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Abstract 

A wealth of empirical research has focused on the executive function (EF) 

ability of autistic people. This research initially focused predominantly on establishing 

whether EF difficulties could be causal to the development of autistic traits. More 

recently, the focus has been on establishing the role of EF in explaining the life chances 

of autistic people. In this thesis, I aimed to test whether the conclusions drawn from 

traditional laboratory-based EF assessments have a bearing on the everyday lives of 

autistic young people. To address this aim, In Chapter 2, I examined whether the group 

differences between autistic and non-autistic participants on EF assessments commonly 

reported in the literature result from differences in the latent executive constructs 

underlying task performance or from task-specific, non-executive characteristics. In 

Chapter 3, I assessed whether group differences in EF ability emerged on a 

representatively-designed measure of EF. In Chapter 4, I investigated whether other 

metrics of real-world functional adjustment were related to individual differences in 

performance on both the systematically-designed and on the representatively-designed 

EF tasks, described in Chapters 3 and 4, respectively. In Chapter 5, I sought to 

understand the personal and parental perspectives about the executive abilities of 

autistic young people and the realities of these (dis)abilities on everyday life. Finally, in 

Chapter 6, I discuss how the findings from this thesis relate to the extant literature 

before making five recommendations on approaches I believe will move the discipline 

of EF research with autistic people forward. Namely, that to understand how EF 

difficulties relate to the lives of autistic people, future research should; (i) validate 

systematically-designed tasks against real-world measures with autistic populations, (ii) 

employ representatively-designed tasks to capture functional abilities, (iii) triangulate 

objective assessment with subjective reports, (iv) conduct carefully controlled 

experiments to elucidate the mechanisms underlying everyday executive difficulties and 
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(v) conceptualise of EF in autism within a dimensional, rather than a categorical, 

framework. 
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Chapter 1 

General Introduction 

 

This thesis focuses on whether a set of cognitive abilities that include working 

memory, flexibility and inhibition, collectively referred to as executive function (EF), 

differ for autistic1 people. Specifically, it will test whether a measure of EF designed to 

be representative of a real-world environment in which EF might typically be employed 

is especially sensitive to group differences between autistic and non-autistic adolescents. 

Furthermore, it will consider whether individual differences in EF ability in a task that 

represents real-world executive demands or in more traditional neuropsychological EF 

tasks are differentially related to variation in quality of life, mental health or self-

reported (dis)ability. Finally, it will provide an opportunity for young autistic people to 

share their own experiences of their EF abilities and to add their voices to a literature 

that has hitherto excluded their perspectives. 

In the present chapter, I will consider what autism is, how it is diagnosed, and 

what we know about its causes and brain basis. I will then detail cognitive theories of 

autism, which serve to link the biological and behavioural profiles in autism. Finally, I 

review in detail the literature that focuses on what EF is, how it is measured and its 

relationship with autism before setting out the rationale for the studies that form this 

thesis.  

                                                 
1 In this thesis, I use identity-first language (e.g. ‘autistic person’) rather than person-first language (e.g., 

‘person with autism’, ‘person who has autism’) in deference to the majority of autistic people (Kenny et 
al., 2016; Sinclair, 1999) and to reduce stigma (Gernsbacher, 2017). 
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What is autism? 

History of autism. In approximately 1908 a Swiss Psychiatrist named Eugen 

Bleuler coined the term ‘autism’ in his Zürich clinic. The first published record of 

autism was when Bleuler (1911) referred to a specific cluster of behaviours that a subset 

of patients with schizophrenia showed, ‘autistic detachment’, which, according to 

Bleuler was a vital “detachment from reality with the relative and absolute 

predominance of the inner life” (p. 63). It was not until the 1940s, though, when autistic 

behaviour began to be considered a distinct condition worthy of consideration. In a now 

seminal paper, Leo Kanner (1943) presented eleven case studies of children who all 

appeared to show some degree of detachment from the social world, overly routinised 

or ritualistic behaviour and, in some cases, an ambivalence towards communicative cues 

that would typically command attention.  

Within months of this paper’s publication, a Viennese Psychiatrist named Hans 

Asperger (1944) published a paper entitled ‘Autistic psychopathy in childhood’ with 

some striking similarities to Kanner’s case descriptions, including that they both 

independently used the term ‘autism’. There were, however, some important 

discrepancies in these early accounts. Asperger believed autism was not a rare condition 

and that it could affect people on a continuum of cognitive ability, whereas Kanner’s 

definition was much narrower and many of his case studies focused on children who 

had little or no expressive language. Further, Asperger believed autism had a 

neurological cause while Kanner’s psycho-analytic contemporaries inspired him to 

suggest that maternal coldness was the trigger for the behaviour he had been observing 

(Kanner, 1949) – a  suggestion that paved the way for a now discredited but nonetheless 

continually damaging Refrigerator Mother Hypothesis (Bettelheim, 1959).  

These early descriptions of autism were the bedrock which ultimately led to the 

inclusion of infantile autism in the Diagnostic and Statistical Manual for Mental Disorders, 

third edition (DSM-III; American Psychiatric Association [APA], 1980), for the first 
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time, facilitating autism diagnoses to be made. Lorna Wing (Wing, 1981) described 

autism as a spectrum condition incorporating both Kanner and Asperger’s descriptions 

whereby people had a constellation of symptoms within three domains: social 

interaction, social imagination and communication. Accordingly, the fourth edition of 

the manual (DSM-IV; APA, 1994), replaced infantile autism with a spectrum of related 

neurodevelopmental conditions, under the umbrella term ‘pervasive developmental 

disorder’, including autistic disorder, Asperger’s disorder and pervasive developmental 

disorder not otherwise specified (PDD-NOS).  

The diagnosis of autism relied on a person having behavioural difficulties 

beginning in childhood including marked difficulties with interaction, verbal or non-

verbal communication and restricted, repetitive and stereotyped behaviours or interests 

(APA, 2000). The distinction between Asperger’s disorder and autistic disorder, the 

latter of which more closely matched Kanner’s (1943) description, was drawn based on 

the absence of an intellectual disability (ID) or language delay in Asperger’s disorder. A 

PDD-NOS diagnosis, instead, was given when some but not all the criteria for autistic 

disorder or Asperger’s disorder were met. The DSM-IV criteria were, however, replaced 

because research repeatedly failed to reliably distinguish between these supposed 

subtypes of autism (Grzadzinski, Huerta, & Lord, 2013) and diagnostic practises were 

inconsistently applied across clinical settings (Lord, Petkova, Hus, Gan, & Lu, 2012). 

Current diagnostic features of autism. The 2013 publication of the fifth, 

revised edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; 

APA, 2013) brought considerable changes to the diagnostic category2, including 

renaming Pervasive Developmental Disorders as Autism Spectrum Disorder (hereafter, 

‘autism’). Autism, as defined in DSM-5, involves persistent difficulties in two, rather 

                                                 
2 There is an alternative diagnostic manual published by the World Health Organization, called the 

International Classification of Diseases, eleventh edition (ICD-11; WHO, 2018). The ICD-11 largely 
mirrors the DSM-5 except that it provides more detailed instructions to differentiate between those with 
and without an intellectual disability and places less emphasis on the type of play engaged in by children, 
to reduce the influence of cultural differences on diagnosis. 
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than three, domains: ‘social communication and interaction’ and ‘restricted, repetitive 

patterns of behaviours or interests’ (RRBs; APA, 2013). The first of these, often referred 

to as the social domain, describes an atypical pattern of social behaviour involving, each 

of the following three types of social difficulties. First, having difficulties with social 

reciprocity, for example, reduced inclination toward social engagement, unusually one-

sided conversations or interactions that are not well sustained. Second, people on the 

autism spectrum are also less likely to naturally integrate eye gaze and gestures with 

speech during social interactions. Third, autistic people can also have difficulties 

understanding the nature of typical social relationships, for instance, the differences 

between a friend and romantic partner, and problems developing and sustaining such 

relationships. 

The second, so-called non-social, domain of autism symptoms describes specific 

behaviour that must be present, in addition to that described above, to receive an autism 

diagnosis. The behaviour described in this domain includes: (i) stereotyped or repetitive 

motor movements; (ii) an insistence on sameness or inflexible adherence to routines; (iii) 

highly restricted, fixated interests and (iv) hyper- or hypo-reactivity to sensory input or 

an unusual interest in sensory aspects of the environment. At least two out of these four 

types of behaviours must be present for somebody to receiver a diagnosis. These 

difficulties could be apparent, for example, when an autistic person systematically lines 

up items (e.g., toy cars), engages in verbal routines like compulsively listing items (e.g., 

names of stations on the London Underground network) or shows an intense interest in 

a pattern (e.g., the shapes created by a spinning top). Others on the autism spectrum 

might display these non-social features through an inflexible observance of a routine, 

for example, eating the same food, at the same time, in the same place each day. 

Another person, instead, might be compelled to obey ritualised behaviours, for example, 

being unable to leave a classroom until all the chairs are neatly under the tables. 

Unexpected changes to routines or the inability to complete a ritual can lead to distress, 
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or in some cases can precipitate a meltdown (an intense reaction to an overwhelming 

situation) or shutdown (a retreat inward to cope with an overwhelming situation). 

Showing restricted, intense interests, for example, an affinity for Disney sidekicks or a 

highly-specific, unusual interest in the inner workings of door locks, is another 

characteristic behaviour of autism. The DSM-5 introduced unusual sensory experiences 

as a core diagnostic symptom of autism for the first time, reflecting the considerable 

impact sensory differences have on the lives of autistic people3. 

Autism is a developmental rather than an acquired condition, and core 

symptoms must therefore be present in the first years of life (APA, 2013). Across 

development it becomes increasingly likely that learned skills mask symptoms, 

complicating assessment and diagnosis in adolescence or adulthood (Livingston & 

Happé, 2017). The absence of a reliable biological diagnostic assessment means there is 

no objective threshold where a neat distinction is made between being autistic and being 

non-autistic. Instead, the distinction is based on whether a person has a constellation of 

the social and non-social behavioural symptoms described above and, crucially, that 

these symptoms cause ‘clinically significant’ impairments in social and/or occupational 

functioning; a decision that is typically reached by a multi-disciplinary team of clinicians.  

The specific cluster of autistic features that combine to create a clinically 

significant impairment varies widely from person to person, resulting in heterogeneous 

symptom profiles (Mandell, 2011). To help demarcate this heterogeneity, clinicians 

specify a person’s symptom severity in each domain based on whether they are 

‘requiring support’, ‘requiring substantial support’, or ‘requiring very substantial support’ 

(APA, 2013). Clinicians use observation tools such as the Autism Diagnostic 

Observation Schedule – Second edition (ADOS-2; Lord, Rutter, et al., 2012) and 

                                                 
3 While DSM-5 included sensory sensitivity as a core diagnostic autism trait, the ICD-11 
did not include sensory sensitivity and so diagnosis may vary as a function of 
geographical location and diagnostic manual employed. 
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interview tools such as the Autism Diagnostic Interview – Revised (ADI-R; Lord, 

Rutter, & Le Couteur, 1994) to help in the decision-making process surrounding autism 

diagnosis. Observation and interview tools are often supplemented with questionnaire 

measures of autism symptomatology such as the Social Responsiveness Scale – Second 

edition (SRS-2; Constantino & Gruber, 2012), the Social Communication Questionnaire 

(Rutter, Bailey, & Lord, 2003) or the Autism Quotient (Baron-Cohen, Wheelwright, 

Skinner, Martin, & Clubley, 2001).  

Co-occurring conditions. As well as heterogeneous profiles of core autism 

features, autism very often co-occurs with a range of other conditions; something 

referred to in the medical literature as ‘comorbidity’ (Leyfer et al., 2006). A DSM-5 

autism diagnosis should specify whether somebody has any accompanying language, 

intellectual, neurodevelopmental, mental, genetic or behavioural conditions (APA, 

2013). Here, I introduce the most common conditions that co-occur with autism. 

Co-occurring intellectual disabilities. The likelihood of an autistic person 

having an intellectual disability (ID) is much higher than that of a non-autistic person, 

with between 30 and 50% of autistic people estimated to have an ID (Centers for 

Disease Control and Prevention [CDC], 2014; Charman et al., 2011; Idring et al., 2012). 

Autism does not, however, have a specific profile of intellectual ability; autistic people 

span the whole range of possible intellects from profound ID to exceptional ability 

(Charman et al., 2011). ID has an onset during the developmental period that includes 

both intellectual and adaptive functioning difficulties in conceptual, social and practical 

domains (APA, 2013). IDs are defined as a score that falls two standard deviations or 

more below the population mean on a standardised IQ test, in other words, obtaining 

an IQ score of 70 or below. Adaptive functioning difficulties are defined as a failure to 

meet developmental and sociocultural standards for personal independence and social 

responsibility (APA, 2013). My interest is to understand whether autistic young people 

who do not have an ID are more likely than non-autistic young people to have specific, 
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subtle cognitive difficulties, namely with EF, that can impact on their daily lives. I am 

interested in these skills because, unlike IQ, they are rarely assessed in clinical practice. 

The consequence is that if these skills do impact on people’s life chances but often go 

undetected then supports that may mitigate against these difficulties are not often tested 

in the scientific literature or applied in daily life. This thesis therefore focuses on those 

who do not meet the criteria for an ID, based on having an IQ within at least the 

average range (i.e., IQ scores greater than 70), although these individuals may 

nevertheless have difficulties with adaptive functioning. I will refer to this group 

henceforth as being ‘cognitively able’.  

Co-occurring psychiatric diagnoses. People on the autism spectrum also 

have an increased likelihood of experiencing co-occurring psychiatric conditions. One 

UK  population-based study found that 70% of autistic children had at least one such 

co-occurring condition, 40% had at least two (Simonoff et al., 2008), the most common 

of which were anxiety disorders (42%), oppositional defiant disorder (ODD; 30%) and 

attention-deficit hyperactivity disorder (ADHD; 28%). Rates of co-occurring conditions 

are likely substantially higher than these figures when samples are not population-based 

but instead recruited in the clinic or community. For example, when a sample of autistic 

children accessing a psychopharmacology service were systematically screened for co-

occurring conditions, 95% of them had three or more additional psychiatric conditions, 

74% had five or more (Joshi et al., 2010). Neither cognitive ability nor autism symptom 

severity is sufficient to predict comorbidity rates (Simonoff et al., 2008; Strang et al., 

2012) 

The high rate of comorbidity in autism persists well into adolescence and 

adulthood (Joshi et al., 2013; Simonoff et al., 2013). The most commonly reported co-

occurring conditions were mood and anxiety disorders, both of which are reported to 

affect approximately half of autistic adults at any given time (Joshi et al., 2013; Lever & 

Geurts, 2016). When lifetime occurrence is assessed this number rises to approximately 



25 
 

70% (Lugnegård, Hallerbäck, & Gillberg, 2011). This rate is markedly high compared 

with typically developing individuals (Lever & Geurts, 2016) and is twice as high, on 

average, as the rate among psychiatrically referred, non-autistic adults (Joshi et al., 2013). 

The reasons why autistic people have higher rates of other conditions is not well 

understood, a recent suggestion has been that we may gain more understanding of these 

co-occurrences by using temporal language to describe whether a condition is ‘truly co‐

occurring’, ‘resulting from’, or ‘associated with’ autism (Rubenstein & Bishop-

Fitzpatrick, 2018). One fundamental, although hitherto unanswered, question remains: 

do these patterns of psychiatric symptoms in autism represent phenotypic 

manifestations of autism or are they instead an expression of distinct, but co-occurring 

conditions (Mazzone, Ruta, & Reale, 2012)?  

Diagnosing co-occurring psychiatric conditions in autism remains a challenge, as 

diagnostic criteria rarely account for the autism-specific manifestations of these 

conditions. When a diagnostic tool is adapted to reduce the likelihood of misidentifying 

autistic features as symptoms from other conditions, for example, ODD, the criteria for 

additional diagnoses are often no longer met (Mazefsky et al., 2012). Further, many 

autistic people report finding it difficult to determine if they are experiencing mental 

health difficulties or if they are experiencing difficulties associated with being autistic in 

a world designed for non-autistic people (Crane, Adams, Harper, Welch, & Pellicano, 

2018). Recognising and supporting these additional difficulties is critical. For many 

autistic people and their allies, their mental health difficulties, the associated stigma and 

a lack of public accommodations can have a greater perceived impact on their lives than 

does their being autistic (Ozsivadjian, Knott, & Magiati, 2012).  

Medical comorbidities. Young people on the autism spectrum have been 

shown to have higher rates of many medical conditions including seizure, sleep 

disorders, gastrointestinal and metabolic disorders, hormone dysfunction, obesity and 

nutritional deficits, when compared with non-autistic children and adolescents (Bauman, 
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2010). Similarly, a comparison of 1,500 autistic and 15,000 non-autistic people 

demonstrated that almost all medical conditions were more common in the autistic 

population (Croen et al., 2015). Croen et al.’s comparison of privately insured adults in 

the US showed that among those on the autism spectrum, the following conditions 

occur more often: immune, gastrointestinal, sleep and blood disorders, seizure, obesity 

and diabetes. The higher incidence in autism remains for relatively rare conditions such 

as stroke and Parkinson’s disease (see Mannion & Leader, 2013, for a review). 

Additionally, the presence or absence of co-occurring conditions appears to impact the 

age at which somebody is first evaluated for autism (Soke, Maenner, Christensen, 

Kurzius-Spencer, & Schieve, 2018). Consequently, research about autism must consider 

co-occurring intellectual, psychiatric and medical conditions.  

Prevalence 

Presently, between one and two per cent of the population are estimated to be 

autistic (Baird et al., 2006; Brugha et al., 2011; Idring et al., 2012; Kim et al., 2011; The 

Centers for Disease Control and Prevention, 2014). The prevalence of autism has 

rapidly increased over the past two decades. For example, the CDC in the United States 

have reported prevalence rates increasing from 1 in 150 in 2002 (The Centers for 

Disease Control and Prevention, 2007), to 1 in 110 in 2006 (The Centers for Disease 

Control and Prevention, 2009), to 1 in 88 in 2008 (The Centers for Disease Control and 

Prevention, 2012) with the latest estimate remaining stable at 1 in 68 between 2010 and 

2012 (The Centers for Disease Control and Prevention, 2014, 2016). Unlike the United 

States, an analysis of the UK General Practice Research Database showed that 

prevalence rates remained stable in the UK between 2004 and 2010 (Taylor, Jick, & 

MacLaughlin, 2013). Whether there is a true rise in autism incidence is not fully 

understood but the evidence suggests that rising prevalence can mostly be accounted for 

by methodological issues in early studies, changes in diagnostic practices, increasing 

practitioner and public awareness of autism, and diagnostic substitution (Gernsbacher, 
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Dawson, & Goldsmith, 2005; Hansen, Schendel, & Parner, 2015; Rice et al., 2012; 

Shattuck, 2006). This conclusion is bolstered by broadly similar prevalence rates 

worldwide, which appear to vary as a function of autism awareness, service availability 

and broadening diagnostic concepts (Elsabbagh et al., 2012). 

Sex differences in prevalence rates. According to DSM-5, autism is 

“diagnosed four times more in males than in females” (APA, 2013, p. 57). This 

commonly-reported male-to-female ratio is found with striking regularity in 

epidemiological studies (see Fombonne, 2009, for review), although it is lower in 

samples of autistic individuals with co-occurring IDs (Skuse et al., 2009). A recent meta-

analysis supported a male preponderance in diagnoses but showed that, in higher quality 

studies, particularly those employing active case ascertainment, male-to-female ratios 

were closer to 3:1 (Loomes, Hull, & Mandy, 2017). There is compelling evidence that 

the female sex confers a protective effect against autistic behaviour; females require a 

greater inherited etiological load before expressing the autism phenotype (Jacquemont et 

al., 2014; E. B. Robinson, Lichtenstein, Anckarsäter, Happé, & Ronald, 2013; Skuse, 

2007). One potential biological candidate to explain the female protective effect is that 

sex hormones, testosterone in particular, may affect the liability for developing autism 

(Auyeung, Taylor, Hackett, & Baron-Cohen, 2010; Baron-Cohen, 2002).  

Despite the likely role of biological explanations for the male-to-female ratio, the 

discrepancy may be exacerbated by longstanding, systematic diagnostic biases that 

render male-centric diagnostic instruments inappropriate for women and girls (Loomes 

et al., 2017; Mandy et al., 2012). Stereotypes about gender normative behaviour and 

about autism being a male condition (Bargiela, Steward, & Mandy, 2016) combined with 

autistic females’ relatively greater sociality and increased likelihood of masking their 

difficulties, known as ‘camouflaging’ (Hull et al., 2017; Lai et al., 2016; Mandy et al., 

2012), could result in people being less sensitive to autistic traits in females. Subtle 

differences in the behavioural manifestation of autism in cognitively able women and 
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girls, for example, showing less externalising behaviour, mean women and girls may be 

less likely to be detected with standard diagnostic instruments (Hiller, Young, & Weber, 

2014; Sedgewick, Hill, Yates, Pickering, & Pellicano, 2016; Werling & Geschwind, 

2013). The cumulative effect of which has resulted in a generation of autistic females 

who were misdiagnosed, diagnosed at older ages or who missed out on a diagnosis all 

together (Werling & Geschwind, 2013). 

Aetiology 

There is a strong genetic liability in the aetiology of autism, as is evident from 

familial recurrence rates (Sandin et al., 2014) and twin studies (Bailey et al., 1995; 

Folstein & Rutter, 1977; Rosenberg et al., 2009). Alongside heritable genetic 

contributions, rare non-inherited genetic lesions, known as de-novo mutations, have 

been shown to be causally related to autism (Ronemus, Iossifov, Levy, & Wigler, 2014), 

albeit to a lesser extent than common heritable variants (Gaugler et al., 2014). Autism is 

predicted to involve more than 1,000 genes (De Rubeis et al., 2014), although certain 

monogenic disorders (e.g., Fragile X syndrome, Tuberous Sclerosis) are associated with 

autistic symptoms (Tsai & Sahin, 2011). The diversity of autism aetiologies have led to 

calls by some to consider autism as a grouping of conditions collectively known as “the 

autisms” and not as a monolithic condition (Geschwind & Levitt, 2007; London, 2014). 

Environmental factors such as increasing parental age, birth complications, caesarean 

section as well as obesity and diabetes during pregnancy also have a modest role in the 

aetiology of autism (for a review, see Modabbernia, Velthorst, & Reichenberg, 2017), 

which have complex relationships with genetic liability through a series of gene-

environment interactions and gene-environment correlations (Mandy & Lai, 2016).  

Dimensional psychological approaches. The DSM was introduced to bring 

about reliable diagnosis, but it has been repeatedly criticised for adopting an eminence-

based rather than evidence-based approach (London, 2014). That is, the DSM describes 

observable individual characteristics (called phenotypes), sorts them into clusters (called 
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symptoms) and people decide the distinct categories (called diagnoses) to which the 

symptoms belong. The decisions underlying this system are based on the consensus of a 

group of people deemed by the APA to be sufficiently eminent to make such decisions. 

This categorical classification system is useful insofar as it provides a shared 

nomenclature to clinicians and researchers but may be impeding scientific progress 

because, despite the reification of diagnoses, evidence for their reliability and validity 

remains wanting (Hyman, 2010). For instance, DSM categories tell us little about 

aetiology; lack reliable biological markers; have widely varying and poorly predictable 

prognoses; have multiple comorbidities, often resulting in diagnostic overshadowing; 

lack clear boundaries between disorder and typicality or between different disorders; 

symptoms lack rigorous definitions; and conditions are not predictably responsive to 

intervention (L. A. Clark, Watson, & Reynold, 1995; London, 2014; Mason & Scior, 

2004).  

The above-mentioned concerns also apply specifically to autism. First, DSM 

categorisation has resulted in limited understanding of the aetiology of autism. Second, 

the absence of reliable biological markers necessitates behavioural diagnosis (Volkmar et 

al., 2014). Third, prognosis is highly variable, and we do not know which factors predict 

it well. Fourth, as discussed above, autism has multiple comorbidities. One diagnosis 

often overshadows another, for example, an autistic person with excessive worry might 

be significantly more affected by their anxiety than by being autistic (Damiano, 

Mazefsky, White, & Dichter, 2014). Furthermore, we do not understand whether one 

developmental condition increases the likelihood of having another, whether 

misdiagnosis is common, or whether comorbidity is the result of diagnostic categories 

that do not reflect the true nature of these conditions (Caron & Rutter, 1991). Fifth, the 

distinction between being autistic and non-autistic is blurry, behavioural autistic traits 

are normally distributed in the population and the delimitation between autism, the 

‘broader autism phenotype’ and non-autistic behaviour is arbitrary (Lundström et al., 
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2012). Finally, symptom descriptions remain vague and subjective. The clustering of 

symptoms necessary and sufficient for diagnosis is also imprecise and consequently 

people on the autism spectrum often show non-overlapping aetiologies and behavioural 

presentations (Betancur, 2011).  

The International Classification of Functioning, Disability and Health. 

Due to the shortcomings listed above, diagnostic labels alone do not provide sufficient 

information about how a condition, such as autism, impacts on an individual’s daily 

functioning, their self-perceived disability and by extension, their quality of life (Bölte et 

al., 2014). The International Classification of Functioning, Disability and Health (ICF) is 

a World Health Organization (WHO) framework for measuring health and disability at 

both individual and population levels that is designed to supplement diagnostic labels to 

redress the shortcomings of diagnostic labels (WHO, 2001). The ICF is founded on the 

biopsychosocial model of functioning, which suggests that we must understand how a 

given condition affects a person’s life by considering the intermeshed influences of the 

biological, psychological and societal consequences of having that condition (Rauch, 

Lückenkemper, & Cieza, 2012). Accordingly, the ICF aims to conceptualise a person’s 

level of functioning as the outcome of a complex interaction between health, body 

functions and structures, activities and participation, environmental and personal 

factors. The interaction among these components, within this account, are dynamic and 

bidirectional.  

A working group employed a rigorous, iterative process to link the ICF concepts 

to the functional outcomes associated with autism. To do this, a systematic review of 

the literature (de Schipper et al., 2015), a qualitative exploratory study (Mahdi et al., 

2018), an online survey of 225 autism experts (de Schipper et al., 2016) and an 

international meeting of 20 autism experts (Bölte et al., 2018) were conducted. These 

studies collectively selected 164 candidate categories from the wider ICF framework and 

identified them as being most relevant to autism. These categories were then separated 
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into three developmentally appropriate core-sets for (i) pre-school children, (ii) school-

age children and young people and (iii) older adolescents and adults (Bölte et al., 2014; 

Gan, Tung, Yeh, Chang, & Wang, 2014). It is noteworthy that the working group here 

consisted of experts in research methodology and clinical practice rather than those with 

lived experience of being autistic, which may have resulted in different appraisals of the 

functional outcomes in autism, for example, including the sensory environment in the 

adult core set. Despite these developments, no user-friendly questionnaire to assess 

these autism-specific ICF core-sets is yet available. The World Health Organisation 

Disability Assessment Schedule, second edition (WHODAS-2; Garin et al., 2010) has 

been devised as a brief general measure of self- or informant-rated disability to be used 

across conditions within the ICF framework. 

Autism as a deficit, difference or both.  

Autism was first described by, and remains under the control of, medical 

communities and so a medical-model slant that considers autism as a ‘deficit’, ‘disease’ 

or ‘disorder’ to be cured or prevented has been traditionally endorsed, either implicitly 

or explicitly. Autism’s place in medical diagnostic manuals has however grown 

increasingly uncomfortable with repeated calls to adopt a social model of disability that 

recognises that disability is caused, not by individual differences in ability, but rather by 

societal responses to those who are different (Hacking, 1999; Oliver, 2013). An 

intermediate position, termed the social relational model of disability (C. Thomas, 2004), 

is that the extent to which a person is disabled or enabled involves a complex interplay 

between the biological and cognitive differences they have and the societal response, or 

lack thereof, to those differences. 

The Autistic community have increasingly challenged and shifted the notion of 

how autism ought to be understood (Bagatell, 2018). One such activist, Judy Singer 

(1999) coined the term ‘neurodiversity’ to draw a parallel between the importance of 

diversity for thriving social environments and the use of the word biodiversity to 
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highlight the importance of biological diversity for thriving physical environments. 

Importantly, a large US survey showed that, among autistic respondents, ascribing to the 

neurodiversity paradigm was associated with whether somebody conceived of their own 

autism as a positive difference, a deficit or both (Kapp, Gillespie-Lynch, Sherman, & 

Hutman, 2013). 

The neural correlates of autism 

Autistic people’s brains are different from the brains of non-autistic people. We 

are still learning precisely how they are different, but some evidence has accumulated in 

recent years about the differences in structure and in function. 

Brain structure. Studies employing structural magnetic resonance imaging 

show, that young children on the autism spectrum have increased brain volume 

compared with non-autistic 2-4 year olds, mostly in frontal and temporal regions, which 

disappear by adolescence, followed by atypically rapid decline in adulthood (Carper, 

Moses, Tigue, & Courchesne, 2002; Courchesne, 2002; Courchesne et al., 2011; Lange et 

al., 2015). Both excessive (Thomas, Davis, Karmiloff-Smith, Knowland, & Charman, 

2016) and reduced (Frith, 2004) synaptic pruning have been proposed to explain these 

differences.  

With respect to grey matter, a large-scale study found increasing left lateralised 

cortical thickness in autistic people from age 6 years onwards, which diminished with 

age, and correlated with symptom severity (Khundrakpam, Lewis, Kostopoulos, 

Carbonell, & Evans, 2017). With respect to white matter, diffusion tensor imaging has 

shown reduced structural integrity of long range brain connections (Aoki, Abe, 

Nippashi, & Yamasue, 2013; Shukla, Keehn, Smylie, & Müller, 2011) but increased 

integrity in some short range connections, for example, within the corpus callosum 

(Wolff et al., 2015). White matter integrity appears to be less linked with age among 

autistic adolescents in the right superior longitudinal fasciculus, a region associated with 

flexible behaviour (Lisiecka et al., 2015). Localised structural differences in autism are 
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wide ranging, including in the dorsolateral prefrontal, medial-frontal, orbitofrontal, 

inferior-frontal, anterior cingulate, and posterior parietal cortices; the superior temporal 

sulcus and fusiform gyrus; the amygdala, hippocampus, thalamus, basal ganglia; and in 

the cerebellum (for reviews see, Amaral, Schumann, & Nordahl, 2008; and Ecker, 2017). 

Brain function. Studies in which participants undergo functional magnetic 

resonance imaging, electroencephalography, magnetoencephalography and functional 

near-infrared spectroscopy while completing motor, visual processing, EF, auditory and 

language and social cognitive tasks have revealed patterns of activation in the brains of 

autistic participants that differ from non-autistic participants (O’Reilly et al., 2017; Philip 

et al., 2012). Results from functional neuroimaging studies are heterogeneous but, taken 

together, tend to suggest that subtle modulation of brain function in response to 

changes in task demands, under-activation in response to social stimuli and reduced 

recruitment of the prefrontal regions typically employed to complete EF tasks are 

characteristic of autism. One of the most reliable findings is that intra-participant and 

trial-by-trial variability is greater in autistic compared with non-autistic participants 

(Haigh et al., 2016; Milne, 2011). 

Cognitive theories of autism 

The heterogeneity in findings about the biological underpinnings and 

characterising behaviour in autism have made linking the two a complex, often 

unsuccessful task. Motivated to bridge the gap between brain and behaviour, Frith, 

Morton and Leslie (1991) suggested that cognition may be the elusive node needed to 

tie the assorted findings from the disparate research disciplines together. A huge amount 

of research emerged aiming to uncover the singular cognitive atypicality that could 

explain the manifold behaviour seen in autism and act as a halfway point or 

endophenotype between autistic behaviour and its supposed biological cause. An in-

depth review of all cognitive accounts of autism is beyond the scope of this thesis (for a 

review of the classic theories see, Happé, 1994; and for a review of the empirical 
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literature see, Pellicano, 2012; Rajendran & Mitchell, 2007) but the most prominent 

accounts are introduced briefly below.  

Theory of Mind. In brief, theory of mind (ToM) refers to the ability to impute 

a mental state to oneself and to other people (Premack & Woodruff, 1978). Cognitively 

able autistic adults struggle, relative to non-autistic adults, to attribute emotional states 

to others based on information from their eyes alone (Baron-Cohen, Jolliffe, 

Mortimore, & Robertson, 1997). While autistic adults pass explicit false-belief tasks such 

as the Sally-Anne task, they show differences in anticipatory looking patterns on single 

trial (Senju, Southgate, White, & Frith, 2009) and multiple trial (Schneider, Slaughter, 

Bayliss, & Dux, 2013) analogues of these classic tasks, suggestive that an implicit ToM 

difficulty persists into adulthood. Although, this difference attenuates when participants 

have more experience (Schuwerk, Vuori, & Sodian, 2015) and recently failed to replicate 

(Schuwerk, Priewasser, Sodian, & Perner, 2018), possibly undermining the legitimacy of 

implicit ToM assessments.  

Weak central coherence. The weak central coherence account purports that 

autism is the result of a different cognitive style that focuses on local details at the 

expense of processing the gestalt (Happé & Frith, 2006; Happé, 1996). A recent review 

suggests that there is neither enhanced local visual processing nor a deficit in global 

visual processing but instead autistic people appear to be slower to engage in global 

processing when compared with non-autistic people (Van der Hallen, Evers, Brewaeys, 

Van den Noortgate, & Wagemans, 2015). Such a finding is consistent with the 

theoretical position that espouses that global local processing is not mandatory in 

autism, but rather, “the default setting of autistic perception is more locally oriented 

than is that of non-autistics” (Mottron, Dawson, Bertone, & Wang, 2007, p. 578). 

Other cognitive accounts of autism. Another suggestion has been that autistic 

people have attenuated Bayesian priors and so rely less on past experience when making 

sense of current sensory input (Pellicano & Burr, 2012). A biological extension of this 
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account suggests that autism results from a disordered ability to predict what will 

happen next, which if true, could explain social and non-social difficulties experienced 

by autistic people as well as explicating why some people become overwhelmed by 

sensory information (R. P. Lawson, Rees, & Friston, 2014). Alternatively, autism could 

result from an over-functioning of neural networks typically underlining primary 

perceptual functions and this over-functioning may also explain social and non-social 

diagnostic features (Mottron et al., 2006; Mottron & Burack, 2001). Autistic people have 

been shown to be able to tolerate a higher perceptual load before performance on a 

secondary task is impacted by increased difficulty in a central task suggesting that 

autistic people have a higher perceptual capacity (Remington, Swettenham, Campbell, & 

Coleman, 2009; Remington, Swettenham, & Lavie, 2012) than non-autistic people. 

Executive Function 

EF difficulties have been proposed as another cognitive explanation for autistic 

behaviour, it is this account that is the focus of this thesis. I will briefly outline early 

theories of frontal lobe functions, the subcomponents that are grouped under this 

umbrella term and the reasons why EF has received so much attention in the literature, 

in turn below, before reviewing the literature about EF and autism. 

Early theory. Interest in the frontal lobe functions that would later become 

subsumed under the EF umbrella began with the work of Luria (1966). Luria (1966) was 

the first to describe the disorganisation of actions and strategy application in groups of 

frontal lobe lesion patients. Norman and Shallice (1986) extended this early view by 

demarcating the role of two complementary but distinct supervisory systems. On this 

account, the contention schedule system controls the prioritisation and implementation 

of routine behaviours and the supervisory attentional system regulates non-routine and 

novel tasks. The supervisory attentional system, which broadly aligns with modern 

conceptions of EF, becomes active, according to Norman and Shallice (1986), in 

situations:  
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(a) That involve planning or decision-making; (b) that involve error correction; 

(c) where responses are not well-learned or contain novel sequences of actions; 

(d) where danger is anticipated; and (e) which require the overcoming of a strong 

habitual response or resisting temptation (pp. 21-22). 

An alternative account was that optimal human behaviour involves formulating, storing 

and error checking lists of goals and sub-goals (Duncan & Owen, 2000). On this view, 

goal-oriented behaviour was thought to be facilitated by a unitary construct, a view 

borne out of findings that injury to frontal brain regions resulted in relatively global 

goal-neglect (Duncan, 1986). This goal-neglect construct was believed by its proponents 

to overlap with, or even be a subsidiary of, general intelligence (Duncan, Johnson, 

Swales, & Freer, 1997). Stuss and Benson (1986) instead proposed that EF was a 

fundamental aspect of their tripartite model of frontal lobe function whereby it 

governed planning, response selection and performance monitoring. Another early 

theoretical account that laid the groundwork for understanding frontal lobe functions 

was the somatic marker hypothesis (Damasio, 1995). According to Damasio, people 

with damage to the ventromedial frontal cortices struggle to regulate their behaviour 

because they are unable to mark inappropriate or incorrect behaviour with a somatic 

marker and consequently lack the emotion-related cues needed to organise behaviour. 

It was Baddeley and Hitch’s (1974) now celebrated multi-component model of 

working memory that brought the supervisory component of cognition, referred to as 

the ‘central executive’, squarely into the remit of cognitive psychology. While undeniably 

ground-breaking, the central executive was also poorly specified, Baddeley himself 

referred to it as a “conceptual ragbag” (1996, p. 6). As such, Baddeley and Hitch were 

unable to answer the question of what was supervising the central executive without 

drawing on an infinite hierarchy of executives or homunculi, and, consequently, calls 

have been made to give the term a dignified retirement (Logie, 2016). More recently, the 

focus has shifted toward understanding the interactive relationship between the 

cognitive component parts of EF. Accordingly, EFs are a collection of top-down mental 
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processes that develop and are applied in concert and collectively allow behaviour that is 

in the service of a goal, particularly with respect to novel tasks for which performing the 

task ‘on automatic’ would be ill-advised, insufficient, or impossible (Diamond, 2013; 

Miller & Cohen, 2001). It is important to note that, while a global definition of EF exists 

and evidence suggests that very early in development a global EF ability exists (Visu-

Petra, Cheie, Benga, & Miclea, 2012), this ability becomes increasingly modularised 

through development (Testa, Bennett, & Ponsford, 2012) and is no longer considered a 

singular ability, at least later in development. Rather, EFs are a selection of component 

abilities, and so EF difficulties may exist in a single component, in a constellation of 

components or globally, across all components. 

Subcomponents of EF. The ways in which we ought to carve EF into 

component parts is the subject of fierce debate (Banich, 2009). One approach to 

deciphering the componential structure of EF has been to assess participants on a wide-

ranging battery of EF tasks, determining which tasks share considerable variance and 

then creating latent EF variables using statistical techniques such as factor analysis. A 

widely endorsed model, employing precisely this methodology, found evidence for three 

overlapping, yet independent constructs: (i) inhibition – the active suppression of some 

previously activated cognitive representation, (ii) updating and monitoring of working 

memory – the ability to maintain and manipulate information and (iii) set-shifting – the 

ability to switch between cognitive sets (Miyake et al., 2000). The core subcomponents 

of EF together facilitate the completion of complex executive tasks such as problem 

solving, planning, and navigation (Diamond, 2013), see a schematic of this model in 

Figure 1. 
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Figure 1. The interrelationship between subcomponents of executive function, according 
to Miyake and (2012). Figure reproduced from Miyake et al. (2012). 

Another distinction made, draws on the somatic marker hypothesis (Damasio, 

1995), and refers, on the one hand, to the components of EF that involve affective and 

motivational drives as “hot” EF. “Cool” EF, on the other hand, refer to cognitive 

abilities that are more purely cognitive and rational, to be completed without an 

emotional appraisal (Zelazo & Müller, 2002). 

Neuropsychological tasks that measure EF.  

The measures employed to assess EF depend on the theoretical paradigms with 

which they are aligned. For example, assessments based on Luria’s (1966) 

conceptualisation of EF included the following component parts: planning, anticipation, 

execution and self-monitoring. Assessments based on this conceptualisation involve the 

assessment of neurological signs of frontal lobe lesions, such as difficulties with motor 

coordination, sensory integration and disinhibition (Chen et al., 1995). No formal 

assessments have been based on the goal-neglect theory, largely because global goal 

neglect is so readily apparent without nuanced assessment (R. C. K. Chan, Shum, 

Toulopoulou, & Chen, 2008). Traditionally, the most prolific neuropsychological 

assessments of EF employed by researchers and clinicians fall within the tripartite model 

of frontal lobe functioning and involve managing conflicting information, flexibly 
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switching between aspects of a task or activities that require sustained control over 

attentional resources. Examples include the Wisconsin Card Sorting Task (WCST), the 

Go-NoGo task and the Stroop task; see Table 1 for a description of commonly-used EF 

assessments.  
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Table 1. 
Commonly used neuropsychological measures of executive function in autism research 

 
  Sample stimuli Description 

Original 
reference Autism studies 

Cognitive Flexibility     

 Wisconsin Card 

Sorting Task 

(WCST) 

 
 

The participant must sort a deck of 128 cards to four stacks of 

target decks of cards according to the colour, shape, or quantity of 

geometric shapes on the card. After the participant correctly 

matches ten cards, the examiner changes the sorting rule 

unbeknownst to the participant. 

Variants 

The Modified Wisconsin Card Sorting Task (MCST): The change in 

sorting rule is made explicit and only 48 response cards are used, 

such that cards can only ever be matched to the target deck by one 

sorting criteria to remove ambiguous feedback. 

 

Teddy-bear shifting task: Modified for preschool age children. 

Participant must identify whether a given card is one of a teddy 

bear’s favourite cards. There are two dimensions to sort by (colour 

and shape). A new deck of cards with different shapes and colours 

and a new teddy bear are used after the rule changes.  

 

Dimensional change card sort task (DCCS): Conceptually similar to the 

teddy-bear set-shifting task, children are required to sort a series of 

bivalent test cards, first according to one dimension (e.g., colour), 

and then according to the other (e.g., shape). This differs from the 

teddy-bear set-shifting task as there is no teddy-bear used to 

enhance the salience of the task to young children and because the 

WCST 

(Grant & 

Berg, 1948) 

 

MCST 

(Nelson, 

1976) 

 

 

 

 

Teddy 

Bear set-

shifting 

task 

(Hughes, 

1998) 

 

 

DCCS 

(Zelazo, 

2006) 

WCST (for a meta-

analysis, see Landry 

& Al-Taie, 2016) 

 

MCST (Barnard, 

Muldoon, Hasan, 

O’Brien, & Stewart, 

2008; Hill & Bird, 

2006) 

 

 

Teddy Bear set-

shifting task 

(Pellicano, 2007, 

2010) 

 

 

 

 

DCCS (Dichter et 

al., 2010; 

Durrleman, Franck, 

Stephanie, & Julie, 

2015; Faja & 

Dawson, 2014; 

Pellicano et al., 

2017; Zelazo, 
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examiner does tell children that the rule has been changed unlike 

in the teddy bear task. 

Jacques, Burack, & 

Frye, 2002) 

 CANTAB Intra-

Dimensional/Extr

a-Dimensional 

(ID/ED) Shift 

Task 

 

The ID/ED task begins with simple stimulus discriminations and 

after six correct responses the rule for determining the correct 

stimulus changes. The initial intra-dimensional shift involves 

simple visual discrimination between objects within the same 

dimension, deciding for example, between two white lines that 

differ in shape. The extra-dimensional shift then involves shifting 

attention from one dimension (e.g., lines) to a previously irrelevant 

dimension (e.g., an overlaid shape). Both the intra- and extra-

dimensional shift conditions involve a reversal rule, where 

participants must maintain the same rule but choose alternate 

stimuli exemplars. The ID/ED shift task overcomes the 

shortcomings in the WCST task in that it allows for the separate 

assessment of cognitive flexibility, maintenance, stabilisation of 

representations and sensitivity to distraction. 

(Cambridge 

Cognition, 

2002; 

Owen, 

Downes, 

Sahakian, 

Polkey, & 

Robbins, 

1990) 

(Corbett, 

Constantine, 

Hendren, Rocke, & 

Ozonoff, 2009; 

Goldberg et al., 

2005; Happé, Booth, 

Charlton, & Hughes, 

2006; Landa & 

Goldberg, 2005; 

Ozonoff et al., 2004; 

Sinzig, Morsch, 

Bruning, Schmidt, & 

Lehmkuhl, 2008; 

Yerys et al., 2009) 

 The Trail Making 

Task 

 

In Part A, participants must join 25 sequential numbered circles 

together as quickly and as accurately as they can. In Part B, 

participants must again join 25 circles in sequential order quickly 

and accurately, but this time must alternately join circles 

containing letters and numbers (e.g., 1-A-2-B-3-C) 

Variants 

The D-KEFS Trail-Making Task: The administration is the same but 

normative data are provided. 

 

 

 

The Children’s Color Trail-Making Task: A modification for children 

 

 

 

 

D-KEFS 

(Delis, 

Kaplan, & 

Kramer, 

2001a) 

(Bölte, Duketis, 

Poustka, & 

Holtmann, 2011; 

Corbett et al., 2009; 

Goldstein, Johnson, 

& Minshew, 2001; 

Goldstein, Minshew, 

Allen, & Seaton, 

2002; Hill & Bird, 

2006; Lopez, 

Lincoln, Ozonoff, & 

Lai, 2005; Losh et 

al., 2009; Minshew, 
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where even numbers are embedded within yellow circles and odd 

numbers within pink circles. In Part A, participants must join 

alternate numbers. In Part B, a duplicate of each number is 

included, and each number is embedded both within a pink and 

yellow circle, participants must join the circles in ascending order 

but alternate between yellow and pink circles. 

Children’s 

Color 

Trail Test 

(Llorente, 

Williams, 

Satz, & 

D’Elia, 

2003; J. 

Williams et 

al., 1995) 

Meyer, & Goldstein, 

2002; Rumsey & 

Hamburger, 1988; 

Towgood, Meuwese, 

Gilbert, Turner, & 

Burgess, 2009) 

Children’s Color 

Trail Test (Corbett 

et al., 2009) 

Inhibition     

 Means-end tasks 

 

Tasks that assess participants’ ability to follow arbitrary means to 

achieve a certain end, typically to win sweets or some rewarding 

prize. 

