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Overview  

This thesis is submitted in partial fulfilment for the degree of Doctor of Clinical 

Psychology at the University of Birmingham and contains three chapters. The first chapter is a 

meta-analytic review of the literature on the executive function abilities of autistic children 

aged six and under in comparison to neurotypical peers. The second chapter is a quantitative 

empirical study of executive function and self-injurious behaviours in autistic children with a 

co-occurring intellectual disability. The final chapters present a ‘press release’ for both the 

literature review and the empirical research, which outline the main findings of the papers in a 

manner suitable for public dissemination. 
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Chapter 1 Meta-analysis : A meta-analysis of executive function in preschool-aged 

autistic children 

 

1.1 Abstract 

Background: Reduced executive function (EF) abilities are thought to underpin some of the 

behavioural characteristics of autism. However, inconsistent findings in autistic1 preschoolers 

have raised questions about the developmental primacy of EF differences. This meta-analytic 

review synthesises the empirical evidence on EF performance in autistic preschoolers and 

neurotypical comparisons, to describe and evaluate putative differences. 

Methods: Empirical papers reporting EF outcomes for young autistic children and matched 

comparisons were identified through searches of MEDLINE, EMBASE, PsycINFO and Web 

of Science databases. Papers were screened against inclusion criteria and evaluated using a 

bespoke quality rating tool. A pooled weighted effect size was estimated using a multilevel 

model to account for dependencies among effect sizes and moderation analyses explored the 

observed heterogeneity. 

Results: The analysis of forty-three papers involving 2591 children (1110 autistic children, 

mean age = 62.16, range = 27 - 82 months, 1481 neurotypical children, mean age = 53.81, 

range = 20 - 82 months) revealed a significant moderate effect (g = -0.78) with autistic 

children scoring lower on EF measures than neurotypical comparisons. Similar effect sizes 

were observed irrespective of the domain measured, but differences were more pronounced 

 
1 The term autistic, rather than persons with autism, is used throughout to reflect the 

preferences for identity-first rather than person-first language, reported by a large sample of 

autistic individuals in the UK (Kenny et al., 2016). 
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when informant-based measures were used, among older preschoolers, and when children 

were matched on age without controlling for ability. 

Interpretation: These findings mirror the broad EF differences reported in school-aged autistic 

children and adults, with true differences in EF apparent even in young autistic preschoolers.  

The lack of convergence of informant-based and direct measures is discussed, along with the 

clinical implications of the findings.  
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1.2 Background 

Autism is a common neurodevelopmental condition with an estimated prevalence of 

one in every 100 children (Zeidan et al., 2022). There are a range of cognitive accounts which 

together seek to explain the differences in social interaction and communication, and the 

restricted and repetitive patterns of behaviour observed in autism (American Psychiatric 

Association [APA], 2013). Three influential hypotheses propose that the core characteristics 

of autism can be explained by differences in either theory of mind (i.e., the ability to attribute 

mental states to others; Baron-Cohen et al., 1985), perceptual processing (i.e., the ability to 

integrate information to construct meaning often termed central coherence theory; Frith, 1989; 

Frith & Happé, 1994; Van der Hallen et al., 2015) or executive function (i.e., the ability to 

control thought and action; Ozonoff et al., 1991; Russell, 1998). While prior work has 

revealed mean differences between autistic2 and neurotypical individuals on a range of 

executive function (EF) measures (see previous meta-analyses: Demetriou et al., 2018; Lai et 

al., 2017), a similarly robust synthesised effect has not been reported in preschool-aged 

autistic children. This raises questions about the developmental primacy of EF differences in 

autism (Hill, 2004). If the autistic behavioural phenotype is indeed underpinned by reduced 

EF abilities, then differences in EF should be apparent in early childhood. Therefore, the 

present review extended prior meta-analyses by focussing exclusively on EF in autistic 

children aged six and younger, to evaluate the EF profile in this age group and the potential 

moderators of any effect. 

 
2 The term autistic, rather than persons with autism, is used throughout to reflect the 

preferences for identity-first rather than person-first language, reported by a large sample of 

autistic individuals in the UK (Kenny et al., 2016). 
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2.1 Executive function  

Executive function (EF) is an umbrella term for a collection of top-down 

neurocognitive processes which support self-control and flexible, goal-directed behaviour 

(Zelazo & Carlson, 2012). EF is commonly fractionated into three theoretical core domains: 

inhibition, working memory and cognitive flexibility (Miyake et al., 2000). Inhibitory control 

is required to withhold a prepotent or habitual response, and to attend or respond selectively 

to relevant stimuli while ignoring distracting information (e.g., Munakata et al., 2011). 

