraged, to support positive change in 

classrooms and other settings.     

An explicit recommendation of the EBP taskforce was that goals should be developed 

collaboratively between the patient and the clinician (Goodheart et al., 2006).  Arguably, in 

order to meet this objective, an individual on the autism spectrum requires an understanding 

of goal development and goal attainment.  Furthermore, many individuals face situations in 

which they do not have access to a clinician for support, or may reach an age at which such 

support services are discontinued.  For these individuals, it is imperative to develop the 

ability to independently set realistically attainable goals.  The review of goal setting literature 

has identified that these skills are teachable.   However, both the self-management meta-

analysis and the goal setting systematic review have highlighted the issue that this essential 

skill appears to have been overlooked to date.  Ongoing research appears justified to support 

changes in practice. 
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8.4 Limitations of the Study 

While this research has made a contribution to the literature through a series of 

publications, choices were necessary throughout the research journey resulting in limitations 

to the study.   

The ability to generalise the findings from the research conducted for both Papers 1 

and 2 may be considered a limitation of this study.  While many intervention types are used 

for individuals with ASD, the overall research focus for this thesis was on increasing 

independent functioning.  It was hypothesised that self-management may promote 

independent functioning for this population, and was selected as the intervention type to 

explore in the research of issues that surround the calculation of a treatment effect score.   

Initially the psycINFO data base was queried for self-management interventions with 

a resulting data set that covered the time period from 1990 through 2011.  Data were drawn 

from 38 published articles and provided 215 data series that reported on results for 102 

participants.  The data were plotted in a line graph over time in excel, and the line of best fit 

function was used to identify trend in the data.   Arguably drawing data from only one 

intervention type may impact the ability to generalize findings to other intervention types.  In 

turn, this may negatively impact the ability to effectively answer the research questions of 

whether studies report a sufficient volume of data points to conduct a treatment effect 

calculation and whether any trends are apparent in the data.   

Upon reflection, the data set that was used to identify any apparent trends in data 

collection was expanded to also include exercise interventions.  It was theorised that many 

benefits associated with leading a more physically active life style may also contribute 

positively to improving independence amongst individuals with ASD.  PsychINFO was 

queried again for exercise interventions, and additional data drawn from eight studies that 
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provided 43 data series for 20 participants were included in the revised analysis.  In addition, 

a split middle line of progress was plotted in addition to the excel line of best fit.  The trend 

lines closely mirrored each other, although the y-intersect value varied slightly.   

The sensitivity analysis conducted for Paper 2 was based solely on the self-

management intervention data given that this overall research project was subject to the time 

constraints of PhD candidature.  Parker and colleagues (2007) described the PAND data point 

minimum threshold in the original literature as between 20-25 data points.  A conservative 

minimum threshold of 20 data points was selected for this research in an attempt to include as 

many studies as possible.  Accordingly a PAND score was calculated for 22 studies and 

reflected 57 participants.  It may be argued that this decision has improved confidence in the 

findings of the comparison between the three treatment effect scores, as it has been based on 

the largest sample possible for this data set.  Should a minimum of 25 data points have been 

adopted it is likely that a PAND score would be calculated for less than these 22 studies.  

Future research may overcome the limitation of Paper 2 by adopting the greater minimum 

threshold of 25 data points, and replicating this sensitivity analysis with other intervention 

types that are frequently used for participants with ASD.  

The third paper in this research program used PND to calculate treatment effect scores 

in a meta-analysis of self-management interventions.  PND was selected on merit as a result 

of the feasibility study, and subsequent sensitivity analysis of treatment effect scores 

conducted in Papers 1 and 2 respectively.  A particular weakness of this method is the 

inability to calculate a confidence interval for these scores, as there is reportedly no known 

distribution for this non-parametric approach.  The absence of confidence intervals on mean 

treatment effect scores reported in the meta-analysis may be considered a limitation of the 

study, and this may impact the reliability of these scores.  Further, self-management 

interventions were only included in this study if the target behaviour had been either an 
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increase in performance or the acquisition of a new skill.  Studies that targeted a reduction in 

challenging behaviours using self-management techniques were omitted from the meta-

analysis.  The rationale behind this choice was that this overall research project was focused 

on improving independent functioning.  Future research may address the limitation of 

absence of confidence intervals by drawing from the larger sample of self-management 

interventions that may also include studies that have targeted a reduction in problem 

behaviours.   