Variants 

Windows task: A child is told that there would always be a 

chocolate in one of two presented boxes, but that neither the child 

nor a confederate taking part would know which box it was in. 

The child was asked to point to one box for the confederate, their 

competitor in this game, to check for a chocolate. If the 

confederate found the chocolate, they kept it, if not the child won 

it. Then boxes with one transparent side, facing the child was 

introduced. The child could then win the chocolate on each trial if 

they could inhibit the desire to point toward the reward.  

Automated windows task: conceptually the same as the windows task 

but the procedure is automated, as in the picture. 

Less is more task: A simplified means end-task where two 

transparent boxes are held in front of a child, one containing a 

large amount of a given reward, the other containing a smaller 

 

 

 

Windows 

(Russell, 

Mauthner, 

Sharpe, & 

Tidswell, 

1991) 

 

 

 

 

Less is 

more 

(Carlson, 

Davis, & 

Leach, 

Windows task 

(Bíró & Russell, 

2001; Hughes et al., 

1997; Russell et al., 

1991; Yerys, 

Hepburn, 

Pennington, & 

Rogers, 2007) 

Automated 

windows task 

(Russell, Hala, & 

Hill, 2003) 

Less is more task 

(Pellicano et al., 

2017) 

A not B (Griffith, 

Pennington, 

Wehner, & Rogers, 

1999; McEvoy, 

Rogers, & 
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amount. Children must point at a less desired reward (e.g., 2 

stickers) in order to receive a more desired reward (e.g., 5 stickers). 

A not B task: A young child is shown a desired object hidden in 

one of two locations, after successfully finding it from one 

location on successive attempts; it is then hidden in an alternate 

location and they must inhibit looking in the previously correct 

location. 

2005) 

A not B 

(Piaget, 

1954) 

 

Pennington, 1993; 

Russell, Jarrold, & 

Hood, 1999) 

 

 Stroop Task 

 

Participants are first asked to read aloud and as fast as they can, 

the names of colours that are printed either in a colour that is 

congruent or incongruent with the colour named by the word. 

The difference in time taken to read the list of words is thought to 

measure inhibition of distracting information.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variants: 

D-KEFS Stroop: administration is identical to above; normative 

data are provided. 

 

 

 

 

(Stroop, 

1935) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D-KEFS 

(Delis, 

Kaplan, & 

Kramer, 

2001b) 

 

(Adams & Jarrold, 

2009; Ames & 

Jarrold, 2007; Eskes, 

Bryson, & 

McCormick, 1990; 

Goldberg et al., 

2005; Jahromi, 

Bryce, & Swanson, 

2013; Johnston, 

Madden, Bramham, 

& Russell, 2011; 

Ozonoff & Jensen, 

1999; Ozonoff & 

Strayer, 1997; S. 

Robinson, Goddard, 

Dritschel, Wisley, & 

Howlin, 2009; 

Russell et al., 1999; 

Xiao et al., 2012) 

 

D-KEFS (Corbett et 

al., 2009; Semrud-

Clikeman, 

Walkowiak, 

Wilkinson, & 

Butcher, 2010) 
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Day/night Stroop: adapted to remove the need for participants to be 

literate. Instead participants must say the word ‘day’ when 

presented with a picture of a night sky and vice versa. 

 

 

 

Day/night 

(Gerstadt, 

Hong, & 

Diamond, 

1994) 

 

Day/night 

(Joseph, Mcgrath, & 

Tager-Flusberg, 

2013) 

 Go/No-Go task 

 

Participants are asked to press a button when they see a target 

object on screen (go target) and to withhold pressing any button 

when a non-target object appears (no-go target). Participants are 

asked to respond as quickly and as accurately as they can. The go 

target is shown much more frequently than the no-go target and 

for a period at the beginning of the task, to build up a pre-potent 

pattern of responding that participants must then inhibit. 

 

Variants 

Stop-signal task (SST): The go target is present on all trials and 

participants must wait for a signal before responding. On a 

minority of trials after the respond signal is presented a different 

stop signal is presented and participants must withhold their 

response. 

 

CANTAB stop-signal task (SST): The participant must press an 

arrow key to indicate whether a stimulus is an arrow pointing to 

the left or right. In the second part, the participant is instructed to 

withhold their response on trials when an audio tone is present.  

 

 

The continuous performance task (CPT): Participants are asked to 

respond (typically via button-press) as quickly as they can when a 

given stimulus is presented (e.g., a geometric shape on screen) and 

to withhold a response when any different but similar stimuli 

appear.  

(Donders, 

1969; 

Verbruggen

, Logan, & 

Stevens, 

2008) 

 

 

 

SST 

(Logan, 

1994) 

 

 

 

CANTAB 

SST 

(Cambridge 

Cognition, 

2002) 

 

CPT 

(Rosvold, 

Mirsky, 

Sarason, 

Bransome, 

(Adamo et al., 2014; 

Brandimonte, 

Filippello, Coluccia, 

Altgassen, & Kliegel, 

2011; Christ, Holt, 

White, & Green, 

2007; Geurts, 

Begeer, & 

Stockmann, 2009; 

Happé, Booth, et al., 

2006; Kana, Keller, 

Minshew, & Just, 

2007; Langen et al., 

2012; Lee et al., 

2009; Ozonoff, 

Strayer, McMahon, 

& Filloux, 1994; 

Raymaekers, Van 

Der Meere, & 

Roeyers, 2006; 

Raymaekers, 

Antrop, Van Der 

Meere, Wiersema, & 

Roeyers, 2007; 

Sanderson & Allen, 

2013; Schmitz et al., 

2006; Sinzig et al., 
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& Beck, 

1956) 

2008; Xiao et al., 

2012) 

SST (Adams & 

Jarrold, 2012; 

Geurts, Verté, 

Oosterlaan, Roeyers, 

& Sergeant, 2004; 

Lemon, Gargaro, 

Enticott, & 

Rinehart, 2011; 

Ozonoff & Strayer, 

1997) 

CPT (A. S. Chan et 

al., 2009; Corbett & 

Constantine, 2006; 

Corbett et al., 2009; 

Kilinçaslan, 

Mukaddes, 

Küçükyazici, & 

Gürvit, 2010) 

 Anti-saccade task 

 

Participants are asked to fixate on a cross in the centre of a screen 

and in the pro-saccade condition, they are asked to move their eyes 

to toward the cross that appears in line with the central fixation 

point on the left or right periphery of the screen. In the anti-saccade 

condition, participants are asked to move their eyes in the 

opposite direction from the side of the screen where the cross 

appears. 

(Hallett, 

1978) 

(Agam, Joseph, 

Barton, & Manoach, 

2010; DeSouza, 

2002; Goldberg et 

al., 2002; Mosconi et 

al., 2009; Pierrot-

Deseilligny et al., 

2003) 
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 Flanker task 

 

Participants are required to provide a response as quickly as they 
can either in the presence of information that promotes a correct 
response (congruent condition) or in the presence of information 
designed to induce an incorrect response (incongruent condition). 
 

(Eriksen & 

Eriksen, 

1974) 

(Adams & Jarrold, 

2012; Burack, 1994; 

Christ et al., 2007; 

Christ, Kester, 

Bodner, & Miles, 

2011; Dichter & 

Belger, 2007, 2008; 

Geurts, Luman, & 

Van Meel, 2008; 

Henderson et al., 

2006; Iarocci & 

Burack, 2004; South, 

Larson, Krauskopf, 

& Clawson, 2010) 

Working Memory     

 Verbal span tasks 

 

The forward condition of the digit span task typically involves an 

examiner calling out a sequence of digits and asking participants to 

recall the digits in order. Some variants present the digits on a 

monitor or by play an audio recording. The number of digits (set 

size) is incrementally increased until a stop rule is reached. In the 

backward condition of the digit span task, the examiner calls out a 

sequence of digits as before, but participants are required to recall 

them in a reverse sequence, starting with the last uttered digit and 

finishing with the first. 

Variants 

Word span task: Words are used instead of digits 

Sentence span task: Full sentences are read out instead of digits 

Non-word span task: Non-words are read out – this is typically used 

a control condition in the word span task. 

(Wechsler, 

1998) 

(Andersen et al., 

2015; Cui, Gao, 

Chen, Zou, & Wang, 

2010; Gabig, 2008; 

García-Villamisar & 

Della Sala, 2002; 

Gonzalez-Gadea et 

al., 2013; Ham et al., 

2011; Joseph et al., 

2013; Joseph, Steele, 

Meyer, & Tager-

Flusberg, 2005; 

Nakahachi et al., 

2006; Russell, 

Jarrold, & Henry, 

1996; D. L. 

Williams, Goldstein, 
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& Minshew, 2006; 

Zinke et al., 2010) 

 Spatial span tasks 

 

Participants must remember the spatial location of a given stimuli 

presented in different locations in a sequence of increasing length 

and recount them either in the exact same order or in reverse 

order, as in the verbal span tasks. 

 

 

 

 

 

 

 

Variants 

CANTAB spatial span task: White squares are shown on a screen, 

some of which briefly change colour in a sequence of incremental 

length (ranging from two to nine). The participant must select the 

boxes which changed colour in the same order that they were 

displayed by the computer (for the forward variant) or in the 

reverse order (for backward variant). 

 

 

 

 

 

Corsi blocks: An examiner places an array of blocks on front of the 

participants and taps the blocks with their finger in a sequence of 

incremental length and participants must tap the blocks in the 

same or in the reverse order that the examiner tapped them in. 

 

 

 

 

Spatial 

span 

(Wechsler, 

1998) 

 

 

 

 

 

 

 

 

CANTAB 

spatial 

span 

(Cambridge 

Cognition, 

2002) 

 

 

 

 

 

Corsi 

blocks 

(Lezak, 

1983) 

 

 

 

 

Spatial span 

(Crane, Goddard, & 

Pring, 2013; Geurts 

& Vissers, 2012; D. 

L. Williams, 

Goldstein, 

Carpenter, & 

Minshew, 2005; D. 

L. Williams, 

Goldstein, & 

Minshew, 2005) 

 

CANTAB Spatial 

span task 

(Goldberg et al., 

2005; Happé & 

Frith, 2006; Landa & 

Goldberg, 2005; 

Sachse et al., 2013; 

Steele, Minshew, 

Luna, & Sweeney, 

2007) 

 

Corsi blocks 

(Englund, Decker, 

Allen, & Roberts, 

2014; Geurts et al., 

2004; Pellicano et 

al., 2017; Verté, 

Geurts, Roeyers, 

Oosterlaan, & 
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Self-order pointing task (SOPT): A number of coloured squares are 

shown on a screen and participants must find a token hidden 

behind one box through a process of elimination by tapping on 

the box to temporarily reveal whether it is occluding a token. The 

number of boxes is gradually increased until a maximum of 12 

boxes are shown.  

 

 

 

 

SOPT 

(Petrides & 

Milner, 

1982) 

Sergeant, 2005; 

Zinke et al., 2010)  

SOPT (Geurts et al., 

2004; Joseph et al., 

2005; Verté, Geurts, 

Roeyers, Oosterlaan, 

& Sergeant, 2006; 

Verté et al., 2005) 

 N-back 

 

In a spatial n-back, participants are presented with a stimulus (e.g., a 

square) appearing in one of a fixed number of locations on screen 

and must decide if the location of the stimuli is the same as the 

location it was presented n steps earlier in the sequence. The task 

can be made more difficult by increasing the n to increase the load 

on working memory. 

In a verbal n-back, participants are shown a sequence of words, 

letters or numbers and asked to indicate if a target stimulus is the 

same or different to the stimuli presented n trials ago. 

(Kirchner, 

1958) 

(Barendse et al., 

2017; Cui et al., 

2010; De Vries & 

Geurts, 2014; Lever, 

Werkle-Bergner, 

Brandmaier, 

Ridderinkhof, & 

Geurts, 2015; Rahko 

et al., 2016; Urbain, 

Pang, & Taylor, 

2015; D. L. 

Williams, Goldstein, 

Carpenter, et al., 

2005) 

Planning     

 Tower tasks 

 

The participant is presented with a board containing three pegs of 

incremental height and three beads that differ in colour that are 

placed in a particular configuration (the start state) on the 

pegboard. The examiner then shows the participant a picture of 

the beads in a different configuration (the end condition) and asks 

the participants to move the beads to the end condition in as few 

ToL 

(Shallice, 

1982) 

 

 

 

Tower of London 

(Geurts et al., 2004; 

Kimhi, Shoam-

Kugelmas, Agam 

Ben-Artzi, Ben-

Moshe, & 
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moves as possible and by moving only one bead at a time. 

Between two and five moves are required to create the end state. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variants 

Tower of London –Drexel edition (ToLDX): Six and seven move 

problems are introduced to increase the sensitivity to finer grained 

difficulties. The examiner creates the end state with identical 

pegboard and beads. 

  

Tower of Hanoi: Participants are presented with a board containing 

three pegs of equal length and a number of disks or ascending size 

are placed on one peg. Participants are required to move the discs, 

one a time, without placing it off the pegboard and by only placing 

smaller disks on top of larger disks. The number of disks can be 

increased to increase the task difficulty. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ToLDX 

(Culbertson 

& Zillmer, 

1998) 

 

ToH 

(Borys, 

Spitz, & 

Dorans, 

1982; 

Piaget, 

Bauminger-Zviely, 

2014; Limoges, 

Bolduc, Berthiaume, 

Mottron, & 

Godbout, 2013; 

Panerai, Tasca, Ferri, 

Genitori D’Arrigo, 

& Elia, 2014; 

Pellicano, 2007, 

2010; Pellicano, 

Maybery, Durkin, & 

Maley, 2006; S. 

Robinson et al., 

2009; Schurink, 

Hartman, Scherder, 

Houwen, & 

Visscher, 2012; 

Unterrainer et al., 

2016; Verté et al., 

2005; D. Williams & 

Jarrold, 2013; Zinke 

et al., 2010) 

 

ToLDX (Geurts & 

Vissers, 2012; 

Wallace et al., 2016) 

 

 

ToH (Bölte et al., 

2011; Griebling et 

al., 2010; Hanson & 

Atance, 2014; Keary 

et al., 2009; Losh et 

al., 2009; Medeiros 
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The D-KEFS Tower of California: Similar to above except each trial 

increases in difficulty up to a possible 26 moves and the examiner 

records time taken to complete first move, time to complete the 

tower, whether the tower was completed correctly or not, number 

of rule violations. A total achievement score is calculated from 

there and normative data are available.  

 

 

 

 

 

 

 

The CANTAB Stockings of Cambridge (SoC): A computerised version 

of a tower task in which a participant is shown two displays where 

three stockings, one containing three coloured balls, is suspended 

from a beam in each display. Participants must move the balls in 

one display, one a time, in order to recreate the pattern in the 

second display. 

 

 

 

 

 

 

 

The NEPSY Tower: Twenty trials of increasing difficulty modelled 

1978) 

 

 

 

 

 

 

Tower of 

California 

(Delis et al., 

2001b) 

 

 

 

 

 

 

 

 

 

SoC 

(Cambridge 

Cognition, 

2002) 

 

 

 

 

 

 

 

 

 

NEPSY 

& Winsler, 2014; 

Ozonoff & Jensen, 

1999; D. L. 

Williams, Mazefsky, 

Walker, Minshew, & 

Goldstein, 2014) 

 

Tower of 

California (Lopez et 

al., 2005; 

McCrimmon, 

Schwean, Saklofske, 

Montgomery, & 

Brady, 2012; 

Semrud-Clikeman et 

al., 2010; Van Eylen, 

Boets, Steyaert, 

Wagemans, & 

Noens, 2015) 

Stockings of 

Cambridge 

(Corbett et al., 2009; 

Goldberg et al., 

2005; Happé & 

Frith, 2006; Hughes, 

Russell, & Robbins, 

1994; Kaufmann et 

al., 2013; Landa & 

Goldberg, 2005; 

Ozonoff et al., 2004; 

Sachse et al., 2013; 

Sinzig et al., 2008) 
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off the original Tower of London task with standardised 

administration instructions and normative data are available. 

Tower 

(Korkman, 

Kirk, & 

Kemp, 

2007) 

 

NEPSY Tower 

(Joseph et al., 2013; 

Planche & 

Lemonnier, 2012) 

 Maze tasks 

 

Participants were asked to complete a series of progressively more 

complex mazes. To complete a maze, participants had to plan 

their route ahead to allow them to arrive at the opening of the 

maze without making any errors. A participant is marked as 

making an error each time they deviated from the correct path. 

(Wechsler, 

Golombok, 

& Rust, 

1992) 

(Barnard et al., 2008; 

Kimhi et al., 2014; 

Liss et al., 2001; 

Low, Goddard, & 

Melser, 2009; 

Pellicano, 2007, 

2010, 2013; 

Pellicano et al., 

2006; Prior & 

Hoffmann, 1990) 
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Assessing discrete subcomponents of EF with tasks such as those described in 

Table 1 has become widespread among neuropsychological researchers because these 

assessments can be administered with relative ease and because they are informative in 

uncovering which neural structures and associated skills have been spared and which have 

not, post head injury. Similarly, tasks that maximally distinguish between subcomponents 

of EF have allowed us insight into functional independence of some abilities, or the 

fractionation of EF. While informative in advancing the basic science of EF, the 

fractionation of EF is problematic with respect to clinical assessments. That is, a person’s 

performance on a task measuring one subcomponent of EF may not be very informative 

about how they will perform on a task measuring a different subcomponent of EF and may 

be less informative still about how they would perform in a complex real world 

environment (Burgess, 1997; Burgess, Alderman, Evans, Emslie, & Wilson, 1998). For this 

reason, there has been increasing attention given to measuring EF within the framework of 

the supervisory attentional system by incorporating more complex, multifaceted and real-

life challenges that tap a number of executive domains concurrently (Burgess, 2000b, 

2000a). I will review tasks that have applied this approach to the assessment of autistic 

people in more detail in Chapter 3. 

EF has powerful explanatory power. One reason the neuropsychological 

assessments of EF have received a great deal of attention in the research literature is 

because they can be powerful predictors of important life outcomes, often over prolonged 

developmental periods. For instance, robust correlations between EF and ToM have been 

shown in typical development (Devine & Hughes, 2014). Tests of the well-known 

‘marshmallow test’ demonstrated that the cognitive control needed to delay gratification in 

preschool children was correlated with academic achievement measured in adolescence 

(Mischel, Shoda, & Peake, 1988; Shoda & Mischel, 1990; but, see Watts, Duncan, & Quan, 

2018). Broader measures of EF have been shown to be related to the extent to which a 

child is ready to begin school (Blair & Raver, 2015), the emergence of mathematic and 
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literacy abilities in the first year of schooling (Blair & Razza, 2007) and academic 

achievement over a longer time span (Best, Miller, & Naglieri, 2011). In fact, parent-ratings 

of their children’s self-control ability predicted physical health, criminal offending rates, 

addiction and personal finances, independent of the role of IQ or social class over a 32-

year period, underscoring the predictive power of EF (Moffitt et al., 2011). 

EF interventions. Another reason for the attention garnered by EF is that it has a 

protracted period of postnatal development, making it a prime target for intervention. 

Widespread development of ‘brain-training’ games were developed on this premise: games 

that target the improvement of EF of, for the most part, school-aged children or older 

adults experiencing the deleterious effects of cognitive aging, through deliberately 

practising executively demanding games. The initial excitement about the utility of brain 

games appear to have been unfounded, with little convincing evidence that improvements 

in the trained task transfer to minimally or especially to distantly related tasks (for a review, 

see Simons et al., 2016). For instance, one recent study showed that a commercially 

available brain-training app had no effect on brain activity, cognitive ability or decision 

making (Kable et al., 2017). There is, however, mounting evidence that diverse activities 

such as school curricula, in early childhood and martial arts and mindfulness, at any age, 

have positive impacts on the development of EF (Diamond, 2014; Diamond & Lee, 2011; 

Diamond & Ling, 2016), meaning that identifying and intervening with EF difficulties is a 

worthwhile endeavour. One such successful example, is a school curriculum built on the 

work of Lev Vygotsky called Tools of the Mind, which has been shown to improve the 

development of cognitive control in children (Blair & Raver, 2014; Diamond, Barnett, 

Thomas, & Munro, 2007). Interestingly, the largest effect sizes were found for those 

children from an economically disadvantaged area, and who had weaker EF at the outset 

(Blair & Raver, 2014; Raver, Blair, & Willoughby, 2012), suggesting those at an early 

executive disadvantage may stand to gain the most from EF intervention.  
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Autism as a ‘Dysexecutive syndrome’ 

The EF of autistic people came into focus when an autistic man completed a 

neuropsychological assessment battery and revealed marked difficulties with problem-

solving and showed rigid, perseverative behaviour (Steel, Gorman, & Flexman, 1984) 

similar to that seen in frontal lesion patients, described as having a dysexecutive syndrome 

(DES; Damasio & Maurer, 1978). Patients with DES, following lesions to the mesolimbic 

cortex, neostriatum, and thalamus, have diminished abilities to plan, sequence and execute 

simple day-to-day activities, engage in perseveration and show a lack of impulse control 

despite a relative sparing of their general intellectual abilities (Baddeley & Wilson, 1988). 

The initial account put forward was that autism might be a developmental analogue to the 

acquired difficulties seen in patients with DES, that is, the cognitive and behavioural 

atypicalities seen in autism, such as a diminished propensity for joint attention, imaginative 

play, RRBs, ToM and social communication and interaction, were all secondary 

consequences of a primary EF deficit (Russell, 1997).  

Russell’s proposition was that the ability to monitor your own intentions and act 

with volition were necessary precursors to understanding the intention of any action, be 

that an action you or another person make (Russell, 2013). According to Russell (2013), it 

was the executive component of this ability to understand the intentions behind one’s own 

actions, and by association, the ability to understand others, that was at the core of the 

difficulties observed in those on the autism spectrum. The theory of autism as a primarily 

DES quickly grew to prominence because, unlike the ToM hypothesis (Baron-Cohen, 

Leslie, & Frith, 1985), it could account for non-social, as well as, social features of autism. I 

provide a brief overview of the literature of EF in autistic people below. 

The neuropsychological EF assessment of autistic people 

The possibility that a single cognitive atypicality could explain the development of 

autistic behavioural traits led to a proliferation of studies comparing the EF of autistic and 

non-autistic people. Initial investigations employed assessments that were commonly used 
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in the neuropsychological assessment of lesion patients to assess, for example, cognitive 

flexibility, inhibition, working memory or tasks assessing higher-order executive abilities 

such as planning. Investigations of EF in autism range with respect to their theoretical 

approach and the paradigms of assessment employed. Some investigations assess multiple 

subdomains to determine whether there is a specific pattern of capability and difficulty for 

autistic people, other investigations involve the assessment of a single domain as a proxy 

for overall EF ability or to test a specific hypothesis. Below, I review, in turn, the literature 

on the cognitive flexibility, inhibition, working memory and complex EF tasks before 

covering findings pertaining to overall considerations of EF. 

Cognitive flexibility. Cognitive flexibility is a person’s facility to switch selectively 

between mental processes in order to produce appropriate behaviour in response to 

changes in the environment (Dajani & Uddin, 2015). Cognitive flexibility is measured in a 

variety of ways and is typically operationalised by the tasks used to measure it, meaning that 

cognitive flexibility can refer to attentional shifting, cognitive set shifting or behavioural 

task switching ability. A quantitative review of 72 studies published between 1980 and 

2012, assessing cognitive flexibility with these types of measures, demonstrated that autistic 

people have, on average, more cognitive flexibility difficulties than non-autistic people 

(Leung & Zakzanis, 2014). The authors found the largest effect sizes on the Wisconsin 

Card Sort Task (WCST) and that overall, autistic participants had greater difficulties on 

computer-administered versions than they did in traditional, experimenter-administered 

versions, despite earlier counter evidence (e.g., Ozonoff, 1995). While some metrics yielded 

large effect sizes, no performance-based measures of cognitive flexibility reliably 

distinguished between autistic and non-autistic participants and the magnitude of 

difficulties varied considerably across tests and samples involved. As such, cognitive 

inflexibility is not universally found in autistic people, although additional possible 

moderators such as co-occurring conditions, medication use and different matching 

techniques were not accounted for by Leung and Zakzanis (2014).  
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The WCST has been so widely used in autism research that a meta-analysis could 

be conducted on 31 studies comparing autistic and non-autistic children and adults on the 

task over a 30-year period (Landry & Al-Taie, 2016). The authors found medium-to-large 

effect sizes (Cohen’s d = 0.31-0.82) for the four measures of performance typically 

reported: sets completed, perseveration, failure-to-maintain-set, and non-perseverative 

errors. For autistic participants, Performance IQ and age predicted perseverative error rates 

whereas Verbal IQ predicted non-perseverative error rates. Nearly one third of studies 

reporting on number of sets achieved and number of perseverative errors generated null 

findings and more than half of the studies reporting failure-to-maintain-set and non-

perseverative errors generated null findings (Landry & Al-Taie, 2016).  

Dependent variables have been inconsistently reported in WCST studies and 

experimental measures are often insufficiently standardised, making it difficult to interpret 

the extent to which researcher degrees of freedom influence the pattern of results and 

whether a multiple comparisons problem has been invoked via a “garden of forking paths” 

(Gelman & Loken, 2014). Furthermore, the average sample size in WCST studies was 25 

participants per group, allowing only for the reliable detection of effects of large 

magnitudes and leaving uncertainty about whether difficulties are absent in some samples 

or, instead, if the studies seeking to answer this question are underpowered (Landry & Al-

Taie, 2016). Effect sizes appear to diminish with increasing age, but samples were 

inconsistently or poorly matched, particularly in earlier studies.  

Robust group differences have also been found on measures of cognitive flexibility 

adapted to be developmentally appropriate such as set-shifting tasks (Dichter et al., 2010; 

Pellicano, 2007, 2010; Pellicano et al., 2017; Zelazo et al., 2002), a trail-making test (Corbett 

et al., 2009) and the inhibition switching subtest of the Developmental Neuropsychological 

Assessment (Narzisi, Muratori, Calderoni, Fabbro, & Urgesi, 2013). The intra-

dimensional/extra-dimension (ID/ED) shift task, which allows researchers to control for 

differences in participants’ ability to learn from feedback, to retain a task goal and to 
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sustain a consistent response over time, is less likely to show group differences than classic 

set-shifting paradigms (Landa & Goldberg, 2005; Ozonoff et al., 2004; Yerys et al., 2009). 

The conclusion often drawn within the literature is that limitations in cognitive 

flexibility cause the behavioural inflexibility at the core of autism, such as difficulties 

shifting flexibly between tasks or adopting the perspectives of other people (D’Cruz et al., 

2013). This conclusion has strong face-validity but it has been called into question because 

the evidence for cognitive flexibility difficulties from robust experimental measures such as 

the ID/ED is inconsistent and because there is a large gap between everyday difficulties in 

flexible behaviour and the type of set-shifting measured by neuropsychological tasks 

(Geurts, Corbett, & Solomon, 2009). One recurrent suggestion for the inconsistent pattern 

of results is that neuropsychological assessments lack ecological validity, and that 

performance on these assessments may not map onto everyday behavioural inflexibility 

(Geurts, Corbett, et al., 2009; Hill, 2004a; Landry & Al-Taie, 2016). 

It is difficult to interpret performance on a single task such as the WCST or the 

ID/ED shift task as necessarily representing difficulties with cognitive flexibility, given the 

multifactorial nature of these measures, which have been criticised for involving many 

more abilities than just cognitive flexibility (Geurts, Corbett, et al., 2009; Landry & Al-Taie, 

2016). In order to discern reliably whether cognitive flexibility difficulties putatively cause 

behavioural inflexibility, Geurts and colleagues (2009) argue, we must expand the ‘toolbox’ 

of measures used to measure flexibility, especially to include tasks with ecological validity 

and those that account for the role of non-executive factors. I return to this issue in 

Chapter 3.  

Inhibition. Inhibition involves the following subcomponents, exerting control 

over impulses and desires to engage in goal-directed behaviour (self-control), suppressing 

pre-potent mental representations (cognitive inhibition), the ability to supress a previously 

activated motor response (pre-potent response inhibition) and the ability to attend to one 

aspect of a task stimulus while ignoring another (resistance to perceptual distractors).  
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With respect to self-control, the ‘windows task’ showed that autistic children 

struggled to engage in strategic deception to win a motivating reward visible through a 

window, such as, for example, chocolate, by failing to misdirect the examiner toward a box 

they know does not contain the reward (Russell, Mauthner, Sharpe, & Tidswell, 1991). To 

ensure that performance on this task was likely the result of failing to disengage from a 

salient object rather than a weakness in ToM ability, a follow-up study removed the 

interpersonal competition within the task and reproduced the findings (Hughes & Russell, 

1993). In a similar way, the Less-is-More paradigm (Carlson et al., 2005), has shown autistic 

pre-schoolers struggle with conflict inhibition (Pellicano et al., 2017). Similarly, cognitively 

able autistic and non-autistic children were compared on the classic marshmallow task 

(Mischel et al., 1988) and autistic children were less likely to delay gratification in order to 

receive the larger reward (Faja & Dawson, 2013). 

On the Stroop task, autistic participants tend to perform as well as non-autistic 

participants, unlike those with ADHD who consistently struggle (Eskes et al., 1990; 

Ozonoff & Jensen, 1999; Ozonoff & Strayer, 1997; Russell et al., 1999). There are however 

two issues with using the Stroop task in autism. First, it measures both resistance to 

distractors and pre-potent response inhibition within the same task and so it is unclear if 

those who struggle on the task have difficulties with one or both cognitive skills, or if the 

simultaneous application of two skills is what they find most difficult. Second, for autistic 

participants, the size of the interference effect has been shown to be related to the extent 

to which an individual has reading comprehension difficulties (Adams & Jarrold, 2009). 

Notwithstanding, autistic children have been shown to have difficulties on a day-night 

Stroop task, which does not require reading comprehension (Russell et al., 1999). 

There have been many examples in the literature demonstrating that autistic people 

struggle to inhibit attention to distractors (Ames & Jarrold, 2007; Christ et al., 2007, 2011; 

Corbett & Constantine, 2006; Corbett et al., 2009). There are nevertheless exceptions to 

these studies, where autistic people perform comparably to non-autistic people (Goldberg 
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et al., 2005; Schmitz et al., 2006; Solomon, Ozonoff, Cummings, & Carter, 2008; Xiao et 

al., 2012). 

With respect to the inhibition of pre-potent responses, autistic participants have 

been shown to under-perform relative to non-autistic people (Bishop & Norbury, 2005; 

Christ et al., 2007; Corbett et al., 2009; Geurts et al., 2004; Langen et al., 2012; Xiao et al., 

2012). Although almost as many studies have also demonstrated no significant group 

differences (A. S. Chan et al., 2009; Happé & Frith, 2006; Ozonoff et al., 1994; Schmitz et 

al., 2006; Sinzig et al., 2008). Indeed, when individual differences in processing speed, 

general cognitive ability and age were accounted for, no group differences were found on 

measures of pre-potent response inhibition or proactive interference but differences 

remained on the flanker task (Christ et al., 2007, 2011). Similarly, autistic participants have 

shown intact ability to inhibit a pre-potent response on a stop-signal task but they did 

perform more poorly relative to non-autistic participants on a modified Flanker task 

(Adams & Jarrold, 2012).  

Findings such as these highlighted the possibility that inhibition in autism might be 

best characterised as a specific difficulty with inhibiting attention to interference effects. 

Two separate meta-analyses were conducted, which together included 41 studies, to assess 

precisely this possibility and found that both pre-potent response inhibition (d = 0.55) and 

interference control (d = 0.31) difficulties were observed in autistic people (Geurts, van den 

Bergh, & Ruzzano, 2014). The slightly larger effect sizes for pre-potent response inhibition 

tasks runs contrary to previous evidence (Christ et al., 2007, 2011). Age moderated 

performance on pre-potent response inhibition tasks such that increasing age was related to 

a decrease in the observed effect size across studies but did not moderate effects in 

interference control tasks, contradicting any developmental effects in meta-analyses that 

have considered all inhibitory control tasks together (Demetriou et al., 2018; E. C. L. Lai et 

al., 2017). IQ moderated effect sizes in interference control tasks such that higher IQ was 

related to lower observed effect sizes across studies but did not moderate effects for pre-
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potent response inhibition tasks. Consequently, results may differ across tasks depending as 

a function of sample matching criteria. Variability between study effects remained 

considerable, after controlling for inhibition type, age and IQ, suggesting additional factors 

were moderating the effects.  

Bíró and Russell (2001) suggested another explanation for the heterogeneity in 

findings: that autistic people struggle specifically with following arbitrary procedures rather 

than necessarily with inhibition. To test this possibility, they conducted a study containing a 

task with arbitrariness but without an element of pre-potency, a task with both attributes 

and a task with neither attribute and the results supported their hypothesis that arbitrary 

procedures were the source of group differences. Moreover, the computerised assessment 

of response inhibition achieved reduced effect sizes compared with in-person assessments 

(Demetriou et al., 2018). Together, these results suggest that autistic people as a group tend 

to underperform on measures of inhibition but that their performance is impacted by many 

factors that are not specific to inhibition or necessarily to EF. 

Working memory. Baddeley defined working memory as the “brain system that 

provides temporary storage and manipulation of the information necessary for such 

complex cognitive tasks as language comprehension, learning, and reasoning” (1992, p. 

556). The workings of this brain system are generally studied with respect to three 

component parts of Baddeley’s model of working memory: (i) the phonological loop - the 

ability to rehearse and store language information; (ii) the visual sketchpad - the ability to 

hold and manipulate visual information in mind; and (iii) the central executive - the 

supervisory attentional aspect. 

Bennetto et al. (1996) conducted a study to determine if autistic people have a 

specific difficulty in the processes involved in storing or manipulating linguistic 

information (the phonological loop), often referred to as verbal working memory. The 

authors compared the performance of cognitively able autistic adolescents with a clinical 

comparison group matched on sex, age and VIQ on the counting span and the sentence 
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span tasks. The autistic participants performed more poorly than the non-autistic 

participants, leading to further studies in which autistic participants were shown to have 

difficulties in similar verbal working memory span tasks (Gabig, 2008; Ham et al., 2011; D. 

L. Williams et al., 2006). Despite these investigations, other investigations have found intact 

working memory ability in pre-schoolers (Griffith et al., 1999), children and adolescents 

(Ozonoff & Strayer, 2001) and adults (Geurts & Vissers, 2012) on the autism spectrum. 

To test the integrity of the processes required to maintain and to manipulate non-

linguistic, spatially represented information (i.e., the visuospatial sketchpad), often referred 

to as spatial working memory, one task often used is the Spatial Working Memory task in 

the CANTAB battery (Robbins et al., 2010). A study comparing autistic and non-autistic 

children and young adults on this task found autistic people struggled relative to their non-

autistic peers, indicating a difficulty with spatial working memory (Steele et al., 2007). 

Similar spatial span tasks have found group differences between autistic and non-autistic 

groups (Geurts et al., 2004; Geurts & Vissers, 2012; Joseph et al., 2013; Sinzig et al., 2008; 

D. L. Williams, Goldstein, Carpenter, et al., 2005; D. L. Williams et al., 2006). Although, 

like with verbal working memory tasks, there are exceptions where spatial working memory 

in autism appears to be intact (Dawson et al., 2016; Edgin & Pennington, 2005; Lopez et 

al., 2005; Ozonoff & Strayer, 2001).  

When verbal and non-verbal working memory are assessed within the same autism 

sample, difficulties with spatial working memory but not verbal working memory are found 

(Ambery, Russell, Perry, Morris, & Murphy, 2006; D. L. Williams, Goldstein, Carpenter, et 

al., 2005). Another suggested explanation for discrepant findings is that autistic people 

struggle with complex but not simple working memory tasks (Nakahachi et al., 2006). Of 

note here is that there was a correlation between language ability and working memory for 

non-autistic children but no such relationship for autistic children, suggesting poor 

performance was caused, not by language difficulties, but by a failure to use language in the 

service of task performance (Joseph et al., 2013). Notwithstanding, autistic children appear 
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to be as likely as non-autistic children to engage in articulatory rehearsal, despite having a 

reduced central executive capacity (Russell, Jarrold, & Henry, 1996). 

A meta-analysis of 28 studies comparing the working memory of autistic and non-

autistic participants showed that, in fact, autistic participants struggled with both spatial 

and verbal working memory, although larger effect sizes were found for spatial (d = 0.72) 

compared to verbal (d = .44) tasks (Wang et al., 2017). Moreover, this meta-analysis 

showed autistic participants had a comparable amount of difficulty on maintenance trials 

(where they were required to hold blocks of information in mind and to recount them 

immediately) and on manipulation trials (where they were required to hold blocks of 

information in mind and apply a manipulation to the information, such as recounting it in 

reverse order). Age and IQ moderated the observed effect sizes, such that increasing age 

and IQ were associated with a reduction in effect sizes across studies but, after controlling 

for these, there was significant heterogeneity in results suggesting further moderators were 

implicated, but not assessed (Wang et al., 2017). A more nuanced picture emerged from 

another meta-analysis that considered childhood, adolescence and adulthood separately and 

found group differences in childhood and adulthood but not in adolescences, owing, 

according to the authors, to reduced working memory ability in typical adolescents possibly 

as a consequence of neural reorganisation that is caused by the onset of puberty 

(Demetriou et al., 2018). 

Planning, multitasking, abstract problem solving. In addition to tasks that 

aimed to measure single subcomponents of EF in as pure a form as could be achieved, 

there have been investigations that sought to measure activities that require the application 

of multiple component executive skills in pursuit of a goal, so-called higher order EF. One 

such example that has received much attention in the autism literature is planning. Early 

investigations of the planning ability of autistic people tended to employ the Tower of 

London task and consistently found autistic participants struggled to complete the task 

(Hughes et al., 1994). Subsequently, several variants of this task, including the Drexel 
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edition of the Tower of London, the Tower of Hanoi and the Stockings of Cambridge 

(from the CANTAB battery) have been employed with autistic people.  

Some studies do not find differences in performance on measures of planning 

between autistic and non-autistic people (e.g., Bölte et al., 2011) while others find poorer 

planning performance among autistic participants (e.g., Brunsdon et al., 2015). A number 

of suggestions have been made to explain the discrepant findings in planning ability in 

autism, such as the heterogeneity in symptom severity, task type, or non-executive factors 

such as age or IQ (Hill, 2004b; Kenworthy, Yerys, Anthony, & Wallace, 2008). Relatedly, 

the gap between autistic and non-autistic participants in everyday functional behavioural 

skills, commonly referred to as adaptive skills, such as self-care and independent goal 

setting has been found to increase from childhood to adolescence and adulthood 

(Pellicano, Cribb, & Kenny, 2018; Pugliese et al., 2015, 2016). Interestingly, childhood 

performance on a tower task predicted significant variance in a group of cognitively able 

young autistic adults’ adaptive behaviour 12-years later (Kenny, Cribb, & Pellicano, 2018), 

suggesting that planning difficulties become increasingly salient as autistic adolescents have 

increasing demands placed on them. Unlike cognitive flexibility, but similar to inhibition 

tasks, autistic people perform worse on the standard human-administered 

neuropsychological tasks such as the Tower of London task (Lopez et al., 2005) than on 

computer-administered variants such as the CANTAB Stockings of Cambridge (for a 

review see, Kenworthy et al., 2008). Also, IQ has been seen to be more strongly related to 

performance on planning measures in autistic than in non-autistic people, supporting the 

suggestion that IQ may be playing a different role in planning tasks for autistic people 

(Brunsdon et al., 2015). 

A meta-analysis of 50 planning studies in autism showed a significant medium 

positive effect (Hedges’ g = 0.52), indicating that autistic people perform worse on 

planning tasks compared to non-autistic samples (Olde Dubbelink & Geurts, 2017). As 

expected, there was significant heterogeneity in effect sizes across planning studies (p < 
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.0001). The meta-analysis did not support the suggestion that planning difficulties increase 

in adolescence but found that difficulties persist at a consistent rate right across 

development. This is consistent with another meta-analysis that found evidence for the 

stability of planning difficulties among autistic people across development (Demetriou et 

al., 2018). The widening gap between autistic and non-autistic participants in adaptive 

behaviour as they transition from childhood through adolescence and into adulthood is 

likely not a result of growing planning difficulties but rather a consequence of an increasing 

mismatch between their planning ability and the extent to which independent planning is 

required. According to Dubbelink and Geurts (2017), age, IQ or task type did not 

significantly moderate the effect sizes across the included studies but the authors suggest 

that the choice of comparison group, co-occurring conditions and the use of psychotropic 

medication among participants may impact the meta-analytic findings presented, but that 

these were inconsistently reported in individual studies. There was also evidence of a 

publication bias, whereby null findings have likely gone unpublished.  

Overall EF ability. A meta-analysis of 235 studies conducted between 1980 and 

2016 comparing the EF ability of autistic and non-autistic people (aged 6 years and above) 

found that autistic people had moderate EF difficulties and had small-to-moderate effect 

sizes in each of the EF subdomains included in their analysis (Demetriou et al., 2018). 

Interestingly, there was no significant difference in the magnitude of the effect sizes 

between different domains suggesting that autistic people, on average, struggled relative to 

non-autistic people on every EF subdomain assessed. Demetriou and colleagues suggest, 

on balance, that EF difficulties in autism are global and are not fractionated by subdomain, 

which together with the largely linear trajectory of EF development, are broadly explained 

by under, and/or over-connectivity between brain networks. With respect to 

developmental effects, there were no group differences in working memory, fluency and 

cognitive flexibility during adolescence despite apparent difficulties in each of these 

domains in childhood and adulthood. Overall, only working memory effect sizes were 
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significantly moderated by age. Year of publication had a small but significant moderating 

effect whereby more recently published studies typically had smaller effect sizes, possibly 

reflecting the increasing variability in cognitive ability of participants.  

Another meta-analysis, this time including ninety-eight studies, by Eric C. L. Lai 

and colleagues (2017) focused specifically on the potential role of individual differences in 

intellectual abilities and co-occurring ADHD in studies focusing on children and 

adolescents. When participants who were closely matched on intellectual ability and who 

did not have an ADHD diagnosis were considered, Lai et al. (2017) found that autistic 

participants had moderate difficulties in flexibility, generativity, and both verbal and spatial 

working memory. Although contrary to Demetriou et al. (2018), autistic and non-autistic 

participants did not differ on inhibition ability and the group differences on planning tasks 

only remained when samples differed with respect to ADHD symptomatology and 

intellectual ability. Autistic participants had greater difficulties in generativity than did those 

with a dual diagnosis. Like Demetriou et al. (2018), a meta-regression showed that older 

autistic participants had fewer difficulties on measures of cognitive flexibility than younger 

participants did, suggesting that autistic adolescents show a developmental spurt in their 

cognitive flexibility skills as they learn and increasingly demonstrate flexibility skills, as they 

get older. It might also be that non-autistic adolescent’s cognitive flexibility skills decrease 

in adolescence because of the neural reorganisation that occurs during puberty or it might 

instead be that tasks become increasingly insensitive to difficulties with increasing age.  

The overarching view of the literature pertaining to the EF of autistic people is 

marked with inconsistency and rife with contradictory evidence. Synthesising the literature 

is challenging because of the diverging or underspecified theoretical accounts of EF being 

assessed, the variety of assessments used and the lack of standardised assessments to allow 

for cross-study comparisons. These issues are often compounded by sample sizes that are 

insufficient to detect anything but the largest possible effect sizes and by investigations that 
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conflate performance on a single measure of a given executive construct with that 

construct, rather than creating latent variables of executive subcomponents.  

Evidence against EF as causal in the development of autism 

Despite initial interest and a proliferation of studies designed to assess whether 

aberrant EF development was a contributory, causal factor in the development of autism, 

the evidence has not supported this position. Specifically, the five criteria for determining 

the causality of EF difficulties in autism, namely that they are (i) universal, (ii) specific, (iii) 

related to diagnostic behaviour (iv) have causal precedence and (v) can subsume other 

cognitive accounts, have not been met (Ozonoff, Rogers, & Pennington, 1991; Pennington 

et al., 1997). I briefly outline the reasons why below. 

Universality. One method that could demonstrate whether EF difficulties are a 

central and primary part of the cognitive profile in autism would be to demonstrate that 

such difficulties are universal among (all or almost all) autistic people. In support of this 

account, one early assessment found that 96% (n = 23) of the cognitively able autistic 

children and adolescents assessed had difficulties, demarcated by achieving an executive 

composite score below the mean of the non-autistic group (Ozonoff, Rogers, & 

Pennington, 1991). Similarly, Ozonoff and Jensen (1999) showed that 39 out of 40 autistic 

participants had difficulties on at least one measure of EF, that is, they scored below the 

mean score of the non-autistic sample for each respective measure. Hill and Bird (2006) 

showed that 21 out of 22 autistic participants were identified as having difficulties on EF, 

but this time the criteria used to determine a difficulty was that their score fell below the 

5th percentile of the control sample on at least one executive measure. Pellicano (2007), 

however, failed to find evidence of universality and showed that 33%, 43% and 50% of 

autistic children (aged 4 – 7 years) fell one standard deviation or more below the mean of 

the non-autistic sample on experimental measures of inhibition, planning and cognitive 

flexibility, respectively.  
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Categorising ‘impairment’ is somewhat arbitrary as is evident in the variety of 

criteria used in each of the above-mentioned studies. Nevertheless, it is clear from 

Pellicano (2007) and the variety of studies that did not find group differences on a range of 

classic EF measures, when variance in non-executive factors such as IQ and psychomotor 

processing are controlled for (e.g., Hill & Bird, 2006; Liss et al., 2001), that not all autistic 

people have difficulties with every EF task. These findings rule out a universal global EF 

difficulty as an explanation for autistic behaviour. It remains possible, however, that autistic 

people universally have difficulties in a given subdomain or pattern of subdomains of EF.  