Working memory refers to an ability to hold, update and manipulate information in mind as 

required (Baddeley, 1996). Cognitive flexibility or set-shifting, refers to an ability to switch 

attention or action in response to changing rules, goals, or environments (Miller & Cohen, 

2001). Aside from these core EF skills, planning and verbal fluency are also commonly 

studied indices of EF ability. Like other EF processes, verbal fluency is mediated by the 

prefrontal cortex and requires the coordination of language, working memory and inhibition 

(Kuwabara et al., 2006). Planning skills involve the ability to think through and carry out a 

strategic set of actions with a particular end goal in mind (Zelazo et al., 1997). Tasks 

assessing planning, require participants to conceptualise a problem and discern the most 

effective sequence of steps to attain this. As such, planning can be seen as a more complex, 

compound EF skill which recruits several of the core EF skills (Diamond, 2013).  

Whether EF domains are in fact dissociable has long been debated, and both unitary 

(e.g., Baddeley, 1996) and fractionated models of EF (e.g., Diamond, 2013) have been 

proposed. Evidence from lesion and neuroimaging studies in neurotypical participants have 

identified both common and preferentially-recruited functional neural networks according to 

task-type (Kim et al., 2017; Tsuchida & Fellows, 2013). Overall, current consensus points 

towards EF processes as being both correlated and separable (Best & Miller, 2010; Friedman 

& Miyake, 2017). Although research has traditionally focused on EF in adults, innovations in 
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test development over the past 25 years have given rise to a growing body of work focused on 

the emergence and correlates of EF in the preschool years (Carlson, 2005; Espy, 1997; Garon 

et al., 2008; Hughes 1998; Hughes & Ensor, 2005). 

2.2 EF in autism  

Although differing EF abilities have been linked to several neurodevelopmental 

conditions, autism is posited to have a unique EF profile (e.g., Ozonoff & Jensen, 1999). In an 

effort to challenge the dominant theory-of-mind account of autism, Russell (1996) first 

speculated that difficulties with understanding others’ thoughts and feelings might stem from 

difficulties with EF. This gave rise to the so-called executive dysfunction account of autism. 

The putative associations between EF abilities and autism are well documented and scores on 

a range of EF measures have been linked to the core characteristics of autism (e.g., Hill & 

Bird, 2006; Kenworthy et al., 2009). For example, several studies have reported a link 

between performance on cognitive flexibility tasks, and the degree of repetitive behaviours in 

autistic individuals (e.g., Lopez et al., 2005; South et al., 2007) and there is growing evidence 

for the predictive significance of early EF skills on autistic children's emerging behaviours 

(Pellicano et al., 2010; 2013). In a small 12-year prospective study, EF was shown to predict 

variance in autism characteristics over and above age and other cognitive abilities (Kenny et 

al., 2019). Thus, EF is purported to explain both social-communicative characteristics and 

restricted, repetitive behaviours and interests among autistic children. 

While a substantial body of research has demonstrated that autistic children perform 

worse than their neurotypical peers on tasks demanding greater executive control (e.g., 

Hughes et al., 1994; Kenworthy et al., 2005; Olde Dubbelink & Geurts, 2017; Ozonoff et al., 

1991; Tonizzi et al., 2021), there have been inconsistent conclusions regarding domain-

specific differences. A recent meta-analytic review of 235 studies of EF abilities in 

individuals aged between 6 and 64 years with and without autism, revealed a broad moderate 
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effect of EF, with autistic individuals scoring lower on EF measures on average when 

compared to neurotypical controls (Demetriou et al., 2018). Effect sizes were comparable 

across theoretical EF domains and stable into adulthood. However, studies with autistic 

participants under the age of six were not included due to the qualitatively different measures 

used to assess EF in preschool-aged children. Autism is commonly diagnosed in the preschool 

period (Matson et al., 2008), and can be reliably detected in children as young as two (e.g., 

Lord et al., 2006), therefore, evaluating the EF abilities of autistic preschoolers is critical to 

understanding the developmental course of these differences. If the autistic behavioural 

phenotype is underpinned by early emerging differences in EF, then differences should be 

apparent in early childhood.  

2.3 Measuring EF in early childhood  

Executive function emerges in early childhood and develops rapidly during the 

preschool years (Hughes, 1998). In neurotypical children, early working memory and 

inhibitory control skills develop expeditiously between the ages of two and six (Carlson et al., 

2013; Diamond & Goldman-Rakic, 1989). More complex set-shifting abilities are thought to 

be underpinned by these early skills (Diamond, 2013). These changes are accompanied by a 

significant increase in the number of synapses in the prefrontal cortex during early childhood 

(Twardosz, 2012). However, whether EF emerges as dissociable domains, or a shared 

capacity is debated. While differentiated EF profiles have been reported in older children 

(e.g., St. Clair-Thompson & Gathercole, 2006), Wiebe and colleagues (2008) concluded that 

tasks designed to measure working memory and inhibition were likely measuring a single 

cognitive ability in neurotypical preschool children.  