Finally, the fourth paper examined goal setting interventions and drew from research 

conducted with the broader population in addition to that with ASD.  As only two studies 

included participants with ASD, this phase of the research is arguably of limited value when 

generalizing to the specific ASD population.  Accordingly, a frame work of proposed 

significant issues was developed for future researchers working with individuals with ASD. 

8.5 Recommendations for Future Research 

The NSR (2009) has identified 11 established treatments, one of which was self-

management, and 21 emerging treatments, one of which was exercise.  Additional research 

that examines the nature of data gathered for participants on the autism spectrum that 

examines additional treatments is highly warranted to be able to generalise the findings of 

this aspect beyond what was identified with self-management and exercise interventions.   

Should additional research on the volume of data points gathered in SCD studies for 

participants with ASD support the initial findings of this current research, treatment effect 

calculation considerations for this sub-community may be accounted for in the 

recommendations developed at for the broader field of educational psychology.  

Arguably, the ability to independently set appropriate goals is an essential skill for 

children and adults on the autism spectrum.  This line of research has been identified as a 
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teachable skill yet appears largely under-researched with this population.  Ongoing research 

that explores ways in which goal setting skills can be effectively taught appears highly 

warranted.   

The findings from the meta-analysis have identified self-management based 

interventions as an evidence-based practice for this population.  While this technique has 

been applied to social skill development, it has been noted that physical activity has been 

largely overlooked in the studies included in the review.  Ongoing research incorporating 

self-management techniques may help children and adults on the autism spectrum to develop 

the skills required to engage in a physically active lifestyle.  In turn, this may assist in 

expanding opportunities to engage socially with neurologically typically developing peers.  It 

is plausible that overcoming these barriers to participation may contribute positively to 

regulation of sleeping and eating patterns, and potentially assist in alleviating co-morbid 

depression.  Pursuing this line of research appears justified.   

8.6 Contribution to Knowledge 

This study has made a contribution to the literature via a series of four published 

papers.  Each paper has presented the research methods and subsequent analysis in a format 

that will allow other researchers in the field to replicate the processes that were adopted.  The 

papers have each been subjected to the rigour of peer review prior to publication in notable 

US academic journals of specific interest to stakeholders in the autism field.  A contribution 

to knowledge has been established by building upon current research issues, and through the 

analysis and interpretation of findings from the data collated for this thesis.   

The first paper has identified that short data sets appear to be the norm for SCD 

research working with participants with ASD.  In particular, graphs of this data revealed a 

declining trend in length of data sets that are being collected, with older studies presenting a 
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greater volume of data points than more recent studies.  However, examination of the 

participant behaviour descriptions revealed that for many participants involved in 

interventions for which the target behaviour was development or improvement of a skill, 

challenging behaviour was also an issue.  Such behavioural issues may present challenges to 

researchers, peers, or the participant and the collection of additional data presents a 

significant ethical dilemma.  The likelihood of collecting greater volumes of data points in 

future interventions appears improbable in many instances.  This finding is of particular 

importance to the current debate in the literature in which the merit of regression based 

treatment effect calculations has not been dismissed.  The research conducted from this 

current paper has suggested that a non-parametric based treatment effect calculation is 

preferable for the ASD sub community of SCD researchers and regression calculations 

appear not suitable.  