Specificity. If a global EF impairment had a specific one-to-one mapping with 

autistic behaviour, then it should not be possible for EF difficulties to exist in the absence 

of characteristically autistic behaviour. Yet EF difficulties without autistic-like behaviour 

are present in other developmental populations including, for example, Tourette’s 

syndrome (Channon, Pratt, & Robertson, 2003), schizophrenia (Hutton et al., 2017), 

ADHD (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005) and cognitive aging 

(Robbins et al., 1998). The fact EF difficulties do not automatically result in a syndrome-

specific pattern of behaviour has been termed the ‘discriminant validity problem’ (Burgess 

et al., 1998). While the discriminant validity problem might be damaging for the possibility 

that an EF difficulty could explain the development of autistic behaviour, it is nevertheless 

possible that an autism-specific difficulty in one EF subcomponent, or a particular 

constellation of EFs, could explain some autistic features. For example, Ozonoff and 

Jensen (1999) suggested performance on measures of cognitive flexibility and planning 

could discriminate between autistic and non-autistic participants and those with other 

conditions. 

  Sinzig and colleagues (2008) found, on the one hand, that children with ADHD 

had difficulties with inhibition and working memory tasks and, on the other hand, autistic 

children had difficulties with planning and flexibility tasks. Whereas those with an autism 

and a with co-occurring ADHD diagnosis were similar to the autistic participants who did 
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not have ADHD with respect to inhibition but not working memory ability. A comparison 

between adults with ADHD and autism found the ADHD group had difficulty 

withholding a response, showed preservation in initiation and planning abilities, the autism 

group, by contrast, exhibited significant difficulties in initiation, planning and strategy 

formation (Bramham et al., 2009). A review of 28 studies, similarly found that those with 

ADHD and autism were similar to those with only autism on both flexibility and planning 

and similar to those with only ADHD on response inhibition (Craig et al., 2016). Children 

on the autism spectrum had difficulties in all EF domains except interference control and 

working memory but had comparatively more difficulties than those with ADHD on 

measures of planning and flexibility (Geurts et al., 2004). Autistic children, when compared 

with children with non-autistic communication disorders, were found to struggle more on 

measures of inhibition (Bishop & Norbury, 2005).  

Overall, it appears that studies are more likely to yield group differences between 

autistic and non-autistic samples on measures of flexibility and planning, but there is not 

sufficient evidence for an autism-specific profile of EF difficulties. Rather, on balance, 

autistic samples seem to have difficulties on all measures of EF (Demetriou et al., 2018). 

The discriminant validity problem does therefore undermine the possibility that EF 

difficulties are causal to the development of autistic behaviour. 

Relationship with diagnostic behaviour. Another central tenet of the theory of 

autism as a dysexecutive syndrome is that EF difficulties ought to be related, statistically, to 

the autistic behaviours they purport to explain. Set-shifting abilities have been shown to be 

correlated with repetitive behaviours in preschool children (Yerys et al., 2009) and in 

adolescents (South, Ozonoff, & Mcmahon, 2007) on the autism spectrum. Interestingly, in 

another investigation, performance on EF measures were not correlated with autism 

symptom severity, but was correlated with a measure of adaptive behaviour (Ozonoff et al., 

2004). Low levels of effortful control, measured by the marshmallow task, are associated 

with greater levels of social communication and interaction difficulties in 6-7 year-olds on 
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the autism spectrum (Faja & Dawson, 2013). Response inhibition and task switching were 

related to motor and sensory stereotyped behaviour (Mostert-Kerckhoffs, Staal, Houben, 

& de Jonge, 2015). Conversely, however, a delay non-matching to sample task, which taps 

executive control, was associated with neither autism symptomatology (Dawson, Meltzoff, 

Osterling, & Rinaldi, 1998) nor joint attention (Dawson et al., 2016) in young autistic 

children. 

While some studies demonstrated significant relationships between working 

memory and core autistic traits (Landa & Goldberg, 2005; Lopez et al., 2005; Sachse et al., 

2013), other studies have not (e.g., Steele et al., 2007). For example, working performance 

was negatively correlated with problems in communication and social ability (Gilotty et al., 

2002). Individual differences in cognitive flexibility, working memory, and response 

inhibition, as measured by the D-KEFs, were highly related to the level of RRBs engaged 

in by autistic participants but planning and fluency were unrelated (Lopez et al., 2005). 

Bölte et al. (2011), by contrast, found that higher order planning difficulties were associated 

with higher scores for RRBs on the ADI-R and ADOS.  

Causal precedence. If EF difficulties lead to the development of autistic 

behaviour then, according to the causal precedence criterion, EF difficulties should be 

readily apparent in very young autistic children. One investigation failed to show this 

however, and instead, demonstrated that the EF of autistic pre-school children (with a 

mean age of 2.9 years) was no different to chronologically and mentally age matched peers, 

and so suggested that EF difficulties might be better explained as a secondary consequence 

of being autistic (Yerys et al., 2007). Another study found that a different cohort of pre-

school autistic children did not underperform relative to their non-autistic peers on any of 

eight EF tasks performed (Griffith et al., 1999). Similarly, 3- and 4-year-old children on the 

autism spectrum performed comparably to non-autistic children on measures of EF 

suggesting that, at least at this early age, there is no autism‐specific pattern of EF 
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difficulties (Dawson et al., 2016). Similar subsequent investigations reported a lack of group 

differences (Rutherford & Rogers, 2003; Stahl & Pry, 2002). 

Some studies, however, have provided evidence for EF difficulties in very young 

autistic children. For instance, preschool autistic children have more difficulties on reversal 

learning activities where they need to reverse a learned rule, such as the location of a 

hidden sweet, after a number of trials (Dawson et al., 1998; McEvoy et al., 1993). 

Furthermore, a sample of autistic children aged between three and six years of age had, on 

average, more difficulties completing the DCCS, the Less is More and the Corsi blocks 

(backward condition) than non-autistic children matched for age and ability (Pellicano et 

al., 2017). It remains possible that the tasks employed in the study of EF early in 

development are not specific to the types of difficulties autistic people have (Bíró & 

Russell, 2001) or were insufficiently wide ranging to detect difficulties (Pellicano, 2011). 

Alternatively, these results may suggest EF difficulties emerge later in development than 

autistic features (cf. Yerys et al., 2007). 

Ability to subsume other cognitive accounts. The fifth and final criterion by 

which cognitive accounts of autism are assessed for developmental primacy is whether it 

can explain and thus subsume other cognitive accounts (Ozonoff, Rogers, & Pennington, 

1991). Longitudinal studies of the explanatory power of EF in autism are best placed to 

assess this criterion. It has been shown that autistic children between four and seven years 

of age, can have ToM difficulties while having intact EF, supporting the idea that EF is a 

forerunner to ToM development (Pellicano, 2007). When some children from the same 

cohort were assessed three years later individual differences in EF and Weak Central 

Coherence predicted later ToM ability, but the relationship between EF and ToM was 

unidirectional, again adding weight to the idea that EF shapes the developmental course of 

emerging ToM (Pellicano, 2010). In addition, individual differences in EF but not ToM 

predicted later social communication ability and repetitive and restricted behaviours 

underscoring the developmental primacy of EF not only for cognitive development but 
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also for the expression of diagnostic traits (Pellicano, 2013). Finally, in a recently conducted 

long-term follow-up of this same cohort, early EF – but not ToM – predicted significant 

variance in young people’s autistic features and adaptive functioning 12 years later (Kenny 

et al., 2018).  

Another longitudinal study found both ToM and EF difficulties were present in late 

childhood (Mage = 12 years), persisted over a three year period and followed comparable 

developmental trajectories (Ozonoff & McEvoy, 1994). The authors concluded that ToM 

and EF were related but interdependent on each other for development. EF significantly 

predicted play ability at age 6 years over and above intelligence, but early play did not 

predict later EF in autistic preschool children with higher language ability (Faja et al., 2016). 

These results suggest that, at least for verbally able autistic children, early EF abilities may 

be critical precursors for the development of play. Together, these results demonstrate that 

rather than there being a distinct pattern of EF atypicalities that relates to specific 

behavioural features of autism it appears as though early EF ability moulds many aspects of 

emerging behaviour, including, but not limited to, social behaviour. These atypicalities are 

likely best understood and studied alongside other cognitive capabilities and atypicalities 

that have explanatory power over the life outcomes of interest (C. R. G. Jones et al., 2018; 

Pellicano et al., 2006).  

Moving past autism as a ‘dysexecutive syndrome’ 

The evidence from studies of EF in autism presented here demonstrate that 

individual differences in EF have explanatory power over development for autistic people, 

as they do in non-autistic people. Nevertheless, EF difficulties in autism are not universal, 

there are no straightforward ways to discriminate between autistic and non-autistic patterns 

of EF difficulty, and evidence for EF in very early childhood is, at best, mixed. What is 

more, EF difficulties are related to autistic features and other cognitive atypicalities in both 

cross-sectional and longitudinal investigations but measuring multiple cognitive atypicalities 
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and capabilities of autistic people in concert can improve predictive power and, as such, EF 

does not wholly subsume other cognitive accounts of autism.  

In sum, there is no longer sufficient evidence to support the developmental 

primacy of EF difficulties to the emergence of autistic features, at least, when the strongest 

version of this theoretical account is pursued. Indeed, the fractionation of autism at the 

genetic, cognitive and behavioural level has resulted in a shift away from pursuing any 

single cognitive explanation for the development of autism (Happé, Ronald, & Plomin, 

2006). Going forward, research about the EF of autistic people should shift its focus from 

establishing developmental primacy to developing approaches that can successfully identify 

individuals whose executive difficulties have real world impacts. Consequently, case-control 

studies that only have sufficient statistical power to determine whether samples of autistic 

participants perform substantially more poorly, on average, than their non-autistic 

counterparts on neuropsychological measures of EF might be of limited value, especially if 

the relationship between the task and real-world executively-demanding tasks is poorly 

specified.  

Criticism of neuropsychological EF assessments 

Cognitive constructs, like EF, are not directly observable and, in lieu of direct 

measurement, inferences are made about EF ability by recording specific aspects of 

behaviour produced (e.g., accuracy, reaction time, failure to respond, errors committed) in 

response to tasks that were designed to test theoretical predictions. Making inferences 

about EF from behaviour becomes problematic when theories overlap and conflict but are 

insufficiently specified to allow directly contradictory predictions. Psychological science 

does not have effective procedures for resolving conflicted theories (Poldrack & Yarkoni, 

2016), which is evidenced by a lack of instances when a theory has been completely 

abandoned in light of a critical experiment (Greenwald, 2012). The result, with respect to 

EF measurement, is an ever-expanding ‘toolbox’ of theory-led EF tasks. Synthesising 

results from tasks derived from different theoretical models, or even from different tasks 
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derived from the same model, is challenging because we lack a formal EF ontology to 

operationalise when performance on different tasks reflects the same or different theorised 

constructs or to understand the componential nature of diverse constructs (Amabile, 1983; 

Poldrack, 2010). Furthermore, referring to tasks as measuring EF has been criticised for 

being premature, in light of our relative ignorance over what causes poor performance on 

these tasks and their lack of sensitivity to frontal lesions that should logically be implicated 

(Rabbitt, 2004). A related issue is that in populations who are ‘hard-to-reach’ or have 

limited attentional resources, such as those with developmental disabilities, performance on 

a single task is conflated with latent constructs, despite cautions against this practice 

(Cronbach & Meehl, 1955). 

The traditional neuropsychological EF tasks borrowed from research with lesion 

patients have helped identify the presence of EF difficulties in autism, but they are not 

without their criticisms. Historically, the remit of clinical neuropsychology was limited to 

identifying the location and extent of brain injuries and abnormalities (Long & Kibby, 

1995). To do so, neuropsychologists aimed to evoke the best performance a participant can 

demonstrate on reliable and valid instruments designed to distinguish maximally between 

the states of specific brain processes. The role of clinical neuropsychology has, however, 

evolved toward evaluating the functional consequences of brain-based differences by, for 

example, informing decisions about a person’s fitness to work or their ability to live 

independently (Heinrichs, 1990).  

Initially, these evolving demands resulted in neuropsychologists administering 

experimental neuropsychological assessments, such as those described in Table 1, which 

were assumed to be related to the state of specific brain process and critically that 

performance on these measures was informative about how these processes might function 

beyond the confines of the laboratory (Burgess, Alderman, Evans, Emslie, & Wilson, 

1998). Unfortunately, this assumption barely received empirical testing before the practice 

became relatively mainstream.  
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To illustrate with respect to EF, Shallice and Burgess (1991) presented case studies 

of three patients with acquired frontal lobe lesions who performed relatively well on a 

battery of neuropsychological assessments and consequently were believed to have 

relatively spared cognitive abilities. Strikingly, each of these people’s personal lives had 

fallen, post head-injury, into disarray. Of particular interest to Shallice and Burgess (1991) 

was whether there were important differences between the cognitive skills being measured 

by neuropsychological assessments and the way in which people apply those skills in 

everyday life. To test this, they developed two novel assessments, the Six Elements Test 

and the Multiple Errands Test. These assessments, unlike traditional tasks, were open-

ended, required participants to apportion their time independently and required sustained 

attention toward both goal attainment and self-monitoring. All three participants showed 

significant difficulties with these tasks. This finding, among others, has led to widespread 

claims that traditional neuropsychological tests, most especially those measuring EF, are 

insufficiently ‘ecologically valid’ (Chaytor & Schmitter-Edgecombe, 2003; Manchester, 

Priestley, & Jackson, 2004). 

Definition of ecological validity 

Ecological validity was coined by Egon Brunswik (1948) who required a new term 

when proposing representative design to oppose systematic design which, at that time, was the 

overwhelming convention employed within experimental psychological research. 

Representative design, unlike systematic design, involves designing assessments that 

represent some attributes of life outside the laboratory. According to Brunswik (1956), just 

as participants in an experiment must represent those people not in the experiment over 

whom we wish to generalise the findings, the conditions in an experiment must also 

represent the conditions outside of the experiment over which we aim to generalise the 

findings (Hammond, 1998). Both the substantive material (for example, recognition of 

photographs of real faces rather than computer generated ones) presented and the formal 

conditions (e.g., recognition of people rather than static photographs of faces) need to 
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represent those outside the experiment. The systematic approach, by contrast, involves the 

systematic arrangement of conditions in an experiment to answer a specific question. 

Systematic design therefore has no concern for ecological validity, which is problematic 

only if the specific laboratory conditions do not represent the non-systematic arrangement 

of conditions as they occur outside of the experiment and if somebody wishes to generalise 

the findings beyond the experiment. 

In strict Brunswikian terms, ecological validity refers to how informative a sensory 

cue is in a study using representative design. For example, by measuring the relationship 

between a distal cue (e.g., a banana) and the related proximal cue (e.g., the perception of 

the banana being yellow), a person can make a probabilistic estimate as to the ripeness of 

that banana. In this example, if the participant is deciding on the ripeness of the banana the 

ecological validity of the relationship between the distal and proximal cues is close to one, 

because the correlation between colour and ripeness of a banana is high. If the participant 

is deciding, instead, how far away the banana is, then the ecological validity of the 

relationship between cues is approximately zero, because there is no relationship between 

perceived yellowness and distance from a banana. In an unpublished online essay, 

Hammond (1998) emphasised the often misguided notion that ecological validity referred 

to the task being realistic and highlighted that, according to Brunswik, ecological validity 

can be demonstrated in arbitrary and artificial laboratory tasks:  

The concept of representative design does not call for generalization to "real world" 
conditions (a meaningless demand). Rather, representative design calls for, first, 
a specification of the conditions toward which the generalization is intended, and second, 
a specification of how those conditions are represented in the experimental conditions (para. 7, 
emphasis in the original). 

More recently, however, the concept of ecological validity has been used in a different 

sense, to refer to the degree to which results obtained under controlled experimental 

conditions can be inferred to relate to results obtained in uncontrolled, naturalistic 

environments (Franzen & Arnett, 1997; Spooner & Pachana, 2006; Tupper & Cicerone, 

1990), which is how it will be used for this thesis. Ecological validity, in this sense, is 
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comprised of two different, but closely related aspects, representativeness and 

generalisability. The first, representativeness, describes Brunswik’s representative design, which 

is the extent to which something can be investigated in a form and context that 

corresponds to its occurrence in everyday life. The second, generalisability, as the term 

suggests, refers to the degree to which the results of a particular study are capable of 

explaining other similar processes or tasks in everyday life (Kvavilashvili & Ellis, 2004). If a 

study is both generalisable and representative, then it can be said to be ecologically valid. 

Conversely, if it lacks both of these characteristics, the conclusions made by the study are 

not ecologically valid.  

There is debate about the relative importance of representativeness and 

generalisability for studies that possess only one such characteristic. A study conducted in 

an environment outside of the laboratory, for example, can be said to be representatively-

designed but it can suffer from weak experimental control, such as, whether a participant 

uses an aid to achieve the task or how a person not involved in the study behaves toward a 

participant. Such a lack of control over conditions represents a threat to the internal 

validity of a study, as performance may be unduly influenced by these factors and so fail to 

generalise to other related processes in everyday life. This example serves to demonstrate 

that generalisability is relatively more important than representativeness in determining the 

ecological validity of a study.  

There are two approaches to assess whether a measure has ecological validity; tests 

of verisimilitude – the extent to which generalizable design was used – and tests of veridicality 

– the extent to which performance predicts other, related real-world measures (Burgess et 

al., 2006, 1998; Chaytor & Schmitter-Edgecombe, 2003; Kenworthy et al., 2008). As a 

result of the often underwhelming ability to predict functional behaviour from traditional 

cognitive measures, researchers have called for applying assessments of the veridicality and 

verisimilitude of EF in typical as well as clinical settings (Spooner & Pachana, 2006). 
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Ecological validity of the EF assessment of autistic people 

The criticisms levelled at traditional neuropsychological measures of EF, such as 

their lacking ecological validity, have sobering implications for our ability to understand 

what these measures truly tell us about the abilities and difficulties autistic people have 

outside of the laboratory. Autistic people often experience profound adaptive difficulties; 

they are less likely to attain full-time employment, many have fewer friends than they 

would like, they are more likely to struggle with day-to-day tasks needed to live 

independently and to participate actively in the community (Howlin, Goode, Hutton, & 

Rutter, 2004; Howlin, Savage, Moss, Tempier, & Rutter, 2014; Shattuck, Orsmond, 

Wagner, & Cooper, 2011). These difficulties do appear to abate somewhat through 

development but, regrettably, most autistic adults do not attain normative outcomes on 

measures of adaptive skills (Seltzer, Shattuck, Abbeduto, & Greenberg, 2004; Shattuck et 

al., 2007). The possibility that difficulties with EF could forecast many of these maladaptive 

outcomes has good face validity but investigations of the EF of autistic people that have 

empirically tested the ecological validity of the conclusions they espouse are scarce, making 

such a conclusion premature.  

In fact, one particularly illustrative study, with only autistic children who did not 

have an ID (i.e., an IQ > 70), found that IQ was weakly related to parent-reported 

functional behaviour (Klin et al., 2007), measured by the Vineland Adaptive Behaviour 

Scale, second edition (VABS-II; S. S. Sparrow, Cicchetti, & Balla, 2005). Klin et al. (2007) 

showed adaptive behaviour profiles that were substantially below participants’ IQ scores, 

indicating that cognitively able autistic people often have profound difficulties within 

adaptive skills that are incommensurate with their cognitive potential. One candidate 

explanation for the mismatch between performance on standardised cognitive assessments 

and on assessments of everyday functioning is that some individuals might test well in the 

laboratory or clinic, but nevertheless not necessarily function well in everyday life (for a 

review, see Kenworthy et al., 2008). To test this possibility, a limited number of studies 
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have (i) assessed the EF of autistic people on representatively-designed assessments and (ii) 

assessed the generalisability of conclusions from EF assessments to other real-world 

measures of adjustment; these studies will be reviewed in Chapter 3 and Chapter 4, 

respectively. 

Conclusions 

 The theory that autism is a developmental analogue of the DES, whereby autistic 

behavioural features emerge as a secondary consequence of divergent executive abilities 

through development, has not borne out. Irrespective of a failure to support the strongest 

version of this theory, studies investigating the EF of autistic people have nevertheless 

remained fervent, but the field of research has arrived at something of an impasse; the 

ever-expanding literature appears to become ever-more contradictory and difficult to 

interpret. As we move beyond autism as a dysexecutive syndrome and toward an 

understanding that individual differences in EF ability are a potentially powerful predictor 

of the life chances of autistic people, we must be committed to better understanding the 

relationship between the tasks we employ in the psychology laboratory and the behaviour 

we claim to explain beyond the laboratory. Understanding how we can take learning from 

the laboratory to the everyday will be the focus on the remainder of this thesis. To address 

this issue, I will assess autistic and non-autistic young people on both systematically- and 

representatively-designed EF tasks to test their relative utility in identifying group 

differences and in explaining individual differences in EF skills that occur outside of the 

laboratory. 

 In Chapter 2, I report on a study assessing autistic and non-autistic adolescents on 

a wide-ranging battery of EF tasks that are typical of systematically-designed laboratory 

investigations of EF in autism. Crucially, this battery involves assessing participants on 

multiple tasks from each executive subdomain so that latent variables can be generated to 

represent EF ability, reducing the measurement error from non-executive factors so often 

implicated in the literature. Furthermore, by employing a battery that is open-source, 
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standardised and fully manualised, this study should facilitate future investigations to gain a 

more nuanced understanding of the interrelationship between EF subcomponents with 

larger, more diverse samples. 

 In Chapter 3, I turn to representatively-designed EF tasks, reporting on a study 

assessing autistic and non-autistic adolescents on such a task that more closely resembles 

the situations in which EF abilities are deployed in daily life. I further contextualised 

participants’ performance by also accounting for their disposition toward completing the 

task and in so doing sought to create a better understanding of contextual factors in EF 

task performance. 

In Chapter 4, I test the generalisability of the systematically-designed measure of 

EF described in Chapter 2 and of the representatively-designed measure of EF described in 

Chapter 3 to other metrics of other functional abilities, namely participants’ self-reported 

quality of life, everyday EF ability, perceived disability and anxiety.  

 In Chapter 5, I detail autistic adolescents’ and their parents’ own perspectives about 

the development of EF for themselves or their children. In this chapter, I sought to add 

the voice of young autistic people to the literature about EF and autism and to redress the 

almost complete absence of the first-person description of executive abilities in autism. 

Finally, in the General Discussion (Chapter 6), I make five recommendations on 

the basis of the research presented within this thesis. That is, by (i) validating 

systematically-designed tasks against real-world measures, (ii) employing representatively-

designed tasks to capture functional ability, (iii) triangulating objective assessment with 

subjective reports, (iv) conducting carefully controlled experiments to elucidate the 

mechanisms underlying everyday executive difficulties and (v) conceptualising of EF in 

autism within a dimensional framework, we can move the discipline of EF research of 

autistic people forward. 
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Chapter 2 

Comparing the executive function ability of autistic and 
non-autistic adolescents with a manualised battery of 

neuropsychological tasks 

 

Introduction 

As discussed in Chapter 1, the literature relating to executive function (EF) in 

autism is extensive, markedly inconsistent and difficult to interpret. In this chapter, I 

outline some of the difficulties in the measurement of EF that make interpreting the 

literature challenging and one approach to address these difficulties – the use of an open-

source, manualised, EF battery (Kramer et al., 2014). I then describe the first empirical 

study of my PhD using this battery with cognitively able autistic and non-autistic 

adolescents. This thesis will focus on cognitively able autistic young people for two 

reasons. First, the research question being addressed is whether autistic and non-autistic 

young people who do not have an ID differ with respect to specific cognitive difficulties, 

namely in EF, which purportedly impact upon their functional skills. Second, we lack valid 

and reliable measures of EF that are appropriate for individuals with and without an 

additional ID. Specifically, when assessing EF in those with an ID it is difficult to 

determine whether performance relates to EF difficulties or to language abilities given that 

all EF assessments rely on language ability to some extent. 

The task impurity problem 

EF is an overarching term for a set of theoretical cognitive constructs that can be 

notoriously difficult to measure. One methodological reason why our ability to make 
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inferences from performance on EF tasks difficult is what has been termed the task 

impurity problem (Snyder, Miyake, & Hankin, 2015). That is, performance on a single EF 

task is composed of the systematic variance related to the EF construct of interest and the 

systematic variance related to EF ability in general, as well as the systematic variance related 

to non-executive factors (e.g., language ability, motor coordination, reaction time) and non-

systematic variance (i.e., error). The predominant approach in autism research has been to 

use a single task to represent a discrete subdomain of EF ability. On the one hand, this 

approach could lead one falsely to believe that an EF construct holds strong explanatory 

power when, in fact, the variance in non-EF or general EF abilities might be driving the 

effects in which one is interested. On the other hand, it could lead to the false belief that an 

EF construct holds no explanatory power when, in fact, it does, but we lack tasks to 

measure the construct with sufficient purity. The impurity problem can be reduced by 

assessing participants on multiple tasks tapping a given EF construct and creating a latent 

variable from the shared variance that reflects the EF construct one aims to measure. This 

issue might be especially pronounced in autism research because few autism studies report 

on latent measures of EF constructs. Additionally, reviews of standard EF assessments of 

autistic people show that they are more likely to struggle on multifactorial tasks (e.g. tower 

tasks and card-sort tasks) that simultaneously probe many EF constructs or measure EF 

constructs alongside non-executive abilities than they are to struggle on tasks with greater 

measurement purity (Hill, 2004a; Kenworthy et al., 2008). 

Diversity of EF tasks 

Another impediment to progress in the EF literature is the diversity of EF tasks 

employed. The tasks employed are often developed in-house by a single research group, are 

not formally manualised and are reported upon with insufficient detail to be fully 

reproducible. Consequently, iterative studies apparently using the same paradigms are 

tweaked, variables are calculated in new ways, different dependent variables are reported 

upon and the results cannot be meaningfully synthesised. Potential antidotes to this are (i) 
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using EF measures that are manualised so that administration, scoring and dependent 

measure selection are standardised, (ii) not using proprietary measures so that identical 

tasks can be used across research groups and (iii) depositing the resultant data in open 

repositories to maximise the usefulness of the study to those synthesising evidence across 

studies.  

Small samples 

The impact of having a diverse range of EF measures is compounded in autism 

research by underpowered studies. Original theoretical accounts hypothesised that EF 

difficulties in autism were substantial and universal (Hughes et al., 1994; Russell, 1997) but, 

by contrast, findings reported in the literature have been mixed, for instance, autistic 

participants do not struggle with every measure of EF (e.g., Russell et al., 1999). The 

expectation that difficulties were substantial resulted in a proliferation of studies that were 

sensitive only to very large effect sizes. For instance, a recent meta-analysis of the 235 

studies comparing EF in autistic and non-autistic samples, aged at least 6 years, conducted 

between 1980 and 2016 had a median sample size of 23 (Demetriou et al., 2018). Similarly, 

a meta-analysis of 31 studies comparing autistic and non-autistic samples on the Wisconsin 

Card Sorting Test between 1980 and 2013 found the median sample size was 25 (Landry & 

Al-Taie, 2016). Although there is variability in sample sizes in the literature, the median 

sample sizes described above reflect studies that are powered to detect an effect size of at 

least 0.8 with power of 0.80 at an alpha of 0.05 (Cohen, 1988; Landry & Al-Taie, 2016). In 

a review outlining the literature about autistic people’s cognitive flexibility, Geurts and 

colleagues (2009) argued that one important remedy to publishing paradoxical findings is to 

conduct studies with adequate sample sizes.  

As well as facilitating direct replication, open source tasks and data make it possible 

for many labs to combine EF measurement data, making testing EF scalable, as can be 

seen from recent collaborative worldwide projects that allowed the assessment of large, 

diverse samples (Open Science Collaboration, 2015). In future, EF assessment in autism 
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should capitalise on collaborative cross-laboratory studies, to test samples sufficiently large 

to detect small and moderate effect sizes and sufficiently diverse to test the generalisability 

of these effects. 

The NIH-EXAMINER battery 

An open source battery of tasks called Executive Abilities: Measures and 

Instruments for Neurobehavioral Evaluation and Research (EXAMINER; Kramer et al., 

2014) was developed for a National Institute of Health (NIH) funded project. The NIH-

EXAMINER battery was designed to integrate the cognitive, experimental and clinical EF 

literatures to produce a battery of EF tasks with acceptable psychometric properties as well 

as tested and reported measures of test-retest reliability (ranging from .78 to .93) and 

validity (Kramer et al., 2014). The NIH-EXAMINER is based on the Miyake et al. (Miyake 

et al., 2000) model of EF, which found support for three related, but separable, core EF 

constructs that contribute to complex executive tasks, such as planning. The battery 

therefore includes task tapping mental set shifting, information updating and monitoring, 

inhibition of pre-potent responses and planning. Tasks tapping fluency ability have also 

been included. A confirmatory factor analysis demonstrated that both a one factor (global 

executive composite) and a three-factor model (fluency, cognitive control and working 

memory) characterise the data well. Importantly, task administration, scoring and 

dependent variable selection are completely manualised, and the battery is open source. 

The studies that have employed the NIH-EXAMINER battery have predominantly 

focused on patients with frontal lobe pathophysiology. One such study, showed that 

patients with behavioural variant Frontotemporal Dementia had comparable difficulties to 

those with Alzheimer’s Disease on the NIH-EXAMINER measures of working memory, 

semantic fluency and sustained attention but had more difficulties with letter fluency and 

anti-saccade accuracy, relative to a typical comparison group (Kramer et al., 2014). In this 

sample, discriminant function analysis could reliably classify participants into diagnostic 

groups with 73% accuracy (Kramer et al., 2014). The continuous performance task (CPT) 
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from the battery has been used to assess patients with Parkinson’s disease pre- and post-

treatment in a pharmaceutical intervention study, but did not show change in performance 

(Possin et al., 2013). Another study of mixed neurological patients found that damage to 

different neuroanatomical structures associated with EF difficulties was related to 

performance on different tasks within the battery (H. Robinson, Calamia, Gläscher, Bruss, 

& Tranel, 2014).  

In developmental populations, performance on all individual measures within the 

NIH-Examiner battery decreased with increasing neurologic morbidity and two factor 

scores were related to reduced white matter area in a sample of youth with sickle cell 

disease (Schatz, Stancil, Katz, & Sanchez, 2014). Finally, children and adolescents with 

attention deficit hyperactivity disorder (ADHD) have been shown to score lower on the 

working memory but not on the fluency or cognitive control factor scores than those 

without ADHD (Schreiber, Possin, Girard, & Rey-Casserly, 2014). The battery has not 

been employed, to my knowledge, to assess EF in autistic participants. 

Current study 

The aims of the current study were twofold. First, I tested whether autistic 

adolescents (11 to 19 years) would show, on average, greater difficulties on each task within 

the NIH-EXAMINER Battery (Kramer et al., 2014) relative to non-autistic participants 

closely matched on age, gender distribution and intellectual ability. Second, I further 

assessed whether autistic participants would show, on average, more difficulties on the 

latent variables generated to represent fluency, cognitive control, working memory and 

overall EF ability relative to the matched, non-autistic participants.  

I predicted on the basis of existing research, that found autistic participants have 

difficulties on each EF subcomponent (Demetriou et al., 2018; Geurts et al., 2014; E. C. L. 

Lai et al., 2017; Landry & Al-Taie, 2016; Wang et al., 2017), that, in the current study, the 

autistic participants would underperform relative to the non-autistic participants on each 

EF measure. Specifically, I predicted that autistic participants would struggle on each of the 
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individual tasks and on each of the factor scores derived from the NIH-EXAMINER 

battery. I hypothesised that I would find these group differences because the current study 

involved samples that were sufficiently large to detect effect sizes of at least a moderate 

magnitude (in this case, d > .57) which is greater than the statistical power in many of the 

studies detailed in the above-mentioned meta-analyses. To that end, one-tailed hypotheses 

were used in each comparison.  

Finally, I was interested in the extent to which individual differences in non-

executive background variables such as chronological age, verbal and non-verbal IQ and 

symptomatology were related to task performance. I predicted that age and verbal IQ 

would be significantly positively related to task performance. 

Method 

Participants 

Seventy-nine adolescents aged between 11 and 19 years (M = 14.76, SD = 2.13) 

completed every measure in this study, including 37 autistic (12 female, 25 male) and 42 

non-autistic (22 female, 30 male) participants. Autistic participants were recruited through 

an advertised public engagement and research participation event (n = 25), community 

contacts at the Centre for Research in Autism and Education (CRAE; n = 5) and a school-

research partnership (n = 7).  

All autistic participants had received an independent clinical diagnosis of autism, 

according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR; 

APA, 2000, or DSM-5; 2013), or The International Classification of Mental and 

Behavioural Disorders, tenth edition (ICD-10; WHO, 1992)4 criteria. Participants also 

scored above the threshold indicative of autism on either the parent-reported Social 

Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 2012) or the Autism 

                                                 
4 Although The International Classification of Mental and Behavioural Disorders, eleventh edition (ICD-11; 

WHO, 2018) autism diagnostic criteria are now available, none of the participants in the current study were 
diagnosed using these criteria. 
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Diagnostic Observation Scale, second edition (ADOS-2; Lord, Rutter, et al., 2012; data for 

one participant were available on neither measure). Data for one additional autistic 

participant were excluded because they obtained an SRS-2 t-score of 56, which fell below 

the threshold strongly associated with having an autism diagnosis (a t-score of 60 or above; 

Constantino & Gruber, 2012; ADOS-2 data were unavailable for this participant). 

According to parent report, 20 autistic participants had at least one co-occurring 

developmental or psychiatric disability. Parents reported that participants had the following 

conditions; Attention-deficit hyperactivity disorder (ADHD, n = 9), dyslexia (n = 10), 

developmental coordination disorder (DCD; n = 7), sensory processing disorder (n = 3), 

Irlen Syndrome (n = 1), and obsessive-compulsive disorder (n = 1). Parents also completed 

the ADHD symptom checklist (The Centers for Disease Control and Prevention, 2017) 

and 12 autistic participants were reported to have six or more inattention and hyperactivity 

symptoms within the last six months, which is suggestive that of a possible ADHD 

diagnosis, this included five whose parents reported a diagnosis and six whose parents did 

not. Only one autistic participant did not speak English as their first language.  

Non-autistic participants were recruited through an advertised public engagement 

and research participation event (n = 40) or through community contacts at CRAE (n = 2). 

None of the non-autistic participants had any developmental disabilities and one had a 

diagnosis of depression, as reported by parents. There were three additional non-autistic 

participants (all female) whose parent-reported SRS-2 t-scores were between 60 and 65, 

above the threshold indicative of an autism spectrum condition and whose data were 

excluded from all analyses (SRS-2 data were unavailable for ten non-autistic participants). 

English was not the first language spoken by six non-autistic participants. 

There were some noteworthy differences in the distribution of participant 

ethnicities between groups, reported by parents, including that almost three quarters of 

autistic participants were from White backgrounds compared with less than half of the 
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non-autistic participants. A Fisher’s exact test revealed that these differences were 

statistically significant, p = .001. See Table 2 for more information. 

Table 2. 
Demographic information about the participants assessed on the NIH-EXAMINER battery 

   

Non-
autistic  
(n = 42)   

 
Autistic 
(n = 37) 

  n  n 

Recruited through  
 

 

 Public engagement and research participation event 40  25 

 Community contacts 2  5 

 School-research partnership 0  7 

    
 

Parent-reported co-occurring conditions   
 

 Attention deficit hyperactivity disorder 0  9 

 Dyslexia 0  10 

 Developmental coordination disorder 0  7 

 Sensory processing disorder 0  3 

 Irlen Syndrome 0  1 

 Obsessive compulsive disorder 0  1 

 Complex language disorder 0  0 

 Depression 1  0 

  
 

 
 

Medication  
 

 

 ADHD  0  5 

 Antipsychotic 0  1 

 Sleep inducing  0  4 

 Antiepileptic  0  1 

 Antidepressants 1  3 

 Non-psychoactive  2  2 

     

Ethnicity    

 Any White background 13  27 

 Any Asian background 3  3 

 Any Black background 9  1 

 Any mixed background 4  4 

 Other ethnic group  1  1 

  Missing or prefer not to say 11  1 
Note. Any White background = White British, White Irish or any other White background; Any Black background = 
Black British, Black African, Black Caribbean or any other Black background; any Asian background = Chinese, Indian, 
Pakistani, Bangladeshi or any other Asian background; Mixed/multiple ethnic groups = Mixed White and Asian, Mixed 
White and Black African, Mixed White & Black Caribbean, Any other Mixed background. 

All participants were considered cognitively able by virtue of having verbal, 

nonverbal and full-scale IQ scores of 70 or above (see Table 3). An additional six autistic 

participants were excluded from the analysis for obtaining IQ scores below this threshold. 
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Samples were group-matched by age, t(77) = 0.67, p = .502, d = 0.15, verbal IQ , t(77) = 

0.25, p = .804, d = 0.06, nonverbal IQ, t(77) = 0.43, p = .671, d = 0.10, and by gender 

distribution,  2 (1, n = 79) = 2.43, p = 0.12,  = 0.20. 

The socio-economic status (SES) of participants and their parents, indexed by 

measuring education level, level of neighbourhood deprivation and income and occupation, 

has been shown to interact with the prevalence of autism diagnoses (Nowell, Brewton, 

Allain, & Mire, 2015). For that reason, the under-reporting of the SES of participants in 

autism research has been highlighted as problematic (Delobel-Ayoub et al., 2015).  

Number of years of parental/caregiver education is a widely used proxy for SES 

(Liberatos, Link, & Kelsey, 1987). A parent or caregiver (hereafter, ‘parent’) reported the 

age at which they left fulltime education, which was used to derive the number of years of 

education they received after they turned 16 years of age. There were no significant 

differences between the autistic and non-autistic participants in level of parental/caregiver 

education, t(62) = 0.39, p = .699, d = 0.10.  

An index of multiple deprivation for each participant was calculated based on the 

post code reported by parents, using the English Indices of Deprivation 2015 (T. Smith et 

al., 2015). The English Indices of deprivation provide a numerical value to denote a given 

neighbourhood’s position relative to the national distribution on each of the following 

criteria; income, employment, education and skills, health and disability, crime, barriers to 

housing and services, living environment, income deprivation affecting children, and 

income deprivation affecting older people. An index of multiple deprivation (IMD) 

combines each of the abovementioned criteria into a single metric. A decile rank IMD was 

recorded for each participant, accordingly scores ranged from 0 to 10 and lower scores 

indicated higher levels of deprivation. There was a significant group difference on the 

decile rank of deprivation, t(67) = 3.80, p < .001, d = 0.92. Years of parental post-16 

education and the decile rank of IMD were converted to z-scores and a mean of both was 
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calculated to create a composite SES score. See Table 3 for more. There was a significant 

group difference on the composite SES score, t(53) = 0.97, p = .339, d = 0.26. 

Table 3. 
Descriptive statistics for the developmental and background variables of participants assessed on the NIH-
EXAMINER battery, by group 

    
Non-autistic 

(n = 42)   
Autistic  
(n = 37)     

  M (SD)  M (SD)   
  Range   Range   p-value 

Developmental variables        

 Gender (M:F) 20:22  25:12  .120 

 Age (in years) 14.91 (2.25)  14.59 (2.01)  .502 

  12 - 18  11 - 19   

 Full-scale IQ 103.74 (12.39)  103.78 14.58  .988 
  77 - 130  76 - 132   

 Verbal IQ 102.98 (13.58)  102.24 (12.42)  .804 

  78 - 132  73 - 123   

 Nonverbal IQ 103.14 (13.31)  104.73 (19.48)  .671 

  71 - 132  75 - 154   

 SRS-2  47.96 (5.93)a  77.57 (9.32)b  < .001*** 

  38 - 59  56 – 90c   

 ADOS-2 severity score d - -  5.74 (2.60) e  - 

  -  2 – 10f   

SES of primary caregiver     
 Years of post-16 education 5.39 (5.06)g  5.00 (2.98)h  .699 

  -1 – 19i  0 - 12   
 IMD decile rank 4.89 (3.11)j  7.52 (2.45)k  < .001*** 

  1 - 10  1 - 10   
 Composite SES score -0.04 (0.78)l  0.15 (0.61)m  .339 
  -1.22 – 1.14  -1.18 – 1.35   

Note. Full-scale IQ = Full-scale IQ, 4 subtest version, derived from the Wechsler Abbreviated Scale of Intelligence, 
second edition (WASI-II; Wechsler, 2011), where mean score is 100 and standard deviation is 15; Verbal IQ = Verbal 
comprehension index derived from the WASI-II (Wechsler, 2011), where mean score is 100 and standard deviation is 15; 
Nonverbal IQ = Perceptual reasoning index derived from the WASI-II (Wechsler, 2011); SRS-2 = t-score, calculated 
separately, by gender from the Social Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 2012); 
ADOS-2 = the Autism Diagnostic Observation Schedule, second edition (Lord, Rutter, et al., 2012); SES = 
Socioeconomic status; IMD = Index of Multiple Deprivation (T. Smith et al., 2015); Composite SES score = mean of z-
scores derived from the years of post-16 education and the IMD decile rank. 
a n = 32. b n = 35. c one participant fell below the threshold indicative of an autism diagnosis (a t-score of 60) but were 
retained in the analysis because they received a score above the threshold indicative of an autism diagnosis on the ADOS-
2. d The ADOS-2 was only administered with participants already diagnosed with autism. e n = 19, The ADOS-2 was not 
administered to all autistic participants because it was not an included measure in the planned protocol for this study due 
to time limitations. Data are reported here in cases where ADOS-2 data were available because participants took part in 
other research studies and consented for their data to be used in this way. f Two autistic participants received ADOS-2 
severity scores below the threshold indicative of an autism diagnosis (a severity score of 2 or below) but were retained in 
the analysis because they received a score above the threshold indicative of an autism diagnosis on the SRS-2. g n =28. h n 
=36. i One parent reported leaving full time education aged 15 years and so received a score of -1 when number of years 
of post-16 education was calculated. j n =36. k n =33. l n = 23. m n = 32. 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Measures 

 The NIH-EXAMINER (memory.ucsf.edu/examiner) tasks are a combination of 

computer and paper-and-pen measures that tap working memory, inhibition, set-shifting, 

https://memory.ucsf.edu/examiner
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fluency and planning ability that generate working memory, cognitive control, fluency and 

global executive composite scores. There are three forms of each task that are of 

comparable difficulty to allow for repeated testing in the case of either longitudinal or 

clinical trial research, Form A was used in this study. The computerised tasks within the 

NIH-EXAMINER were presented with PsychoPy software (Peirce, 2007) and latent factor 

scores were calculated using item response theory with the ltm package (Rizopoulos, 2006) 

in R (version 3.4.3; R Core Team, 2017) using the script provided by the original authors of 

the battery (Kramer et al., 2013). The variables that contribute to each factor score and the 

individual tasks from which these variables are derives are described below. 

I calculated a fluency factor score, according to manual instructions (Kramer et al., 

2013), by combining the total number of correct responses in the semantic and phonemic 

fluency tasks, which are described below. 

Phonemic Fluency. Participants were asked to name as many words as they could 

that began with a given letter of the alphabet in one minute. Two trials were administered, 

one with the letter L and another with the letter F. The participant was asked not to give 

names of places, people or numbers as responses. If participants paused for 15 seconds, 

they were encouraged to keep going. Correct responses, rule violations and repetitions 

were scored manually by an examiner, according to the NIH-EXAMINER manual 

(Kramer et al., 2013). The number of correct responses, rule violations and repetitions 

were totalled across both trials. A higher number of correct responses was indicative of 

greater phonemic fluency. 

Semantic Fluency. Participants were asked to name as many words as they could 

within a given category in one minute. Two trials were administered, one for the category 

‘animals’ and another for the category ‘vegetables’. Participants were informed that it did 

not matter which letter the names of vegetables or animals began with. If participants 

paused for 15 seconds, they were encouraged to keep going. Correct responses, rule 

violations and repetitions were scored according to the NIH-EXAMINER manual 
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(Kramer et al., 2013). The number of correct responses, rule violations and repetitions 

were totalled across both trials. Greater accuracy was indicative of greater semantic fluency. 

I calculated a cognitive control factor score, according to manual instructions (Kramer et 

al., 2013), by combining the total shift score from the set-shifting task, the total flanker 

score from the flanker task, the total score from the anti-saccade condition of the saccade 

task and the total number of dysexecutive errors recorded by the examiner during 

administration of the battery. 

Set-shifting Task. The set-shifting task was designed to measure cognitive 

flexibility. On each trial, participants were presented with a target image in the centre of the 

screen that was either red or blue and either a rectangle or triangle. Participants were also 

presented with a condition cue (the word shape or the word colour) at the bottom of the 

screen which indicated which dimension participants should use to match the target to one 

of the two comparison images presented in the bottom left and right of the screen (see 

Figure 2). The participant was asked to respond as quickly as possible while avoiding 

errors. If required to match by colour, the participant was asked to press the left arrow key 

for red and the right arrow key for blue and, if matching by shape, they were asked to press 

the left arrow key for triangle and the right arrow key for rectangle. Trials were organised 

into blocks where a single cue (colour or shape) was repeatedly presented or in blocks 

where a mixture of these cues were used, and participants had to adapt flexibly to changes 

in cues.  

Each trial began with an 800 millisecond (ms) delay with only the comparison 

images displayed. The condition cue was displayed between the comparison images for 

800ms. A small fixation cross was displayed at the centre of the screen for 200ms to draw 

the participant’s attention back to the target display area from the cue display area. The 

target image was displayed in the centre of the screen for five seconds or until the 

participant responded. Up to three sets of practice blocks were used to ensure participants 

understood the task and could perform the task with sufficient accuracy for the output to 
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be meaningful. Each practice block consisted of eight sequential colour trials and eight 

sequential shape trials. Participants advanced to the block of test trials if at least 12 of the 

16 trials in one practice block were answered correctly. The accuracy score was the 

proportion of correct responses in the shifting block (out of 64 trials), multiplied by 5 to 

create a range from 0 to 5. RT data are often positively skewed and in order to adjust for 

this skew, a log10 transformation was applied to the median RT score. To further reduce 

skewing, the minimum RT was set to 500ms and the maximum reaction time was set to 

3000ms; scores that fall outside that range were truncated (e.g., an RT of 4000ms was set 

equal to 3000ms and 300ms was set to 500ms). Log values were algebraically rescaled from 

a log500 – log3000 range to a 0 to 5 range. The accuracy score (ranging from 0 to 5) and the 

adjusted RT score (ranging from 0 to 5) were summed to create the shift score. Possible 

scores range from 0 to 10, a higher score was indicative of better performance. 