Emerging EF abilities have been associated with functional outcomes, such as social 

cognition (Devine & Hughes, 2014), school readiness and occupational achievement in later 

years (Pellicano et al., 2017). In neurotypical and neurodevelopmental populations, reduced 
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EF abilities in early childhood are predictive of poorer academic and adaptive outcomes (Blair 

et al., 2007; Fitzpatrick et al., 2014; Gardiner & Iarocci, 2017; Kenny et al., 2019; Viterbori et 

al., 2015). Considering the potentially disabling impact of EF difficulties, early assessment of 

these skills is critical to inform transdiagnostic proactive interventions and service planning. 

A range of developmentally sensitive direct and informant-based EF measures have been 

developed to assess EF in this younger population (for a summary of common tasks used to 

measure EF in early childhood, see Carlson 2005; Garon et al., 2008).  

Studies investigating EF in preschool-aged autistic participants have reported 

inconsistent findings (Garon et al., 2018). Papers have reported moderate to large effect sizes 

favouring neurotypical groups on tasks designed to test inhibition (e.g., Tan, 2018), response 

and attention shifting (e.g., Faja & Dawson, 2014; McEvoy et al., 1993) and working memory 

(e.g., Dawson et al., 1998). However, some studies have found no group differences on 

similar tasks when matching groups on ability (e.g., Dawson, 2002; Lam & Yeung, 2012; 

Stahl & Pry, 2002; Yerys et al., 2007). Where some researchers report poorer performance of 

young autistic children compared to matched neurotypical peers on a broad range of EF tasks 

(e.g., Pellicano et al., 2017), others report increased difficulties on measures of inhibition and 

switching but comparable abilities in other domains such as working memory (e.g., Gardiner 

et al., 2017; Valeri et al., 2020). Several papers report no significant group differences on EF 

measures between autistic children under the age of five and mental-age-matched 

neurotypical children (e.g., Dawson et al., 2002; Griffith et al., 1999; Yerys et al., 2007), 

whereas others reported moderate to large effect sizes with similar-aged participants and 

comparison groups (e.g., Garon et al., 2018; Tan et al., 2018). This variability poses real 

issues for executive accounts of autism. Specifically, it is unclear whether (1) differences in 

EF are independent of group differences in general cognitive or verbal abilities, (2) EF 
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differences are limited to specific aspects of EF or encompass multiple domains of EF, (3) 

and whether EF differences are early emerging. 

2.4 Sources of heterogeneity  

Different methodological approaches, small sample sizes and heterogeneity within 

participants (i.e., age, verbal and non-verbal ability and autism characteristics), may in part 

account for the inconsistent findings reported for autistic preschoolers. Jarrold and Brock 

(2004) highlight the challenge of recruiting an adequate clinical sample, alongside issues 

matching groups in autism-related research. Larger effect sizes are commonly reported by 

studies which have recruited same-aged neurotypical comparisons to evaluate a hypothesised 

delay (e.g., Coldren et al., 2003). Smaller and null effects are more often reported by 

researchers who have controlled for between-group differences in general ability through age 

and ability-matched (e.g., Gardiner, 2017) or mental-age-matched neurotypical comparisons 

(e.g., Zacharov et al., 2021). This has led to conflicting conclusions about whether there are 

specific reductions in EF ability over and above more general differences in cognitive ability. 

Other design factors, such as variation in the EF tasks or measures chosen might also account 

for the mixed findings. Reported effect sizes also may vary according to study quality, for 

example, whether or not the neurotypical group were screened for autism characteristics. The 

present meta-analysis aimed to overcome some of these challenges to interpretation by 

exploring potential moderators through subgroup analyses and meta-regression techniques 

(Borenstein, 2021). 

Informant-based and direct measures are often presumed to target a shared underlying 

EF construct. However, when used together these measures often only capture a small amount 

of overlapping variance (e.g., Camerota et al., 2016). Some possible reasons are that 

informant-based measures may capture behavioural characteristics in addition to EF, and are 

vulnerable to bias (Denckl, 2002). However, Friedman and Gustavson (2022) propose this 
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lack of convergence might indicate that direct and informant-based measures capture different 

but equally valid aspects of self-control. The authors identify several dimensions on which 

these differ. For example, direct measures assess EF in time-limited, controlled situations 

supported by goal rehearsal and feedback. Conversely, informant-based measures capture the 

outcome of goal-directed behaviours as they present in everyday activities, across contexts 

and over time. Therefore, both direct and informant-based measures may capture 

supplementary information about an individual's EF abilities across settings. A meta-analytic 

approach affords an opportunity to evaluate the contribution of measurement approaches to 

effect size heterogeneity (Ellis, 2010).  