The second paper compared the widely adopted PND treatment effect score to two 

newer non-parametric calculations that can be performed by hand, PAND and NAP, both 

identified in recent literature as improving upon PND.  However, the research conducted for 

this sensitivity analysis surprisingly found that while PAND has gained recent popularity in 

published educational psychology literature, this calculation appears the least preferable for 

the ASD sub-community of researchers working with SCD data.  A significant number of 

studies reported an insufficient volume of data for the PAND calculation to be applied.  

Further, while the broader literature noted that a phi or phi
2
 correlation coefficient can be

calculated, this study identified that meaningful interpretation guidelines are currently absent 

from the literature for the researchers working in the autism field.   

Findings from the current examination of the NAP calculation with self-management 

intervention data that is specific to participants with ASD have also made a timely 

contribution to the ongoing debate in the field.  Specifically, unlike either PND or PAND, the 
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NAP hand calculation was applicable for all data series.  The apparent short nature of the 

self-management data for participants with ASD resulted in a relatively straight forward hand 

calculation.  Another important contribution to the ongoing debate made by the findings of 

this current sensitivity analysis was that the tentative interpretation scale currently proposed 

by the original authors of NAP uses a four banding scale that varies from that of the widely 

adopted PND.  In the concluding comments of the published sensitivity analysis, stakeholders 

reviewing research that has employed NAP have been cautioned to be aware of potentially 

misinterpreting treatment effect scores and descriptions of strength of treatment effect when 

comparing to earlier research that has employed PND scores.  In particular, care is urged such 

that newer research reported using NAP is not unintentionally perceived as resulting in a 

greater strength of treatment effect.  Surprisingly, in contrast to widely accepted critique, 

PND was found to be applicable to the majority of data that was included in the sensitivity 

analysis.  In light of this finding, and in consideration of the potential misinformation in the 

absence of an agreed upon interpretation scale, current continued use of the PND method was 

argued.   

The meta-analysis on self-management has also made a contribution to the field, as 

this current study was the first to apply quality assessment guidelines to the body of self-

management interventions conducted with participants on the autism spectrum.  The findings 

of the meta-analysis that focused on skill development or acquisition of a new skill as the 

target behaviour, suggested that there is sufficient evidence to conclude that self-management 

is an evidence-based treatment for this population.  Unlike earlier systematic reviews in this 

specific area, this current meta-analysis reported that intervention outcomes are successful 

not only with very young children but also with older students and young adults.  This meta-

analysis has also identified recent extension of self-management techniques to the 

development of various academic tasks.  The meta-analysis excluded from the data set any 



Page | 121 

studies in which a reduction in problem or challenging behaviours served as the target 

behaviour.  Surprisingly, the study identified that a reduction in these undesired behaviours 

was described as a collateral benefit of almost one third of the studies that focused on skill 

acquisition or improvement.   

Finally, while goal setting has been widely studied in the broader literature, the self-

management study and subsequent systematic review of goal setting interventions conducted 

in Paper 4 has ironically revealed that these techniques are largely overlooked in 

interventions conducted with participants with ASD.  This systematic review has identified 

that goal setting components are almost always confounded with other intervention 

components.  The most common was self-monitoring, which was included in two thirds of 

the studies, and feed-back which was included in half of the studies.  This finding is 

consistent with an earlier claim made by Southall and Gast (2011) in their self-management 

literature review, in which those authors argued the merit of further research into the specific 

components of self-management interventions to identify the relative contribution of each.  

The goal setting review conducted for this thesis has contributed to this argument by adding 

further evidence that components appear to be confounded.   

The goal setting review, while noting that goal setting skills appear teachable, 

observed no clear differential pattern is evident between studies in which a researcher or 

participants set goals.  A proposed research agenda specific to the ASD population was 

suggested in Paper 4.  The research agenda has made a timely contribution to the field by 

identifying a paucity of research that has used goal setting techniques to assist individuals 

with ASD to develop a physically active lifestyle.  In looking forward, this review has also 

suggested that future researchers program interventions to optimize generalization and 

maintenance of treatment effects, as the information to date gathered in the review reported 

variable findings in these areas.     
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