 

Figure 2. Example stimuli presented in the set-shifting task where participants were asked to 
match the target object (presented in the top and centre of the screen) to the one of the 
two comparison objects (presented on the bottom left and right corners of the screen) 
based on the condition cue (either the word colour or shape) presented on the bottom 
centre of the screen). Figure reproduced from Kramer et al. (2014). 

Flanker Task. On each trial, participants were shown a row of five arrows on a 

computer screen and asked to indicate by pressing the left or right arrow button whether 

the centre, target arrow was pointing to the right or to the left (see Figure 3 for sample 

stimuli). Participants were asked to respond as quickly as possible while trying not to make 
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any mistakes. There were two conditions, in the congruent condition all of the non-target 

arrows were pointing in the same direction as the target arrow and in the incongruent 

condition, all of the non-target arrows were pointing in the opposite direction to the target 

arrow. There were 24 trials of each condition and 48 trials in total. Between trials, a fixation 

point appeared for a random time interval between 1000ms and 3000ms and stimuli were 

sometimes presented above and sometimes below the fixation point. Up to three sets of 

practice trials were presented at the beginning, which provided feedback to participants 

about whether their response was correct or incorrect. Participants advanced to the test 

trials if they obtained at least six correct responses in a practice block. 

A score combining accuracy and reaction time (RT) was calculated for the 

incongruent trials. The accuracy score was the proportion of correct responses (out of 24 

trials), multiplied by 5 to create a score that ranged from 0 to 5. To correct for skew in RT 

data, the median RT was transformed in the same way as the for the set-shifting task (see 

above) to generate a score from 0 to 5. The accuracy score (ranging from 0 to 5) and the 

adjusted RT score (ranging from 0 to 5) were summed to create the flanker score. Possible 

scores range from 0 to 10; higher scores are indicative of better performance. 

 
Figure 3. Examples of congruent (on the left) and incongruent (on the right) stimuli from 
the flanker task. Figure reproduced from Kramer et al. (2013). 

Anti-saccade. The anti-saccade task is a measure of distractor inhibition. There 

were two distinct conditions, pro-saccades and anti-saccades. In the pro-saccade condition, 

participants were asked to fixate on a white circle in the centre of the screen, which 

appeared for 1000ms. This was followed by a blank screen for 200ms and then the white 

circle was displayed parallel with the fixation point on the left or right extremes of the 

screen for 900ms. Participants were required to shift their eye gaze to the new location of 

the white circle. Participants were then required to move their eye gaze back to the centre 
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of the screen and wait for the next trial to begin. There was one pro-saccade block of 10 

trials. Participants received one point for each saccade that was in the same direction in 

which the circled moved. 

In the anti-saccade condition, a white circle again appeared in the centre of the 

screen for 1000ms, followed by a 200ms blank screen, and the white circle then re-

appeared on the left or the right of the screen. In this condition, participants were required 

to shift their eye gaze in the opposite direction to where the circle had moved to. There 

was one block of three practice trials to ensure participants understood the task 

instructions followed two blocks of 10 trials. Participants received one point each time 

their saccade was in the opposite direction to the circle on screen, with a maximum score 

of 10 and 20 in the pro- and anti-saccade conditions, respectively. The pro-saccade 

condition was administered first to establish a pre-potent response but the score on this 

condition was not evaluated. Higher scores on the anti-saccade condition were taken to 

indicate greater difficulty with distractor inhibition. Examiners who completed the training 

videos provided by the assessment authors and achieved reliable scores scored these trials. 

Dysexecutive errors. Executive-related difficulties can manifest as impulsive 

errors, failure to shift set, perseverative behaviour, and stimulus-boundedness, even when 

overall descriptive achievement scores on tests are unremarkable. Accordingly, the NIH-

EXMAINER also generates a composite measure of dysexecutive errors committed across 

the administration of the whole battery. This includes the experimenter’s rating of their 

perception of participants’ behaviour with respect to stimulus boundedness, social 

inappropriateness, perseverative responding and motivation. These ratings were combined 

with the number of repetitions and rule violations in each of the semantic and phonemic 

fluency tasks, the false alarm responses on the CPT task, the amount of errors made on the 

incongruent trials relative to congruent trials of the flanker task, and the number of errors 

made on shift trials relative to non-shift trials in the set-shifting task. 
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I calculated a working memory factor score, according to manual instructions (Kramer 

et al., 2013), by combining the total dot-counting score and the d-prime (d `) from the 

spatial 1- and 2-back tasks, which are described below. 

Dot counting. The dot-counting task assessed verbal working memory and was 

based on the counting span task (Case, Kurland, & Goldberg, 1982). Participants were 

presented with a mixed array of green circles, blue circles and blue squares on a computer 

screen and asked to count and remember the total number of blue circles. After the 

participant finished counting the blue circles on one screen, they repeated the total aloud to 

indicate that they were finished. The examiner then switched to a new screen with a novel 

array and participants were asked to count aloud and remember the number of blue circles 

on this new screen. After a set number of screens had been presented, participants were 

asked to recall the total number of blue circles they counted on each of the screens 

presented in the order in which they were presented. Participants were given one point for 

each correct total that a participant recalled in the correct location of a trial sequence. The 

task began with a practice block of three trials, to ensure participants understood the 

instructions, followed by six test trials where the number of display screens increased by 

one in each successive trial, from two to seven (see Figure 4 for an example of stimuli used 

in the three-screen condition). The number of correct responses was recorded and totalled 

across all six trials. The total possible score was 27 points. Higher scores reflected better 

verbal working memory.  

 
Figure 4. Example dot counting task stimuli where participants had to count aloud and 
remember the number of blue circles presented on each of the three screens and were then 
prompted to recall these totals, in the correct order. Figure reproduced from Kramer et al. 
(2013). 

Spatial 1-back. In the spatial 1-back task, which assessed spatial working memory, 

the participant was asked to remember the location of a white square (the probe) that 
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appeared in one of 15 possible locations on a computer screen for 1000ms. This was 

followed by a 500ms delay when the screen was entirely blank. The participant was then 

asked to read aloud a number that was presented in the centre of the screen for 1000ms, 

which ensured that the participant did not maintain fixation at the location of the 

previously presented probe as a memory aid. There was another 500ms delay before 

another white square appeared (the target). The participant was asked to indicate whether 

this target square was in the same location as the probe by pressing the left arrow key for 

‘yes’ and the right arrow key for ‘no’.  

After the participant responded, another white square appeared which served as 

both a target that needed to be held in memory for the following trial and as a probe that is 

compared to a target displayed on the earlier trial, see Figure 5. Up to two sets of practice 

blocks, of 10 probes were used to ensure participants understood the task and could 

perform the task with sufficient accuracy for the output to be meaningful. The participant 

advanced to the testing block if at least seven of the 10 trials in one practice block were 

answered correctly. The test block consisted of 30 probes. Based on signal detection 

theory, the preferred measure in n-back tasks, such as this one, is to compute a net score 

that takes into account the relative proportion of hits and false alarms, called a d prime (d`; 

Swets, Tanner, & Birdsall, 1988). Possible scores ranged from -1.11 to 3.67 and higher 

scores are indicative of better performance. I calculated a d ` for the spatial 1-back task 

using the following formula: 

d ` = Z[hit rate] – Z[false alarm rate] 

 
Figure 5. Example stimuli in the spatial 1-back task where participants had to remember to 
location of the probe on the first screen, say aloud the number presented on the 
subsequent screen and indicate if the target presented on the following was in the same or 
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a different location to the probe presented on the first screen. Figure reproduced from 
Kramer et al. (2013). 

Spatial 2-back. For the more difficult, spatial 2-back task, the probe was 

compared to the target from the trial before the preceding trial (i.e., the trial 2 back from 

the current trial). During the 2-back task, the stimulus displayed on the preceding trial was 

the “intermediate” target and so no number was displayed because there was not a need to 

draw participants fixation away from the probe, see Figure 6. Up to three sets of practice 

blocks of 10 probes were used to ensure participants understood the task and could 

perform the task with sufficient accuracy for the output to be meaningful. The participant 

advanced to the testing block if at least seven of the 10 trials in one practice block were 

answered correctly. The test block consisted of 90 probes. A d ` was again calculated for 

the 2-back task. Possible scores ranged from -1.94 to 3.88; higher scores were indicative of 

better performance. 

 
Figure 6. Example stimuli in the spatial 2-back task where participants had to remember to 
location of the probe on the first and second screens and had to indicate if the target 
presented on the third screen was in the same or a different location to the probe 
presented on the first screen, which had been presented two trials before. Figure 
reproduced from Kramer et al. (2013). 

I calculated an NIH-EXAMINER global executive factor score, according to manual 

instructions (Kramer et al., 2013), by combining each of the variables that contributed to 

the fluency factor score, the cognitive control factor score and the working memory factor 

score. 

There were two tasks administered (the continuous performance task [CPT] and 

the unstructured task) that did not contribute to the factor scores generated, because 
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individual differences on task performance did not load clearly onto either the one- or 

three-factor models reported in Kramer et al. (2014). The CPT and unstructured tasks are 

described below. 

Continuous Performance Task. In the CPT, the participant was asked to press 

the left arrow key, as quickly as they could, every time the target image (a five-point star) 

was presented but was asked not to press any key if any of the other five non-target shapes 

were presented (see Figure 7 for the stimuli used). Each trial began with the display of an 

image for a duration of 750ms. Once the image was displayed, participants could respond 

by clicking the left arrow key. Up to three sets of practice blocks were used to ensure 

participants understood the task and could perform the task with sufficient accuracy for 

the output to be meaningful. Each practice block consisted of 15 displays of the target 

image and one display of each non-target image (20 trials). Participants advanced to the test 

trials if at least 16 trials in one practice block were answered correctly. The testing block 

consisted of four sets of 25 trials (100 in total) with each set having 20 displays of the target 

image and one display of each non-target image. The total number of false alarm errors was 

recorded, the total possible score was 20. This was reverse coded so that higher scores 

were indicative of greater ability with respect to pre-potent response inhibition. 

 

Figure 7. Example stimuli for the continuous performance task where participants had to 
press the left arrow key as quick as they could every time the target image appeared and 
without their response if any non-target image appeared. Figure reproduced from Kramer 
et al. (2013). 

Unstructured Task. The unstructured task is conceptually similar to the Six 

Elements Task (Burgess et al., 1998) and designed to measure strategy generation, 

planning, and strategy execution. In a practice condition, participants were presented with 
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one sheet of paper containing six puzzles and asked to complete them to ensure they 

understood the types of puzzles involved. In the main task, participants were provided with 

three test booklets, each booklet contained six pages, with four puzzles on each page (see 

Figure 8). In each booklet, the number of points that could be earned was identical but the 

number of points available on each successive page was reduced and so advancing through 

a booklet resulted in diminishing returns. The puzzles varied with respect to the points 

earned for completing them and the time they took to complete. Participants were asked to 

earn as many points as possible in six minutes. They were informed that they did not have 

to complete an entire page or an entire booklet before moving to a different puzzle and 

that they would only receive points if a puzzle were fully completed. A timer remained 

visible to participants throughout.  

The total number of points earned for completing puzzles was recorded for each 

participant. Yet relying solely on the total number of points earned was not informative 

since participants who were fast could still earn a high number of points, despite making 

poor choices. According to Kramer et al. (2014), each puzzle was designated as high or low 

value based on its point value relative to the average time taken to complete it. For each 

participant, the number of high value and low value puzzles completed in six minutes was 

recorded. A possible disadvantage of relying solely on the percentage of high value puzzles 

is that participants who solved only one or two puzzles could potentially have inflated 

values for the percentage of high value puzzles. Accordingly, a weighted composite was 

generated that combined the total points earned with the number of high and low value 

puzzles completed using the formula below. Higher scores were indicative of better 

planning ability. 

((
𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 ℎ𝑖𝑔ℎ 𝑣𝑎𝑙𝑢𝑒 𝑖𝑡𝑒𝑚𝑠

𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 ℎ𝑖𝑔ℎ 𝑣𝑎𝑙𝑢𝑒 𝑖𝑡𝑒𝑚𝑠 +  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 𝑙𝑜𝑤 𝑣𝑎𝑙𝑢𝑒 𝑖𝑡𝑒𝑚𝑠
) × 100 ) ×  log10(𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑖𝑛𝑡𝑠 𝑒𝑎𝑟𝑛𝑒𝑑 + 1) 
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General Procedure 

Participants were seen one-on-one in a quiet research facility at UCL Institute of 

Education (n = 72) or in a quiet room at their school (n = 7). Completing the battery of 

tasks took approximately one hour and, where needed, participants were seen on multiple 

occasions to complete testing. Participants completed the NIH-EXAMINER battery and 

the Wechsler Abbreviated Scale of Intelligence, second edition (WASI-II; Wechsler, 2011). 

A parent or caregiver for each participant completed a general background questionnaire 

and the Social Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 2012). 

The above procedure had ethical approval through the postgraduate student 

approval procedure at UCL Institute of Education. The ADOS-2 was not administered to 

all autistic participants because it was not an included measure in the planned protocol for 

this study due to time limitations. Data are reported here in cases where ADOS-2 data were 

available because participants took part in other research studies and consented for their 

data to be used in this way. Of the 19 participants who had ADOS-2 data available, the 

ADOS-2 was administered to participants during one of the visits to the research lab that 

they undertook to participate in this study (n = 11) because they were participating in 

another study concurrently or it was administered during a visit for a previous study (n = 8) 

when they consented for their data to be re-used. Participants completed all the testing they 

took part in (including a number of tasks detailed in other chapters) either in one visit (n = 

50), two visits (n = 26) or in three visits (n = 3). 

Data availability 

De-identified data collected for this study are perpetually available in a publicly 

accessible repository (https://osf.io/ngmpb/).  

 

https://osf.io/ngmpb/
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Figure 8. Page one of each of the three books of puzzles used for the unstructured task. Figure reproduced from version A of the NIH-EXAMINER 
battery testing forms (Kramer et al., 2013).
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Results 

Data screening 

To begin, I assessed the distribution of each dependent variable for normality using 

the Shapiro-Wilk Test. Performance scores on the spatial 1-back, dot counting, and 

unstructured tasks were normally distributed, and all of the factor scores were normally 

distributed. Performance scores on the following tasks deviated from normality: phonemic 

fluency, semantic fluency, set-shifting, flanker, anti-saccade, dysexecutive errors, CPT the 

spatial 2-back. Tukey’s Ladder of Powers was performed on each of the variables that were 

not normally distributed using the rcompanion package in R (Mangiafico, 2016) and 

successfully transformed them to be normally distributed, with the following exceptions: 

the spatial 2-back, the anti-saccade and the CPT, where non-parametric statistics were used 

to compare groups. A number of participants failed to progress beyond the practice 

condition in the spatial 2-back (n = 1; non-autistic) and in the flanker tasks (n = 2; both 

autistic). 

Analysis plan 

 To test my first aim, that autistic participants would have more difficulties on each 

of the individual tasks in the NIH-EXAMINER battery, I conducted one-tailed 

independent sample t-tests, or Mann-Whitney U tests for non-normally distributed 

variables, on the dependent variables specified in the manual, for each task. The use of 

one-tailed hypothesis testing here reflects the directional hypothesis being tested; that is, 

that the non-autistic sample should have fewer difficulties than the autistic sample on each 

task within the NIH-EXAMINER. The extant literature has repeatedly shown autistic 

participants underperform relative to their non-autistic peers on assessment such as these 

and so assessing this directional hypothesis, rather than the non-directional alternative (that 

the groups would simply differ in their performance), increases the statistical power to 

reject the null hypothesis (Ruxton & Neuha, 2010). To test my second aim, that autistic 

participants would have lower scores than non-autistic participants on each of the factor 
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scores from the NIH-EXAMINER (global executive composite, fluency factor, cognitive 

control factor, and working memory factor), I conducted one-tailed independent sample t-

tests. Analyses were conducted in R (version 3.4.3; R Core Team, 2017) and RStudio 

(version 1.1.4; RStudio Team, 2015). 

Group differences 

Table 4 and Table 5 show the descriptive statistics for the dependent variables from 

individual tasks for the generated factor scores, respectively (non-transformed scores are 

presented here for clarity but transformed scores were used in group comparisons). 

Similarly, Figure 9 and Figure 10 show performance on individual tasks and factor scores, 

respectively (z-scores of raw scores and, where appropriate, of transformed scores are used 

here, so performance can be plotted on a single figure).  



104 

Table 4. 
Descriptive statistics for the dependent variables specified for each task in the NIH-EXAMINER battery  

    
Non-autistic 

(n = 42)   
Autistic  
(n = 37) 

  M (SD)  M (SD) 

  Range   Range 

Fluency tasks      

 Phonemic fluency 22.31 (7.75)  20.22 (6.25) 

  8 - 48  9 - 36 

 Semantic fluency 30.40 (8.98)  26.97 (7.70) 

  16 - 61  8 - 46 
Cognitive control tasks      

 Set-shifting 8.18 (0.85)  7.78 (0.92) 

  5.42 - 9.39  5.83 - 9.62 

 Flanker 8.96 (0.53)  8.80 (0.59)a 

  7.13 - 9.78  7.17 - 9.85 

 Anti-saccade 31.43 (6.27)  30.65 (5.26) 

  15 - 40  19 - 40 

 Dysexecutive errors 10.39 (6.43)  11.89 (6.84) 
  1 - 30  3 - 30 
Working memory tasks      

 Dot counting 18 (3.97)  14.68 (4.41) 

  10 - 26  2 - 22 

 Spatial 1-back 2.28 (0.56)  2.15 (0.83) 

  1.02 - 3.67  0.14 - 3.67 

 Spatial 2-back 1.03 (0.74)b  0.96 (0.68) 

  -0.21 - 3  -0.23 - 2.79 
Tasks not contributing to factor scores      

 Continuous performancec 16.19 (3.89)  16.43 (3.78) 

  3 - 20  5 - 20 

 Unstructured task 162.55 (29.80)  143.07 (37.22) 
    91.63 – 234.47   56.44 – 210.98 

Note. Phonemic fluency = total correct responses across both trials of the task, Semantic fluency = total correct responses 
across both trials of the task, Set-shifting = total weighted accuracy and reaction time score, Anti-saccade = total number 
of trails in the anti-saccade condition, Dysexecutive errors = combined score of errors committed across the 
administration of the NIH-EXAMINER battery, Dot counting = total correctly recalled screens, Spatial 1-back = d ` on 
the 1-back condition of the n-back task. Spatial 2-back = d ` on the 2-back condition of the n-back task. Continuous 
performance = the total number of false alarm errors recorded. Unstructured task = Weighted composite score from the 
unstructured planning task which combined points earned with the relative number of the high-value and low-value 
puzzles completed. 
a n = 35. b n = 41. c = reverse coded scores. 

Autistic participants had significantly lower scores than the non-autistic participants 

on the semantic fluency task, t(77) = 1.84, p = .035, d = 0.24. There were no significant 

group differences on the phonemic fluency task, t(77) = 1.31, p = .097, d = 0.30, or on the 

fluency factor score t(77) = 1.38, p = .087, d = 0.31, however. 

Autistic participants had significantly lower scores than the non-autistic participants 

on the set-shifting task, t(77) = 2.07, p = .021, d = 0.47. There were no group differences 

on the flanker task, t(75) = 1.29, p = .100, d = 0.30, the anti-saccade task, U = 864.00, p = 
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.197, d = 0.18 or on the cognitive control factor score, t(77) = 1.64, p = .052, d = 0.37, 

however. The comparison between groups on the cognitive control factor score 

approached significance and so it remains possible that a study with larger samples may 

detect group differences on this variable, albeit a difference of a smaller magnitude than 

has previously been suggested on measures of cognitive control in autism studies. 

Autistic participants had significantly lower scores than the non-autistic participants 

on the dot-counting task, t(77) = 3.53, p < .001, d = 0.80. There were no significant group 

differences in the spatial 1-back task, t(77) = 0.86, p = .197, d = 0.19, or the spatial 2-back 

task, U = 787.00, p = .390, d = 0.10 or on the working memory factor score, t(77) = 1.45, p 

= .075, d = 0.33, however.  

With respect to the tasks that did not contribute to the generation of factor scores, 

autistic participants had significantly lower scores than the non-autistic participants on the 

unstructured task, t(77) = 2.58, p = .006, d = 0.58, and there were no significant differences 

in performance on the CPT, U = 761, p = .565, d = 0.06.  
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Figure 9. Performance on individual NIH-Examiner tasks, by group. CPT = continuous 
performance task. Performance scores on the CPT were reverse coded, such that higher 
scores on every measure reflected better performance. 

Table 5. 
Descriptive statistics for the NIH-EXAMINER factor scores for the one-factor model (global executive 
factor) and the three-factor model (fluency factor, cognitive control factor and working memory factor) 

  
Not autistic 

(n = 42)   
Autistic  
(n = 37) 

 M (SD)  M (SD) 

 Range   Range 

Global executive factor 0.43 (0.54)  0.16 (0.50) 

 
-0.66 - 2.09 

 
-0.76 - 1.08 

Fluency factor 0.20 (0.69)  0.00 0.59 

 
-1.31 - 2.34 

 
-0.95 - 1.37 

Cognitive control factor 0.73 (0.63)  0.50 (0.61) 

 
-0.99 - 2.05 

 
-0.54 - 1.89 

Working memory factor 0.30 (0.61)  0.09 (0.67) 

  -0.73 - 1.91 
 

-1.59 - 1.82 
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With respect to the global executive composite score, autistic participants had 

significantly lower scores than the non-autistic participants, t(77) = 2.28, p = .013, d = 0.51. 

That is, autistic adolescents had EF difficulties compared with their non-autistic peers on a 

robust measure of EF that was derived from performance across tasks on a wide-ranging 

battery. 

 
Figure 10. Performance on the factor scores generated by the NIH-Examiner battery, by 
group. 

Individual differences 

The final aim of the present study was to test whether there were relationships 

between performance on the NIH-EXAMINER and on other, non-executive variables. 

Figure 11 shows the relationships between, the global executive composite and: (A) verbal 

IQ, (B) performance IQ, (C) age and (D) autistic traits, as indexed by the SRS-2. I 

conducted a series of Pearson product-moment correlations for each of the above. Age 

was associated with the global executive factor for non-autistic participants, r(40) = .48, p = 

.001. An r-to-z transformation showed that these relationships were not significantly 

different, z = - 0.05, p = .960. There was a significant association between verbal IQ and 

performance, r(35) = .49, p = .002, and between non-verbal IQ and performance, r(35) = 
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.54, p < .001, for autistic participants only. None of the other tested correlations were 

significant (all ps > .440).  

 
Figure 11. Relationship between performance on the global executive composite score from 

the NIH-EXAMINER battery and (A) VIQ = verbal comprehension index on the 

Wechsler Abbreviated Scale of Intelligence, second edition (WASI-II; Wechsler, 2011), (B) 

PIQ = perceptual reasoning index on the WASI-II, (C) age (in years) and (D) autism 

symptomatology, indexed by t-scores from the Social Responsiveness Scale, second edition 

(Constantino & Gruber, 2012). 
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Discussion 

This was the first study to compare autistic and non-autistic participants on the 

NIH-EXAMINER battery and showed that autistic adolescents have moderate EF 

difficulties (d = 0.51) compared to their non-autistic peers on the global executive factor, 

which supported my hypothesis. That is, the NIH-EXAMINER battery was sensitive to 

the moderate, global EF difficulties previously demonstrated among autistic participants 

(Demetriou et al., 2018; Hill, 2004a; E. C. L. Lai et al., 2017), thus providing a justification 

for using this standardized battery in autism research. Future investigations can therefore 

use this open-source and completely standardised battery to scale up the assessment of the 

EF of autistic people to include large, diverse samples, to conduct like-for-like replications 

and to re-assess the accuracy of the conclusions previously drawn in the literature in an 

iterative manner, as more data is collected, shared and compiled.  

Along with the global EF difficulties evident in autistic people, claims have been 

made for specific profiles of executive difficulties in autism, such as that autistic people 

have particular challenges with flexibility and planning (Hill, 2004b; Ozonoff & Jensen, 

1999). More recently, some meta-analyses compared directly the results of assessments of 

each of the EF subdomains and concluded that, rather than a specific profile of difficulties, 

autistic people experience EF difficulties that apply evenly across individual domains and 

have an overall, rather than a fractionated, profile of EF difficulties (Demetriou et al., 2018; 

E. C. L. Lai et al., 2017). The supposition that followed was that autism researchers need 

not worry about which EF assessments to employ, as EF difficulties would be equally likely 

to be measurable on any EF task. The results of the current study did not support this 

supposition because there were no significant group differences on any of the factor scores 

representing individual subcomponents of EF (fluency, cognitive control and working 

memory). This was inconsistent with previous investigations that found autistic people had 

difficulties on measures of fluency (Carmo, Duarte, Pinho, Marques, & Filipe, 2015), 

cognitive control (Leung & Zakzanis, 2014) and working memory (Wang et al., 2017). This 
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failed to support my hypotheses that autistic participants would show difficulties on every 

EF subdomain and his ramifications for how we select measures to identify which people 

struggle with EF abilities.  

The use of latent, and not manifest EF variables might be one possible explanation 

for the discrepancy between the lack of group differences on the EF subdomain factors in 

the present analysis and the differences on tasks ranging across all EF subdomains that 

have been reported, albeit somewhat inconsistently, in the literature. I assessed this 

possibility by comparing groups on the dependent variables from each EF task in the 

battery (i.e., manifest EF variables). My hypotheses that autistic people would perform 

more poorly on each task was only partially supported. Autistic participants had more 

difficulties with the semantic fluency, set-shifting, dot counting and unstructured tasks. 

These findings are inconsistent with the lack of group differences on the fluency, cognitive 

control and working memory factors. Differences on these individual tasks are nevertheless 

consistent with previous investigations that have shown autistic people to have difficulties 

relative to non-autistic people on measures of semantic fluency (e.g., Spek, Schatorjé, 

Scholte, & van Berckelaer-Onnes, 2009), set-shifting ability (e.g., Tsuchiya, Oki, Yahara, & 

Fujieda, 2005), verbal working memory (e.g., Gabig, 2008) and planning (e.g., Zinke et al., 

2010). The lack of group differences on the remaining tasks was inconsistent with findings 

that suggest, on balance, autistic people have difficulties on each of the EF subdomains 

represented by these tasks. 

An important implication of these discrepant findings is that, had I only conducted 

individual tasks to measure semantic fluency, set-shifting and verbal working memory and 

conflated variance on manifest variables, such as these, with the latent constructs in which 

I am interested, I may have mistakenly assumed that this particular sample of autistic 

people struggle on these EF constructs. Unravelling the extent to which systematic 

variance in general, rather than specific EF abilities, and systematic variance in non-

executive abilities as well as the extent to which non-systematic variance, or measurement 
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error, is driving the discrepant findings is a priority before we can meaningfully assess the 

correlates and consequences of EF. There are four possible explanations for these 

discrepant findings, presented below. 

First, the tasks grouped by EF subcomponent might not be reliably tapping the 

same construct. For example, one relevant claim is that n-back tasks are not a reliable 

metric of spatial working memory (Kane, Conway, Miura, & Colflesh, 2007), which, if true, 

means that the shared variance between the dot-counting task and the n-back task might 

not reflect working memory ability per se and might also reflect non-executive sources of 

shared variance, or simply measurement error. The non-executive features that differ 

between tasks, such as cognitive load, language demands, and task difficulty do not only 

impact EF performance but can also impact a participant’s motivation and affective 

response to that task, exacerbating this issue (Poldrack & Yarkoni, 2016). Deriving factor 

scores across tasks where task performance is differentially sensitive to the underlying 

construct of interest might introduce measurement error into the factor scores rather than 

counteracting the task impurity problem they were derived to address.  

Second, perhaps the executive difficulties reported upon in the literature diminish 

or disappear in adolescence. This could be because (i) autistic people learn the executive 

skills that they so markedly struggled with in childhood by the time they reach adolescence 

or (ii) all adolescents experience a drop in EF ability due to the neural re-organisation that 

takes place with the onset of puberty and common tasks become increasingly insensitive to 

difficulties through development. Support for these possibilities exists, previous reports 

have found executive difficulties to decrease with advancing age (Geurts et al., 2014) or to 

disappear altogether in one analysis for measures of cognitive control and working memory 

(Demetriou et al., 2018), consistent with the present analysis. Although, age does not 

always appear to moderate the effect sizes found, for example, in planning (Olde 

Dubbelink & Geurts, 2017) or working memory (Wang et al., 2017). 
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Third, autistic people might struggle with unstructured tasks rather than EF in 

general. According to White et al. (2009), an EF task is unstructured when it has been 

explicitly designed such that there are a number of ways of doing the task or is 

characterised explicitly to be open-ended as acknowledged clearly by the inventor of that 

task. Three tasks from the NIH-EXAMINER battery fit this definition, the phonemic and 

semantic fluency tasks and the unstructured task. One important finding from the current 

study was that autistic participants had more difficulty than non-autistic participants did on 

the semantic fluency task and on the unstructured task, but performance did not differ 

between groups on the phonemic fluency task. Autistic people struggling on two of the 

three less-structured tasks within this battery provides support for previous suggestions 

that tasks involving open-ended responses (S. J. White, 2013; S. J. White et al., 2009) and 

multifactorial tasks that tap planning and multitasking abilities (Hill & Bird, 2006; 

Mackinlay, Charman, & Karmiloff-Smith, 2006) are especially difficult for autistic 

participants. It therefore remains possible that specific features of assessing EF ability in 

the necessarily constrained environs of the laboratory mean that the NIH-EXAMINER 

battery and similar neuropsychological tasks might be providing much of the scaffolding – 

the cueing, attention orienting, and task monitoring – needed for successful task 

completion. The autistic participants in the current study had particular difficulties on the 

tasks that required them to generate a strategy, to continuously appraise and modify their 

behaviour and to sustain their attention without external support from the experimenter. If 

these are the executive abilities with which autistic people struggle the most and reliance on 

these abilities is low in many EF assessments, then we may be underestimating the 

difficulties autistic people have with executively demanding tasks beyond the laboratory.  

The fourth, and final potential reason for the discrepant findings presented here is 

that group differences exist but the effect sizes are smaller than many studies have 

previously reported. It is noteworthy that the effect size estimates for several of the tasks 

was small but nonetheless sizeable, including for the fluency factor (d = 0.31), the cognitive 
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control factor (d = 0.37) and on the working memory factor (d = 0.33). Based on an alpha 

of .05 and power of .80, sufficient statistical power to detect reliably group differences 

between autistic and non-autistic participants would require samples of 130, 92 or 115 

participants per group, respectively. Recruiting this number of participants for the current 

study was not feasible with the resources and time available to me. Nevertheless, depositing 

the data collected from this study into a public repository will allow other researchers to 

add to these data, to assess samples that are increasingly large and diverse, and to test more 

definitively whether group differences of these magnitudes are reliable and valid. 

None of the participants in the current study had an ID and the claims made herein 

about the EF profiles of autistic people cannot therefore be generalised to autistic people 

who do have an ID. Historically, EF research with autistic people aimed to uncover which 

individuals had EF difficulties but, more recently, interest has been growing in 

understanding which people can compensate for some of their cognitive difficulties 

through adaptation served by other cognitive skills at their disposal. IQ and EF are two 

such cognitive constructs which have been implicated in the ability to compensate for 

difficulties experience by autistic people (Livingston & Happé, 2017). Studying the EF 

abilities of a sample such as those who participated in the current study, including only 

those without an ID presents the possibility that some of the measured variability in EF 

task performance may represent some participant’s ability to compensate for their EF 

difficulties by a process of adaptation that was made possible because of their high general 

cognitive ability or IQ. Future experimental designs should further decouple the role of IQ 

and EF in order to better understand their relative contributions to outcomes among 

autistic young people. 

The advantage of using a fully manualised EF battery is that the analysis decisions 

needed to calculate the variables representing both individual task performance and overall 

EF ability were predetermined and, as such, were impervious to the large number of 

researcher degrees of freedom that could have been employed to impact the likelihood of 
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producing group differences. That said, it remains unclear whether those analysis decisions 

outlined within the manual (e.g., summing RTs and accuracy scores) are optimal for 

producing group differences when comparing autistic and non-autistic participants. Future 

exploratory research should therefore assess the sensitivity of each of possible variable that 

could be generated from these tasks when comparing autistic and non-autistic participants. 

In conclusion, I have established that autistic adolescents have moderate difficulties 

with EF ability in general but the effect sizes for each of the factor scores relating to EF 

subdomains were smaller in magnitude and, in many cases, did not yield significant group 

differences. The different pattern of performance observed on tasks that were structured 

and on tasks that were less structured leads to the suggestion that many classic 

experimental and psychometric measures of EF might not be tapping the specific 

difficulties that autistic people experience. Chapter 3 will test this possibility directly by 

assessing a subsample of those included in the current Chapter on a more open-ended, 

less-structured task – one that is executively demanding but more closely resembles the 

demands of an everyday activity, namely making tea.  
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Chapter 3 

Comparing the executive function ability of autistic and 
non-autistic adolescents with a representatively-

designed ‘tea-making’ task 

 

Introduction 

Chapter 2 showed that autistic adolescents demonstrated overall – but not specific 

– difficulties on the NIH-EXAMINER battery. It remains unclear, however, whether the 

NIH-EXAMINER battery was sufficiently sensitive to detect the sorts of difficulties young 

people have in their day-to-day lives. It remains possible that performance on these tasks 

does not necessarily relate well to everyday behavioural difficulties. Several factors suggest 

this possibility. First, group differences occurred on two out of the three tasks that were ill-

structured and on two out of the seven tasks where responses were more structured. This 

may suggest the highly structured nature of most of the executive function (EF) 

assessments used in Chapter 2, and in the literature more broadly, might underestimate the 

difficulties encountered by autistic people when they need to apply EF in open-ended, ill-

structured and relativistic ways, as is required in everyday life. Second and contrastingly, it 

remains possible that the difficulties that were apparent on some NIH-EXAMINER tasks 

and on the executive composite factor are artefacts of standard EF measurement 

paradigms that disproportionately affect autistic people. For example, these tasks are 

administered by an examiner which results in many of these tasks placing sociocognitive 

demands on participants and they may also induce social anxiety in participants. Third, the 

magnitude of the effects measured might not be sufficient to have a perceptible effect on 
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people’s lives. That is, the ecological validity of standard paradigms of EF assessment have 

not been sufficiently tested in autistic samples to assume they are valid correlates of real-

world behaviour.  

This chapter describes my second empirical study, which aims to address these 

issues directly by testing whether a sample of autistic adolescents who, on average, have 

overall difficulties on the NIH-EXAMINER battery also show difficulties when their EF is 

assessed in a context that more closely resembles the demands of daily life. I begin by re-

introducing the reader to key concepts related to ecological validity before outlining the 

limited literature on naturalistic EF assessments in autism.  

Key concepts in ecological validity research 

As outlined in Chapter 1, ecological validity is used here to refer to the degree to which 

results obtained under controlled experimental conditions can be inferred to relate to 

results obtained in uncontrolled, naturalistic environments (Franzen & Arnett, 1997; 

Spooner & Pachana, 2006; Tupper & Cicerone, 1990). The degree to which a task has 

ecological validity is dependent on the representativeness or verisimilitude of the task (the extent 

to which the form and context of a laboratory task correspond to a situation encountered 

outside of the controlled, experimental setting) and the generalisability or veridicality of task 

performance (the extent to which difficulty performing on a laboratory task is predictive of 

having difficulties outside of the laboratory) Burgess et al., 2006; Franzen & Wilhelm, 1996; 

Kvavilashvili & Ellis, 2004. This Chapter will focus on representativeness/verisimilitude 

and generalisability/veridicality will be revisited in Chapter 4.  

Many EF tasks are intentionally content-free and aim to assess cognitive ability at 

an abstract level and hence, involve stimuli such as geometric shapes, letters, numbers and 

colours. These stimuli are selected to avoid confounding performance with individuals’ 

specific interests and motivations. For instance, tasks typically involve responding to an 

abstract geometric shape rather than, for example, a picture of a car, to avoid confounding 

performance with differences in the motivation elicited by cars. This is problematic 
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because people never employ cognitive faculties in content-free contexts outside of the 

laboratory. Hence, one threat to ecological validity of a conclusion that has been levied at 

EF tasks is that they lack ethological validity (R. C. K. Chan et al., 2008). That is, the human 

brain is evolutionarily adapted to produce particular behaviours within particular 

environments and so assessments of cognition in response to abstract stimuli may not be 

that informative about how cognitive mechanisms function in response to the feelings and 

intentions somebody experiences in the environments in which a cognitive skill is deployed 

in the real world. 

Representatively-designed EF tasks with autistic samples  

One approach taken to increase the representativeness of EF assessments has been 

to replace the intentionally meaningless, content-free stimuli used in classic paradigms with 

stimuli that hold meaning to participants, for example, pictures of faces. One such attempt 

involved assessing autistic and non-autistic participants on a measure of cognitive flexibility 

where instead of flexibly adapting between response sets based on, for example, shapes and 

colours, they were instead required to switch their pattern of responding based on the 

gender and emotion shown in photographs (de Vries & Geurts, 2012). Another study, 

employed the classic n-back paradigm and used photographs of faces as the stimuli 

(Koshino et al., 2008). The authors found no group differences in either study but claimed 

these tasks might have greater ecological validity than their traditional variants. The claim 

that increasing the ethological validity of the stimuli used increases the generalisability of 

the conclusions drawn is problematic, because the authors have not specified the 

conditions toward which the generalisation is intended, nor have they specified how those 

conditions are represented in the experimental conditions. The findings presented, for 

example in the first of these studies, likely generalise to the ability to flexibly switch a 

selected response choice, at somebody else’s request, based on a person’s gender or based 

on one of two extreme emotions they are displaying, a task rarely, if ever, required in life. 
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One widely-used battery for assessing EF in controlled laboratory settings that 

addresses some concerns over ecological validity is the Behavioural Assessment of the 

Dysexecutive Syndrome (BADS; Wilson, Alderman, Burgess, Emslie, & Evans, 1996). The 

BADS involves six subtests that assess flexibility, planning, problem solving and estimation 

by requiring participants to complete tasks that are more easily relatable to everyday goals, 

such as finding misplaced keys or planning a route that includes multiple stops. Autistic 

adults, who showed no measurable difficulties on some standard EF tasks, had more 

difficulties on some subscales of the BADS (Hill & Bird, 2006). While searching for lost 

keys or planning a route around a zoo are comparatively more ethologically valid than, for 

example, the Tower of London task, these BADS assessments nevertheless lack 

verisimilitude. The form of assessment involved drawing a proposed search strategy on a 

piece of paper rather than completing an actual search in a real field complete with all the 

sensory, motor and affective variables that could contribute to task performance. Similarly, 

the context of drawing a proposed search route while sitting in a quiet room is not 

necessarily a reliable predictor of one’s propensity to be systematic when faced with the 

emotional, social and other situational factors surrounding losing one’s keys. 

 On a children’s version of the task (BADS-C), autistic children (aged 7 – 12 years), 

like autistic adults (Hill & Bird, 2006), struggled more than their non-autistic counterparts 

on the six parts task (a modification of the six elements task), the Zoo map task and on the 

key search task (S. J. White et al., 2009). The authors make a distinction between the above-

mentioned tasks, which they described as being open-ended or ill structured and several 

standard or ‘constrained’ EF tasks that autistic participants had fewer difficulties 

completing. Compared to real-world goal pursuit, these tasks are still comparatively highly 

structured and so if autistic people’s EF difficulties are more apparent in open-ended, ill-

structured situations, then standard EF tasks likely underestimate their difficulties. Findings 

with the BADS are, however, somewhat mixed. For instance, autistic adolescents have 
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been shown to be comparable to non-autistic samples on most (Harris et al., 2008) or all 

subtests (Rajendran, Mitchell, & Rickards, 2005).  

Another laboratory-based assessment used to compare 14 autistic and 16 non-

autistic cognitively able children and adolescents that emulates some demands of real-world 

multitasking is the Battersea multi-tasking paradigm (Mackinlay et al., 2006). Participants in 

this study were required to complete three simple interleaved tasks (bead sorting, counter 

sorting, and caterpillar colouring) in three minutes. Participants had to follow four rules 

such that effective performance required frequent switching between tasks, rendering 

sequential performance ineffective. The authors generated six dependent variables, which 

allowed a granular analysis of the source of potential multitasking difficulties. Overall, 

autistic children struggled more than non-autistic children did with multitasking, planning 

and switching between subtasks. While this assessment is representative of some demands 

of real-world multitasking (e.g., formulating a plan, shifting between sub goals, and 

monitoring performance relative to time), it does not represent other demands well, for 

example, sorting beads or colouring in are potentially not very motivating activities for the 

age-group assessed. Besides, performing the task in a quiet, structured environment, 

overlooked by an examiner likely aids performance. 

A modified version of the Predicaments Test, which involves participants watching 

videos of ‘real-life-type’ social scenarios, recount pertinent facts and generate solutions to 

the predicaments involved, has been used with cognitively able autistic children (Channon 

& Crawford, 1999) and adolescents (Channon, Charman, Heap, Crawford, & Rios, 2001), 

who had more planning difficulties, attempted fewer tasks, switched inflexibly and broke 

more rules. Yet, our ability to interpret this task is hampered for three important reasons. 

First, the task is inherently social, and we cannot disentangle the role of executive and 

socio-cognitive abilities in task performance (Kenworthy et al., 2008). Second, the task 

involved videos of actors reading scripts, which is assumed to have greater 

representativeness than say, for example, a written vignette of the same scenario, but the 
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validity of this assumption is untested. Finally, a video of an artificially created scenario is 

still relatively impoverished, compared to the rich, complex and nuanced ways in which 

real-life predicaments occur. 

The Challenge task is an unpublished semi-structured observation measure where 

participants engage in several scenarios tapping planning and flexibility and their 

behaviours are rated from 0 to 3, similar to the way in which the ADOS-2 is used to elicit 

social difficulties. For example, children are invited to mould a figure out of clay and then 

asked to swap it with the examiner before it has been completed, the flexibility of their 

behaviour is then rated. One published account of this task demonstrated that autistic 

children who underwent an intervention called Unstuck and On Target, significantly 

improved with respect to their flexibility score on the Challenge Task (Kenworthy et al., 

2014).  

An unpublished measure of EF, called the Ecologically valid Test of Executive 

Dysfunction (Eco-TED), has been designed to address some of the ecological validity 

concerns specific to EF and to be a feasible tool for the clinical assessment of autistic 

children (Bristow, 2016; Pullinger, 2017). The Eco-TED includes seven subtests, which are 

a combination of paper-and-pen, action imitation and construction tasks that tap 

prospective memory, working memory, planning abilities as well as the ability to execute 

multiple-step goals. Autistic children made more errors, relative to their non-autistic peers, 

on some Eco-TED tasks, for example, the school bag task, where participants had to point 

to pictures of items that they would place in their school bag in preparation for a scenario 

that examiners read to them. This battery is early in development and holds some promise, 

but it is however subject to many of the limitations previously listed, such as limited 

ethological validity and providing much of the scaffolding needed for successful 

performance. 

Previous investigations showed that frontal lesion patients complete fewer goals 

than samples without a Dysexecutive syndrome in both virtual and real instantiations of an 
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office-based multiple errands task, leading to the suggestion that both are sensitive to 

executive difficulties (McGeorge et al., 2001; Rand, Rukan, Weiss, & Katz, 2009). The 

virtual errands task was modified to be developmentally appropriate for younger 

participants by substituting the office with a school setting (Rajendran et al., 2011). Autistic 

adolescents, assessed with this paradigm, were no different to their non-autistic 

counterparts in their ability to complete the individual tasks presented but they engaged in 

behaviour that was more rigid, completed fewer tasks and broke more rules when the tasks 

were interleaved and presented as a multiple errands task. It is worth noting, the social 

demands required by the traditional multiple errands task have been removed, increasing 

our confidence that difficulties in task completion are related to EF rather than socio-

cognitive differences. These EF difficulties, according to the authors, are more readily 

generalisable to everyday life than are difficulties measured by some more widely used 

paradigms. There has been another virtual reality task that nevertheless showed no 

difference between autistic and non-autistic participants in a goal-directed treasure hunt 

(Fornasari et al., 2013). 

The virtual multiple errands task has several strengths regarding the 

representativeness of the testing situation, including increased ethological validity. 

Completing errands for a teacher has more relevance to an adolescent than does, for 

example, sorting shapes. The task also measures aspects of the open-ended and relativistic 

demands of multitasking not tapped in other assessments, such as strategic goal setting, 

chaining multiple goals together and managing goal contentions. It does fall short on 

representativeness in some important ways, however. For instance, the sensory and 

proprioceptive aspect of the task, that is, the book did not feel or smell like a book, the 

motor co-ordination of using a joystick is not equivalent to climbing stairs and pretending 

to complete errands for an imagined teacher is not the same as doing it for a familiar 

teacher. In addition, samples in this study were matched on neither performance nor full-
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scale IQ and so it remains possible that performance reflects group differences in 

performance IQ and not EF. 

The Dresden Breakfast task has been used to compare the prospective memory 

ability of 25 autistic and 25 non-autistic young adults, matched for age and ability, in a 

naturalistic setting (Altgassen, Koban, & Kliegel, 2012). Participants were required to set a 

table and prepare breakfast while following a set of rules. The autistic participants 

completed fewer tasks successfully, followed rules less closely, were less efficient in their 

task organization and monitored the elapsing time less closely than a non-autistic sample. 