2.5 Summary and aims 

In summary, recent meta-analytic data based on school-aged children, adolescents and 

adults revealed marked differences in EF between neurotypical and autistic participants, with 

reduced abilities observed across EF domains which remain relatively stable across 

development. In contrast, the data in autistic preschoolers is highly heterogeneous and it is 

therefore unclear whether these differences are developmentally consistent. Focusing on early 

childhood will provide insight about the developmental primacy of executive function 

differences in autism. Therefore, the overarching aim of the current study was to synthesise 

the empirical evidence on EF performance in autistic children aged six and under in 

comparison to neurotypical peers. In addition, the review sought to examine whether 

differences in EF were general (i.e., affecting multiple domains of EF) or specific (i.e., limited 

to a single domain of EF), whether EF differences were independent of group differences in 

general cognitive or verbal ability, and methodological sources of heterogeneity between 

studies. 
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1.3 Method 

 

The meta-analytic review was pre-registered through Prospero (Available at: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020213276). Primary 

papers were identified and analysed in line with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021).  

3.1 Identifying primary studies 

A systematic search of MEDLINE, EMBASE, PsycINFO and Web of Science 

electronic databases from inception, was conducted in January 2021. The aim of the search 

was to obtain a comprehensive overview of the literature on executive function in young 

autistic children. The search strategy included terms and keywords generated with reference 

to the literature, as well as in consultation with experts in the field of neurodevelopment 

conditions and executive function in young children. An example search strategy for 

PsycINFO is outlined in Table 1. The search terms were adapted for use with other databases 

as appropriate. Additionally, a hand search of the reference lists of included articles was 

conducted prior to analyses.  

Inclusion Criteria  

Searches were restricted to papers available in English but were not limited to 

published articles to reduce effects driven by publication bias. Eligible studies measured an 

aspect of EF in children aged six years or younger with either a diagnosed or highly suspected 

autistic spectrum condition3, as well as neurotypical peers. Both direct and indirect measures  

 
3Papers reporting very young children with ‘highly-suspected’ autism were considered only if 

this was corroborated by scores on a well-established screening tool (e.g., The Childhood 

Autism Rating Scale–Second Edition [CARS-2], Schopler et al., 2010), or later clinically 

confirmed. 
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Table 1 

Example PsycINFO search strategy  
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of EF, such as informant questionnaires, were included providing these yielded sufficient 

quantitative data. Papers evaluating commonly studied EF domains such as inhibition, 

working memory and cognitive flexibility were selected. The full inclusion and exclusion 

criteria are summarised in Table 2.  

The results of the systematic search are presented in Figure 1. The search yielded a 

total of 3584 articles, which reduced to 2211 once duplicates were removed. Papers were then 

screened by title and abstract using the exclusion criteria. The four most common reasons for 

exclusion were: the study was not focussed on autistic individuals (i.e., other 

neurodevelopmental conditions, psychiatric conditions, or the experience of family members, 

N= 475), the study was not focused on children (N = 377), the study did not include a 

measure of EF (N = 271), and the paper did not report an empirical study (N = 245). A second 

reviewer independently screened a random sample of 10% (N = 221) of these papers, which 

yielded good inter-rater reliability (𝜿 = 0.84). The remaining 527 full text articles were then 

reviewed against the inclusion criteria and 40 articles met all criteria. A second reviewer 

independently screened a random sample of 10% (N = 53) of these papers, which yielded 

good inter-rater reliability (𝜿 = 0.81). In total, 43 studies satisfied the criteria for inclusion in 

the meta-analysis. One additional article was identified from the references of the included 

studies, and a further two articles were identified through electronic alerts received before the 

analysis was run.  
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Table 2. 

 

Inclusion and exclusion criteria 

     Inclusion  Exclusion  

Population 

Participants with a mean age of six years or 

below and either a diagnosed, or highly 

suspected autistic spectrum condition (AUT) 

established through recognised diagnostic 

criteria or use of standardised screening or 

diagnostic measures 

No autistic participants or autism of a 

known genetic aetiology, participant 

groups with a mean age over six years old   

Comparison group 

A control sample of neurotypical (NT) 

children, matched by age or ability, without a 

diagnosis of an autistic spectrum condition or 

other neurodevelopmental conditions 

 

Comparison groups of children with other 

neurodevelopmental conditions, 

developmental delay, or intellectual 

disability 

 

Executive Function Measures 

At least one measure of EF evaluating one of 

the following theoretical EF domains: 

inhibition, shifting, working memory, and/or 

measures of complex EF e.g., planning and 

fluency.  

No quantitative assessment of EF abilities 

Outcome data 

Papers reporting either Means and Standard 

Deviations, or numbers passing and failing 

tasks for both AUT and NT groups, or t/F- 

Test statistics, Cohen’s d/Hedges’ g or an r 

effect size. 

Papers not reporting sufficient quantitative 

data where authors have not responded to 

requests for this 

Type of article 

Both published peer-reviewed, and 

unpublished literature were included 

 

meta-analyses/theoretical papers/ 

reviews/commentaries/ clinical 

guidance/non-empirical papers/ validation 

of psychometric scales/qualitative papers 

Design 

Cross-sectional studies, as well as 

intervention or longitudinal studies which 

reported baseline data will be included 

 

Single case studies  
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Figure 1. 

PRISMA Flow Diagram illustrating the outcome of search strategy and the application of the 

inclusion criteria against identified records. 
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3.2 Quality Criteria  

The quality of identified papers was evaluated using a bespoke appraisal tool, which combined 

criteria from established tools designed to evaluate case-control and cross-sectional studies (Downes et 

al., 2016), along with criteria which targeted threats to validity and quality specific to the measurement 

of EF in children. The resulting seven criteria and operationalised scoring are summarised in Table 3. 

The strengths of each of the primary papers were summed to provide an overall summary score as an 

indicator of quality. The quality outcome for each paper is presented in Appendix L. 

3.3 Data extraction 

All data were extracted by the author. It was anticipated that EF performance would be 

reported as a mean or mean difference and standard deviations for both the autistic and neurotypical 

comparison groups. Where several outcome variables were reported for an EF task, for example, hit 

rate and commission errors, all attempts were made to extract the outcome most frequently reported 

across the papers. Where this was not possible, the mean number or proportion of correct responses 

was used. The extracted characteristics included sample size, participant demographics, performance 

on standardised ability measures, approach to confirming diagnostic status, method of matching, EF 

measure, EF domain, variable extracted and publication status. Experimental tasks and informant-

based measures of EF were coded into EF domains in line with Garon, Bryson and Smith’s (2008) 

review of EF in preschoolers. This resulted in five theoretical EF domains of inhibition, fluency, 

shifting, planning, and working memory.  
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Table 3 

Quality criteria for defining autistic (AUT) and neurotypical (NT) groups, confounders, 

statistical power, data collection and attrition  

 Quality Rating 

 0 1 2 

Was an established 

measure used to assess 

autism?  

Clinical 

diagnosis only 

Clinical Diagnosis 

+ established 

screening tool e.g., 

SCQ 

Clinical Dx + 

diagnostic measure 

e.g., ADOS, ADI-R 

Were NT participants 

screened for autism with 

an established tool?  

 

No Yes e.g., SCQ N/A 

Was a measure of verbal 

or non-verbal ability used 

to control for this potential 

confound?  

 

not measured or 

considered 

ability measured & 

considered e.g., 

used as covariate 

AUT vs NT 

matched on a 

measure of ability 

Was the study sufficiently 

powered to find moderate 

(0.5) effect?  

Power <50% Power >50%, Power >80%, 

 

Was a battery of EF tests 

used? 1 = >1 EF task, 0 = 

single EF task 

 

singular task 

 
>1 task NA 

Where an EF battery or EF 

questionnaire was used, 

was the reliability e.g., 

internal consistency 

reported? 

 

No Yes NA 

Is attrition explicitly 

reported?  

Differences in 

N or df not 

accounted for 

Yes OR number 

recruited = number 

analysed 

NA 
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3.4 Data Analysis 

Hedges’ g was calculated as the standardised mean difference between autistic 

children and matched comparison groups on each measure of EF. Like Cohen’s d, Hedges’ g 

effect sizes are considered small (0.20), moderate (0.50), or large (0.80) and is the preferred 

unit of analysis when sample sizes are small (Hedges et al., 2009). Using Hedges’ g also 

afforded a direct comparison to Demetriou and colleagues’ (2018) meta-analysis of school-

aged children and adults. Where higher scores on EF variables represented poorer 

performance, for example, where error scores are reported, the direction of the effect was 

reversed such that all negative effect sizes reflect a lower average performance of the autistic 

group in comparison with the neurotypical group. 

If means and standard deviations were not reported then t or F statistics were 

transformed into estimates of Hedges’ g if the sample sizes were reported. If neither summary 

statistics nor test statistics were reported, then effect sizes as reported by the primary studies 

were extracted4. Finally, if a paper reported categorical data, such as the number of 

participants who passed a task in each group, a reported non-parametric test statistic was 

converted into Hedges’ g. In instances where it was not possible to convert a chi-squared 

statistic, for example, because the analysis included an additional and irrelevant comparison 

group, an appropriate statistical test was calculated using the frequency data before converting 

this into Hedges’ g. Where data were given for multiple conditions of the same task, such as 

each post-switch condition of the DCCS, an effect size was calculated for each relevant 

condition and the average effect size was entered into the analysis. 

 
4  It should be noted that effect sizes as reported in primary studies are frequently calculated 

from data that has been adjusted for the association with one or more covariates. Such 

adjustments emphasise the idiosyncratic character of the reported effect and may result in 

dissimilarity with the effects reported within the other primary studies. 
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Selecting the appropriate meta-analytic model 

As several eligible papers reported multiple measures designed to assess the same or 

different EF skills in the same group of participants, a three-level random-effects model was 

chosen to account for the potential interdependency of effect sizes (Assink & Wibbelink, 

2016). Although relatively rare in the literature, the ‘multilevel’ method maximises statistical 

power in these circumstances, assigning a random effect for each effect size in addition to 

each study, reducing the likelihood of artificially reducing heterogeneity (Riley, 2009). This 

adds an additional parameter when compared to traditional random-effects models. This 

approach has also recently been used in a similar meta-analytic review of EF components in 

people with  intellectual disability (Spaniol & Danielsson, 2022). Given that one of the aims 

of this analysis was to compare performance across different EF domains, the multilevel 

approach allowed for an exploration of both differences in outcomes between and within 

studies, while retaining data on all reported EF measures (Assink & Wibbelink, 2016).       