Interestingly, Altgassen et al. (2012) found no group differences on the Tower of Hanoi or 

Go-/NoGo tasks, which purport to measure planning and inhibition ability, in the same 

samples. Yet, of note, there were very few relationships between this task and the standard 

EF measures used. The analyses presented were specific to prospective memory and so it is 

unclear the extent to which individual differences on overall task competence related to the 

standard EF tasks. 

While there have been examples of studies where autistic participants have been 

assessed on tasks that were high in verisimilitude, and on tasks that had demonstrated 

some degree of veridicality, there have not yet been any studies in which an assessment has 

been found to be simultaneously high in veridicality, verisimilitude as well as retaining 

acceptable internal validity. To that end, in the current chapter, I used an EF assessment 

that has not yet been used to assess autistic people and has only appeared once in the peer-

reviewed literature to date, to assess those with 22q11.2 Deletion Syndrome (M. Schneider 

et al., 2016). This assessment is detailed below. 

In sum, the ecological and ethological validity of standard EF tasks have been 

criticised because the form and context of tasks do not represent situations beyond the 

assessment well, and the structured nature of EF assessment removes executive demands 

that are likely important (e.g., Burgess et al., 2006). Representatively designed EF 

assessments have addressed some concerns about the representativeness of task demands 
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(Altgassen et al., 2012; Rajendran et al., 2011) but often-involved small, sometimes 

unmatched samples, and in many cases, activities that were still, to an extent, arbitrary, 

virtual or abstract. 

Current study 

My first aim was to test whether autistic adolescents had EF difficulties when they 

were assessed in an environment closely resembling daily life. To address this aim, I 

compared autistic and non-autistic adolescents (aged 11 – 19 years), matched on age and 

ability, on a Modified version of the Multitasking Evaluation for Adolescents (MMEA; M. 

Schneider et al., 2016). Specifically, participants were asked to prepare food, hot drinks and 

study materials for a study session in a 20-minute period. The MMEA is representative of 

the form in which EF abilities are employed (e.g., it involves working with real food, 

moving around an actual room and not in a computerised analogue) and the context in 

which EFs are employed (e.g., time-limited preparation for an impending event). The 

MMEA required participants to execute a self-generated plan that involved the 

simultaneous application of, and dynamic interplay between, various executive and non-

executive skill. 

Successful performance relied on non-executive abilities, such as language 

comprehension (e.g., reading and assimilating the information in the task instructions), the 

ability to manage stress and anxiety (e.g., remaining calm in a pressurised environment), 

fine motor skills (e.g., opening the packet of ham or cheese), gross motor skills (e.g., 

moving around the room and coordinating actions). Successful performance also, critically, 

required core executive function abilities, including working memory (e.g., holding task 

instructions and the participant-generated plan in mind), cognitive flexibility (e.g., adjusting 

a plan when a change to the instructions was delivered), inhibition (e.g., inhibiting 

automatic execution of task elements according to their own preferences instead of the 

provided specifications). Successful performance also relied on higher-order executive 
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function abilities, including problem solving (e.g., deducing that the participant should 

include themselves), multitasking and performance monitoring.  

Given that autistic participants have greater EF difficulties (e.g., Demetriou et al., 

2018; E. C. L. Lai et al., 2017), I predicted that they would show less competence, on 

average, than non-autistic participants on the MMEA. Specifically, I predicted they would 

complete fewer task goals, executed goals would be of poorer quality, they would perform 

fewer steps for the goals attempted and would make more executive-type errors.  

The degree to which a task is motivating and meaningful for somebody affects the 

ethological validity of that assessment. My second aim was therefore to test whether there 

were group differences in participants’ disposition toward this task and the metacognitive 

ability needed to appraise task performance. To address this aim, participants were asked to 

rate their disposition toward completing the task before and after participating and to 

appraise their own performance upon task completion. Based on the EF difficulties of 

autistic people (Demetriou et al., 2018; Hill, 2004b), evidence that other groups with 

compromised EF ability lack insight (Burgess et al., 1998) and suggestions that autistic 

people might lack insight into their own cognition (U. Frith & Happé, 1999; Zahavi, 2010), 

I predicted that autistic participants would be less accurate at task appraisal. Given the 

dearth of research focusing on ethological validity of EF assessment in autism, I did not 

have specific predictions about group differences in disposition toward the task. 

My third aim was to test whether individual differences in participant attributes 

were related to task performance. Specifically, I aimed to test whether there were 

relationships between performance on the MMEA and verbal IQ, non-verbal IQ, age or 

autism symptomatology. I was particularly interested in assessing whether these 

relationships differed across groups. Given that opportunities to practice the types of 

activities included in this task (preparing tea and food) increase with advancing age, I 

predicted that increasing chronological age would be related to task performance. On the 

basis of previous theoretical and empirical accounts (Akbar, Loomis, & Paul, 2013; Russell-
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Smith, Comerford, Maybery, & Whitehouse, 2014; Russell, 1997) and the fact the task 

instructions were conveyed through the medium of language, I predicted higher verbal IQ 

would be associated with better task performance. I had no a priori hypotheses about the 

remaining factors and so these analyses were exploratory. 

Method 

Participants 

Seventy-five adolescents were assessed on the MMEA, aged between 11 and 19 

years (M = 14.53, SD = 1.96), including 37 non-autistic (16 female, 21 male) and 38 autistic 

(12 female, 26 male) participants. Of the 79 participants who participated in the study 

described in Chapter 2, 12 participants were not involved in this study either because they 

could not be re-scheduled for assessment (n = 10) or did not to consent for this aspect of 

the study upon reading the task instructions (n = 2). To retain statistical power and match 

the groups on background variables, eight participants who did not participate in the study 

described in Chapter 2 were recruited to take part in this study. Inclusion and exclusion 

criteria were comparable with Chapter 2. Participants completed all the testing they took 

part in (including a number of tasks detailed in other chapters) in either one visit (n = 47), 

two visits (n = 25) or in three visits (n = 3). Method of recruitment, participants’ co-

occurring conditions, medication use, and participant ethnicities can be seen in Table 6. 

One of the autistic participants and seven of the non-autistic participants did not speak 

English as their first language. 

Parents reported on participants’ ethnicity. There were some noteworthy 

differences in the distribution of ethnicities between groups, including that almost three 

quarters of autistic participants were from White backgrounds compared with less than half 

of the non-autistic participants. A Fisher’s exact test revealed that these differences were 

significant, p = .017 (see Table 6). 
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Table 6. 
Demographic information about the participants assessed on the Modified Multitasking Evaluation for 
Adolescents, by group 

   

Non- 
autistic 
(n = 37)   

 
Autistic 
(n = 38) 

  n  n 

Recruited through  
 

 

 

Public engagement and research participation 
event 

36 
 

26 

 Community contacts 1  6 

 School-research partnership 0  6 

  
 

 
 

Parent-reported co-occurring conditions  
 

 

 Attention deficit hyperactivity disorder 0  10 

 Dyslexia 0  9 

 Developmental coordination disorder 0  7 

 Sensory processing disorder 0  3 

 Irlen Syndrome 0  1 

 Obsessive compulsive disorder 0  1 

 Complex language disorder 0  1 

 Depression 1  0 

  
 

 
 

Medication  
 

 

 ADHD  0  6 

 Antipsychotic 0  1 

 Sleep inducing  0  4 

 Antiepileptic 0  1 

 Antidepressants 1  2 

 Non-psychoactive  2  1 

  
 

 
 

Ethnicity    

 Any White background 15  27 

 Any Asian background 10  1 

 Any Black background 3  4 

 Any mixed background 6  4 

 Other ethnic group  1  1 

  Missing or prefer not to say 2   1 
Note. Any White background = White British, White Irish or any other White background; Any Black background = 

Black British, Black African, Black Caribbean or any other Black background; any Asian background = Chinese, Indian, 

Pakistani, Bangladeshi or any other Asian background; Mixed/multiple ethnic groups = Mixed White and Asian, Mixed 

White and Black African, Mixed White & Black Caribbean, Any other Mixed background. 

Demographic data for the final sample can be seen in Table 7. Data for one 

additional autistic participant were excluded because they obtained an SRS-2 t-score of 56, 

which fell below the threshold indicative of being autistic (a t-score equal to or above 60; 

Constantino & Gruber, 2012; ADOS-2 data were unavailable for this participant). There 
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were five (all female) additional participants who were recruited to be non-autistic 

participants. Their t-scores on the SRS-2, however, were between 60 and 69, which is 

above the threshold indicative of being on the autism spectrum and potentially reflects 

clinically-significant autistic features. These participants’ data were therefore excluded from 

all analyses. All participants were cognitively able by virtue of having verbal, nonverbal and 

full-scale IQ scores of 70 or above. Participants who completed assessments that were 

included in Chapter 2 only completed the WASI-2 once. These data were included here 

and in subsequent analyses, as required. An additional five autistic participants were 

excluded for obtaining IQ scores below this threshold. The final samples were group-

matched by age, t(73) = 0.78, p = .437, d = 0.18, verbal IQ, t(73) = 1.22, p = .227, d = 0.28, 

nonverbal IQ, t(73) = 0.62, p = .539, d = 0.14 and by gender distribution, 2 (1, n = 75) = 

0.65, p = .421,   = 0.12. 

Parents/caregivers (hereafter, ‘parents’) reported on their socio-economic (SES) 

status, as in Chapter 2. There was a significant group difference on the decile rank of 

deprivation, t(63) = 3.05, p = .003, d = 0.76. Parents of autistic participants were, on 

average, significantly more likely to be from less deprived areas (M = 7.30, SD = 2.72) than 

the parents of non-autistic participants (M = 5.09, SD = 3.11). There were no significant 

differences between the autistic and non-autistic participants in level of parental/caregiver 

education, t(68) = 0.02, p = .984, d < 0.01. There was no difference on the SES composite 

variable, t(58) = 1.39, p = .170, d = 0.36. See Table 7 for more. 
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Table 7. 
Descriptive statistics for the developmental and background variables for the participants assessed on the 
Modified Multitasking Evaluation for Adolescents, by group 

    
Non-autistic 

(n = 37)   
Autistic  
(n = 38)     

  M (SD)  M (SD)   

  Range   Range   p-value 

Developmental variables        

 Gender (M:F) 21:16  26:12  .421 

 Age (in years) 14.36 (1.97)  14.71 (1.95)  .437 

  12 - 18  11 - 19   

 Full-scale IQ 105.05 (11.50)  103.82 14.38  .682 

  77 - 130  76 - 132   

 Verbal IQ 105.08 (13.14)  101.39 (13.08)  .227 

  78 - 132  73 - 123   

 Nonverbal IQ 103.35 (12.75)  105.66 (18.91)  .539 

  75 - 123  75 - 154   

 SRS-2  47.55 (6.27) a  77.47 (9.40)  < .001*** 

  37 - 59  56 – 90 b   

 ADOS-2 severity score c - -  5.90 (2.63)d  - 

  -  2 – 10e  

SES of primary caregiver       
 Years of post-16 education 5.06 (4.83)f  5.08 (3.46)g  .984 

  -1 – 19h  0 - 16   

 IMD decile 5.09 (3.11)i  7.3 (2.72)j  0.003** 

  1 - 10  1 - 10   

 Composite SES score -0.12 (0.76)k  0.12 (0.52)l  .170 
    -1.29 – 1.09   -1.17 – 1.33     

Note. Full-scale IQ = Full-scale IQ, 4 subtest version, derived from the Wechsler Abbreviated Scale of Intelligence, 
second edition (WASI-II; Wechsler, 2011), where mean score is 100 and standard deviation is 15; Verbal IQ = Verbal 
comprehension index derived from the WASI-II (Wechsler, 2011), where mean score is 100 and standard deviation is 15; 
Nonverbal IQ = Perceptual reasoning index derived from the WASI-II (Wechsler, 2011); SRS-2 = t-score, calculated 
separately, by gender from the Social Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 2012); 
ADOS-2 = the Autism Diagnostic Observation Schedule, second edition (Lord, Rutter, et al., 2012); SES = 
Socioeconomic status; IMD = Index of Multiple Deprivation (T. Smith et al., 2015); Composite SES score = mean of z-
scores derived from the years of post-16 education and the IMD decile rank 
a n = 33. b one participant fell below the threshold indicative of an autism diagnosis (a t-score of 60) but were retained in 
the analysis because they received a score above the threshold indicative of an autism diagnosis on the ADOS-2. c The 
ADOS-2 was only administered with participants already diagnosed with autism. d n = 19, The ADOS-2 was not 
administered to all autistic participants because it was not an included measure in the planned protocol for this study due 
to time limitations. Data are reported here in cases where ADOS-2 data were available because participants took part in 
other research studies and consented for their data to be used in this way. e Two autistic participants received ADOS-2 
severity scores below the threshold indicative of an autism diagnosis (a severity score of 2 or below) but were retained in 
the analysis because they received a score above the threshold indicative of an autism diagnosis on the SRS-2. f n = 33. g n 
= 37. h One parent reported leaving full time education aged 15 years and so received a score of -1 when number of years 
of post-16 education was calculated. i n = 32. j n = 33. k n = 28 l n = 32. 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Materials  

Participants were tested in a room with two tables, one square in the centre of the 

room and one rectangular along one wall of the room. On one table, there was a filled 

kettle, 10 cups, a printed set of task instructions, a countdown timer and a box containing 

the additional materials required to complete the task (see Table 8 for a full list and 
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quantity of the exact items that were provided). Consistent with Schneider et al. (2016), 

there were a number of distractor items in the box that were edible (including stock cubes, 

a lemon and a jar of chocolate spread) or non-edible (including envelopes, hand cream, a 

box of plasters and body cream). The second table was surrounded by several chairs, which 

the participant could use to set up for the study session, see Figure 12 for a photograph of 

the room after two participants had completed the task. 

Figure 12. Photographs of two participants’ attempts at the MMEA, where they were given 
20 minutes to prepare a sandwich, cup of tea and folder that contained a photocopied 
history chapter for a study session with five other students. The photographs show the side 
table (A) and central table (C) after one participant executed the task well and the side table 
(B) and central table (D) after one participant executed the task poorly.  

Procedure 

The following procedure had ethical approval through the postgraduate student 

ethical approval procedure at UCL Institute of Education. Participants were seen 

individually in a quiet research facility at UCL Institute of Education (n = 69) or in a quiet 

room in their school (n = 6). Participants completed a modified version of The 

Multitasking Evaluation for Adolescents (MMEA; M. Schneider et al., 2016) and the 

Wechsler Abbreviated Scale of Intelligence, second edition (WASI-II; Wechsler, 2011). A 

parent or caregiver for each participant completed a general background questionnaire and 

the Social Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 2012). 

Participants also completed a series of self-report questionnaires, the results of which will 
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be discussed in Chapter 4. Participants completed all the testing they took part in (including 

a number of tasks detailed in other chapters) either one visit (n = 47), two visits (n = 25) or 

in three visits (n = 3). 

The Modified Multitasking Evaluation for Adolescents (MMEA). Following 

the methodology of Schneider et al. (2016), the task began with participants receiving 

printed task instructions (see Figure 13). The instructions stated that the participants had to 

prepare for a group study session for five classmates, who would be arriving in 20 minutes. 

The preparation required four multi-step goals to be completed before the classmates 

arrived, including preparing: (i) one savoury sandwich, (ii) one cup of black tea, (iii) one 

folder containing a stapled photocopy of a textbook history chapter for each person, as 

well as (iv) set the table for the study session. Participants were not explicitly prompted to 

prepare materials for themselves but were expected to deduce that they would require a set 

of materials for themselves, as a member of the group study session (i.e., a sandwich, a cup 

of tea, a folder and to set a place at the table).  

 
Figure 13. The printed instructions that participants were given on a sheet of paper. This 
sheet of paper was left visible and accessible to the participant throughout the task. 

Once a participant appeared to complete one task goal in full (e.g., they finished 

preparing folders and moved on to preparing sandwiches), the instruction update was 
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delivered. The instruction update involved a researcher interrupting the participant to 

inform them that two of the classmates could no longer attend the study session. The 

instruction update served to assess participants’ ability to adapt flexibly to a modification in 

task demands after they had generated and began executing a plan. The items-to-complete 

were listed in a set order (tea, sandwiches, set table and folders) but the goals were not 

numbered. Participants were asked to ensure that sandwiches were as fresh as possible, and 

that the tea was hot when their classmates arrived. Participants were therefore left to decide 

the order in which they completed the tasks, the optimum strategy was to prepare the 

folders first, which necessitated reading the instructions to the end and formulating a plan 

before beginning any of the goals. Participants did not always attempt goals in the same 

order, nor did they take the same amount of time to complete their first goal and so the 

update in task instructions was delivered after differing amounts of time had elapsed for 

different participants. 

Participants were told they had 20 minutes to complete the task. A countdown timer 

was started, and both the printed instructions and timer remained visible throughout the 

task. After 10 minutes had elapsed, the researcher asked the participant whether they had 

any questions about completing the task. If a participant asked a question at the designated 

question time, the researcher would respond informatively (e.g., by affirming that they 

should include themselves). If participants asked any questions outside of the allotted 

questioning time, however, the researchers always responded by saying “you should do 

whatever you think is correct”, following Schneider et al. (2016). 

Finally, there were sufficient materials present to prepare items (cups of tea, 

sandwiches and folders) for more people than participants were required to prepare (in this 

case, for up to 10 people). This was so to ensure that correct task performance relied on 

successfully holding task instructions in mind and appropriately modifying the instructions 

as required rather and that performance was not guided by cues present in the 
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environment, such as the number of cups that were visible. See Table 8 for a full list of the 

items provided to participants. 

To assess participants’ metacognitive ability and disposition toward the task they 

were asked, after they read the task instructions but before they began the task, to rate on a 

scale ranging from 1 (not at all) to 5 (very/a lot): (i) their motivation while completing the 

task, (ii) how difficult the task was, (iii) how effortful they thought the task was to complete 

and (iv) how much they enjoyed completing the task. After participants had completed the 

task and the timer had been stopped, they were again asked to rate each of the above 

questions. Participants were also asked to rate on a scale ranging from 1 (not well at all) to 

5 (very well) how they believed they performed in the task. Participants were video 

recorded with their prior permission. Two participants decided they would rather not be 

recorded, and their performance was rated as accurately as possible, immediately after they 

completed the task. Recordings were then coded according to the protocol detailed below. 
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Table 8. 
List and quantity of items provided to participants completing the MMEA 

Items provided  Number 

Sandwich   
 Full and open packet of sliced cheese  1 

 Tomato  2 

 Full and open packet of (vegetarian) ham  1 

 Loaf of bread   1 

 Container of easily spreadable butter  1 

 Plastic plates  10 

 Forks  10 

 Knives  10 

 Packet of napkins  1 

 Bottle of ketchup  1 
Tea   
 Box of teabags  1 

 Cups  10 

 Kettle (full of water and plugged in)  1 
Folder   
 Empty notepads  10 

 Plastic filing folders  10 

 

Copies of 8 pages from history book (not 
collated) 

 
10 

 Pens  10 

 Stapler  1 
Distractors   
 Envelopes  10 

 Tube of hand cream  1 

 Tube of body cream  1 

 Box of plasters  1 

 Lemon  1 

 Packet of stock cubes  1 
  Jar of chocolate spread  1 

 
Changes to administration. The way in which the assessment was administered 

was modified significantly from Schneider et al. (2016). First, I removed one element (a 

toaster) as a safety precaution. Accordingly, the task could now be performed in a serial 

order within the 30 minutes allowed, removing the necessity to multitask. To account for 

this, and to maintain task difficulty, administration time was reduced to 20 minutes. 

Second, unlike Schneider et al. (2016), in the current study, participants were not given an 

opportunity to ask questions before beginning the task in order both to allow participants 

independently to generate a plan and to increase the importance of inhibiting the desire to 

ask questions until the allotted time. Third, participants were asked if they had any 

questions after 10 rather than after 15 minutes, this was because of the reduced 
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administration time. Finally, two additional modifications were made to the task 

instructions update that was delivered part-way through the task: (a) participants were told 

two classmates – rather than one – could not make it in order to avoid ambiguity about 

whether a participant had appropriately responded to the update or omitted themselves in 

their preparations; and (b) the update was delivered when the first goal was completed 

rather than after 15 minutes had elapsed, which served to standardise the amount of plan 

generation and execution participants had engaged in prior to the instruction update.  

Changes to the scoring protocol. The most significant change from Schneider et 

al. (2016) was the modifications made to the scoring criteria. The need to simultaneously 

deploy a variety of executive and non-executive skills was intentionally being assessed by 

the MMEA, but it meant that, unlike standard EF assessments, specific variables to 

represent either subcomponents or EF ability in general could not reasonably be calculated. 

Instead, Schneider et al. (2016) created a variable that reflected overall goal fulfilment. The 

extent to which you fulfil goals in an executively-demanding task should represent EF 

abilities, non-EF abilities and the ability to deploy these abilities in concert. The authors 

achieved this by sub-dividing each goal (sandwiches, tea, folders, setting the table) into a 

series of units worth one point each (e.g., buttering bread = 1 point, adding cheese = 1 

point, adding tomato = 1 point, etc.) to create a total performance score out of 43. The 

authors also reported several general outcomes. For instance, a participant was given one 

point if they (i) accounted for the update in task instructions, (ii) if they included 

themselves or (iii) if they asked questions outside of the allotted time or they were not 

awarded one point if they failed to do so. 

Initial pilot testing for the current study revealed that participants identified that it 

was not necessary to complete every step to satisfy the task instructions as they were 

presented. For example, the most efficient behaviour to produce based on the instruction 

to prepare a savoury sandwich is to make a sandwich with one filling and not to butter the 

bread and so penalising a participant for not including each possible step was deemed 
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inappropriate. Consequently, rather than calculating a total performance score and 

reporting general items as per Schneider et al. (2016), I created four continuous outcome 

variables that captured different aspects of goal fulfilment and task execution. These 

variables were (i) the number of task goals achieved, (ii) for the attempted goals, the level 

of involvedness, (iii) for the attempted goals, the quality of the strategy and its execution 

and (iv) the number of executive errors committed. The protocol for generating each 

variable is detailed in turn below. 

Participants were initially instructed to prepare materials for five classmates and 

were expected to realise the need to include themselves. This meant that correct number of 

materials to prepare before the instruction update was delivered, was six and after the 

instruction update, was four. To account for this, the dependent variables of interest, in 

each case below, were the proportion of possible points that could have been awarded in 

each category, possible scores ranged from 0 to 1, where higher scores were indicative of 

receiving a greater proportion of all possible points available. 

Goals achieved. For each element of each goal (e.g., prepare one sandwich), 

participants were given a score of 0 (not completed), 1 (partially completed) or 2 

(completed in full) based on the extent to which they completed the minimum necessary 

steps to achieve the described task. The necessary steps were operationalised in each case 

and every permutation of successfully completing an action was considered. For example, 

for making one sandwich, two points were awarded if one slice of bread was cut in half or 

if it was folded over or if two slices of bread were put together and at least one of the 

provided savoury fillings were included. Whereas, one point was awarded if an attempt was 

made to make a sandwich, but it was not as complete as described above, for example, the 

bread was buttered but the slices of bread were never placed together, or bread was laid out 

but never buttered. Similar criteria were applied to awarding points for preparing a cup of 

tea, a folder and setting the table (see Appendices 

Appendix A for full scoring criteria). 
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Involvedness score. For each goal that was completed or partially completed, an 

additional variable was created to determine the level of involvedness at which the goal had 

been executed. That is, how many steps, whether critical to goal completion or not, were 

performed. One point was given for each one of a list of predefined steps that could have 

been correctly completed while completing each of the goals (preparing cups of tea, 

preparing sandwiches, preparing folders, and setting the table). For example, regarding 

making a sandwich, placing one slice of cheese inside two slices of bread was sufficient for 

the participant to receive full credit for completing the goal but they would receive only 

one point for including the cheese. Instead, a participant who buttered the bread and 

placed ham, cheese and sliced tomato inside would receive full credit for completing the 

goal and received one point each for including the butter, ham, cheese and tomato (see 

Table 9 for a full list of steps that were awarded a point for involvedness when making a 

sandwich). A full list of the predefined items that contributed to the involvedness score for 

each of the goals can be seen in the coding sheet in Appendices 

Appendix A.  

Table 9. 
Predefined elements involved in completing sandwich goal 

   Point awarded 

2 sides of bread used   
At least 1 side was buttered 

(Vegetarian) ham included 

Cheese included   
Tomato included   
Ketchup included   
Sandwich cut in half/quarter 

Placed on plate   
Napkin on or next to plate  
Cutlery laid out   

 

Quality of completed goals. For any goal that was scored as either completed or 

partially completed, the quality with which the participant executed the goal was rated as 1 

(poor), 2 (fair) or 3 (good) with respect to both the quality of the final prepared items and 

the strategy that was employed in the service of the goal. For example, for the sandwich 
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goal, one point was given if a sandwich was hastily assembled or presented poorly (i.e., had 

ingredients missing or ingredients not evenly distributed), two points were given if the 

sandwich was made to a reasonable standard (i.e., contained correct ingredients but may be 

a little sloppy in appearance or rushed in preparation) or three points if the sandwich was 

made to an excellent standard. Details of the specific criteria for each goal are available in 

Appendices 

Appendix A. 

Executive error score. A checklist was created of possible errors that could be 

made for each of the following task goals: preparing cups of tea, preparing sandwiches, 

preparing folders, setting the table, the overall task and omitting any set of goals entirely. 

These checklists contained a list of behaviours that could be displayed that would indicate 

that a failure of EF had occurred. Participants received one point for each error that was 

present in their administration of the task and a proportion of possible errors was 

calculated for each set of goals. If a participant did not complete an entire task goal (e.g., 

failing to prepare any sandwiches), no executive errors were recorded for this goal 

specifically. For the goals where executive errors were recorded, a mean of proportions of 

possible errors was then calculated. 

The possible errors were either (i) errors of commission, including any actions 

completed that demonstrated a failure of EF, for instance, preparing more items than 

needed, creating too many sandwiches or making a sandwich with chocolate spread; and (ii) 

errors of omission, including any behaviours that were not completed that demonstrated a 

failure of EF, for instance, the participant not including themselves, neglecting a set of 

goals entirely or preparing too few sandwiches (see Appendices 

Appendix A for the complete list). Participants’ behaviour was rated here even if 

s/he later corrected the error. For example, if the participant made more sandwiches than 

were necessary, and thus indicated failure of executive function, they would receive 1 point, 

even if the participant later realised and discarded them. 
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Results 

Data screening 

To begin, I reverse coded the proportion of dysexecutive errors committed, such 

that higher scores on every variable indicated better performance (the reverse coded score 

was used in all subsequent analysis). I assessed the distribution of each dependent variable 

for normality using the Shapiro-Wilk Test. The proportion of goals completed, and the 

involvedness score were normally distributed. The quality of execution and dysexecutive 

errors differed significantly from the normal distribution and Tukey’s Ladder of Powers 

was applied using the rcompanion package in R (Mangiafico, 2016). The dysexecutive errors 

score was successfully transformed to approximate the normal distribution. 

Transformations applied to the quality of completed goals score did not improve its 

normality and so non-parametric statistics were used to compare groups on this score. To 

assess inter-rater reliability, videos for five participants (~6.5% of the sample) were 

randomly selected and second coded by an independent researcher, blind to diagnostic 

group and trained on the coding scheme. A significant, positive intra-class correlation 

coefficient was found between each score for the two rates, ICC = 0.90.  

All four variables were highly inter-correlated in both the autistic and non-autistic 

samples (see  

Figure 14). I therefore created a composite score to characterise overall 

performance on the MMEA by calculating the mean of the proportion of goals completed, 

the quality of goals executed, the involvedness score for goals completed and the reverse 

coded and transformed-to-normal proportion of possible executive errors committed 

(hereafter referred to as the MMEA composite).  
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Figure 14. Pearson product-moment correlation coefficients for the relationships between 
the variables generated by the MMEA. The autistic sample are below the horizontal, non-
autistic sample are above the horizontal. Colour and hue indicate direction and strength of 
the relationship; coloured boxes indicate a significant correlation. Errors = the reverse 
coded and transformed-to-normal proportion of possible executive errors committed. p-
values have been adjusted for multiple comparisons. 

 
Analysis plan 

To address my first aim, to test the hypotheses that autistic participants would have 

more difficulties than non-autistic participants on each of the five measures generated by 

the MMEA (goals, involvedness, quality, executive errors and MMEA composite), I 

conducted a series of one-tailed independent sample t-tests, or Mann-Whitney U tests for 

non-normally distributed variables. I had a priori hypotheses that autistic participants 

would struggle on each dependent measure from the MMEA and so an unadjusted alpha is 

justified in these comparisons. Despite these hypotheses, a group difference on any single 

measure could be claimed to be evidence for less competency on the task and in-turn could 

in theory be classified as evidence for the existence of EF difficulties, I therefore also 

reported Bonferroni-Holm adjusted p-values which control the Type I error rate in light of 

the five comparisons being made (the MMEA composite, goals completed, quality, 

involvedness and errors). 
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To address my second aim, I conducted a series of Pearson product-moment 

correlations to determine whether individual differences in age, verbal ability, nonverbal 

ability, or autism symptomatology were related to task performance, indexed by the 

MMEA composite.  

Third, I tested whether autistic participants differed from non-autistic participants 

with respect to the metacognitive or dispositional questions answered before and after the 

task by performing a series of 2 x 2 factorial ANOVAs to test for main effects of time (pre-

task, post-task) and group (autistic, non-autistic) on responses. F tests within ANOVA 

have been shown to have sufficient control over Type I error rates when used with Likert 

scale items when the following criteria are met: (i) at least five response options are given, 

(ii) the underlying concept being measured is continuous and (iii) the intervals between 

points are approximately equal (Glass, Peckham, & Sanders, 1972). 

Finally, to test whether autistic participants differed from non-autistic participants 

with respect to their self-appraisal upon completing the task, I conducted Spearman’s Rho 

correlations between post-task appraisal scores and performance on the MMEA in the 

autistic and non-autistic samples separately and conducted Fisher r-to-z transformations to 

test whether the correlation coefficients differed significantly by group. Analyses were 

conducted in R (version 3.4.3; R Core Team, 2017) and RStudio (version 1.1.4; RStudio 

Team, 2015). 

Group differences 

Task performance. Table 10 shows the descriptive statistics and group 

comparisons for the MMEA. There were significant group differences in the proportion of 

goals achieved, t(73) = 1.68, p =.048, d = 0.39, the quality of the completed goals, W = 

989.50, p = .001, d = 0.75, the involvedness of the completed tasks, t(73) = 1.82, p =.036, d 

= 0.42, and in MEA composite, t(73) = 2.32, p = .012, d = 0.54, but not in the number of 

executive errors committed, t(73) = 1.70, p =.047, d = 0.32. When the Bonferroni-Holm 

correction for making five comparisons is applied only the quality of the completed goals 
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(p = .006) and the MMEA composite (p = .046) remain significantly different across 

groups5.  

Table 10. 
Descriptive statistics and group differences for the MMEA 

  

Non-
autistic 
(n = 37)   

Autistic  
(n = 38)   

 

 

 M (SD)  M (SD)  p-value 

 Range   Range  unadjusted   adjusted  

Goals achieved 0.69 (0.16)  0.61 (0.24)  .048*  .108 

 0.31 – 1.00 
 

0.03 – 1.00     
Involvedness score 0.61 (0.16)  0.53 (0.20)  .036*  .108 

 0.22 - 0.95 
 

0.03 - 0.85     
Quality of achieved goals 0.74 (0.19)  0.59 (0.23)  .001**  .006** 

 0.33 – 1.00 
 

0.27 – 1.00     
Dysexecutive errors 0.78 (0.09)  0.74 (0.14)  .088  .108 

 0.61 - 0.92 
 

0.36 - 0.98     
MMEA composite score 0.65 (0.14)  0.56 (0.20)  .012*  .046* 
  0.32 - 0.87 

 
0.12 - 0.89        

 Note. Means and standard deviations for the dysexecutive error score are the reverse coded but untransformed values, 

the p-values reported are based on one tailed independent samples t-tests conducted on reverse coded and transformed 

scores. Adjusted p-values have been adjusted for making 5 comparisons with the Bonferroni-Holm method. 

Disposition toward the task. To test whether autistic and non-autistic 

participants’ disposition toward completing the assessment differed, I conducted a series of 

2 x 2 ANOVAs with time (pre-task, post-task) as the within-participants factor and group 

(autistic, not autistic) as the between-participant factor on participants’ subjective ratings 

regarding task performance. First, with respect to self-reported motivation, there was a 

main effect of time, F(1, 144) = 9.32, MSE = 0.89, p = .003, η2p = 0.61, such that 

participants rated their motivation to complete the task lower before beginning the task 

than they did after completing the task. There was also a main effect of group, F(1,144) = 

5.55, MSE = 0.89, p = .020, η2p = .037, such that autistic participants rated themselves as 

less motivated both pre- and post-task. There was no interaction effect, F(1,144) = 0.37, 

MSE = 0.89, p = .542, η2p = .003, indicating that autistic participants were not changing 

their reported level of motivation to a greater or lesser extent than non-autistic participants.  

                                                 
5 For quality of completed goals and the MMEA composite, two additional ANOVAs including gender as a 

between-subjects factor revealed no significant main effects or interactions with gender. 
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Second, with respect to participants’ appraisal of how much they would/did enjoy 

completing the task, there was a main effect of time, F(1,143) = 5.84, MSE = 0.95, p = 

.017, η2p = .039, such that participants’ pre-task predictions about how much they would 

enjoy the task were lower than their post-task ratings of how much they enjoyed 

completing the task. There was also a main effect of group, F(1,143) = 5.28, MSE = 0.95, p 

= .023, η2p = .036, such that autistic participants said they would enjoy or did enjoy 

completing the task less than non-autistic participants. There was no interaction effect, 

F(1,143) = 0.33, MSE = 0.95, p = .566, η2p = .002. 

Meta-cognition. There was neither a main effect of time, F(1,144) = 0.31, MSE = 

1.05, p = .576, η2p = .002, nor of group, F(1,144) = 3.40, MSE = 1.05, p = .067, η2p = .023, 

on participants’ ratings of how much effort the task would/did take to complete. There 

was also no interaction between time and group, F(1,144) = 0.52, MSE = 1.05, p = .472, 

η2p = .004. Furthermore, Spearman’s rank-order correlations were conducted to test the 

relationship between participants’ self-appraisal in the post-task question about how well 

they believed they performed, rated from 1 (not well at all) to 5 (very well) and the MMEA 

composite, which was significant for autistic, rs  = .46, p =.004, and non-autistic 

participants, rs = .47, p =.004 (see Figure 15). That is to say, participants who performed 

better on the task were more likely to rate themselves as having performed well, in both 

groups. Furthermore, Fisher’s r-to-z transformation was applied to the correlation 

coefficients and showed that there was no group difference in the relationship between 

task performance and task appraisal, z = 0.05, p = .480, both groups were equally as 

reliable at appraising task performance.  
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Figure 15. The relationship between participants’ execution of the MMEA, as indexed by 
the MMEA composite, and their post-task self-appraisal of their performance from 1 (not 
at all well) to 5 (very well). Data jittered to avoid over plotting. Lines indicate Spearman’s 
Rho correlation, by group. 

Individual differences 

The final aim of the present study was to test whether there were relationships 

between performance on the MMEA and on other, non-executive variables. Figure 16 

shows the relationships between, the MMEA composite and: (A) verbal IQ, (B) 

performance IQ, (C) age and (D) autistic traits, as indexed by the SRS-2. I conducted a 

series of Pearson product-moment correlations for each of the above. Age was associated 

with the MMEA composite among autistic, r(36) = .39, p = .014, and non-autistic groups, 

r(35) = .48, p = .003. An r-to-z transformation showed that these relationships were not 

significantly different, z = 1.55, p = .060. There was a significant association between 

verbal IQ and performance for autistic participants only, r(36) = .34, p = .038. None of the 

other tested correlations were significant (all ps > .484). 
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Figure 16. Relationship between performance on the composite score from the Modified 

Multitasking Evaluation for Adolescents (MMEA) and (A) VIQ = verbal comprehension 

index on the Wechsler Abbreviated Scale of Intelligence, second edition (WASI-II; 

Wechsler, 2011), (B) PIQ = perceptual reasoning index on the WASI-II, (C) age (in years) 

and (D) autism symptomatology, indexed by t-scores from the Social Responsiveness Scale, 

second edition (Constantino & Gruber, 2012). 
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Discussion 

This study sought to modify an existing, naturalistic EF task selected because it 

represents the conditions over which we aim to generalise results of EF assessments, that 

is, executively demanding everyday tasks. This was the first time this assessment was used 

to compare the performance of autistic and non-autistic adolescents. As well as showing 

this task to be feasible with this population (although two autistic participants chose not to 

participate), I found group differences in the proportion of goals completed, the quality of 

the completed goals, the involvedness of completed goals and on the composite 

performance score, such that autistic participants, on average, under-performed relative to 

non-autistic participants. Once corrections had been made for multiple comparisons, group 

differences on the quality of executed goals and on the overall composite remained 

significant.  

The task used was representative of a situation where participants, within the age 

range assessed, might be expected to deploy executive abilities with respect to both its 

form (i.e., dealing with strong sensory input, moving in veridical space, engaging in open-

ended problem solving) and context (completing errands within a time limit, engaging in a 

self-guided and concrete exercise). These aspects of the task serve to increase our 

confidence that the EF difficulties often reported in the literature do extend beyond classic 

laboratory assessment paradigms, which represent neither the form nor context of real-

world activities particularly well. This result is consistent with the findings of Rajendran et 

al. (2011) and Altgassen et al. (2012), who showed autistic adolescents and adults struggle 

in virtual and naturalistic EF tasks, respectively. The current study extends these findings 

by providing evidence in a veridical rather than a virtual task and by finding differences in 

overall task competency rather than simply in prospective memory-related errors.  

Autistic participants’ performance was rated as being of poorer quality than the 

non-autistic participants, suggesting that the goals that were attempted, either involved less 

efficient strategies (e.g., walking back and forth, multiple times, between the preparation 
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area and the table being set) or that the finished products were of poorer quality (e.g., the 

sandwiches were poorly assembled). This effect size estimate was larger than any of the 

effect size estimates between groups on the NIH-EXAMINER battery (described in 

Chapter 2) were. One possible explanation, as suggested by White et al. (2009) and 

consistent with the difficulties participants showed on open-ended tasks in Chapter 2, is 

that in less constrained environments, autistic people have more difficulties than in the 

artificially-structured standard EF assessments. The group difference on this metric of 

performance supports my hypothesis that classic EF assessment paradigms underestimate 

the difficulties autistic people have in everyday life. It must be noted; however, that quality 

of performance was the most subjective metric of performance, which may have driven, at 

least in part, the large effect size, especially considering that the videos were not coded by a 

researcher blinded to group membership.  

Interestingly, autistic participants did not commit a higher proportion of the pre-

specified dysexecutive errors that were possible during task execution. This finding speaks 

against my prediction that autistic people would make more dysexecutive errors, on 

account of demands placed on planning and cognitive flexibility abilities, which autistic 

people are well documented to struggle with within laboratory assessments (Geurts, 

Corbett, et al., 2009; Olde Dubbelink & Geurts, 2017). It remains probable that the lower 

scores achieved by autistic participants on overall task performance and on the quality of 

goal execution were related to more subtle executive difficulties that were not included in 

the list of dysexecutive errors, which included the most profound possible failures of EF. 

The task, by design, involved the assessment of EF in the context of many non-executive 

factors (e.g., social, sensory, and affective factors) and it is therefore not clear the extent to 

which executive and non-executive factors were implicated in the lower performance 

scores. 

Motor coordination is one such non-executive factor that had a bearing on task 

performance that warrants further investigation. For instance, fine motor co-ordination 
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skills had an impact on participants’ ability to complete some of the highly dexterous 

aspects of this task, such as stapling sheets together and buttering bread. Steps were taken 

to minimise the requirements for these skills in this task, for example by ensuring that all of 

the packets were open before participants began completing the task. Additionally, gross 

motor skills were also indirectly assessed in this assessment as participants needed to move 

around the room in order to set the table, to use different work surfaces and to return to 

previous parts of the room to complete time-sensitive subtasks, such as returning to a 

boiled kettle. It remains possible that autistic and non-autistic participants differed with 

respect to fine-motor and/or gross motor abilities, as has been shown previously 

(Fournier, Hass, Naik, Lodha, & Cauraugh, 2010), and this may have explained some of the 

group differences reported herein. 

Finally, although the task was selected because a participant could complete it 

alone, thereby reducing any social demands placed on participants, some sociocognitive 

demands likely remained within the task context. For instance, the task was video recorded 

by an experimenter who was physically present in the room. The presence of an 

experimenter may have induced social anxiety for some participants, and it is plausible that 

autistic participants were more likely to experience this anxiety (Bellini, 2006). State anxiety 

during the assessment was not assessed and so the group differences found may well be 

compounded by differences in induced anxiety levels while completing the task. Similarly, 

the participants were asked to prepare for an imagined social event. This effect of this 

given context may have differed across groups. For example, the samples may have 

differed with respect to their social motivation to fulfilling the examiner’s demand in the 

knowledge that the materials were not needed for a real event. Further, the samples may 

have differed in the extent to which they would have been motivated by this type of social 

situation if it were it to have been a real study group. These social aspects surrounding this 

task may also have confounded the group differences in task performance. While the socio-

affective elements of the task render it more difficult to make causal claims about group 
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differences, they do more closely resemble the conditions under which tasks are completed 

outside of the laboratory. 

More research is required that employs an experimental design to control for each 

of these non-executive factors to determine with greater accuracy if differences on a task 

such as this one was related to group differences in EF over and above these non-executive 

factors. 

It was likely that the amount of experience a participant had completing activities 

similar to those assessed on this task affected task performance. Unfortunately, the amount 

of experience participants had on these activities was unmeasured in the present study. The 

role previous experience plays in task performance has implications both for the 

measurement of EF ability and for our theoretical understanding of EF development. First, 

EF can only be truly measured by a task that is novel and when a participant has not 

automatized a response to task demands (Burgess et al., 2006). The present task was not 

consistently novel to all participants. Consequently, the extent to which it was executively 

taxing differed for different participants. Future investigations should ask participants to 

report their experience with similar tasks, as was done by Altgassen et al. (2012).  

Second, with respect to our theoretical understanding of EF development, it is 

unclear if participants’ experience with similar activities differed between groups or 

interacted with task competence. The neuroconstructivism account of development 

suggests that if autistic people struggle markedly with EF early in development then 

parents and teachers may change the way they are treated, reduce the executive demands in 

their home and educational environments which, critically, limits the opportunities they 

have to exercise and develop these abilities (Karmiloff-Smith, 2009). According to 

Karmiloff-Smith (2009), treating those with difficulties differently, serves to compound 

difficulties through development. In the current study, increasing age was similarly 

associated with higher task performance scores in both groups, suggesting this not to be 

the case. Future studies should assess participants who span more diverse stages of 



149 

development, by for instance, including young and older adults to test whether executive 

difficulties abate or whether they are compounded through development, as was suggested 

by Karmiloff-Smith (1998). 

Autistic participants rated themselves as being less motivated and as enjoying this 

task less than non-autistic participants did. Yet, autistic participants committed a 

comparable proportion of executive errors to non-autistic participants did. It is possible 

that the group differences on overall task performance were related to the different 

disposition autistic participants had toward completing the task, rather than to differences 

in EF ability. The group differences in disposition toward this task has important 

implications for the ethological validity of naturalistic EF assessment, in particular, and for 

interpreting the results of cognitive assessments, in general. It is unclear whether different 

ratings reflect differing dispositions toward completing the task because of demand 

characteristics, like social desirability or inferring implicit information (S. J. White, 2013) or 

if differences are intertwined with participants previous experience of similar tasks and 

their awareness of the difficulties that such tasks present for them. It is also unclear 

whether these differences are specific to a naturalistic task or that they may also be 

implicated in results garnered from standard EF tasks.  

There were no group differences in participants’ ability to appraise their overall 

performance, which failed to support my hypothesis that autistic youth would lack insight 

into the difficulties they had completing this activity. This diverges from previous accounts 

that held autistic young people to be unreliable informants about their own cognitive 

abilities (U. Frith & Happé, 1999), which may have resulted in the widespread application 

of informant-reported but not self-reported EF questionnaires. The finding that cognitively 

able autistic young do not lack insight also demonstrates a critically important difference 

between autistic people and other populations known to have EF difficulties (Burgess et 

al., 1998). An implication for the assessment of EF ability follows: we must do more to 
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include the perspectives of young autistic people when assessing their EF ability and not 

rely solely on proxy informants in interview and questionnaire studies.  

In sum, the current study demonstrated that cognitively able autistic adolescents 

show EF difficulties, on average, relative to their non-autistic peers in a representatively- 

designed EF task, thus strengthening our confidence that the difficulties measured in 

Chapter 2, and in the literature more broadly, manifest in the lives of young autistic people. 

Representativeness is one criterion by which the ecological validity of an assessment can be 

appraised but it does not provide sufficient evidence to conclude ecologically validity. 

Chapter 4 will therefore directly test the generalisability of performance on both the NIH-

EXAMINER and the MMEA to other measures of everyday functioning.  
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Chapter 4 

The generalisability of executive function assessments 
to everyday functioning in autistic and non-autistic 

adolescents 

 

Introduction 

Chapter 2 demonstrated that a sample of autistic adolescents underperformed 

relative to their non-autistic peers on a composite measure derived from a wide-ranging 

battery of neuropsychological executive function (EF) assessments. It also showed, 

however, that the component tasks within that battery yielded, for the most part, no 

significant group differences or effect sizes that were smaller than anticipated. Chapter 3 

demonstrated that a sample of autistic adolescents, who largely overlapped with the sample 

from Chapter 2, underperformed relative to their non-autistic peers on an executively-

demanding naturalistic assessment that was also more representative of everyday life. 