For the selected papers, the estimated percentage of total variation attributed to 

sampling, within-study and between-study variation was 15.44%, 17.59%, and 66.96% 

respectively. The likelihood ratio tests indicated significantly better fit of the three-level 

model, when compared to models without an estimation of within or between studies variance 

(AIC full model = 232.52, AIC without within-studies variance = 261.19, AIC without between-studies variance = 

307.78, p < .0001), demonstrating the appropriateness of an additional parameter in 

explaining more variation than both a fixed and two-level model. Therefore, a three-level 

random-effects model of pooled standardised mean difference was calculated using the 

generic inverse variance method, with 95% confidence intervals (CI) using R Studio.  

Next, analyses of sensitivity and publication bias were undertaken at the level of the 

paper, with only the largest effect size in papers reporting multiple measures. The impact of 
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disproportionately influential studies was assessed using a “leave-one-out” analysis, in which 

the random effects model was calculated with each of the primary studies removed in turn and 

the subsequent changes in heterogeneity and weighted average effect size were recorded. 

Highly discrepant and influential papers were omitted from subsequent analyses. Publication 

bias is caused by the tendency for statistically significant results to be published over non-

significant results (Forstmeier et al., 2017). Small study bias is the tendency for studies with 

smaller sample sizes to show greater variability in their measurement of EF. These biases 

were explored with a funnel plot, which plots the magnitude of the study’s EF effect against 

the square root of the study’s sampling variances (standard error =  σ/√N). 

Sources of heterogeneity were explored using moderator analyses. Borenstein (2020) 

states that, although commonly misinterpreted, the index I2 describes the proportion of the 

variance in the measured effects that can be attributed to variance in the true effect, rather 

than sampling error. Larger I2 values (>75%) might indicate inconsistency across included 

studies (Higgins et al., 2003) and further moderator analyses are required to explain the 

within-study and between-study heterogeneity (Assink & Wibbelink, 2016). However, it 

should be noted that high I2 values were expected in the present review as EF was not 

measured with a single task type. Potential moderators (EF task, matching strategy, study 

quality, age and ability) of the overall effect of EF were explored using subgroup analyses and 

meta-regression techniques.  
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1.4 Results 

 

4.1 Descriptive statistics 

Table 4 presents the characteristics of all included studies. Across the 43 papers reporting EF 

outcome data for 2591 young children (autism = 1110, neurotypical = 1481), 126 effect sizes 

were calculated. Sample sizes ranged from 7 to 72, and 7 to 216 for autistic and neurotypical 

samples respectively. The mean age of autistic participants was 62.16 months (SD = 15.53, 

range = 27 - 82 months). The mean age of  neurotypical participants was 53.81 months (SD = 

18.37, range = 20 - 82 months).  

4.2 Omnibus test 

Do preschool-aged autistic children score differently on measures of executive function than 

neurotypical comparison groups? 

The three-level random effects model yielded a weighted mean effect size of g = -0.78, 95% 

CI [-.57, -.98]. This represented a moderate effect that was significantly greater than zero, z = 

-7.35, p <.001. Young autistic children scored lower on measures of executive function than 

neurotypical comparison groups. Forest plots5 are presented in Figures 2 – 6. Observed effect 

sizes ranged from -4.32 to 0.44 and there was significant unexplained heterogeneity, Q125 = 

738.95, p <.001, I2 = 83.08%. The calculated I2 exceeded Higgins’ (2003) proposed threshold. 

Therefore, subsequent analyses explored potential sources of heterogeneity between the 

estimates of EF differences.

 
5 Although the overall effect was calculated across all domains, forest plots are presented according to EF 

domains for clarity. 
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Table   4 

Characteristics of included studies 

Study (1st Author, 

Year) 

N 

AUT 

N 

NT 
Age AUT 
(months) 

AUT 

range 
Matched       EF measure Extracted Variable g SE 

Arbelle 1994 28 28 43.00  MA & G Prohibition task #passed -0.67 .27 

Bonli 2005 18 16 68.00 61 - 81 CA Delayed Response #reversal trials passed -2.08 .42 

Bonli 2005 9 19 52.00 43 - 57 CA Delayed Response #reversal trials passed -0.68 .40 

Bonli 2005 18 16 68.00 61 - 81 CA Luria's tapping test #correct -1.28 .37 

Bonli 2005 9 19 52.00 43 - 57 CA Luria's tapping test #correct -1.82 .46 

Bonli 2005 18 16 68.00 61 - 81 CA Scrambled Search efficiency ratio -1.42 .38 

Bonli 2005 9 19 52.00 43 - 57 CA Scrambled Search efficiency ratio -0.68 .40 

Bonli 2005 18 16 68.00 61 - 81 CA Day/Night Stroop #correct -0.87 .35 

Bonli 2005 9 19 52.00 43 - 57 CA Day/Night Stroop #correct -0.53 .40 

Bonli 2005 18 16 68.00 61 - 81 CA Spatial reversal #correct -1.20 .37 

Bonli 2005 9 19 52.00 43 - 57 CA Spatial reversal #correct -1.38 .43 

Bonli 2005 18 16 68.00 61 - 81 CA Stationary Search efficiency ratio -0.86 .35 

Bonli 2005 9 19 52.00 43 - 57 CA Stationary Search efficiency ratio -1.07 .42 

Berg 2016 26 40 58.72 38 - 85 CA BRIEF-P - Plan total subscale -1.79 .29 
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Berg 2016 26 40 58.72 37 - 85 CA BRIEF-P - Shift total subscale -1.95 .30 

Berg 2016 26 40 58.72 36 - 85 CA Tower of Hanoi-R total points -0.88 .26 

Campbell 2019 15 124 28.00 22 - 34 CA Prohibition task %fail -0.48 .27 

Carotenuto 2019 25 25 37.08 32 - 42 CA & G BRIEF-P - Inhibition total subscale -1.44 .31 

Carotenuto 2019 25 25 37.08 32 - 42 CA & G BRIEF-P - Plan total subscale -0.24 .28 

Carotenuto 2019 25 25 37.08 32 - 42 CA & G BRIEF-P - Shift total subscale -1.18 .30 

Carotenuto 2019 25 25 37.08 32 - 42 CA & G BRIEF-P - WM total subscale -0.02 .28 

Coldren 2003 7 7 67.32 52 - 93 VA Spatial reversal #post-shift errors -1.24 .55 

Coldren 2003 7 7 67.32 52 - 93 CA Spatial reversal #post-shift errors -1.67 .59 

Dawson 1998 20 20 64.60  RL DNMS #errors -1.22 .34 

Dawson 1998 20 20 64.60  RL Delayed Response %correct searches -0.59 .32 

Dawson 2002 72 39 43.50 34 - 52 MA A not B %correct on reversals 0.16 .20 

Dawson 2002 72 39 43.50 34 - 52 MA A not B + invisible %correct on reversals -0.14 .20 

Dawson 2002 72 39 43.50 34 - 52 MA DNMS - objects %correct -0.34 .20 

Dawson 2002 72 39 43.50 34 - 52 MA DNMS - pictures %correct -0.19 .20 

Dawson 2002 72 39 43.50 34 - 52 MA Object Reversal %criteria met 0.20 .20 

Dawson 2002 72 39 43.50 34 - 52 MA Spatial reversal %correct on reversals -0.20 .20 

Drayer 2008 29 30 68.00 48 - 83 CA BRIEF-P - Inhibition total subscale -2.55 .35 

Drayer 2008 29 30 68.00 48 - 83 CA BRIEF-P - Plan total subscale -2.69 .36 

Drayer 2008 29 30 68.00 48 - 83 CA BRIEF-P - Shift total subscale -2.49 .34 
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Drayer 2008 29 30 68.00 48 - 83 CA BRIEF-P - WM total subscale -2.38 .34 

Drayer 2008 29 30 68.00 48 - 83 CA DCCS #post-switch correct -1.47 .29 

Drayer 2008 29 30 68.00 48 - 83 CA Prohibition task latency -2.49 .34 

Drayer 2008 29 30 68.00 48 - 83 CA Noisy Book total t-score -1.67 .30 

Drayer 2008 29 30 68.00 48 - 83 CA Day/Night Stroop #correct t score -0.71 .27 

Drayer 2008 29 30 68.00 48 - 83 CA Tower of Hanoi-R total t-score -1.79 .31 

Dunn 1996 10 10 81.50 52 - 108 MA Verbal Fluency %correct -0.16 .43 

Fabio 2020 20 20 42.93 38 - 45 MA DCCS #correct  -0.76 .32 

Faja 2014 23 20 82.50 72 - 94 CA & MA BKWD raw score -0.37 .30 

Faja 2014 23 20 82.50 72 - 94 CA & MA DCCS #phases passed -0.60 .31 

Faja 2015 31 28 82.00 72 - 94 CA & IQ DoG latency -0.89 .27 

Gardiner 2017 24 19 66.88 42 - 88 CA & IQ Boxes error ratio -0.05 .30 

Gardiner 2017 24 19 66.88 42 - 88 CA & IQ Go/No-Go #commission errors -0.21 .30 

Gardiner 2017 24 19 66.88 42 - 88 CA & IQ Monkey Tower highest level achieved -0.65 .31 

Gardiner 2017 24 19 66.88 42 - 88 CA & IQ Continuous Performance #commission errors -0.46 .31 

Gardiner 2017 24 19 66.88 42 - 88 CA & IQ Boy-Girl Stroop #commission errors -0.03 .30 