Despite overall group differences on this measure, autistic adolescents made no more 

executive errors while completing the task than their non-autistic counterparts. It remains 

unknown whether the magnitude or nature of the difficulties autistic people showed on 

both EF assessments are linked to the difficulties they encounter in daily life.  

This Chapter describes my third empirical study, which aimed to address this issue 

directly, by testing whether performance on a neuropsychology battery of EF assessments 

(NIH-EXAMINER) and competence on an executively-demanding everyday task (the 

MMEA) predict participants’ self-reported (dis)abilities in several domains of everyday life. 

I begin by introducing the importance of assessing the generalisability of EF assessment 
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before outlining the literature in which the generalisability of EF assessment has been 

specifically tested with autistic people.  

Generalisability of EF assessment 

Showing that autistic people have difficulties on representatively-designed tasks, 

such as the one described in Chapter 3, as well as on systematically-designed tasks, such as 

those described in Chapter 2, strengthens our ability to infer that the difficulties apparent 

in these assessments manifest in the daily lives of some autistic people. Demonstrating that 

autistic people have difficulties on a representatively-designed task provides evidence for 

the ecological validity of EF assessment according to the verisimilitude criterion, but as 

discussed in Chapter 1 this may not be sufficient evidence that these difficulties necessarily 

affect the everyday lives of autistic people (e.g., see Vaskinn, Sergi, & Green, 2009). 

Another approach to determining the ecological validity of an assessment, the veridicality 

criterion, involves testing whether performance on the assessment of interest is related to 

other real-world measures, that is, that the task has generalisability (Burgess et al., 2006; 

Kvavilashvili & Ellis, 2004) or as it is referred to by others, veridicality (Chaytor & 

Schmitter-Edgecombe, 2003; Franzen & Wilhelm, 1996).  

The generalisability of an assessment is necessarily influenced by the real-world 

measure against which it is assessed. When assessing the veridicality of EF in other 

populations, some investigations have used general measures, such as academic 

achievement (Blair & Razza, 2007), employment status (Bayless, Varney, & Roberts, 1989) 

and occupational performance (Barkley & Fischer, 2011; Kibby, Schmitter-Edgecombe, & 

Long, 1998). Other investigations compared performance on EF assessments with 

questionnaires tapping participants’ adaptive behaviour (C. Clark, Prior, & Kinsella, 2002; 

Gilotty et al., 2002) or everyday EF ability, measured by, for example, the Dysexecutive 

Questionnaire (Burgess et al., 1998; Wood & Liossi, 2006), the Behaviour Rating Inventory 

of Executive Function (Vriezen & Pigott, 2016) and the Deficits in EF scale (Barkley & 

Fischer, 2011).  
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The abovementioned studies drew mixed conclusions about the generalisability of 

EF assessment. On the one hand, participants’ ability to construct an object using wooden 

wheels and plastic sticks from a child’s toy set, and the complexity of the constructed 

object, distinguished between patients who returned or failed to return to work following 

head injury (Bayless et al., 1989). Similarly, performance on the Brixton test did correlate 

with questionnaire reports of executive difficulties (Wood & Liossi, 2006).  

On the other hand, there are numerous studies showing limited generalisability of 

EF. For example, for adults with attention deficit hyperactivity disorder (ADHD), self- and 

informant-ratings of EF ability were largely unrelated to performance on EF assessments 

but occupational functioning was more closely linked to the questionnaire ratings than to 

performance on the EF tests (Barkley & Fischer, 2011). Another study, this time assessing 

generalisability of assessment against a rating scale about everyday EF ability, found that 

performance on the Wisconsin Card Sorting Test, a verbal fluency task and the Trail 

Making Test and were not related to any scale from the parent-reported BRIEF in children 

with traumatic brain injuries (Vriezen & Pigott, 2016). Similarly, in another sample with 

acquired head injuries, there were no relationships between performance on the Hayling 

Test, the Zoo Map and Key Search tasks, taken from the Behavioural Assessment of the 

Dysexecutive Syndrome (BADS), and informant-reported Dysexecutive Questionnaire 

scores (Wood & Liossi, 2006). The relationship between laboratory assessments and 

everyday measures can be population-specific, for example, overall performance on the 

BADS was related to informant-reported EF difficulties in patients with head injuries, but 

not those with schizophrenia (Evans, Chua, Mckenna, & Wilson, 1997). 

With respect to the NIH-EXAMINER battery, one study with a sample of mixed 

neurological patients demonstrated that the global executive composite score was related to 

both informants’ perception of their real-world EF competencies, measured by the Frontal 

Systems Behaviour Scale (FrsBe; Grace & Malloy, 2001), and to variation in brain volume in 

regions critical for executive control (Possin, LaMarre, Wood, Mungas, & Kramer, 2014). 
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The composite score remained a significant predictor of informant reports even after two 

more widely used EF measures (the Trail-making and Stroop tasks) were included as 

covariates. Similarly, individual differences on the global executive composite was related 

to ratings of everyday EF ability, measured by the FrsBe for adults and by the Behaviour 

Rating Inventory of Executive Function (BRIEF; Gioia, Guy, Isquith, & Kenworthy, 1996) 

for children in the initial validation sample (Kramer et al., 2013). Thus, demonstrating that, 

at least with respect to samples of neuropsychological patients, results from the NIH-

EXAMINER battery can be generalised to other measures of real-world EF and so meets 

the veridicality criterion for demonstrating ecological validity. With respect to the MMEA, 

the previous version of this assessment was related a measure of informant reported real-

world functioning in a sample of adolescents with to 22q11.2 Deletion Syndrome (M. 

Schneider et al., 2016). Task veridicality can, however, be population specific (Kenworthy 

et al., 2008) and so veridicality must also be demonstrated with an autistic sample.  

In reviewing the ecological validity of cognitive assessments, Chaytor and 

Schmitter-Edgecombe (2003) found that the ecological validity of EF tasks was poorer 

than that of other cognitive constructs reviewed, such as memory. In this review, the 

authors concluded that assessments with greater verisimilitude (i.e., representatively-

designed assessments) had greater veridicality (i.e., were more likely to generalise to and be 

statistically related to other, real-world measures) but this conclusion, according to the 

authors, was hampered by the small number of studies that assessed the generalisability of 

any cognitive assessment. Furthermore, the extent to which performance on tasks such as 

the BADS relate to other, real-world measures appears to be population specific (Evans et 

al., 1997; Kenworthy et al., 2008). It is therefore necessary to determine whether 

performance on EF tasks relates to other real-world measures for autistic people and, if 

they do, to test whether the generalisability of the assessments is comparable for autistic 

and non-autistic people. 



155 

Veridicality of EF assessment in autism 

Remarkably few studies have assessed the generalisability either of standard EF 

assessments or of representatively-designed EF tasks specifically created for autistic 

samples. With respect to neuropsychological or experimental measures of EF, some studies 

have failed to demonstrate a link between performance on EF tasks and everyday skills 

(e.g., Davids, Groen, Berg, Tucha, & van Balkom, 2016; Strang et al., 2017). Other studies, 

however, have shown results that are more positive. In one cross-sectional study, Pellicano 

et al. (2017) demonstrated that the reverse reward task (measuring inhibition) and the Corsi 

blocks task (measuring spatial working memory ability) predicted unique variance in a 

standardised assessment of school readiness in autistic and non-autistic pre-school children 

over and above the variability explained by age, ability and diagnostic status (Pellicano et 

al., 2017). Other studies have shown that individual differences in children’s performance 

on experimental EF measures correlate with a parent-report measure of adaptive 

functioning both cross-sectionally (Happé, Booth, et al., 2006; Panerai et al., 2014) and 

longitudinally (Berger, Aerts, Spaendonck, Cools, & Teunisse, 2003), even up to 12 years 

later (Kenny et al., 2018).  

With respect to representatively-designed EF tasks, one study investigated the 

relationship between performance on the Battersea Multitask paradigm and parent-

reported scores on the BRIEF for autistic boys and found that once corrections for 

multiple comparisons were applied no relationships remained significant (Mackinlay et al., 

2006). In another study, autistic adults completed the Dresden breakfast task and rated 

their own EF ability on the Dysexecutive Questionnaire (Altgassen et al., 2012). 

Participants’ time-based, but not event-based, prospective errors were correlated with their 

questionnaire responses, but the authors did not test whether an overall metric of task 

execution correlated with participants’ self-reported EF ability. An unpublished measure of 

EF, called the Ecologically valid Test of Executive Dysfunction, which was designed to 

address some concerns of ecological validity and to be appropriate for the clinical 
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assessment of autistic children and young people, has been compared with parent-reported 

BRIEF scores (Bristow, 2016; Pullinger, 2017). There were relationships between parental 

accounts of executive abilities among their autistic children (8 - 12 years) and participants’ 

performance on a drawing task tapping planning ability and a story re-telling task tapping 

working memory ability (Pullinger, 2017). There were, however, no relationships between 

parent ratings and performance on any outcome variables from the remaining four 

activities within the battery (Bristow, 2016).  

The current study 

The aims were threefold. First, I aimed to assess the convergent validity the MMEA 

by assessing the degree to which performance on the NIH-EXAMINER and on the 

MMEA were related, separately for the autistic and non-autistic samples. If both of these 

assessments are indeed measures of the same underlying construct, i.e. EF, then 

performance on both assessments should be related. I predicted therefore that 

performance on the two EF assessments would be related in each group, demonstrating 

evidence convergent validity for the MMEA. I also predicted that the magnitude of the 

relationship would be smaller for the autistic sample given the non-executive factors, such 

as the sensory, social and motor demands of the task would likely have a greater effect on 

performance among autistic participants. I also assessed whether there was an interaction 

between group (autistic, not autistic) and assessment type (NIH-EXAMINER, MMEA). I 

predicted that the difference between performance on the MMEA and the NIH-

EXMAINER would be larger for autistic participants than for non-autistic participants 

based on autistic participants’ difficulty with less-structured tasks (S. J. White et al., 2009) 

and the relatively unstructured nature of the MMEA (M. Schneider et al., 2016). 

Second, I sought to test the generalisability of both a systematically-designed 

assessment (the NIH-EXAMINER battery) and a representatively-designed assessment 

(the Modified Multitasking Evaluation for Adolescents [MMEA]) of EF. Specifically, I 

sought to test whether EF difficulties were related to variability in domains of life with 



157 

which autistic people often report experiencing difficulties, including everyday EF 

difficulties, quality of life, trait anxiety and self-perceptions of disability. While previous 

research has assessed the relationship between parental reports of EF and quality of life 

(e.g., de Vries & Geurts, 2015), mental health difficulties (e.g., R. A. Lawson et al., 2015) 

and functional skills (e.g., Panerai et al., 2014), performance-based measures of EF have 

not been validated against such a diverse range of metrics of everyday functional 

adjustment. 

I was interested in understanding whether individual differences on the 

performance-based measures were related to participants’ own appraisal of their everyday 

functional adjustment and so self-reported questionnaires were used. To address this aim, I 

first assessed whether the current sample showed difficulties relative to the non-autistic 

participants on self-reported measures of each of these domains. Next, I tested whether 

individual differences on scores on either measure of EF (the NIH-EXAMINER battery 

and the MMEA) were related to variation in scores on each domain of everyday functional 

adjustment assessed, for the autistic and non-autistic samples, separately. Based on autistic 

participants’ difficulties with less-structured tasks, I predicted that performance on the 

MMEA would have greater predictive utility over other real-world measures than would 

performance on the NIH-EXAMINER. 

Method 

Participants 

Sixty-four adolescents aged between 11 and 19 years (M = 14.53, SD = 2.04) took 

part in this study, 33 autistic (11 female, 22 male) and 31 non-autistic (12 female, 19 male) 

participants completed all measures. There were eight additional participants who 

participated only in the MMEA and did not complete the NIH-EXAMINER, four 

additional participants who completed only the NIH-EXAMINER and did not complete 

the MMEA and three further participants for whom self-reported questionnaires could not 

be obtained, despite repeated attempts, data for these participants are not presented here. 
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Inclusion and exclusion criteria were the same as those reported in Chapters 2 and 3. 

Method of recruitment, participants’ co-occurring conditions, medication use, and 

participant ethnicities are listed in Table 11 below. One autistic participant and six of the 

non-autistic participants did not speak English as their first language. Parents reported on 

participants’ ethnicity. A Fisher’s exact test revealed that these differences were not 

significant, p = .097 (see Table 11).  

Table 11. 
Demographic information for participants who completed the NIH-EXAMINER battery, the MMEA 
and the self-reported questionnaires, by group 

   

Non- 
autistic 
(n = 31)   

 
Autistic 
(n = 33) 

  n  n 

Recruited through  
  

 Public engagement and research participation event 30  24 

 Community contacts 1  4 

 School-research partnership 0  5 

 
  

  

Co-occurring conditions  
  

 Attention deficit hyperactivity disorder 0  9 

 Dyslexia 0  9 

 Developmental coordination disorder 0  7 

 Sensory processing disorder 0  3 

 Irlen Syndrome 0  1 

 Obsessive compulsive disorder 0  1 

 Complex language disorder 0  0 

  
 

 
 

Medication  
  

 ADHD 0  6 

 Antipsychotics 0  1 

 Sleep inducing 0  4 

 Antiepileptic 0  0 

 Antidepressants 1  2 

 Non-psychoactive 2  1 

  
 

 
 

Ethnicity    

 Any White background 14  23 

 Any Asian background 8  1 

 Any Black background 3  3 

 Any mixed background 3  4 

 Other ethnic group  1  1 
  Missing or prefer not to say 2   1 

Note. Any White background = White British, White Irish or any other White background; Any Black background = 
Black British, Black African, Black Caribbean or any other Black background; any Asian background = Chinese, Indian, 
Pakistani, Bangladeshi or any other Asian background; Mixed/multiple ethnic groups = Mixed White and Asian, Mixed 
White and Black African, Mixed White & Black Caribbean, Any other Mixed background. 
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Developmental and background data for the final sample can be seen in Table 12. 

Data were excluded for one additional autistic participant who obtained an SRS-2 t-score 

of 56 which fell below the threshold indicative of being autistic (a t-score equal to or above 

60; Constantino & Gruber 2012; ADOS-2 data were unavailable for this participant). One 

autistic participant obtained an SRS-2 t-score of 59, but nevertheless met criteria for an 

autism spectrum condition on the Autism Diagnostic Observation Schedule, second 

edition (ADOS-2; Lord, Rutter, et al., 2012) and so their data were retained for further 

analyses. Data for two additional non-autistic participants (both female) were excluded 

because they obtained SRS-2 t-scores of 65 and 69, which fell above the threshold 

indicative of being on the autism spectrum. All participants were cognitively able as 

indicated by having verbal, nonverbal and full-scale IQ scores of 70 or above (see Table 

12). Two additional participants’ data were excluded because at least one of these scores 

were missing. An additional five autistic participants were excluded for obtaining IQ scores 

below this threshold. The final samples were group-matched by age, t(62) = 0.90, p = .369, 

d = 0.23, verbal IQ , t(62) = 1.13, p = .263, d = 0.63, nonverbal IQ, t(62) = 0.07, p = .948, d 

= 0.02 and by gender distribution, 2 (1, n = 64) = 0.04, p = 0.85,   = 0.06. 

There were no significant differences between the autistic and non-autistic 

participants in level of parental/caregiver education, t(57) = 0.72, p = .477, d = 0.19. A 

decile rank of deprivation and number of years of post-16 education was calculated for a 

parent of each participant, as in Chapter 2. There was a significant group difference on the 

decile rank of deprivation, t(54) = 2.16, p = .035, d = 0.58. There were no differences on 

the SES composite, t(49) = 0.32, p = .753, d = 0.09, however. 

 



160 

Table 12. 
Descriptive statistics for the developmental and background variables for participants who completed the 
NIH-EXAMINER battery, the MMEA and the self-reported questionnaires, by group 

    
Non-autistic 

(n = 31)   
Autistic  
(n = 33)     

  M (SD)  M (SD)   

  Range   Range   p-value 

Developmental variables        

 Gender (M:F) 20:11  21:12  .851 

 Age (in years) 14.29 (2.07)  14.75 (2.02)  .369 

  12 - 18  11 - 19   

 Full-scale IQ 105.52 (12.34)  103.00 14.67  .462 

  77 - 130  76 - 132   

 Verbal IQ 105.23 (13.86)  101.48 (12.61)  .263 

  78 - 132  73 - 123   

 Nonverbal IQ 103.90 (13.47)  104.18 (19.88)  .948 

  75 - 123  75 - 154   

 SRS-2  48.00 (6.04)a  77.12 (9.45)  < .001 

  38 - 59  59 – 90b   

 ADOS-2 severity scorec - -  5.61 (2.64)d  - 

  -  2 - 10e   

SES of primary caregiver    

 Years of post-16 education 5.63 (4.99)f  4.88 (3.00)g  .477 

  -1 – 19h  0 - 12   

 IMD decile 5.19 (3.33)i  6.97 (2.82)j  .035 

  1 - 10  1 - 10   

 SES composite score -0.03 (0.77)k  0.03 (0.64)l  .753 

    -1.20 – 1.13   -1.17 – 1.33     
Note. Full-scale IQ = Full-scale IQ, 4 subtest version, derived from the Wechsler Abbreviated Scale of Intelligence, 
second edition (WASI-II; Wechsler, 2011), where mean score is 100 and standard deviation is 15; Verbal IQ = Verbal 
comprehension index derived from the WASI-II (Wechsler, 2011), where mean score is 100 and standard deviation is 15; 
Nonverbal IQ = Perceptual reasoning index derived from the WASI-II (Wechsler, 2011); SRS-2 = t-score, calculated 
separately, by gender from the Social Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 2012); 
ADOS-2 = the Autism Diagnostic Observation Schedule, second edition (Lord, Rutter, et al., 2012); SES = 
Socioeconomic status; IMD = Index of Multiple Deprivation (T. Smith et al., 2015); Composite SES score = mean of z-
scores derived from the years of post-16 education and the IMD decile rank 
a n = 27. b one participant fell below the threshold indicative of an autism diagnosis (a t-score of 60) but were retained in 
the analysis because they received a score above the threshold indicative of an autism diagnosis on the ADOS-2. c The 
ADOS-2 was only administered with participants already diagnosed with autism. d n = 18, The ADOS-2 was not 
administered to all autistic participants because it was not an included measure in the planned protocol for this study due 
to time limitations. Data are reported here in cases where ADOS-2 data were available because participants took part in 
other research studies and consented for their data to be used in this way. e Two autistic participants received ADOS-2 
severity scores below the threshold indicative of an autism diagnosis (a severity score of 2 or below) but were retained in 
the analysis because they received a score above the threshold indicative of an autism diagnosis on the SRS-2. f n = 27. g n 
= 32. h One parent reported leaving full time education aged 15 years and so received a score of -1 when number of years 
of post-16 education was calculated. i n = 27. j n = 29. k n = 23. l n = 28. 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Measures 

The NIH-EXAMINER battery. Participants completed all subtests of the NIH-

EXAMINER battery and the executive composite was calculated using Item Response 

Theory using the script provided by Kramer et al. (Kramer et al., 2013). The executive 
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composite score from the battery as described in Chapter 2, according to manual 

instructions, was used in this study as the measure of systematically-designed EF. 

The Modified Multitasking Evaluation for Adolescents (MMEA). All 

participants completed the MMEA, as described in Chapter 2. The MMEA composite 

score was used here as a measure of representatively-designed EF.  

The Behaviour Rating Inventory of Executive Functioning. Participants’ 

everyday EF ability was assessed using the self-report version of the Behaviour Rating 

Inventory of Executive Function, second edition (BRIEF-2; Gioia, Isquith, Guy, & 

Kenworthy, 2015) which assesses the behavioural manifestation of EF difficulties. The 

BRIEF-2 has demonstrated acceptable reliability, and convergent and discriminant validity 

have been established (Gioia et al., 2015). Respondents were required to rate on a 3-point 

Likert scale, range from 1 (Never) to 3 (Often) how frequently they had difficulties in the 

past month on each item with regard to initiation, emotional control, shifting, inhibition, 

organisation/planning, organisation of materials, working memory and self-monitoring. 

Responses to each item were summed to produce an overall Global Executive Composite, 

as per the guidelines in the manual6. A parent-reported version of this measure has been 

used extensively to measure informant ratings of EF in autistic samples (A. S. Chan et al., 

2009; de Vries & Geurts, 2015; Kalbfleisch & Loughan, 2012; Kenworthy, Black, & 

Wallace, 2005; Lynch et al., 2017; Pugliese et al., 2015, 2016; Semrud-Clikeman et al., 2010). 

An adult, self-reported version has been used with autistic samples (Davids et al., 2016; 

Dijkhuis, Ziermans, Van Rijn, Staal, & Swaab, 2017; Wallace et al., 2016). This is the first 

study to use the self-reported version of this measure with autistic adolescents. Higher 

scores indicated more executive function problems. Total possible raw score was 165. In 

the current sample, the scale showed excellent internal consistency in both autistic 

(α = 0.95) and non-autistic (α = 0.94) young people. 

                                                 
6 BRIEF-2 subdomain scores were not considered to preserve statistical power and for parity with the 

composite variables that were generated from the NIH-EXAMINER and MMEA that it is being compared 
with 
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The Pediatric Quality of Life Inventory. Quality of life (QoL) was assessed 

using the self-report core scales of The Pediatric Quality of Life Inventory, fourth edition 

(PedsQL 4.0; Varni, Seid, & Kurtin, 2001) and the general well-being supplement for 

teenagers. The PedsQL 4.0 core scales required respondents to report, on a 5-point Likert 

scale ranging from 0 (never) to 4 (almost always), how often within the last month they 

have had difficulties on questions related to physical, emotional, social, and school-related 

quality of life. The PedsQL 4.0 general well-being supplement required respondents to rate 

on a 5-point Likert scale ranging from 0 (never) to 4 (almost always) how often within the 

past month they felt that positively-phrased statements about general wellbeing sound like 

them. Scores from the generic core scales were rescaled to range between 0 to 100 

according to Varni et al. (Varni et al., 2001), where 0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0. 

The scores from the well-being supplement were re-scaled in the same way here and 

reverse coded, such that higher scores were indicative of better QoL. A mean of all generic 

core scales and the well-being supplement was calculated7. Higher PedsQL scores reflected 

better QoL. The total possible score was 100. The self-reported PedsQL 4.0 has been 

previously used with autistic children (Bastiaansen, Koot, Ferdinand, & Verhulst, 2004; 

Potvin, Snider, Prelock, Wood-Dauphinee, & Kehayia, 2015) and adolescents (Shipman, 

Sheldrick, & Perrin, 2011). In the current sample, the scale showed excellent internal 

consistency in both autistic (α = 0.92) and non-autistic (α = 0.94) young people. 

The Spence Children’s Anxiety Scale. Participants’ anxiety symptoms were 

assessed using The Spence Children’s Anxiety Scale (SCAS; Spence, 1998), which has been 

used extensively with autistic children (Boulter, Freeston, South, & Rodgers, 2014; Neil, 

Olsson, & Pellicano, 2016; Wigham, Rodgers, South, McConachie, & Freeston, 2015). The 

SCAS is a 44 item self-report measure of children and adolescent’s anxiety, which included 

38 items about anxiety and six positive filler items. Respondents were required to rate how 

                                                 
7 PedsQL subdomain scores were not used to preserve statistical power 
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frequently they experienced each item on a 4-point Likert scale ranging from 0 (never) – 3 

(always). The responses from the 38 items pertaining to anxiety were summed to create a 

total raw SCAS score8. Higher scores reflected greater trait anxiety symptom severity. The 

total possible score was 114. In the current samples, the scale showed internal consistency 

that was excellent for both for autistic (α = 0.92) and non-autistic participants (α = 0.94). 

The World Health Organization Disability Assessment Schedule. Participants 

reported on their perceived disabilities using the self-reported version of the World Health 

Organization Disability Assessment Schedule, second edition (WHODAS 2.0; Garin et al., 

2010). The WHODAS 2.0 has previously been used with autistic adults (Piening et al., 

2018; L. Schmidt et al., 2015). The WHODAS 2.0 was originally designed for adults, 

although removing one item relating to sexual activity was removed revealed that the 35-

item version retained satisfactory internal reliability and factorial validity when used with 

adolescents (Hu, Zang, & Li, 2012). I therefore followed the same procedure here. In the 

WHODAS 2.0, respondents were required to rate how much difficulty they have had with 

each item in the last 30 days on a 5-point Likert scale ranging from 0 (none) to 4 (extreme 

or cannot do). The items relate to cognition, mobility, self-care, getting along with people, 

life activities and participation in society. There were a different number of items 

contributing to each domain and to account for these differences, an item response theory 

algorithm provided by the WHO, was used to generate an overall total score, where higher 

scores reflected greater disability9. The WHODAS 2.0 has demonstrated internal reliability 

(Cronbach’s alpha has ranged from α=.79 to α=.98), it has a stable factor structure, shows 

high test-retest reliability and good concurrent validity (Garin et al., 2010). The total 

possible score was 100. In the current samples, the scale showed internal consistency that 

was acceptable (α = 0.73) for autistic participants and good (α = 0.84) for non-autistic 

participants. 

                                                 
8 SCAS subdomain scores were not used to preserve statistical power 
9 WHODAS 2.0 subdomain scores were not used to preserve statistical power 
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Results 

Data screening 

Regarding the EF measures, I began by calculating the MMEA composite, as 

described in Chapter 2. To this end, I reverse coded the executive errors score, such that 

higher scores on every variable generated from the MMEA indicated better performance. 

Tukey’s Ladder of Powers were then applied to successfully transform the involvedness 

and executive errors scores (the quality score remained significantly different to the normal 

distribution and so raw scores were used for this variable for subsequent analysis) using the 

rcompanion package in R (Mangiafico, 2016). Next, I created an overall MMEA composite 

score by calculating the mean of the proportion of goals completed, the quality of executed 

goals, the transformed-to-normal involvedness score and the reverse coded and 

transformed-to-normal executive error score.  

Regarding the measures of everyday adjustment, only the PedsQL 4.0 was normally 

distributed. Tukey’s Ladder of Powers were therefore applied to successfully transform the 

BRIEF-2, SCAS and WHODAS 2.0 raw total scores, Next, I calculated z-scores for the 

block design, vocabulary, matrix reasoning and similarities subtests of the Wechsler 

Abbreviated Scale of Intelligence, second edition (WASI-II; Wechsler, 2011) individually 

using the mean and standard deviation of the non-autistic sample, I then calculated a mean 

of these z-scores to create a standardised raw metric of general cognitive ability. The total 

raw scores from each of the self-reported questionnaires were centred and scaled such that 

they had a mean of zero and a standard deviation of one. Standardised IQ scores have 

accounted for age within the scores, raw scores from each task were not used because they 

were on different scales and so the generation of z-scores from the general cognitive 

assessments enabled age to be included as an independent measure in the regression 

analyses.  
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Analysis plan 

First, I assessed the convergent validity of the MMEA. To do this I conducted 

Pearson product-moment correlations between performance on the NIH-EXAMINER 

and the MMEA in the autistic and non-autistic samples I also applied Fisher’s r-to-z 

transformations and tested whether the coefficients were comparable across groups. I then 

conducted a 2 x 2 factorial ANOVA to assess whether there was a main effect of group 

(autistic, not autistic) or task type (MMEA, NIH-EXAMINER) on standardised 

performance scores and, in particular, to assess if there was an interaction between group 

and task type. 

Second, I tested whether there were group differences on each of the self-reported 

questionnaires by conducting one-tailed independent sample t-tests. I constructed a 

multiple linear regression model with stepwise entry for each of the self-reported 

questionnaire measures to address my primary aim: to determine the extent to which 

individual differences in age, general cognitive ability, performance on the MMEA and on 

the NIH-EXAMINER were related to each of the self-reported measures of everyday 

adjustment (i.e., the BRIEF-2, PedsQL 4.0, SCAS, WHODAS 2.0). I conducted multiple 

regression models first by entering only performance on the MMEA or the NIH-

EXAMINER in order to determine if performance on each assessment related to the 

measures of everyday adjustment. Then, I conducted a model where performance on both 

assessments were entered stepwise, to determine if performance on both assessments 

explained further unique variance in functional adjustment when consider simultaneously. 

Convergent validity of the MMEA 

There was a significant relationship between the global executive composite 

generated from the NIH-EXAMINER battery and the composite score created on the 

MMEA among non-autistic participants, r(29) = .6, p < .001, which provided convergent 

validity that the MMEA and NIH-EXAMINER were assessing the same underlying 

construct, at least among non-autistic participants. There was, however, no relationship 
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between performance on the two tasks among non-autistic participants, r(31) = -.01, p = 

0.98, suggesting that EF ability was not being equally captured by these tasks, among 

autistic participants. See Figure 17 for each of the correlation coefficients. 

 
Figure 17. Pearson product-moment correlations between each of the factor scores from 
the NIH-EXAMINER battery (fluency, working memory, cognitive control and global 
executive composite) and each of the dependent variables from the MMEA (proportion of 
completed goals, quality of goals, goal involvedness, executive errors and performance 
composite). Correlations were calculated for the autistic and non-autistic samples 
separately, correlation coefficients for the autistic sample are presented below the 
horizontal and correlation coefficients for the non-autistic sample are presented above the 
horizontal. Colour and hue indicate direction and strength of the relationship; coloured 
boxes indicate a significant correlation. 

To test whether there was an interaction between group (autistic, not autistic) and 

assessment type (NIH-EXAMINER, MMEA), I conducted a 2 x 2 ANOVA with 

standardised performance scores as the dependent variable. There was a main effect of 

group, F(1, 124) = 9.64, MSE = 1.29, p = .002, η2p = .072, such that autistic participants 

underperformed relative to non-autistic participants on the NIH-EXAMINER and the 

MMEA. There was no main effect of assessment type, F(1,124) = 0.29, MSE = 1.29, p = 

.589, η2p = .002, and no significant interaction effect, F(1,124) = 0.28, p = .601, η2p = .002 

(see Figure 18). 
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Figure 18. Standardised scores from the Modified Multitasking Evaluation for Adolescents 
(MMEA) and the National Institute of Health, Executive Abilities: Measures and 
Instruments for Neurobehavioral Evaluation and Research (NIH-EXAMINER) battery for 
autistic (n = 33) and non-autistic (n = 31) participants. 

Group differences on self-reported questionnaires 

Table 13 shows the descriptive statistics for the four self-reported questionnaire 

measures. There were significant group differences on the raw total scores of the BRIEF-2, 

t(62) = 3.56, p < .001, d = 0.89, the PedsQL 4.0, t(62) = 2.32, p = .012, d = 0.58, and the 

WHODAS, t(62) = 2.96, p = .002, d = 0.74, such that autistic participants rated themselves 

as having more everyday EF difficulties, poorer quality of life and as being more disabled 

than non-autistic participants. Unexpectedly, there was no group difference on the SCAS, 

t(62) = 0.55, p = .710, d = 0.14 (see Figure 19). 
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Table 13. 
Descriptive statistics for the self-reported questionnaires 

  
Non-autistic 

(n = 31)   
Autistic  
(n = 33) 

 M (SD)  M (SD) 

 Range   Range 

BRIEF-2 78.81 (15.11)  95.79 (20.98) 

 55 - 123  56 - 135 
PedsQL 4.0 74.46 (14.74)  65.90 (14.72) 

 45 - 98.33  40.83 - 97.50 
SCAS 31.26 (19.16)  32.30 (15.69) 

 6 - 75  5 - 78 
WHODAS 2.0 10.95 (9.99)  17.80 (10.11) 
  0 - 40.24   1.04 - 35.04 

Note. BRIEF-2 = Behavior Rating Inventory of Executive Function, second edition (Gioia et al., 2015), PedsQL 4.0 = 
Pediatric Quality of Life Inventory, fourth edition (Varni et al., 2001), SCAS = Spence Child Anxiety Scale (Spence, 
1998), WHODAS 2.0 = World Health Organization Disability Assessment Schedule, second edition (Garin et al., 2010). 

 
Figure 19. Participant scores on each of the self-reported questionnaire measures for autistic 
(n=33) and non-autistic (n=31) samples. BRIEF-2 = Behaviour Rating Inventory of 
Executive Function, second edition, PedsQL = Pediatric Quality of Life Inventory, fourth 
edition, SCAS = Spence Child Anxiety Scale, WHODAS 2.0 = World Health Organization 
Disability Assessment Schedule, second edition. 

Regression analyses 

A series of linear regression models were created to test whether individual 

differences in general cognitive ability, chronological age, NIH-EXAMINER composite 

scores and MMEA composite scores predicted individual differences in total raw scores on 
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the BRIEF-2, SCAS, PedsQL 4.0 or the WHODAS 2.0 in the non-autistic or autistic 

samples separately10 (see Table 16 for results of such analyses).  

In the non-autistic sample chronological age explained approximately 11% of 

variance in SCAS scores, F(1, 29) = 4.74, p = .038, adjusted R2 = .11. No other models were 

significant (all ps > .05). 

In the autistic sample, general cognitive ability and performance on the NIH-

EXAMINER made significant unique contributions to explaining the variance on BRIEF-

2 scores, F(3, 29) = 4.44, p = .011, adjusted R2 = .24, performance on the MMEA was added 

to the final model but did not make a significant unique contribution. Performance on the 

MMEA explained unique variance in trait anxiety, indexed by total raw SCAS scores, F(1, 

31) = 8.14, p = .008, adjusted R2 = .18. No other predictors were entered in the final model. 

Performance on the MMEA explained unique variance in QoL, indexed by total raw scores 

on the PedsQL, F(2, 30) = 3.38, p = .047, adjusted R2 = .13. Performance on the NIH-

EXAMINER was entered into the final model but did not make a significant unique 

contribution. When considering self-rated disability, as indexed by the WHODAS 2.0, 

performance on the MMEA was entered into the final model but no significant model 

could be determined.  

                                                 
10 Separate regression models were created for autistic and non-autistic participants because I did not have 

enough statistical power to reliably assess the potential main effect of diagnostic and each of the possible 
interaction effects.  
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Table 14. 
The final multiple linear regression models when age, general cognitive ability and the NIH-
EXAMINER were entered with stepwise entry for each self-reported questionnaire measure, by group 

  Not autistic Autistic 

    B SE B t 
Adjust. 

R2 B SE B t 
Adjust. 

R2 

BRIEF-2    -    0.24* 

 General cognitive ability - - -  0.42 0.19 2.21*  

 Age - - -  0.13 0.08 1.63  

 NIH-EXAMINER - - -  -0.37 0.17 -2.22*  

SCAS    0.11*    0.09 

  General cognitive ability - - -  -0.09 0.17 -0.59  
  Age 0.20 0.09 2.18*  - - -  
  NIH-EXAMINER - - -  -0.33 0.16 -2.06*  
PedsQL 4.0    0.06    0.05 

  General cognitive ability - - -  - - -  
  Age 0.14 0.08 1.72  -0.14 0.08 -1.69  
  NIH-EXAMINER - - -  - - -  
WHODAS 2.0    -    - 

  General cognitive ability - - -  - - -  
  Age - - -  - - -  
  NIH-EXAMINER - - -  - - -  

Note. BRIEF-2 = the Behaviour Rating Inventory of Executive Function, second edition (Gioia et al., 2015); SCAS = 

Spence Children’s Anxiety Scale (Spence, 1998); PedsQL 4.0 = the core generic scales and the well-being supplement of 

the Pediatric Quality of Life Inventory (Varni et al., 2001); NIH-EXAMINER = Global executive composite calculated 

based on performance on the NIH-EXAMINER battery (Kramer et al., 2014). 
 p < .1, * p <.05, ** p < .01, *** p < .001 

Table 15. 
The final multiple linear regression models when age, general cognitive ability and the MMEA were entered 
with stepwise entry for each self-reported questionnaire measure, by group 

  Not autistic  Autistic 

    B SE B t 
Adjust. 

R2 
 

B SE B t 
Adjust. 

R2 

BRIEF-2    -     0.19* 

 General cognitive ability - - -   - - -  

 Age - - -   0.15 0.08 1.83  

 MMEA composite - - -   0.21 0.12 1.74  

SCAS    0.11*     0.18** 

  General cognitive ability - - -   - - -  
  Age 0.20 0.09 2.18*   - - -  
  MMEA composite - - -   0.30 0.11 2.85**  
PedsQL 4.0    0.06     0.10* 

  General cognitive ability - - -   - - -  
  Age -0.14 0.08 -1.72   - - -  
  MMEA composite - - -   -0.25 0.12 -2.10*  
WHODAS 2.0    -     0.08 

  General cognitive ability - - -   - - -  
  Age - - -   - - -  
  MMEA composite - - -   0.22 0.11 1.96  

Note. BRIEF-2 = the Behaviour Rating Inventory of Executive Function, second edition (Gioia et al., 2015); SCAS = 

Spence Children’s Anxiety Scale (Spence, 1998); PedsQL 4.0 = the core generic scales and the well-being supplement of 

the Pediatric Quality of Life Inventory (Varni et al., 2001); MMEA = composite performance score from the Modified 

Multitasking Evaluation for Adolescents (M. Schneider et al., 2016). 
 p < .1, * p <.05, ** p < .01, *** p < .001 
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Table 16. 
The final multiple linear regression models when age, general cognitive ability, MMEA and NIH-
EXAMINER were entered with stepwise entry for each self-reported questionnaire measure, by group 

  Not autistic  Autistic 

    B 
SE 
B t 

Adjust. 
R2 

 
B SE B t 

Adjust. 
R2 

BRIEF-2    -     0.24* 

  General cognitive ability - - -   0.41 0.19 2.14*  
  Age - - -   - - -  
  NIH-EXAMINER - - -   -0.40 0.16 -2.42*  
  MMEA - - -   0.20 0.12 1.69  
SCAS    0.11*     0.18** 

  General cognitive ability - - -   - - -  
  Age 0.20 0.09 2.18*   - - -  
  NIH-EXAMINER - - -   - - -  
  MMEA - - -   0.30 0.11 2.85**  
PedsQL 4.0    0.06     0.13* 

  General cognitive ability - - -   - - -  
  Age -0.14 0.08 1.72   - - -  
  NIH-EXAMINER - - -   0.21 0.14 1.48  
  MMEA - - -   -0.25 0.12 -2.13*  
WHODAS 2.0    -     0.08 

  General cognitive ability - - -   - - -  
  Age - - -   - - -  
  NIH-EXAMINER - - -   - - -  
  MMEA - - -   0.22 0.11 1.96  

Note. BRIEF-2 = the Behaviour Rating Inventory of Executive Function, second edition (Gioia et al., 2015); SCAS = 

Spence Children’s Anxiety Scale (Spence, 1998); PedsQL 4.0 = the core generic scales and the well-being supplement of 

the Pediatric Quality of Life Inventory (Varni et al., 2001) NIH-EXAMINER = Global executive composite calculated 

based on performance on the NIH-EXAMINER battery (Kramer et al., 2014); MMEA = composite performance score 

from the Modified Multitasking Evaluation for Adolescents (M. Schneider et al., 2016). 
 p < .1, * p <.05, ** p < .01, *** p < .001 
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Discussion 

This study investigated the convergent validity of a representatively-design EF task 

with a more traditional approach to EF assessment and showed that, for non-autistic 

participants, performance on both tasks had a strong positive relationship. There was 

however no relationship between performance on both tasks for autistic participants. One 

possibility is that while both assessments appear to be measuring the same underlying 

cognitive construct in non-autistic participants, namely EF, the composite measure 

generated also captures individual differences introduced by the non-executive components 

of the MMEA (e.g., social, sensory and motor) and the lack of relationship with 

performance on the NIH-EXAMINER among autistic participants is because these factors 

impact performance more for the autistic sample. Alternatively, it might be that while 

neuropsychological tasks such as those included in the NIH-EXAMINER capture 

variability in EF in non-autistic participants, they may be measuring variability in other 

abilities that were not the target of the assessment such as social desirability, motivation to 

persist with monotonous tasks or the ability to infer implicit information about the tasks 

(White, 2013). 

The possibility that group differences on classic EF paradigms might reflect 

differences in non-executive abilities was, in part, the motivation to assess the EF ability of 

autistic adolescents on a function-led assessment such as the MMEA. To assess whether 

the highly-structured nature of typical EF assessment were leading to an understatement of 

EF difficulties in autism, thus presenting an autism-specific threat to the ecological validity 

of EF assessment, the present study assessed whether assessment type interacted with 

group. While autistic participants struggled with EF in general, they did not appear to 

struggle to a disproportionate extent on one assessment (which would have been evidenced 

by a significant group x assessment type interaction), contrary to my hypothesis. This is not 

easily reconciled with the recurrent finding in the literature that autistic people tend to have 
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more difficulties on less-structured assessments, nor does it sit neatly alongside the finding 

that autistic participants demonstrated less competence on the overall task. 

I showed that autistic participants reported more difficulties with respect to their 

everyday EF ability when compared with non-autistic participants. This was the first study, 

to my knowledge, where the self-report BRIEF questionnaire was administered to autistic 

adolescents but it is nevertheless consistent with numerous studies demonstrating  

adolescents EF difficulties, measured by the parent-report BRIEF (Pugliese et al., 2015, 2016; 

Rosenthal et al., 2013). The finding that autistic adolescents rate their quality of life as 

lower than their non-autistic peers is concerning and is in keeping with previously 

published reports (Kamp-Becker, Schröder, Remschmidt, Bachmann, & Schroder, 2010; 

Shipman et al., 2011). Autistic participants also rated themselves to be more disabled, on 

average, than the non-autistic participants, just like adult participants in a recent study to 

use the WHODAS 2.0 (L. Schmidt et al., 2015), There were no differences, however, in 

self-report ratings of trait anxiety across groups, which was surprising since many studies 

have shown elevated rates of anxiety in autistic samples (see White, Oswald, Ollendick, & 

Scahill, 2009, for review), however the non-autistic sample (as well as the autistic sample) in 

the current analysis had elevated rates of anxiety relative to a normative population sample. 

Further, group differences between autistic and non-autistic young people on the SCAS 

appear to be more pronounced in parent- rather than self-reported versions of the 

questionnaire (Boulter et al., 2014).  

 Veridicality should be reflected in significant relationships between laboratory-

based assessments and measures of everyday functioning. Here, I showed evidence of such 

veridicality in the autistic sample, by showing that performance on the NIH-EXAMINER, 

alongside general cognitive ability, was related to self-reported everyday EF ability which 

demonstrated the generalisability of the classic paradigms of EF assessment when assessed 

against the BRIEF-2 – consistent with the finding that older autistic adults self-reported 

BRIEF scores correlated significantly with their scores on a performance-based measure of 
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EF (the Tower of London task; Davids et al., 2016). Performance on the MMEA was 

related to participants’ self-reported anxiety, which is in keeping with a previously reported 

relationship between EF and anxiety in autistic adolescents, albeit when neuropsychological 

measures were used (Hollocks et al., 2014). Similarly, performance on the MMEA was 

associated with participants’ quality of life. It is noteworthy that, in both cases, individual 

differences in general cognitive ability were not entered in the final regression models. The 

lack of a contribution of general cognitive ability here suggests that despite IQ being an 

important prognostic predictor of outcome in autistic people more broadly (e.g., Howlin et 

al., 2004), individual differences in EF ability might be a more important predictor of 

aspects of real-life functioning, at least for cognitively able autistic individuals, something 

that has been shown in typical development (Moffitt et al., 2011) and in autism (Kenny et 

al., 2018). The relationship presented in the current study is, however, cross-sectional and 

needs to be tested longitudinally to determine the relative predictive power of specific 

executive abilities, as assessed both by laboratory-based and real-world tasks, and general 

cognitive ability over time. 

Neither the MMEA nor the NIH-EXAMINER were related to self-perceived 

disability in our samples. This finding is surprising because, although this construct has not 

previously been assessed among autistic adolescents, associations between measures of EF 

and the closely related concept of adaptive functioning have been documented both 

concurrently (Happé, Booth, et al., 2006; Panerai et al., 2014) and longitudinally (Kenny et 

al., 2018; Visser, Berger, Lantman-De Valk, Prins, & Teunisse, 2015). Given the 

transdiagnostic applicability of the WHODAS 2.0, it is possible that it lacks specificity 

about the types of disabling consequences of an autism diagnosis in particular.  

Despite this study providing evidence for the generalisability of performance on 

these measures to real-world realities for autistic participants, we failed to demonstrate such 

evidence for the non-autistic sample: neither performance on the MMEA nor on the NIH-

EXAMINER explained unique variance in any of the self-reported measures. This is 
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consistent with previous investigations that have shown weak or no relationships between 

EF tasks and self-reported measures of self-control (Duckworth & Kern, 2011), inhibition 

(Cyders & Coskunpinar, 2011), impulsivity (King, Patock-Peckham, Dager, Thimm, & 

Gates, 2014) and self-regulation (Eisenberg et al., 2017) in typical adolescents and adults. 

This raises questions regarding the generalisability of these EF measures to other real-

world measures, at least as assessed in non-autistic adolescents. 

Understanding whether the systematically-designed or the representatively-designed 

task, assessed by the current study, demonstrated comparatively greater generalisability 

depends on the metric of real-world functional adjustment against which it is assessed. 

Neuropsychological measures, such as those included in the NIH-EXAMINER, are related 

to participants’ own reports of their everyday EF ability. This provides evidence for the 

convergent validity of these tasks, i.e., they both measure the same construct (although see 

Toplak, West, & Stanovich, 2013, for an argument to the contrary) and it provides 

evidence that this task has veridicality. In fact, the lack of relationship between 

performance on the MMEA and BRIEF raises some questions, particularly if one considers 

that the BRIEF measures everyday EF ability which should be more closely related to an 

everyday-type task than to artificial laboratory tasks. If, however we consider the more far-

reaching consequences EF difficulties can have, such as lower quality of life and greater 

levels of experienced anxiety, then the MMEA appears to have greater veridicality than 

does the NIH-EXAMINER. Although, by that logic, one should conceivably expect that 

variance in EF abilities should explain variance in autistic peoples’ perceptions of the 

extent to which they are disabled and yet, no such relationship was found.  

The real-world measures selected here were questionnaires, a decision that was 

taken with consideration for the feasibility of the current study but the generalisability of 

results from EF assessments need to be assessed against observations of participants in the 

real-world, either by trained researchers or reported on by participants in real-time using 
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experience sampling methodologies or compared with metrics of functioning such as 

educational or occupational status or performance. 

In summary, the current study demonstrated that autistic participants had more 

difficulties on most of the measures selected to assess the veridicality of EF assessment 

against. On the one hand, performance on the construct-driven paradigms, borrowed from 

the disciplines of experimental and neuropsychology, does generalise to participants’ self-

report about everyday EF ability. On the other hand, performance on the function-driven 

approach, to assess cognitive abilities in context resembling the context over which we aim 

to generalise the findings, generalises to participants’ self-reported anxiety and quality of 

life. An important finding from the present analysis is that neither task type is related to the 

extent to which participants report feeling disabled. In order to understand how autistic 

adolescents, conceptualise their EF abilities and disabilities we need to ask them directly 

how they think and feel about completing executively demanding tasks and whether they 

perceive executive abilities to have an impact on their lives. Furthermore, our ability to 

devise function-led approaches to assessing the type of EF difficulties that autistic people 

report themselves as having on self-report questionnaire measures, but which remain 

relative elusive to measurement in EF tasks, we must ask autistic young people what 

executive related difficulties they consider to impact on their lives, if any, how these are 

intertwined with other non-executive skills and whether they believe their being autistic is 

implicated in these relationships. 
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Chapter 5 

The reality of executive function difficulties for autistic 
adolescents: personal and parental perspectives 

 

Introduction 

So far, I have shown that autistic adolescents displayed more difficulties, on 

average, than non-autistic adolescents on a battery of systematically-designed executive 

function (EF) tasks (Chapter 2), on a representatively-designed EF task (Chapter 3) and 

that performance on each of these tasks was related to at least one metric of self-reported 

everyday adjustment (Chapter 4). Nevertheless, our ability to know whether these 

difficulties are relevant to the lives of young autistic people remains limited by the 

methodologies hitherto applied in EF research. Specifically, the voices of young autistic 

people are completely absent from the literature pertaining to EF in autism. Therefore, my 

final empirical chapter sought to address this issue by eliciting the views and perspectives 

of young autistic people and their caregivers about their own or their children’s EF.  

The autistic ‘voice’ is all too often absent from autism research (Milton, 2014). In 

relation to EF in autism, this absence is problematic for three reasons. First, studies 

typically employ measures of EF designed by non-autistic researchers and more typically 

still by researchers who are neither autistic nor researchers whose experience relates to 

autism. Consequently, we can test only whether autistic people have EF difficulties similar 

to those found in other clinical populations and are precluded from identifying 

instantiations of EF difficulties that are specific to autism. Furthermore, imposing the 



178 

narrow, supposedly objective standards of functioning developed by non-autistic 

researchers can serve to mischaracterise and often underestimate the abilities of autistic 

people (Ruble & Dalrymple, 1996). Second, performance-based and questionnaire-based 

measures of EF rarely, if ever, tap participant perceptions of their own executive abilities or 

the impact EF difficulties have upon their lives. Uncovering whether the group differences 

measured in research are perceptible to participants or understanding the salience of these 

differences to an individual autistic person is therefore not currently possible. Third, 

classifying somebody as having an EF difficulty based on their behaviour during a task on a 

single occasion or on their rating of how frequently they have experienced specific 

difficulties is potentially problematic. It may conflate a general EF difficulty with the effects 

of contextual or antecedent factors that result in a person’s ability to perform executively 

demanding activities being compromised, for example, when their senses are overloaded or 

their motivation to complete the task is low. 

While questionnaire-based measures, which facilitate subjective reporting, are 

common in the measurement of EF in adolescents on the autism spectrum, they have 

almost exclusively involved an informant rating on an autistic person’s executive ability and 

therefore, critically, do not capture subjective first-person accounts (Rosenthal et al., 2013; 

van den Bergh, Scheeren, Begeer, Koot, & Geurts, 2014). One often-cited reason for not 

asking autistic young people themselves is that they might not show the requisite insight 

into their own behaviour in order to provide valid and reliable data (U. Frith & Happé, 

1999; Zahavi, 2010). There are, however, a few exceptions to this pattern. In one study, 

adolescent autistic males rated themselves on the Dysexecutive Questionnaire as having EF 

difficulties that were, on average, as severe as groups with traumatic brain injuries 

(Cederlund, Hagberg, & Gillberg, 2010). Furthermore, autistic participants in early 

(Dijkhuis et al., 2017), middle (Wallace et al., 2016) and late (Davids et al., 2016) adulthood 

have rated themselves as having more EF difficulties than non-autistic participants on the 

adult version of the Behaviour Rating Inventory of Executive Function (BRIEF-A). Self-
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reported BRIEF-A has been shown to be related to subjective ratings of quality of life 

(Dijkhuis et al., 2017), mental health symptomatology (Wallace et al., 2016) and 

performance on a classic laboratory measure of EF (the Tower of London task) as well as 

proxy-reported BRIEF-A (Davids et al., 2016). Taken together, these findings demonstrate 

that autistic people do not necessarily lack insight into their own EF difficulties and so they 

should not be considered unreliable. 

Qualitative research has traditionally been underutilised in autism research, due to a 

lack of methodological expertise among researchers, a perceived lack of need and a 

supposed lack of rigour (Bölte, 2014). This is changing. Researchers are becoming 

persuaded by the critical importance of engaging, rather than excluding the autistic voice 

from research (Fletcher-Watson et al., 2018; Gillespie-Lynch, Kapp, Brooks, Pickens, & 

Schwartzman, 2017; Pellicano, Ne’eman, & Stears, 2011) and because of the proliferation 

of rigorous qualitative autism research (e.g., R. S. Smith & Sharp, 2013). Below, I provide a 

brief overview of qualitative research that has examined the lived experiences of autistic 

adolescents and their parents, with a specific focus on descriptions related to everyday EF 

abilities.  

Qualitative research focusing on autistic adolescents 

A meta-synthesis, the qualitative equivalent of a meta-analysis, of autistic young 

peoples’ experiences in mainstream school settings found the most pertinent themes to 

emerge were that autistic adolescents were acutely aware of being different and had 

difficult sensory and interpersonal experiences (E. I. Williams, Gleeson, & Jones, 2017). 

EF-related difficulties were notable by their absence from this synthesis. Another meta-

synthesis, with the broader aim of understanding the experiences of autistic young people 

and adults from their own perspective, did however yield descriptions of EF-related 

difficulties under the themes of school experiences and work-related factors (DePape & 

Lindsay, 2016). For instance, in relation to managing workloads and the role rigid routines 

play in alleviating stress that results from executively demanding tasks.  
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One study, in which nine autistic students were interviewed about being educated 

in an inclusive setting, revealed issues with the curriculum, including a heavy or 

unmanageable workload, self-managing the timescale for assignments and tight deadlines 

(Saggers, Hwang, & Mercer, 2011). Similarly, according to parent- and self-report, autistic 

children’s inability to adapt flexibly to changing routines can bring with it challenges for the 

whole family (Ludlow, Skelly, & Rohleder, 2012) as well as at school (Humphrey & Lewis, 

2008). This finding is consistent with the reports of two autistic adolescents and their 

mothers, who describe similar school-related stresses and mention that the rigid adherence 

to routines offsets some of the stress caused by the ever-changing demands of school life 

(Carrington & Graham, 2001).  

Another important consideration for the assessment of EF in autism that was 

apparent was that some autistic people reported that their performance on an activity is 

greatly influenced by their level of interest in that activity. Autistic young people have 

reported being bored or disinterested in their school experience and reported only applying 

themselves to subjects and experiences that captivate their interests (Marks, Schrader, 

Longaker, & Levine, 2000). This has important implications for the assessment of EF 

capability in autism: if participants are not asked about their disposition toward a task and 

the context in which they are assessed, we cannot know how much of the variance in their 

performance is attributable to EF difficulties and how much is attributable to a lack of 

interest.  

Although not a description of EF per se, autistic young people often report having 

difficulties understanding rapidly-delivered task instructions (Preece & Jordan, 2010), 

particularly when delivered in the context of rich, often overstimulating, sensory 

environments (R. S. P. Jones, Quigney, & Huws, 2003). Such difficulties understanding task 

instructions can extend to broader contexts, where rules may change or be applied flexibly, 

such as the rules governing school life (Penney, 2013). Consequently, we must remain open 

to the possibility that underachieving on measures of EF may, at least to an extent, result 
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from difficulties understanding explicit instructions or to inferring the instructional content 

that is typically implicitly inferred. 

Autistic people’s social difficulties are often reported as trumping non-social 

difficulties (Ludlow et al., 2012), but the increased need for independence that comes with 

advancing age often elicits references to EF abilities. In particular, realisations that these 

abilities might be incommensurate with developmental expectations with respect to 

managing school assignments (Connor, 2000), self-care (Galpin et al., 2017) and 

transitioning from school to post-secondary settings (Browning, Osborne, & Reed, 2009; 

Cribb, Kenny, & Pellicano, 2018). For instance, autistic adolescents who were approaching 

or had recently completed secondary education in Western Australia reported having 

difficulties with future-oriented thinking and managing the increasing expectations for 

independence placed on them as they transition up into adult roles (Cribb et al., 2018). 

Similarly, in another study, adolescents approaching the end of secondary education in the 

UK reported being worried about whether their cognitive and behavioural capacities would 

allow them to succeed in their future lives (Browning et al., 2009). 

Although no study, to my knowledge, has directly asked autistic people to discuss 

how EF affects their life chances, there are many instances when autistic people have 

spoken about their autistic identity, which have implications for understanding the ways 

autistic people conceptualise their own thoughts and behaviours. Some interpret their 

perceived difference and their being autistic positively, accepting it as an essential part of 

who they are as a person, to be celebrated, others appear somewhat ambivalent, and others 

still describe it with despondency, anger and frustration (Cribb et al., 2018; Hebron & 

Humphrey, 2014; Humphrey & Lewis, 2008; McLaughlin & Rafferty, 2014). Despite the 

awareness that being autistic presents challenges, including with organisation and planning, 

many autistic young people distance themselves from autistic and disabled identities, 

feeling that such labels serve to negatively affect how others perceive them (Baines, 2012; 

Hull et al., 2017). The provision of appropriate support is repeatedly cited as critical to 
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counter the negative consequences often associated with being on the autism spectrum, 

such as, for example, inflexibility (Hay & Winn, 2005) and subsequently precipitating 

mental health difficulties (Crane et al., 2018; Hebron & Humphrey, 2014). As well as a 

reluctance to identify themselves as somebody who would benefit from support, poor 

organisational skills can themselves act as a barrier to accessing support (Nicolaidis, Kripke, 

& Raymaker, 2014). Understanding the nature of autistic young people’s difficulties and 

how these difficulties are understood and conceived of in relation to a person’s constructed 

sense of self are both necessary steps to identify how to effectively and sensitively provide 

support to those with poor executive abilities. 

The current study 

The current study examined directly the views and experiences of autistic 

adolescents and their parents towards their executive skills. It also sought to understand the 

perceived consequences of any EF difficulties and whether they conceive of their EF 

difficulties as related to being autistic.  

Method 

Participants 

Twelve autistic adolescents (11 male, 1 female; all participants are referred to with 

male pronouns to maintain participant anonymity), aged between 12 years and 19 years, 

and seven of their parents (all mothers, one parent spoke about her two children) were 

interviewed. One additional parent participated whose son decided not to be involved in 

the study. Seven of these participants completed the assessments detailed in Chapters 2, 3 

and 4. Five participants were recruited for this study to increase the sample size. 

Participants all had IQ scores within at least the typical range, as measured by the Wechsler 

Abbreviated Scale of Intelligence, second edition (Wechsler, 2011). All participants had 

received an independent clinical diagnosis of autism, which was confirmed by a parent-

reported, Social Responsiveness Scale, second edition (SRS-2; Constantino & Gruber, 

2012) t-score of at least 60, indicative of an autism spectrum disorder. Eight participants 
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were attending a mainstream secondary school, one participant was attending an autism-

specific special school, one was in a Further Education College, one participant was home-

schooled, and one participant was not accessing any form of education at the time of the 

interview. Four participants had at least one co-occurring condition, as shown alongside 

participant background characteristics in Table 17. 

Table 17. 
Background information relating to the participants who were interviewed 

Participant Gender Age 
Co-occurring 
disabilities 

IQ 
classification 

Autism 
severity 

School 
setting 

1 Female 16 DCD, PDA Low average Severe 
Not in 

education 

2 Male 12 None High average Severe Mainstreama 

3 Male 13 
ADHD, DCD, 

Tourette’s 
High average Moderate Specialb 

4 Male 14 None Average Severe Mainstreamc 

5 Male 18 None Borderline Mild Mainstreamd 

6 Male 14 None Low average Moderate Mainstreamd 

7 Male 19 
ADHD, DCD, 

Dyslexia 
Average Severe FE college 

8 Male 14 None Average Moderate Mainstream 

9 Male 13 ADHD Average Severe Mainstreama 

10 Male 12 None Average Severe 
Home 

educated 

11 Male 14 None High average Moderate Mainstreamd 

12 Male 15 None Low average Severe Mainstreamd 

Note. ADHD = Attention Deficit Hyperactivity Disorder, DCD = Developmental Coordination Disorder, 
FE = Further education, PDA = Pathological Demand Avoidance. IQ classification = classification based on 
the full-scale intellectual quotient (IQ) from the Wechsler Abbreviated Scale of Intelligence, second edition 
(WASI-II; Wechsler, 2011); extremely low = IQ < 70, Borderline = 71 < IQ < 80, Low average = 81 < IQ < 
90, Average = 91 < IQ < 110, High average = 111 < IQ < 120, Superior = 121 < IQ < 130, Very superior = 
131 < IQ < 140. Autism severity = classification based on the t-score from the Social Responsiveness Scale, 
second edition (SRS-2; Constantino & Gruber, 2012); Mild = 60 < t < 65, Moderate = 66 < t < 75, Severe = 
t >76. 
a Mainstream school with a support base that is not autism-specific; b An autism-specific special school; c A 
mainstream school with a support base that is autism-specific; d A mainstream classroom with a learning 
support assistant 

Measures 

Semi-structured interviews. Autistic adolescents and parents of autistic 

adolescents were interviewed individually using semi-structured interviews. The same 

interview schedule was used with the young people and their parents. They were asked a 

number of open-ended questions about their perceptions of the participants’ EF abilities, 

with a particular focus on their higher order abilities, such as the ability to manage their 

time, to multitask, to retain information and to adapt flexibly to changes in task demands. 
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Questions were sufficiently broad to allow participants to introduce the specific 

experiences they felt were relevant to the topic and to elaborate on themes important to 

them; probe questions were asked when necessary. The young autistic people and their 

parents were first asked a general question about how they or their child were currently 

getting on, with respect to school and home life. This question was to provide background 

information to the interviewer and to encourage participants to reflect on their current 

abilities, although reflections on their abilities at younger ages were freely explored if they 

were mentioned. A critical incident technique (Flanagan, 1954) was used, whereby 

participants were asked to recollect specific situations where they (or their child) excelled at 

or had difficulties employing EF abilities. For example, I asked questions like, “can you tell 

me about a time where you/your child were really proud of a plan you/they made?” and 

“can you think of a time when you/your child found it hard to multitask?” (for an example 

application of this technique, see Dickie, Baranek, Schultz, Watson, & McComish, 2009). 

Interviews were recorded with participants’ prior consent and professionally transcribed 

verbatim. One participant opted not to have their interview recorded and so detailed notes 

were taken immediately after the interview was completed.  

Analytic technique, epistemology and positionality 

Transcripts were analysed using Thematic Analysis, following the six steps outlined 

by Braun and Clarke (2006), namely, (i) familiarisation with the data, (ii) creating initial 

codes, (iii) searching for themes, (iv) reviewing themes, (v) naming themes and (vi) 

producing the report. The transcripts were analysed from an inductive (bottom-up) 

perspective where themes were created within a ‘contextualist’ framework of critical realism 

(Bhaskar, 1978). Critical realism lies between a realist ontology, which asserts that only one 

objective state of reality exists, irrespective of the researcher’s or participant’s views on it 

(Jenkins, 2010) and a relativist ontology, which asserts that reality is entirely constructed 

through historical, political and social interchanges (Schwandt, 1994). Realist ontologies are 

associated with a positivist epistemology, which aims to take reliable and valid measures of 
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objective phenomenon and relativist ontologies are associated with a constructionist 

epistemology, which aims to uncover created realities, which cannot be separated from the 

person who created, described and lived that reality. Critical realism serves as both an 

ontological and epistemological position that has three overlapping domains of reality, 

including the empirical, the actual and the real (Fletcher, 2017). That is, critical realism 

acknowledges that we all have subjective experiences (the empirical), that an objective reality 

exists outside of our experience (the actual) and that causal mechanisms lie between and within 

these domains (the real). Critical realism is therefore suited to the current study because it 

allows for EF difficulties existing as a result of brain-based differences, irrespective of a 

participant’s views on them (the actual reality) but also allows space to tap into participants’ 

subjective experiences of these difficulties (the empirical reality) and facilitates discussion of 

how these might interact (the real reality). 

Some researchers assess the inter-rater reliability between the codes generated in 

analysing the themes that emerge in qualitative analysis. This practice serves the objectives 

of a realist epistemology and positivist ontology, which assert that one objective reality 

exists in the data and by extension there should be reliable agreement between multiple 

people analysing the same data. In the current study, I was approaching analysis from a 

critical-realist perspective, whereby there is no assumption that a single objective reality 

exists within the data presented, instead, the themes created reflect my personal 

conceptualisation of the themes created between me and the participants. It was 

appropriate or consistent with a critical realist approach to assess if the codes and themes 

that I created were reliable with those generated by another researcher, whose positionality 

and proximity to the data and to the conceptualisation of EF and issues with its 

measurement would have differed. An associated limitation of this approach is that this 

analysis cannot be generalised beyond the context of this study and researchers with a more 

positivist inclination may find the claims presented as lacking veracity. 
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Interviews for the young people and their parents were considered together because 

rather than seeking to compare and contrast the themes emerging from these two groups, 

something that qualitative methodologies are poorly suited to do (Pope & Mays, 1995), I 

sought to understand the experiences of young autistic people both from first- and third-

person perspectives. Triangulation, including seeking the perspectives of two informants, is 

an often employed credibility check in qualitative research (Elliott, Fischer, & Rennie, 1999; 

Patton, 1999). 

Elliott, Fischer and Rennie (1999, p. 221) emphasise the importance of “owning 

one’s perspective” in qualitative research. This includes the author of a piece of qualitative 

research specifying their theoretical orientations and anticipations for the resultant 

research. Explicitly communicating one’s positionality, according to Elliot et al. (1999), 

allows the researcher to be aware of the impact their views have on constructing meaning 

in the research as well as helping readers to interpret the data and the researchers 

interpretation of the data. In qualitative, or indeed in quantitative research, it is neither 

feasible nor always necessarily desirable for the researcher to remain wholly objective 

(Schutz, 1994). To that end, researchers often engage in a practice known as reflexive 

bracketing to minimise their role in shaping the emergent themes and to avoid stifling the 

participant voice (Ahern, 1999).  

I will therefore outline my own position with respect to understanding the EF 

experiences of autistic adolescents and their parents. I am neither autistic nor am I a parent 

and so I will necessarily interpret the interviews in this study from an outsider perspective 

and may misappraise them accordingly. Relatedly, my experience of adolescence was not 

that of an adolescent who struggled with executive abilities and I did or do not view myself 

as owning any disabled identity so my interpretation in these respects will likely differ from 

those who have lived these experiences. My interest in EF abilities in autism was borne out 

of my previous experiences as an autism researcher with interests in understanding the 

non-social difficulties autistic people regularly refer to as affecting their life chances. I 



187 

ascribe to the neurodiversity paradigm (Singer, 1999) and believe autism reflects a natural 

variation in human neurology, albeit within a social relational model of disability (i.e., 

disability results from the interplay between an individual’s neurodivergence and the 

societal response to that divergence; Thomas, 2004). 

Procedure  

Ethical approval for this study was granted through the postgraduate student ethics 

procedure at UCL Institute of Education. All participants provided written informed 

consent prior to participating in this study. Participants completed individual semi-

structured interviews face-to-face in a quiet room at the UCL Institute of Education 

(young people, n = 6; parent, n = 1) or in their own home, or over the phone (young 

people, n = 5, parent, n = 7).  
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Results 

Four major themes (presented in bold) and up to four subthemes (presented in 

italics) were created from the data. These are displayed in Figure 20 and discussed below. 

 

Figure 20. The four major themes and the related subthemes that were identified from the 
interviews with young autistic people and their parents. 

EF does not exist in a vacuum  

A central theme identified in the data was that EF is dependent on contextual and 

motivational factors and so is not fixed, many participants referred to their ability to deploy 

their cognitive skills varying as a function of their interest in the subject at hand or their motivation 

to do so at a particular moment in time. One young man acknowledged, “if it’s something 

which I really don’t like, I find that I’m often a lot slower than if it’s something which I 

really do like” and another reported, “if it’s something in which I’m extremely focussed on 

in terms of interest … then I plan ahead of time quite well”. When speaking about her 

son’s performance in school activities, one mother emphasised that underperformance was 

not always necessarily related to her child’s ability but, rather, it was often related to his 

motivation: “to be honest, a lot of it is he’s not really interested, he doesn’t want to do it, 
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and so it’s not that he can't, it’s that he doesn’t want to”. While one young man 

acknowledged that executively demanding activities like multitasking were always anxiety 

provoking, he suggested that if the activity was in the service of a special interest, the trade-

off could be worth it: 

If I’m extremely energetic about a certain activity that just, again, so happens to 

correspond to my interests, then I’ll multi-task about those things, if I’m extremely 

energetic about them. But general multi-tasking, overall on the whole, can sometimes 

make me feel a bit of stress if, you know, I have to process more than one thing 

(Participant 4). 

One participant referred to their ability to selectively control their cognitive resources, even 

in situations where they were not especially aligned with their interests: “Well I just force 

my brain into remembering it, even though it may be boring.” This sentiment, however, 

was not universal among participants. 

 Another common experience was that as anxiety levels change, so too does EF ability. For 

instance, one mother said of her 19-year-old son: 

I think also, the autism definitely, the Asperger’s syndrome, produces this huge anxiety 

all the time, and when you’re anxious, planning becomes much more painful because 

you’re afraid all the time you’re going to fail and that you’ve got it wrong, or that you’re 

not going to be able to do it. So, you know, to me, that’s a fairly toxic combination, 

actually (Parent of Participant 7). 

This view highlighted a commonly-held experience where the ability to engage in EF such 

as planning can be completely eclipsed by overwhelming anxiety, a sentiment reinforced by 

the participant himself, who acknowledges that his mood often impacted on his cognitive 

functioning: 

I normally just, I want to stay at home, but sometimes it's difficult to plan ahead. 

Because you don’t know how you're going to feel every day. So, some days you just 

don’t want to get out of bed. So, if you don’t want to get out of bed then there's no 

point in getting out of bed (Participant 1). 

A parent who highlighted the importance of her son’s mental state in his ability to be 

flexible echoed this view: “It’s like, I think sometimes when his mental state is in a good 

place, I think he might be able to manage slightly. But when it is not, then it is mayhem.”  

This was confirmed by the young person who, speaking of his inability to attend school, 
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which his school often interpreted as a sign of inflexibility, “Well, I don’t really know, it’s 

just I get built up in my head and that stopped me from physically actually being able to get 

there [school].” 

By contrast, another parent believed that her son often functioned well in school 

but said this was not necessarily because he was intrinsically motivated (“he doesn’t care 

whether he does it well or not, it’s not about the learning for him”) or because it came 

easily to him (“keeping organised is not something he does very well”) but rather “because 

he’s afraid of detention.” According to this participant, her son was highly motivated to 

behave in certain ways, including keeping himself organised, to avoid detention, which 

serves to remind us that the relationship between motivation and EF is not 

straightforward, sometimes EF is detrimental to performance on executive-demanding 

activities and sometimes it elevates performance, although according to some accounts 

“this comes at a huge cost”. 

An important stipulation, made clear by many of the participants in the current 

study, was that it was not always clear to them whether EF best explained their experiences. One 

recurring point was that participants found it difficult to follow the instructions they were 

given or to uncover the often, implicit goals that life presented them with. When asked 

about achieving goals and completing tasks participants suggested that the instructions 

were insufficiently detailed (“what I’ve found is oftentimes that instructions aren’t detailed 

enough”), explicit (“because some won't be as like, as direct as I am) or clear (“teachers can 

be a bit unclear with their explanation at times”). Complex instructions were often difficult 

for the young people in the study, who found it challenging to retain (“I know she’s 

explained it, but I can’t remember. When I come to do it, I can’t remember what it was she 

said to me that I had to do”), execute (“I have to give him one instruction at a time 

otherwise he just panics and freezes”) and avoid the overly literal interpretation of  

(“because he heard the instruction, he did what he was asked”) task instructions. 
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EF abilities are not static 

Both the young autistic people and their parents acknowledged that their EF abilities 

have changed and continue to change over time. For instance, when asked about specific executive 

abilities, participants felt “I found it hard at first but now I am okay with it”, “that has 

become easier actually” and “he’s really getting a lot better on the organisation front which 

is much better than he used to be, which is great.” The development in EF abilities was 

often raised in the context of participants longing for greater freedom. For instance, when asked 

about planning their own days, one participant said: “I think the reason why I’m not able 

to do much of the planning myself is because I’m not old enough to drive. Things like 

that.” Another, when asked about the allocation of chores at home reported, “I do 

sometimes wish that they would leave me to make my own sort of decisions for that, 

because it’s come to be a repetitive routine.”  

While parents tended to laud their children’s increased desire for independence they 

were also acutely aware that with increasing age, the societal expectations placed on their 

children continue to change and parents often worried that the increasing expectations outpaced 

their developments in EF. For example, one parent said of her child: 

When I look at him and I think he’s such hard work, I have to remind myself that he’s 

come such a long way, and it’s a developmental delay. That’s what they always say, isn’t 

it, about autism? I think if it’s a four-year delay, he’s pretty good for a 15-year-old, he’s 

just not good yet for a 19-year-old (Parent of Participant 7). 

Another, worried about how her child would cope in a workplace, said: 

Now that he’s obviously going to be 15 in October, I’m expecting him to be more 

independent and school are expecting him to be more independent and it’s like thinking 

– for example, I keep thinking when [child’s name] goes into Year 10, he’s going to be 

doing work experience. So suddenly, […] it’s obviously thinking, how’s [child’s name] 

going to get on when he has to go and work somewhere with somebody for a week? 

(Parent of Participant 6). 

Similarly, one parent reported worrying about whether her son, who currently 

manages with ease to keep himself organised, will cope as the workload and expectations at 

school increase, “he seems to be quite good on that front, actually. I don’t know whether 
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it’s because he’s only Year 9 and maybe the big homework hasn’t hit yet, because 

obviously, he still doesn't get loads of homework.” Similarly, another parent reported, “I 

feel for me, it’s one of the most difficult things in terms of how, and in terms of my kind 

of worries in the future because I don’t think he copes very well with organisation.” 

Parents were often aware that their children’s planning and organisational abilities were not 

where they should be for their age but struggled to prioritise these skills in the midst of a 

period where there were already so many demands – both academic and social – on young 

people.  

You know, I probably need to start taking more risks and letting there be a few disasters 

[…] stepping back, but then, at the moment it’s still not working, but I suppose I’ve 

been more gentle than I should be at the moment, because he’s right at the end of his A 

levels. He’s got four more assignments, he’s been under a lot of pressure, and it’s not 

been the time, I don’t think (parent of Participant 7). 

The young person in question, also acknowledged that it was currently a time when the 

demands on him had been increasing, as he transitions away from the highly structured 

environment of school:  

So, what happened in different, like, secondary schools is we had, like, a sort of 

homework diary where we would keep everything in. And that’s sort of fallen out of 

practice as you come into university, college or whatever, because people assume that 

you’re just able to maintain it yourself, which for a large majority I am, I just write it 

down on a calendar. (Participant 7) 

Parents and young people alike mentioned that multitasking was a particular challenge, 

which often was discussed in the context for the increasing need to engage in multiple 

activities simultaneously as parents and teachers start to gradually pull back supports: 

Like, doing my homework while, not doing my homework…like sorting out my bag 

while my Mum asks me to do something else as well and I said I can't do two things at 

once, but she said I need to learn to do multi-tasking (Participant 11). 

Although the executive skills of the autistic young people involved were not considered to 

be universally behind those of non-autistic adolescents, described in one case as: 

He has actually always been, though, quite good on the organisation front, which is 

good. Maybe, actually, probably better than a lot of other boys his age, I think. He’s 

quite on the ball with what day it is and what he needs and not losing things […] he’s 
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actually much better than his brother used to be at the same age (parent of Participant 

6) 

But, for the most part, the difficulties recounted were believed to be more than those 

simply of a disorganised teenager: 

I know that a normal child, […] an adolescent is unorganised, and whatever you have, 

but it’s beyond that. It’s not just an adolescent thing for [Child name], he’s always been 

like that (parent of Participant 8). 

Autistic identity and EF 

When asked about whether they believed being autistic had anything to do with 

their ability to achieve the types of activities discussed, participants’ beliefs varied a great 

deal. One young man pointed out that his ability to apportion cognitive resources was not 

on a par with his non-autistic friends, “My neurotypical friends are better at channelling 

and organising the energy that they put into each subject and try and equalise and balance 

that. Which I also do try and do” as well as acknowledging that being autistic meant his 

intense interests were sometimes detrimental to his everyday functional ability: 

I mean yeah, the things I’ve mentioned are symptoms of Asperger’s syndrome. So, 

definitely. I suppose my level of attention can be quite biased towards things that I’m 

interested in … And yet there’s key important aspects of life in which I can miss out on 

because I’m much more into focussing on these main interests. (Participant 4) 

Similarly, another young man shared this view and highlighted that these difficulties might 

relate to the social difficulties they experienced: 

everybody is all so different […] there is still different neurotypicals, so it depends but 

my autistic traits do change these activities that we’ve been speaking about […] like 

planning and organisation and friendships, definitely, and friends and family, definitely 

(Participant 2). 

Another, when talking about difficulties with multitasking claimed this was “because I'm 

autistic, mostly!” Another claimed being autistic meant, “I think I find it harder to be 

flexible in a change of plan.” but when asked if it has any other consequences on his ability 

to plan or organise his life, he responded “not really”. His mother however, felt differently: 

I think it’s just having autism means it’s a bit more difficult for him to organise himself 

or it’s just more difficult to remember instructions. Like we were saying, a bit more 

difficult to multitask, I think. It definitely does affect organisation and time management 
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and things like that. It definitely does. It’s more apparent, I think, now that he’s older, 

really. But he still does quite well, I think, considering (Parent of Participant 6). 

Although, interestingly, she was unsure whether he had awareness of the multitude of ways 

in which autism likely affected his life: 

Now he’s older he knows that he has autism, which is something he only became aware 

of, that he had a condition with a name, sort of thing, when he was in Year 7. But 

whether he knows exactly how it affects him or what areas of life it affects, I don’t quite 

know about that (Parent of Participant 6). 

 Other participants were less keen to attribute any of their executive abilities to 

being autistic, with one young autistic man ensuring to emphasise that autism impacted on 

his social abilities but was frustrated with everything in his life being attributed to being autistic: 

Definitely not, no, but I don’t think everything can be planted at the door of autism, 

because autism for me is more of a condition which affects social aspects of the thing. 

Like, for example, understanding body language, understanding facial expressions and 

everything else (Participant 7) 

This sentiment was shared by another, who claimed the effect of autism was on how they 

were perceived by others, “My autism, I think it affects how much people like me.” 

Another, when asked whether being autistic had anything to do with their executive 

abilities simply responded “no”, when probed about whether the two things might be 

related for other autistic people, they again responded with a straightforward and emphatic 

“no”. Another young autistic person was conflicted about how he perceived autism to 

relate to autistic people’s abilities, simultaneously proud of the achievements of Aspies 

[people diagnosed with or who identify with the diagnosis of Asperger’s Syndrome] and the 

difficulties that being on the autism spectrum present: 

So, I don’t really see autism as a learning difficulty as such, I see it more of a like almost 

social impairment to, well to use a bad word as it were. But yeah, I don’t really see 

Asperger’s Syndrome that much as a learning difficulty, especially when you consider 

the sum of the works of Aspies when compared to neurotypicals is a lot wider. And so 

therefore I consider ... yeah Asperger’s syndrome is definitely a learning difficulty. But 

it’s a trade-off in the sort of knowledge that you’re able to maintain, especially in terms 

of vocabulary and everything else. (Participant 7) 
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One parent intriguingly highlighted her uncertainty about the direction of causality 

between EF and autism: 

Whether it is [planning and organisational difficulties] that makes him autistic or being 

autistic that makes him unorganised, how could you define that? […] I think it makes, 

that [EF difficulties] makes him autistic rather the other way around. I think. I don’t 

know. And this is my perception anyway (Parent of Participant 8). 

Young autistic people in this study were often very accepting of their cognitions and 

behaviours simply reflecting intrinsic aspects of who they are, stating, “That’s what I’m like”, “I just 

think it’s because I have a one-track mind […] that’s nothing to be particularly ashamed 

about, it’s just the way I work”, or reporting that the behaviours they display are “just who 

I am, so I’ll always be doing that”. Other participants were less positive in their outlook 

about what being autistic, or more specifically the consequences of other people’s 

perceptions and responses to their being autistic, meant to them: 

Well, I find difficult people saying I’m autistic. I dislike people saying, ‘Hey you’re 

autistic’. I find it very tagging, where you’re tagging somebody for who they are or what 

they are, and I find it very, how do I say? Very insulting (Participant 9) 

 Although, references to the individuality of the way in which their own brain 

operates were common: “I just think it’s because my mind, like subconsciously or 

consciously, just prioritises one piece of information over the other, and for that reason 

I’m not able to remember everything.” Many of the autistic young people when asked 

about the interrelationship between EF and autism were keen to emphasise the 

individuality of experiences of autistic people and were often frustrated with the notion 

that because some autistic people struggled with executive tasks that all autistic people 

necessarily had these same struggles: 

I’m autistic and I can perfectly multi-task with books and stuff like that. But others, 

that’s a different story because you can have a variety of autism, including those who 

hate multi-tasking and could probably throw a tantrum over that. […] but I think that’s 

something that should be recalled because some autistic children and men and people, 

adults and children, can, they can, they can perfectly multi-task. Others, they can’t. 

(Participant 9) 
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Another reinforced the importance of remembering that, despite sharing some 

commonalities with his autistic friends, they did not always have the same challenges, 

including those with executively-demanding tasks: 

The ironic thing about autism is all the friends I have that are autistic and me, we’re all 

very, very different from each other, and sharing perhaps some symptoms that I used to 

characterise a diagnosis. But apart from that, very different (Participant 4). 

A need for accommodations 

A common thread running through many of the interviews concerned the 

accommodations and supports participants found to be helpful or those that they wished 

had been available. The most consistently referenced accommodation was that in many 

cases a parent, sibling or teacher was acting as an external locus of EF for the young people. 

One young person, who when asked about the support they received to overcome 

difficulties in school described how the school removes the need to deal with multitasking: 

We don’t really multitask because most of the kids in the school I go to are autistic and 

could throw a fit at any moment, or anger at any moment when there’s multitasking. So, 

it’s always one task, and if you finish that task yes you go onto another task (Participant 

4). 

Similarly, at home, reducing the need for the young autistic people in this study to deploy 

and consequently to exercise their EF abilities was often described, one mother admitted: 

the truth is I do probably control his life. I’m trying to back off. I’m trying not to 

control it as much, but at the same time, I’m trying not to let him have disasters, so he 

loses confidence. As a mother, it’s just a very, very narrow line to tread, you know 

(Parent of Participant 7). 

Similarly, another conceded that she needed to provide constant prompts to her child to 

mitigate the fact that he would struggle to disengage from his intense interests: “he’s 

already 14 years old; I still need to, in a kind of loose way, need to manage his time because 

otherwise he wouldn’t do anything else but what he likes.” Another young man admitted 

that he needed prompts from his parents to help him overcome his procrastination, “I just 

completely forget what I’m doing, or you know procrastinate on the phone, and on those 

instances, they do have to sort of prompt me again before I eventually do it.” Another 
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parent acknowledged the role of siblings in providing support, “[child’s name]’s brother 

helps him structure his life and organise his life.” Another young man spoke about his 

difficulty getting started on activities and the associated stress when external supports were 

not available: 

I might procrastinate a lot, I might say I will do something, and then I’ll not do it later 

and have to do it all in 30 minutes, and have to do it all in one sitting, and then I will be 

very stressed out, then I’ll be very stressed out, I am not very good at planning ahead of 

time (Participants 10). 

There were many references to helpful strategies that autistic people employed, such as 

using tools to supplement their own cognitive abilities, for example, using “timers, lots and 

lots of timers”, “she does use the phone for that”, making and following lists (“Normally, I 

need a list and I keep it with me”) or working hard to overcome some difficulties they 

have: “I try my best. I revise an awful lot, so I often write down things to try and 

remember them. And I’m actually doing okay, I mean I remember… yeah, no, I am 

actually doing okay”. Notwithstanding the success of such strategies, contending with 

ineffective strategies that are suggested by others was sometimes an irritant: “I get 

frustrated when she comes up with ten or more completely different methods, all of which 

would seem exactly the same to me. And yeah, it just doesn’t work really, planning, in 

general, for me.” 

On the topic of support provided in school, there was sense among participants 

that there was often a mismatch between the accommodations made and the difficulties experienced. 

One young person wished that more attention was focused on explicitly teaching 

organisational and time management skills: “Like, at what time should we revise, what time 

we shouldn’t, what time we should revise this subject and that subject, that sort of thing.” 

Another young person added that the benefits of teaching such skills would not be 

confined to those on the autism spectrum: “everyone should learn and be especially taught 

how to properly organise, because it could help.” One parent expressed concern that if 
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supports for executive difficulties were not provided within a window early in 

development, that the opportunity might pass by: 

However, I mean he still has his needs, so I’m kind of at the moment I am in the fight 

of, fight I will say, because I think it will take me that, to actually ensure that there is 

some help for him especially with this organisational skills because I think if we don’t do 

it now it will become really ingrained and I’m very concerned (parent of Participant 8).  

Similarly, some parents reported that often, the accommodation offered to their children 

with respect to exam settings and assignments was to allow them extra time, something 

that is not, according to these parents, helpful to somebody who struggles to manage 

deadlines: 

I think that all he really needed was somebody who could perhaps just have prompted 

him, “Don’t sit there concentrating just on that, just move onto the next question, 

[child’s name].” You know, not to give him any help with the work, but just to prompt 

him to be conscious of the fact that you’ve only got a certain amount of time, because 

that’s difficult for him to really completely understand […] or a little alarm goes off or 

something for him as a reminder. (Parent of Participant 5) 

This accorded well with another parent, who wished the supports that were available to her 

son focused on his difficulties, particularly focusing on interpreting instructions, knowing 

how to prioritise and reducing anxiety around each of these areas: 

I wish there was a lot more structured support in how to interpret questions and what 

you’re being asked.  How to prioritise what information […] He was allocated someone 

who was to buddy him for the first few weeks so that he knew how to get from 

classroom to classroom, but he rushes to be at the classroom for when the bell goes 

because he’s so scared of being late or losing his way, and panics about every small, little 

thing (Parent of Participant 2). 

As well as making aids available that act as an external source of EF, some parents reported 

that performance in school, which could be mistaken for weak EF, might sometimes 

instead be better explained by other difficulties that are not accommodated sufficiently 

well, such as motor coordination difficulties: 

I think he should have been allowed to use a laptop because he was diagnosed – they 

suspect he probably had dyslexia, but it was never conclusively diagnosed. But his 

writing was quite – if you’d look at it, you would think perhaps a 12-year-old had written 

it. So, that was something that, really, I think it was a shame that he wasn’t allowed to 

use a laptop because I think he would have done much better had he been allowed to, 

but he wasn’t (Parent of Participant 5). 
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Participants were not universally disappointed at the support provided at school, however, 

as some young autistic participants believed they received ample support: “I don’t think I 

can get any more help than I already have received. I mean I’m much better now than I 

used to be.” Another young man believed it would be more helpful if those supporting him 

gave him more space by “leaving me to do my stuff, […] so I don’t have people distracting 

me.” 
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Discussion 

Autistic young people and their parents described the difficulties they experienced 

as they navigated the demands of their daily lives, difficulties that, in many cases, could be 

the behavioural consequences of EF difficulties or, in other cases, were not executive in 

nature but nevertheless play a role in the application of EF. The insights shared here 

include that EF has been operationalised by the availability of neuropsychological tasks 

some of the difficulties that autistic people describe are rarely measured. Another insight 

was that EF does not exist in a vacuum and, consequently, efforts to isolate EF ability from 

motivational, psychological or other cognitive abilities may be misguided. Furthermore, EF 

ability and the need to employ EF change over time but not necessarily in unison, the 

extent to which EF difficulties present challenges to an individual might therefore change 

at different stages in development. An individual’s relationship with, and attitude toward, 

their cognitions and behaviours are complex and deeply personal, even if some of these 

cognitions bring challenges, researchers must then be cautious and sensitive in targeting 

cognitive differences with interventions. This is especially pertinent because the young 

people in the current study often discuss the mismatch between the support they are 

offered and the areas in which they believe themselves to require support. 

The difficulties described by autistic young people and their parents included 

misunderstanding task instructions and, consequently, struggling to generate and execute a 

plan, which according to some participants, resulted in something of an inertia. Some 

young people explained that the inability to get started on achieving a goal resulted in 

increased anxiety and this rise in anxiety served to further compound the inertia they were 

experiencing. Some highlighted that external sources of EF, like prompts from parents, 

could offset the effects of anxiety-induced inertia and executive difficulties. Autistic inertia 

has been discussed by autistic advocates (M. Sparrow, 2016; Sullivan, 2002; van de 

Wettering, 2010) but has scarcely received attention in the empirical literature. 

Misunderstanding instructions has previously been discussed as a source of difficulty in 
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everyday life (Preece & Jordan, 2010). The implication here is that poor performance on 

EF tasks might be because participants are acting on misunderstood instructions rather 

than having weakness in their EF. Conversely, time-limited tasks where an examiner is 

available to clarify confusion encountered with instructions are not suited to capturing the 

cycle of anxiety induced inertia described by participants. 

Furthermore, the current study emphasised that conceptualising EF as a series of 

fixed abilities that can be meaningfully measured devoid of context, as is commonplace in 

experimental and psychometric paradigms, does not yield a complete picture of a person’s 

functional ability. For instance, the extent to which an activity is motivating appears to 

have a sizeable impact on autistic adolescents ability and propensity to complete the 

activity, consistent with one previous report (Marks et al., 2000). This raises the possibility 

that the group differences often observed on executive tasks, which can be tedious and 

monotonous, might reflect, to an extent, group differences in participants’ ability to 

overcome their lack of intrinsic motivation to fulfil the demands of an examiner. Which 

could be couched as a lack of social motivation among autistic participants (Chevallier, 

Kohls, Troiani, Brodkin, & Schultz, 2012) or as an act of compliance from non-autistic 

participants (Kruglanski, 1975), depending on your viewpoint. Consequently, manipulating 

the degree to which a task is motivating to participants, rather than intentionally removing 

potentially motivating aspects of a task, might be more informative in understanding 

executive difficulties and their functional consequences.  

Another prominent theme within the current study was that an individual’s mental 

state (especially their anxiety) has a huge impact on their executive abilities, which accords 

with previous accounts from autistic people (Humphrey & Lewis, 2008; Ludlow et al., 

2012) and experimental evidence from typical development (Horwitz & McCaffrey, 2008). 

Future research is therefore needed to better understand how autistic people’s mental 

states affect performance on executive tasks, or how performing an executively-demanding 

task affects a person’s mental state, to further elucidate the link between EF skills and 
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functional ability. For instance, experimentally manipulating how anxiety provoking a task 

is or simply including a pre-post measurement of participants’ mental state might help us to 

go beyond some of the inconsistencies within the EF literature at present.  

The next main theme from this study was that participants and their parents 

perceived their EF ability as changing over time, developments that often brought about a 

greater desire for autonomy and independence, as is typical at the onset of adulthood. The 

increasing demands placed on individuals, at least in some cases, appear to outpace 

developments in EF, resulting in EF difficulties becoming more apparent as autistic people 

transition toward adulthood, this is a finding also reported by Cribb et al. (2018). The 

mismatch in increasing expectations for independence and perceived increases in EF ability 

is evidenced in other longitudinal studies that have shown that as autistic participants get 

older, their standardised scores on measures of adaptive behaviour markedly decline 

(Gotham, Pickles, & Lord, 2012; Pellicano et al., 2018; Pugliese et al., 2016; Salomone et 

al., 2018). Similarly, the gap between autistic and non-autistic participants’ EF abilities have 

been shown to widen from childhood into adolescence in cross-sectional studies using 

teacher- (Kouklari, Tsermentseli, & Monks, 2018) and parent-reported EF (Rosenthal et 

al., 2013). This highlights autistic adolescents as a group who are under-represented in EF 

research. 

There was a divide in the autistic participants’ views was about how their EF 

difficulties were related to their identity, in general, or their identity as an autistic person, 

specifically. Some believed that the ways that they think and behave, including their 

executive idiosyncrasies, was an intrinsic part of who they were. Some young people easily 

arrived at this acceptance and others have worked hard to achieve it. Participants were not 

all equally as positive about this aspect of their entity and expressed a desire to be more like 

their non-autistic peers, consistent with another account (Humphrey & Lewis, 2008). The 

values autistic people place on their cognitive style has important ramifications for the 

development and implementation of interventions. Autistic people who value this aspect of 
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their identity are unlikely to see the need for, or indeed are likely to be affronted by the idea 

of, an intervention that, from their perspective, has the eradication of a central tenet of 

their identity as its aim. Researchers who design interventions need therefore to work with 

young autistic people to ensure that such interventions align with their preferences and 

values and are not antagonistic to them. 

Some young people were reticent to make any association between autism and EF, 

emphasising that the effects of being autistic, in their view, were primarily social in nature. 

There was variability between participants about their executive abilities and some 

participants were keen to point out this variability, stating that, in their experience, some 

autistic people had very good EF, but others struggled markedly in this domain. This is 

consistent with quantitative investigations of EF in autism, which have shown that indeed 

EF difficulties are not universal in autism (e.g., Pellicano, Maybery, Durkin, & Maley, 2006; 

Pellicano, 2010). Researchers must remain mindful that autistic people may perform well 

on executive assessments not because of a lack of sensitivity of the assessment but because 

they have strong executive skills. Likewise, EF interventions should be targeted at those 

who have demonstrated executive difficulties rather than at all autistic people.  

At times, however, there were different perspectives shared between parents and 

their children about the overlap (or not) between EF and autism. This has important 

implications for research and practice, in particular, when one considers the scarcity of 

first-person accounts of EF difficulties in the autism literature and that the commonly 

employed parent-reported questionnaires about everyday EF difficulties are presented as de 

facto measures of EF difficulties. The methods of the current study were not suited to 

investigating whether the reports of young people themselves or that of their parents was 

more closely aligned with their performance on various EF assessments, or indeed, outside 

of the laboratory, but this is nevertheless an important avenue for future research.  

Finally, participants and their parents shared the strategies and accommodations 

that they believed were effective in their lives. For instance, many parents and young 
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people referred to their being many external sources of EF on which the young autistic 

person could rely, albeit sometimes to the irritation of the autistic person themselves. Both 

parents and young people conceded that it is often challenging for the siblings, parents and 

professionals who were acting as external sources of executive control to pull back this 

support because of the multiplicity of demands placed by adolescence. While the provision 

of support is valuable and valued, there is an associated risk. That is, if executive demands 

continue to be stripped from the environments of the autistic young people struggling with 

EF, they will not be provided with enough opportunities to exercise and develop these 

skills and they will continue to move along a developmental trajectory diverging ever 

further from their peers. The consequences of this were salient for the young people in this 

study, who like those in previous studies, worried about their about their ability to cope 

with the increasing demands that lie ahead for them (Browning et al., 2009; Cribb et al., 

2018). 

In conclusion, the insights of the autistic young people and their parents provide 

opportunities worthy of future research that could help redress the research and practice 

gap that currently exists about EF in autism. In future, autism researchers should; (i) 

develop assessments that tap the specific difficulties described by autistic people like 

getting started on a task or decoding multi-step instructions, (ii) measure performance on 

an assessment and measure the contextual factors like motivation and anxiety that are likely 

implicated in performance, (iii) acknowledge that some autistic people have very good EF 

ability and (iv) be sensitive toward those who do not want support or interventions that 

might change their cognitions, and in turn, change their identity. On a broader scale, the 

current study demonstrated the value of supplementing the positivist research into the 

cognitive processes of autistic people with phenomenological methods, not only to better 

understand the lived experience of those we study, but also to facilitate the development of 

an evidence base that more accurately captures these experiences and, as a result, better 

serves their needs.   
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Chapter 6 

General Discussion 

 

In this thesis, I sought to better understand the executive function (EF) abilities of 

autistic adolescents. Specifically, I aimed to test whether the conclusions drawn from 

traditional laboratory-based EF assessments have a bearing on the everyday lives of autistic 

young people. To address this aim, I examined whether the group differences between 

autistic and non-autistic participants on EF assessments commonly reported upon in the 

literature result from differences in the latent executive constructs underlying task 

performance or task-specific, non-executive characteristics (Chapter 2). I also assessed 

whether the group differences in EF ability often reported emerged on a representatively-

designed measure of EF (Chapter 3). I further investigated how well individual differences 

in performance on both a systematically-designed and on a representatively-designed EF 

task would generalise to other metrics of real-world functional adjustment (Chapter 4). 

Finally, I sought to understand the personal and parental perspectives about the executive 

abilities of autistic young people and the realities of these (dis)abilities on everyday 

functioning (Chapter 5). 

In this Chapter, I begin by summarising the main findings from the empirical 

studies presented in this thesis. Second, I discuss the contributions these studies make 

toward our understanding of EF in autism. Then, I describe the limitations inherent in the 

research presented herein. Finally, I outline some future directions for this programme of 
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research that could both improve the generalisability of research findings and better 

elucidate the mechanisms underlying atypical performance on EF assessments. 

Summary of the main findings 

Systematically-designed tasks. Our ability to decipher the myriad 

neuropsychological studies of EF in autistic people has been hampered by the task 

impurity problem (Snyder et al., 2015), the sheer diversity of tasks and small, inconsistently 

matched samples. In Chapter 2, I therefore sought to compare the EF ability of autistic and 

non-autistic young people on latent EF variables to circumvent the task impurity problem. 

I used a battery of tasks that is standardised and manualised, ensuring that like-for-like 

replications are feasible, and that collected data and materials were open source to facilitate 

cumulative improvements in statistical power. The analysis presented in Chapter 2 

demonstrated that autistic adolescents had significant difficulties on the global executive 

composite of moderate effect, increasing our confidence that the often-reported EF 

difficulties among autistic people are not an artefact of individual EF assessment paradigms 

but reflect difficulties in underlying EF constructs. 

This conclusion was complicated somewhat by two patterns of results in Chapter 2, 

where I found no significant differences on any of the three factor scores representing 

subcomponents of EF (fluency, cognitive control, working memory) in addition to 

discordance between the pattern of group differences on individual EF assessments and 

the latent variables representing the underlying EF constructs. I suggested four possible 

explanations for these discordant findings. First, it is possible that the tasks included in 

each domain are not reliably tapping the same construct, but that shared variance 

represents the non-executive commonalities of completing laboratory assessments, at least 

among autistic participants. Second, perhaps instead the relative executive difficulties that 

autistic people readily display in childhood and adulthood diminish or disappear in 

adolescence because of a drop in executive abilities among autistic and non-autistic 

adolescents owing to the structural re-organisation of neural architecture that accompanies 
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the onset of puberty (Demetriou et al., 2018). A drop in ability among both samples could 

render these particular EF assessments insensitive to difficulties at this developmental 

stage. A third possibility is hinted at from the pattern of tasks where autistic participants 

under-perform; tasks where the responses are more open-ended, and less structure is 

provided to the participant. Under-performance on these tasks aligns with previous 

accounts that autistic people perform especially poorly in situations that are ill-structured 

(S. J. White, 2013). Finally, it remains possible that group differences exist on at least some 

of the factor scores from the assessment battery but these group differences were of 

smaller magnitude than the effect sizes this study was powered to detect. One implication 

is that larger samples were needed to more definitively assess whether these differences 

could reliably be found. To that end, the data were deposited in a public repository to allow 

future investigations to build on these data. 

Representatively-designed tasks. Further implications arose from Chapter 2, 

including that many neuropsychological EF tasks may become less sensitive during 

adolescence, they might not assess many components of EF that autistic people struggle 

with and, consequently, may not be that informative about their everyday functioning. 

Chapter 3 therefore sought to test whether the significant group differences in EF 

demonstrated in Chapter 2, and in the extant literature, were apparent on a 

representatively-designed task, adapted from Schneider et al. (2016), which more closely 

resembled an executively-demanding task of everyday life. Autistic participants 

underperformed, relative to their age- and ability-matched non-autistic counterparts, on 

three of the four dependent variables derived to assess performance and, on a composite 

variable. A more stringent analysis, correcting for multiple comparisons, continued to show 

that autistic participants underachieved on this task on two of the metrics assessed. 

The theory that autistic people struggle particularly on tasks that are ill-structured 

(S. J. White et al., 2009) offers a testable hypothesis; that autistic participants should 

demonstrate greater difficulties on this everyday task than on the constrained tasks within a 
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neuropsychological battery. The difficulties measured by the composite score on the 

representatively-design task (d = .54) were comparable with the difficulties measured by the 

composite score on the systematically-designed task (d = .51). This hypothesis was 

therefore not wholly supported. Nevertheless, demonstrating similar effect sizes in both 

assessments bolstered our confidence in the conclusion that the executive difficulties 

reported in the literature previously, appear to manifest in more true-to-life settings for 

young autistic people.  

There were, however, some findings within Chapter 3 that complicated this 

interpretation. First, autistic participants did not commit more of the types of errors that 

were pre-specified as being a potential indicator of executive difficulties (such as re-boiling 

the kettle multiple times) than their non-autistic peers on this task, contrary to my 

hypothesis. It is difficult to reconcile this null finding with the lower scores on the 

composite variable and greater levels of difficulties on traditional EF assessments but a 

second finding from the Chapter might hold a possible clue. That is, autistic participants 

rated themselves as being less motivated by and less likely to enjoy engaging in this task. 

One conceivable explanation is therefore that the findings that autistic participants 

completed fewer task goals, completed goals to a lesser quality and executed less-involved 

plans were, at least in part, due to a difference in the thoughts and feelings they had about 

completing the task. Autistic and non-autistic participants were, however, no different in 

their ability to appraise their own performance, undermining previous suggestions that 

autistic people may lack insight into their own cognitions (U. Frith & Happé, 1999; Zahavi, 

2010). 

The generalisability of executive difficulties. As outlined in Chapter 1, 

demonstrating significant group differences on representatively-designed assessments is not 

a sufficient criterion for determining the ecological validity of an assessment. This is 

because increasing task representativeness may unintentionally reduce the internal validity 

of that assessment by introducing non-executive demands (e.g., sensory, social, motor) or 
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by introducing measurement error (e.g., inaccuracies in the coding scheme or unanticipated 

events such as a jammed stapler) that drive variability in task performance and, in extreme 

cases, may stifle the EF-associated variability altogether. In such cases, individual 

differences in performance on a representatively-designed task might not relate to 

individual differences in anything of significance in the real world and so might lack 

ecological validity or, at least, be less ecologically valid than a systematically-designed task. 

Chapter 4 therefore assessed the generalisability of performance on the systematically- and 

on the representatively-designed EF assessments described previously to other metrics of 

everyday adjustment or, in other words, assessed the veridicality of these assessments. 

To assess the generalisability of these EF assessments, I tested whether individual 

differences on a composite score for each measure were related to individual differences on 

four self-reported questionnaires that probed aspects of participants’ everyday adjustment, 

including their quality of life, anxiety, everyday executive difficulties and self-perceived 

disability. When the relationship between the composite scores from the representative and 

systematically-designed EF tasks and each of these four questionnaires were assessed 

separately, the outcomes differed slightly, as follows. Performance on the systematically-

designed assessment along with individual differences in general cognitive ability were 

significantly related to individual differences in everyday executive difficulties but not any 

of the other three measures of everyday adjustment. Individual differences on the 

representatively-designed EF assessment were related to variation in anxiety and quality of 

life, and although variance on this task alone did not significantly explain unique variance in 

everyday executive abilities, when it was enterred into a regression model combined with 

variance in participant age it explained significant variance in everyday executive abilities. In 

both cases, this was true only for autistic participants. 

To test the relative generalisability of these assessments, individual differences on 

both assessments were entered within the same stepwise regression models. Significant 

models were found that predicted individual differences in everyday executive difficulties, 
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anxiety and quality of life. A model including the systematically-designed task alone best 

predicted individual differences in everyday executive abilities. A model including the 

representatively-designed task alone best predicted individual differences in anxiety. Finally, 

a model including both assessments best predicted individual differences in quality of life, 

explaining an additional 3% of variance over and above a model with the representatively-

designed task only. The implication of these results is that systematically- and 

representatively-designed assessments demonstrate veridicality depending on the real-world 

metric they are assessed against; difficulties on neuropsychological tasks do appear to map 

onto real-world occurrences of executive difficulties whereas an everyday executive task is 

informative about everyday executive abilities, anxiety and quality of life. The proportion of 

variance in the self-reported questionnaires about participants’ everyday lives, explained by 

either the systematically- or the representatively-designed assessments was, nevertheless, 

reasonably small. One possibility for this, was that neither task was optimised to detect the 

specific types of executive difficulties autistic people report themselves as having. 

Personal and parental perspectives on executive abilities. Chapters 2, 3 and 4 

demonstrated that autistic people have executive difficulties, with effect sizes ranging from 

small to medium, and that these difficulties affect their everyday lives. These effect sizes 

neither map well onto the profound executive difficulties autistic people often report 

(Cribb et al., 2018; Davids et al., 2016; DePape & Lindsay, 2016) nor do they compare with 

the comparatively larger effect sizes regularly reported in questionnaire studies (e.g., 

Kenworthy et al., 2005; R. A. Lawson et al., 2015). One plausible explanation for the 

mismatch between questionnaire- and performance-based measures, is that the EF tasks 

used in autism research, which were originally intended to assess patients with frontal lobe 

lesions, may lack sensitivity to the subtler and sometimes qualitatively different difficulties 

experienced by autistic people, which may be better served by questionnaires assessing 

everyday EF. Furthermore, the autistic young people in Chapter 4 demonstrated that they 
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did not lack insight into their difficulties, which poses a question: why has their voice been 

hitherto absent from the literature characterising EF difficulties in autistic people? 

 In Chapter 5, I therefore directly asked autistic young people and their parents 

about their executive abilities and the functional consequences of the difficulties they 

experienced in their day-to-day lives. The qualitative insights within this chapter do not 

straightforwardly map onto our theoretical models of EF and pinpoint how the 

operationalisation of EF, through our selection of assessments, have left many of the 

difficulties described by autistic people largely unmeasured in previous investigations. 

For instance, autistic people and their parents highlighted that the ability to deploy 

EF is context dependent for autistic people, as it is for non-autistic people. This deserves 

an especially sharp focus in assessing the EF of autistic people because contextual factors, 

such as an individual’s level of anxiety, motivation or sensory overload, might be drastically 

more changeable across situations and consequently have a sizeable impact on the 

variability on EF task performance for autistic people. Furthermore, this Chapter reported 

that difficulties understanding task instructions often led participants to feel uncertain 

about whether they were completing a goal as was intended, and this uncertainty, according 

to participants, caused heightened anxiety and sometimes induced an inertia. Standard 

measures of EF typically do not capture participants’ understanding of instructions, their 

affect during the activity or their disposition toward completing the task. Finally, autistic 

young people were mixed in their views on whether their being autistic and having EF 

difficulties were related, highlighting the need for researchers to tread carefully and to 

develop interventions that attempt only to target attributes that autistic people believe to be 

well-placed targets. 

Limitations 

In this thesis, autistic participants’ executive abilities were compared with those of 

age- and ability-matched non-autistic participants, in case-control studies (Chapters 3 and 

4) and in individual differences analyses (Chapter 5). It is therefore beyond the scope of the 
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analyses presented here to determine whether tasks with greater ecological validity differ 

with respect to their ability to differentiate between an autism-specific profile of EF 

difficulties and profiles of EF difficulties observed in other developmental or psychiatric 

conditions, as has been suggested previously (Kenworthy et al., 2008). That is, this thesis 

does not speak to the discriminant validity issue in EF assessment, introduced in Chapter 1. 

On a related note, the participants in the studies presented within this thesis were 

cognitively able (i.e., had IQ scores above 70). This was to ensure participants understood 

the task instructions, that completing the breadth of testing undertaken was feasible and 

because I was specifically interested in the EF abilities of autistic people without intellectual 

disabilities (ID). When cohorts of autistic people who span the entire IQ range are 

considered, general intellectual ability is a powerful predictor of outcomes (Bal, Kim, 

Cheong, & Lord, 2015; Gillberg & Steffenburg, 1987; Howlin, Moss, Savage, & Rutter, 

2013) but the outcomes of those without additional ID are highly variable and difficult to 

predict (Anderson, Liang, & Lord, 2014; Howlin et al., 2004). EF is one candidate that 

might be related to these variable outcomes and it is for this reason that I sought to better 

understand the EF of this specific group. One limitation of my research is nevertheless that 

we cannot generalise the findings presented herein to young autistic people who span the 

entire range of intellectual abilities. 

Furthermore, there were not a comparable number of males and females in the 

studies described in this thesis because of the difficulty recruiting cognitively able autistic 

females. The sex ratios presented in the quantitative studies in this thesis (Chapter 1 = 

3.1:1, Chapter 2 = 2.3:1, Chapter 3 = 3:1) are representative of recent estimates of autism 

diagnosis (Loomes et al., 2017) and are an improvement on many previous investigations. 

We must nevertheless be cautious in generalising the conclusions of these studies to autistic 

women and girls, who were under-represented in this research.  

Despite the widely-held (Szameitat, Hamaida, Tulley, Saylik, & Otermans, 2015), 

but not empirically demonstrated (Strayer, Medeiros-Ward, & Watson, 2013), position that 
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females have superior multitasking abilities to males there are no solid theoretical grounds 

to investigate sex-based differences in executive abilities. Investigating sex-based 

differences in the absence of valid theoretical grounds only serves to reinforce and 

legitimise stereotypical gender norms that are not scientifically justified, so-called 

‘neurosexism’ (Fine, 2014). That is not to say, that gender-based differences could not exist 

in the abilities studied in this thesis, but should they exist, these differences likely 

materialise through cultural means. Previous empirical investigations of this nature were 

inconclusive (Kiep & Spek, 2017; M.-C. Lai et al., 2011). Regardless, the studies presented 

in this thesis were not designed to assess this possibility. 

The autistic and non-autistic samples within this thesis were tightly matched 

groupwise for socioeconomic status, age, gender distribution, verbal IQ, non-verbal IQ and 

full-scale IQ. Yet this does not entirely preclude the possibility that individual differences 

in these abilities related to the group effects demonstrated within this thesis. There are two 

possible issues in drawing this conclusion. First, autistic people have been shown to have 

uneven IQ profiles comprised of relative peaks and troughs in performance (e.g., Joseph et 

al., 2002) and by matching groups based on total and subtotal scores there is a danger the 

groups will not be well-matched on any of the individual abilities assessed (Jarrold & 

Brock, 2004). This is offset somewhat in the studies presented within this thesis because 

groups were matched on verbal, nonverbal and full-scale IQ. Second, group matching does 

not completely control for the possibility that within-group variability on these factors is 

related to between-group differences on the outcomes we are interested in, in this case, 

executive ability (Neuhaus & Kalbfleisch, 1998). One approach to deal with this is to also 

co-vary the matched-for variables in the statistical tests conducted. Unfortunately, I had 

insufficient sample sizes to achieve adequate statistical power to achieve this in these 

studies, and so we must be cautious in our interpretation that group differences are a 

consequence of diagnostic group alone. 
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Many of the parents of the autistic young people involved in this research reported 

that their children had a range of co-occurring conditions and many were taking 

psychoactive medication at the time of testing. This represents a challenge in our ability to 

infer the extent to which participants’ performance was related to autism, to a co-occurring 

condition, or to medication they were taking at the time of testing. Participants with co-

occurring conditions were not excluded from analyses in this thesis because of the 

difficulties inherent in diagnosing co-occurring conditions in autism and inconsistencies in 

diagnostic practices (e.g., dual autism and ADHD diagnoses were officially recognised only 

in the most recent version of the diagnostic criteria). 

One limitation of the null hypothesis significant testing framework, used here to 

determine the evidence for executive difficulties among autistic relative to non-autistic 

adolescents, is that when we fail to reject the null hypothesis, we cannot assume that the 

null hypothesis is true, or in this case, that autistic participants do not have EF difficulties. 

This is especially true because, although the sample sizes in the quantitative analyses 

presented in this thesis (ranging from 31 – 42 participants) were often larger than many 

previous investigations, they were only large enough to detect effect sizes of at least 

moderate magnitude. Consequently, we must remember that the absence of group 

differences on metrics of performance on the executive tasks presented in this thesis does 

not rule out the possibility that the autistic participants did, on average, have more 

difficulties on these metrics, but their difficulties were of a smaller magnitude than was 

predicted and that these studies were powered to detect. Assessing larger samples, which 

have enough statistical power to detect small effect sizes, would improve our inferential 

ability in this respect. Furthermore, using Bayesian statistics would allow us to infer 

whether the lack of group effects presented, represent intact executive ability or instead 

whether they represent insufficient evidence to support such an inference. 

While performance on the assessments of EF investigated in this thesis were shown 

to be related to individual differences on other measures of everyday adjustment, one 
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weakness of this study is that the veridicality of these assessments was only assessed against 

a limited number of self-reported, real-world outcomes, which limits our ability to infer the 

veridicality of these assessments in three important ways. First, it might be that had other 

self-reported metrics of real-world adjustment been employed, the demonstrated 

veridicality may have differed. Second, third party informant-reported measures may have 

demonstrated a different pattern of veridicality. Third, self- and informant-reported 

questionnaires are subject to bias and so we must be mindful of this caveat when 

interpreting the ecological validity of the measures presented in this thesis. 

Besides, while the representatively-designed task within this thesis had more 

representativeness with respect to one everyday executively-demanding task, namely 

preparing food, drinks and materials for an event, than traditional neuropsychological 

assessments, it must be noted that this assessment may not represent other real-world 

executive tasks well. Furthermore, the assessment used was not truly representative of life 

outside of the psychology laboratory, for example, an examiner was present, and video 

recorded the task, it was tightly controlled across participants, the event was imagined and 

not a real study group. Each of these may limit the extent to which performance on this 

specific task does represent daily executively-demanding tasks. 

Throughout this thesis, I have referred to the developmental course of executive 

abilities. For instance, I examined the relationship between age and performance on a 

systematically-designed (Chapter 2) and on a representatively-designed (Chapter 3) EF 

assessments in cross-sectional samples. I spoke with autistic young people and their parents 

about their perceptions of their changing EF abilities (Chapter 5). A more robust approach 

both to assess the role development plays in changing EF abilities would be to assess the 

same participants multiple times through development, in a longitudinal design. This was 

not feasible within this thesis but will be an important approach for future work in this 

area.  
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Finally, the coding framework applied to the representatively-designed task had a 

number of limitations. First, the coding framework did not account very well for 

differences in the efficiency with which participants completed the task. For example, a 

participant who completed all steps of the task by walking to and from the rubbish bin 

with each individual tea bag did not score any differently to a participant who completed 

each step but who moved the rubbish bin to be beside the cups of tea, saving time and 

demonstrating superior planning skills. Measuring efficiency, as well as accuracy, within a 

task that is, by definition, unconstrained, poses significant methodological challenges. This 

is because, unlike many traditional EF tasks, there are multiple possible routes to correct 

performance in naturalistic tasks, especially when a participant is required to apportion 

their time and chain multiple demands together. Second, groups may have differed on the 

frequency of dysexecutive errors that were subtler or qualitatively different than those 

captured within the list of possible dysexecutive errors in the coding frame applied. Third, 

it was challenging to categorically code a given behaviour as optimal or suboptimal 

because, in many instances, the extent to which a behaviour was optimal or not was relative 

depending on what a participant elected to do during another aspect of the task. Fourth, it 

was not possible to decipher if any errors committed by participants were the result of 

misunderstanding the task instructions rather than weaknesses of EF. Future studies 

should therefore compliment manual coding of videos with tracking of participant’s 

movements within the task and should seek participants’ appraisal of their performance to 

contextualise whether a given behaviour is best considered as inefficient, as an executive 

error or as a misunderstood task instruction. 

Implications and future directions 

As reported in Chapter 1, the literature pertaining to EF in autism is extensive. This 

area of research had its roots in attempts to determine whether a dysexecutive syndrome 

had developmental primacy over autistic traits. The idea that executive dysfunction 

underpins the development of autistic traits is no longer widely endorsed. However, 
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research focusing on the EF of autistic people continues nevertheless, based on the 

blueprint set out by these early investigations, using neuropsychological tasks to test 

whether autistic samples underperform, on average, relative to non-autistic samples. I have 

argued, throughout this thesis, that this avenue of research now has limited utility and for 

EF autism research to be impactful, we must undergo a sea change and move beyond 

research designed to detect average group differences on abstract tasks with uncertain 

validity. 

Researchers must now concentrate our collective effort on understanding how 

individual differences in EF ability impact on the life chances of autistic people, determine 

the factors associated with EF difficulties, and provide a rigorous evidence base for 

strategies that both improve EF skills and offset the consequences of non-executive factors 

that precipitate these difficulties. To do that, we need assessments that; (i) have prognostic 

power with respect to real life outcomes, (ii) are feasible to administer in the laboratory or 

clinic, (iii) are sensitive enough to identify which autistic people stand to gain from 

intervention and (iv) can be a primary outcome variable in randomised controlled trials of 

interventions. On that basis, I outline five recommendations for EF autism research below. 

1.  Validate systematically-designed assessments against real-world 

behaviour. In this thesis, I have demonstrated despite not representing the demands of 

daily tasks especially well, relatively pure assessments of specific cognitive abilities, like 

those included in the NIH-EXAMINER battery, hold some explanatory power with 

respect to autistic people’s self-reported everyday executive difficulties. This finding 

justifies the continued use of this specific battery and suggests that difficulties on similar 

neuropsychological tasks are likely related to experiencing executive difficulties outside of 

the clinic or laboratory. Although, each assessment should be validated against the real-

world behaviour over which one hopes to generalise its conclusions. The justification for 

the effort involved in validating tasks against various metrics of real-world function is 

justified given that validated measures are then adopted and used widely. The advantage to 
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this practice comes from the relative ease with which neuropsychological tasks can be 

administered, relative to representatively-designed tasks which mean a validated 

neuropsychological task is comparably more feasible to administer in the laboratory or 

clinic. Importantly, the ecological validity of EF assessments can be population specific 

(Evans et al., 1997; Kenworthy et al., 2008). Measures should therefore be validated against 

real world outcomes of interest for autistic populations before being adopted for this 

means. 

The NIH-EXAMINER was originally devised to assess EF in neurological patients 

and so it remains possible that it lacks sensitivity to the individual differences that exist 

within a typically developing sample and this lack of sensitivity is perhaps why it lacks 

ecological validity in this sample. Also, robust cognitive paradigms such as those included 

in this battery become popular because of their ability to establish reliable experimental 

effects, one reason for the reliability of these experimental effects is low between-

participant variability, a quality that renders them less than ideal in correlational analyses 

(Hedge, Powell, & Sumner, 2017). Avenues for future investigation therefore include 

assessing the generalisability of performance on executive tasks or batteries of tasks that 

have greater sensitivity to individual differences across the entire range of ability and have 

greater between-participant variability.  

The EF assessments in this thesis were compared to self-reported questionnaires in 

part, because a goal of my research was to understand how performance related to 

individual’s own appraisal of their everyday functioning, in part, because they were feasible 

within the constraints of PhD research. The measure of self-perceived disability used was 

designed to be employed across a range of psychiatric and developmental conditions and 

apparently lacked sensitivity to the precise difficulties autistic people describe. Future 

studies should assess the validity of EF tasks against measures that are sensitive to the 

functional difficulties encountered by autistic people, for example, the Vineland Adaptive 

Behaviour Scales (S. S. Sparrow et al., 2005) or the ICF core sets (Bölte et al., 2018). 
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Questionnaires are subject to a catalogue of biases (Choi & Pak, 2005) and so a 

further worthwhile avenue for validating EF assessments would be to determine whether 

performance on a given task is related to participants’ daily behaviour. Emerging 

methodologies offer opportunities to facilitate this. One methodology, known as, 

experience sampling or ecological momentary assessment, allows researchers to send 

prompts to participants’ phones at regular intervals to report on their behaviour at the very 

moment they receive a prompt (Stone & Shiffman, 1994). The advantage to this method is 

that participants report on snapshots of their behaviour as they engage in their daily 

routines, which can be built up over a series of time points to better capture the variability 

of their behaviour, as opposed to questionnaires, which elicit subjective median estimates 

of previously engaged-in behaviour. This methodology also elicits reports that are not 

subject to participant distortions because of memory failures or expectancy bias. Illustrative 

examples of the utility of this methodology in validating laboratory assessments include 

demonstrations that laboratory measures of mind wandering (McVay, Kane, & Kwapil, 

2009) and working memory capacity (Kane, Brown, et al., 2007) were related to 

participants’ reports of mind-wandering in daily life. 

Another approach that has potential in validating laboratory assessments against 

real-world behaviour is conducting structured observations of participants in their daily 

environment for a fixed period of time. For example, conducting structured classroom 

observations based on a coding frame to record instances that demonstrate difficulties in, 

for example, self-control or inhibition (Brock, Rimm-Kaufman, Nathanson, & Grimm, 

2009; Whitebread et al., 2009). 

2. Create assessments that represent the conditions over which you wish to 

generalise. The representatively-designed task described within this thesis demonstrated 

significant group differences and superior generalisability to the systematically-designed 

task, at least with respect to the measures of real-world functioning used in this research. 

On that basis, representatively-designed tasks seem best placed to fit the needs of research 
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that is measuring EF with the aim of making claims about real-world functional 

adjustment, according to the research presented here. Recall that representativeness is not a 

term to describe whether a task contains ‘real world’ conditions, which is a poorly specified 

construct, but that it involves, first, a specification of the specific conditions over which 

one hopes to make a generalisation and, second, a specification of how those conditions 

are included within a task (Brunswik, 1948; Hammond, 1998). The task described in this 

thesis represented some conditions over which one might wish to make generalisations, 

such as, apportioning time; generating, monitoring and executing a strategy; chaining 

multiple goals together; and executing a plan in the context of sensory or anxiety-

provoking conditions. These conditions might not all be represented equally well by this 

task and it certainly does not represent every condition one might wish to generalise to. 

Researchers aiming to understand how differences in EF abilities make the lives of autistic 

people more or less difficult therefore must first specify the conditions they hope to 

generalise the results of an assessment to and then to specify how a given task fits these 

specifications. Then they must also validate the task by demonstrating that performance on 

the task generalises to other metrics of real-world functioning. 

Assessing participants on naturalistic tasks is challenging. Codifying the messy, 

relativistic and sometimes ambiguous behaviour that people produce in the service of real-

world goals is not straightforward. Manually setting up a testing space to be identical for 

each participant, particularly when the task stimuli are perishable, as was the case in this 

study, is time consuming. Replenishing the materials used to complete the task can be 

expensive. Coding participant performance manually is time consuming and somewhat 

subjective. There are many instances in research and, especially in clinical practice, where 

tasks such as the one employed here would not be feasible. There are a number of 

strategies that may be useful in increasing the feasibility of conduct tasks with 

representativeness.  
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First, virtual reality also offers a real opportunity for representatively designed tasks, 

depending on the conditions one is seeking to represent. For instance, if the conditions you 

wish to represent in a task relate, for example, to navigating three-dimensional space, self-

guided goal setting and chaining multiple goals together then assessing these in virtual 

reality can remove many of the barriers to representatively-designed tasks mentioned 

above. In fact, a number of such tasks have been developed to assess EF in various 

neurological patient populations, such as, for example, in a virtual library (Renison, 

Ponsford, Testa, Richardson, & Brownfield, 2012), virtual supermarket (Grewe et al., 2014; 

Klinger et al., 2006), virtual apartment (Zalla, Plassiart, Pillon, Grafman, & Sirigu, 2001) 

and in a virtual office (Jansari et al., 2014). Similarly, gamification represents a significant 

opportunity to efficiently collect large amounts of data, especially if this can be conducted 

online (Hyde et al., 2016). While appealing, these types of assessment will not however 

represent situations in which moving in veridical space, executing a plan in the context of 

sensory stressors or when simultaneously managing social demands is required. In 

situations where the aim of an assessment is to represent these attributes then there is no 

substitute for assessing a participant in contexts that closely mirror daily life. 

Second, technology offers opportunities to automate the coding of participant 

behaviour in situations representative of everyday life which could serve to drastically 

reduce the investment of time and subjectivity currently involved in assessments of this 

nature. For example, advances in eye-tracking technology mean that it is now feasible to 

measure participants’ eye gaze as they engage with the world around them (Ye et al., 2012). 

Developing paradigms that capture and analyse the rich data generated from eye gaze 

during everyday tasks could bridge the gap between the convenience of virtual tasks and 

the veridicality of the real world. An example, employing a similar technique, involved 

tracking participants’ eye gaze as they made sandwiches in the context of many distractor 

items, where anticipatory saccades toward relevant items were taken as proxies of task-

related planning (Hayhoe & Ballard, 2005; Hayhoe, Shrivastava, Mruczek, & Pelz, 2003). 
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Third, movement capture, GPS and indoor positioning have becoming increasing 

accurate and freely available (Arsan & Kepez, 2017). These provide opportunities to assess 

the efficiency and accuracy with which a participant engages in executively demanding tasks 

in everyday life. For instance, allowing researchers to measure navigational, wayfinding or 

strategic planning abilities in veridical space rather than with virtual or paper-and-pencil 

analogues. Alternatively, video annotation software whereby researchers can make detailed 

annotations that capture the amount of times participants, for example, switch between 

discrete subtasks, return to previous subtasks, re-read task instructions or spend planning 

before making their first action could yield useful information about differences in the 

application of executive skills to representatively-designed tasks (Kipp, 2012; T. Schmidt et 

al., 2008). While this methodology does not overcome the need to invest time to capture 

participant performance it does however have the potential to provide information about 

the efficiency, as well as the accuracy, of executive processes as there are applied online in 

real environments. 

3. Triangulate objective assessment and subjective reports. Within this thesis 

we saw that the qualitative insights from autistic young people and their parents do not 

straightforwardly map on to our theoretical conceptualisations of EF and draws the way we 

operationalise EF, through the selection of available assessments, squarely into question. If 

the types of executive difficulties described by autistic people, such as self-guided 

multitasking, initiating execution of a plan while uncertain about the instructions or while 

decoding the social nuances of the situation, remain absent from the assessments we 

typically employ, then we will continue to underestimate the extent and consequences of 

executive difficulties among autistic people.  

An important implication of this finding is that we must undertake a thoroughgoing 

rethink of standard psychological paradigms which focus on the speed or accuracy with 

which a participant responds to a given stimulus to assess cognitive processes like EF (Jack 

& Roepstorff, 2002). According to Jack and Roepstorff (2002), “[subjective] experience is 
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still regarded as a problem, rather than a resource ready to be tapped” (p. 334). 

Psychological scientists are often quick to highlight that participants can be, and often are, 

mistaken about their cognitive processes and the reasons for their actions (Nisbett & 

Wilson, 1977), but according to Jack and Roepstorff (2002), understanding cognitive 

processes based solely on ‘objective’ observations of people’s behaviour or images of their 

brain activity while they complete stimulus-response tasks is no less straightforward. To 

further our understanding, they argue, we need to engage in methodological triangulation 

in which objective measures of behaviour and neural activity are related to subjective 

introspective evidence.  

Successful examples of this approach have involved assessing participants’ ability to 

navigate a virtual environment while recording their functional brain activity during this 

task and supplementing this information with a participants’ own verbal recall of what they 

remembered thinking during the task, recorded using a post-task, predetermined, step-by-

step protocol (Spiers & Maguire, 2006). As well as providing the researcher with valuable, 

previously untapped insights into the cognitive mechanisms implicated in task 

performance, triangulating the objective performance and subjective experiences of task 

completion serve to democratise the study of EF difficulties in autism, such that 

researchers and autistic people pursue the research questions that matter most to autistic 

people. This may also reduce the paternalistic and, often medically and deficit-based, 

approaches to researching autism as a ‘dysexecutive syndrome’ and instead reframe the 

different patterns of ability in less value-laden terms. This may provide an opportunity to 

reconcile objective assessment with theoretical positions championed by autistic people 

whose lived experience of EF differences is described, not as a deficit, but as a 

Monotropism, where autistic people expend all of their attention at one focal point of 

interest and do not disperse their attention across numerous points of interest, in the same 

way as non-autistic people do (Murray, Lesser, & Lawson, 2005). 
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4. Elucidate the mechanisms the underlie everyday EF difficulties with 

experiments. The research presented within this thesis has gone some way toward 

uncovering that EF difficulties in autism are not merely artefacts of neuropsychological 

assessment but instead difficulties that manifest in tasks that mirror the demands of daily 

life, are related to other metrics of everyday adjustment and have real consequences, 

according to autistic young people and their parents. The research presented in this thesis 

did not, however, uncover the mechanisms through which these difficulties arise. For 

example, it is unclear whether the relative underperformance of autistic young people in 

the representatively-designed EF task is attributable to a reduced motivation to complete 

the task, to heightened anxiety in response to the task, to a difficulty decoding task 

instructions, to a difficulty generating an appropriate plan or to a reduced ability to execute 

a well formed plan, perhaps poor performance is instead the result of a specific difficulty 

simultaneously generating and executing a plan. Careful experimental manipulation can 

serve to uncover a mechanistic understanding of these difficulties. 

A patent example from the literature comes from the study of patients with Action 

Disorganization Syndrome (ADS), a syndrome to describe patients who, following brain 

injuries that are more diffuse than those sustained by patients with Dysexecutive 

Syndrome, make cognitive errors on familiar tasks that require chaining multiple steps 

together to achieve a goal (Schwartz, Reed, Montgomery, Palmer, & Mayer, 1991). An 

elegant set of experimental investigations were conducted, in which participants with ADS 

were assessed under different experimental conditions, similar to the everyday activities 

assessed within this thesis, such as preparing a cup of tea, a sandwich, posting a card and 

wrapping a gift (Morady & Humphreys, 2011). The manipulations made by Morady and 

Humphreys (2011) were that participants had to (i) complete the activity themselves after 

hearing instructions, (ii) instruct the examiner to complete the activity, (iii) complete the 

activity themselves but with the aid of the task instructions, (iv) complete the activity but 

receiving feedback on each step as it was completed and (v) completing each of the 
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component steps individually with individual instructions delivered for each step. This 

design allowed the authors to test whether difficulties completing the standard condition (i) 

were reduced in the condition where participants instructed the examiner to complete the 

task (ii) and so did not have to maintain the task schema while generating appropriate 

motor responses, did not have to engage in error monitoring (which is not necessary when 

the examiner executes the task correctly), or when competition for cognitive resources 

from antecedent or subsequent task steps is removed. The subsequent conditions (iii – iv) 

were included to assess separately the relative role of maintaining the task schema, engaging 

in error monitoring and competition from other task steps, respectively.  

Autistic young people and their parents provided overwhelmingly consistent 

reports that executive abilities do not exist in a vacuum and cannot be universally deployed 

irrespective of context and an individual’s mental state, drawing particularly on anxiety to 

demonstrate this. Conducting carefully-controlled experiments to assess the relative 

contribution of contextual and antecedent factors would further our understanding of EF 

in autism. An informative example from the literature involved experimentally 

manipulating the affective state of participants while they completed standard EF 

assessments (Horwitz & McCaffrey, 2008). In this example, a between-subject design was 

employed to assess university students on a measure of verbal fluency and the Trail Making 

Test either while being observed by a third party or on their own. Horwitz and McCaffrey 

(2008) demonstrated that the there was an effect of observer presence, which they refer to 

as a proxy for state anxiety, on overall performance and that there was a significant 

interaction effect between observer presence and participants’ self-reported trait anxiety. A 

similar paradigm could be employed to assess whether trait and state anxiety have a 

comparable role in task performance in autistic and non-autistic participants or whether 

heightened state and/or trait anxiety or a qualitatively different relationship with task 

performance exists in autism. 
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As well as understanding the role of an individual’s affective state, understanding 

differences in motivation toward tasks represents a good opportunity to disambiguate 

discrepant findings from the literature. When we, as researchers, request participants to 

complete a task, participants have thoughts and feelings about that request as well as the 

thoughts they have in the service of completing that task. At present, the tradition is to 

capture the latter form of cognitions only. Neuropsychological assessments have tended 

toward stripping content that might be motivating for some individuals, and not others, 

from tasks, to avoid confounding. This approach has advantages, but it also has pitfalls, 

participants still have thoughts and feelings about a task that involves responding to 

abstract stimuli, such as individual differences in competitiveness, reactivity to feedback or 

being differentially sensitive to experimenter bias and thus, the possibility that task 

performance is confounded with motivation is not wholly controlled. Second, participants 

might still differ with respect to how motivating the stimuli presented are, even in cases 

when abstract stimuli are used, for example, some participants are motivated by computers 

(which are used to present many common EF tasks) or by social interaction (which is 

almost always involved in data collection of this type). Asking a participant to rate their 

disposition toward completing a task, in the laboratory and in real world analogues, such as 

that presented in Chapter 3, and testing whether individual differences in performance 

differ by group, is one possible method to the bolster the inferences made from these 

tasks. Quasi-experimental design provides another, albeit more difficult to achieve, 

opportunity to disentangle the explanatory power of participant motivations and 

disposition towards individual differences in task performance. For example, grouping 

participants who are high and low on a construct of interest, such as competitiveness or 

conscientiousness, and assessing whether differences in these attributes are related to task 

performance or interact with diagnostic group. Experimental and quasi-experimental 

manipulations therefore provide a powerful framework to assess the mechanisms that 
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underlie poor performance on everyday tasks and should be pursued in future research 

about everyday behavioural difficulties of autistic people.  

5. Research EF within dimensional, rather than categorical, frameworks. The 

move away from attempts to investigate EF ‘deficits’ as a causal explanation of autism, or 

as an all-or-nothing ability that can be meaningfully measured without consideration for 

environmental or dispositional context, necessitates considering EF abilities within a 

dimensional framework, rather than the traditional categorical approach. For instance, the 

International Classification of Functioning, Disability and Health framework (ICF; WHO, 

2001), which conceptualises disability as the complex interplay between an individual’s 

impairment (e.g., EF difficulties), the activities in which they engage (e.g., the amount of 

executive abilities required by a given task), environmental factors (e.g., whether their 

difficulties are accommodated for, or the presence of stressors) and personal factors (e.g., 

motivation or personality) which, together, impact on the extent to which somebody 

participates in society around them (Rauch et al., 2012). We should therefore concentrate 

our efforts on understanding how each of the dimensions considered by the ICF are 

implicated in combining with executive difficulties among autistic people to more fully 

understand their functional (dis)abilities. 

The National Institute of Mental Health (NIMH) recognised that the existing 

clinically-derived nosologies were impeding scientific progress and, to try to circumvent 

this problem, developed a new Research Domain Criteria (RDoC). The aim of RDoC was, 

for research at least, to supplant the diagnostic categories with a dimensional scaffold to 

better allow us to understand the connections between genes, neural circuitry and 

behaviour (observed and self-reported). Unlike DSM and ICD, it does not aim to detect 

relationships between each of these different levels of analysis and categories that have 

repeatedly failed to demonstrate reliability and validity. RDoC instead aims to build 

understanding of how the inter-relationship between genes, neural circuitry and behaviour 

explain the full continuum of experience on universal psychological domains. These 
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domains are: (i) positive valence systems, (ii) negative valence systems, (iii) cognitive 

systems, (iv) systems for social processes and (v) arousal and modulatory systems (Cuthbert 

& Insel, 2013). Critically, RDoC hopes to enable understanding of the connections 

between these domains within the critical frame of neurodevelopmental and environmental 

influences (Insel et al., 2010). 

By applying RDoC to our conceptualisation of autism, it becomes a brain-based 

condition resulting from a particular genetic make-up, which interacts with both 

developmental and, broadly defined, environmental influences to produce atypical brain 

circuitry. This atypical brain circuitry then creates patterns of variability on each of the five 

domains outlined above. By focusing on the interactions between brains, development, 

environment and each domain, we may increasingly understand the mechanisms through 

which a group of people, for example, have a particularly responsive valence system or why 

a certain cognitive profile emerges. The modification brought about by the framework, the 

theory goes, allow us to investigate why variability in these domains may be differentially 

disabling or enabling depending on the individual, environment and stage they are at in 

development. This is a significant deviation from the purely medical model 

conceptualisation that underpins DSM, which contends that autism is a neurological 

disorder resulting from a shared neuropathology underlying a shared cognitive profile 

which leads to an observable constellation of common behaviours (Insel et al., 2010). In 

theory, RDoC should allow us to target support toward the specific domains that require 

intervention and should not assume that any one intervention should predictably improve 

outcomes for all members of an ill-defined group. 

The DSM diagnoses have historically classified only phenomena that produce 

impairment, whereas RDoC dimensions are conceptually agnostic in the phenomena they 

describe (Fein, 2016). Thus, autism, in this context, is multivalent – encompassing traits 

that are valued in some contexts (e.g. attention to detail) as well as those that are more 

universally devalued (e.g., aversive reactions to sensory information). This has important 
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ramifications when conceiving of possible interventions through a biomedical lens, that is, 

ameliorating the impact of psychopathology may reduce not only universally devalued traits 

but it may also serve to reduce one’s propensity for displaying valued parts of their identity 

(Fein, 2016). Approaching, EF difficulties within the RDoC therefore involves identifying 

those who struggle with EF, irrespective of their diagnosis, and understanding how these 

difficulties manifest and how they can be remediated. A worthwhile avenue for future 

investigation could therefore be to study the correlates and consequences of EF difficulties 

across the whole spectrum of (dis)ability and to focus our efforts on targeting support and 

intervention toward those who stand to benefit and who seek such supports rather than 

unilaterally applying an intervention based on a diagnostic category alone. 

Concluding remarks 

To conclude, the research presented within this thesis has increased our confidence 

that the EF group differences previously reported in the literature, with some degree of 

inconsistency, do relate to underlying executive skills and are not necessarily artefacts of 

individual tests. Furthermore, I have shown that autistic people struggle with an executive 

task more closely related to an everyday activity. Both the traditional neuropsychological 

and the increasingly representative task were related to autistic participants’ everyday 

executive abilities, but the naturalistic task also relates to their anxiety and quality of life. 

Autistic young people and their parents provided insights into their executive difficulties 

that are rarely assessed in most investigations. I have made recommendations, on the basis 

of these findings, to further understand how individual differences in EF relate to the life 

chances of autistic people, to build a rigorous evidence base to ensure autistic people are 

afforded the best opportunities in life. Following these recommendations should ensure 

that research in this arena can increasingly answer the questions that are relevant to those 

for whom this research matters most – autistic people, their families and their allies.  
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