Garon 2018 18 83 63.17 >52 MA Flap Book #correct -0.92 .27 

Garon 2018 16 133 45.38 <52 MA Flap Book #correct -0.57 .27 

Garon 2018 18 83 63.17 >52 MA Hide and Seek #errors -0.41 .26 

Garon 2018 16 133 45.38 <52 MA Hide and Seek #errors -0.66 .27 
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Garon 2018 18 83 63.17 >52 MA Tricky Box #correct -1.79 .29 

Garon 2018 16 133 45.38 <52 MA Tricky Box #correct -0.62 .27 

Hanson 2014 25 25 70.36 38 - 99 MA BKWD #correct trials -0.12 .28 

Hanson 2014 25 25 70.36 38 - 99 MA Count/Label #correct -0.19 .28 

Hanson 2014 25 25 70.36 38 - 99 MA DCCS #post-shift correct -0.28 .28 

Hanson 2014 25 25 70.36 38 - 99 MA Verbal Fluency #correct -0.10 .28 

Hanson 2014 25 25 70.36 38 - 99 MA Black/White Stroop #correct -0.86 .29 

Hanson 2014 25 25 70.36 38 - 99 MA Truck Loading #correct trials 0.10 .28 

Hanson 2014 25 25 70.36 38 - 99 MA Tower of Hanoi highest level achieved -0.28 .28 

Jahromi 2013 20 20 58.95  
MA, G & 

EL 
BRIEF: ISCI total subscale -1.06 .33 

Jahromi 2013 20 20 58.95  
MA, G & 

EL 
Day/Night Stroop proportion correct -0.34 .31 

Jahromi 2019 18 20 57.61 40 - 77 
MA, G, RL 

& EL 
DoG latency -0.63 .33 

Jahromi 2019 18 20 57.61 40 - 77 
MA, G, RL 

& EL 
Luria's Hand Game #correct conflict -0.89 .33 

Jahromi 2019 18 20 57.61 40 - 77 
MA, G, RL 

& EL 
Day/Night Stroop proportion correct -0.29 .32 

Jones 2013 36 22 75.10 68–93 CA DNMS %correct  -1.08 .29 

Kimhi 2014 29 29 59.45  
CA, G, 

VMA & IQ 
FIST #post-shift errors -0.62 .27 
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Kimhi 2014 29 29 59.45  
CA, G, 

VMA & IQ 
Tower of London efficiency score -0.53 .26 

Lam 2012 12 12 73.37  
CA, G, 

NVIQ, VIQ 
WCST categories completed 0.06 .39 

McEvoy 1993 17 16 60.65 40 - 80 MA A not B #correct -0.46 .34 

McEvoy 1993 17 16 60.65 40 - 80 MA A not B + delay #correct 0.02 .34 

McEvoy 1993 12 12 60.65 40 - 80 MA Alternation task #perseverations  -0.52 .40 

McEvoy 1993 13 12 60.65 40 - 80 MA Spatial reversal #perseverations -0.78 .40 

Meir 2020 28 58 81.50 54 - 110 CA & IQ BKWD longest string -0.63 .23 

Memisevic 2021 32 32 65.30  CA BRIEF-P - Inhibition total subscale -3.76 .41 

Memisevic 2021 32 32 65.30  CA BRIEF-P - Plan total subscale -3.45 .39 

Memisevic 2021 32 32 65.30  CA BRIEF-P - Shift total subscale -2.88 .35 

Memisevic 2021 32 32 65.30  CA BRIEF-P - WM total subscale -4.27 .45 

Ostfeld-Etzion 2016 40 40 63.40 36 - 82 MA DoG %fail -0.52 .23 

Pastor-Cerezuela 2016 47 53 80.06 60 - 96 CA & IQ Verbal Fluency #correct -0.83 .21 

Pastor-Cerezuela 2020 40 40 81.20 60 - 96 
CA & 

NVIQ 
Verbal Fluency #correct -1.37 .25 

Pastor-Cerezuela 2020 40 40 81.20 60 - 96 CA & IQ Labyrinths #errors -0.77 .23 

Pastor-Cerezuela 2020 40 40 81.20 60 - 96 CA & IQ Nepsy Auditory Attention #errors -0.55 .23 

Pastor-Cerezuela 2020 40 40 81.20 60 - 96 
CA & 

NVIQ 
Numbers Stroop reaction time -0.97 .23 
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Pellicano 2007 30 40 67.15 49 - 88 
CA & IQ 

&G 
Luria's Hand Game #correct  -0.54 .24 

Pellicano 2007 30 40 67.15 49 - 88 
CA & IQ 

&G 
Mazes raw score -0.21 .24 

Pellicano 2007 30 40 67.15 49 - 88 
CA & IQ 

&G 
Teddy Bear Card Sort #trials to criterion -0.73 .25 

Pellicano 2007 30 40 67.15 49 - 88 
CA & IQ 

&G 
Tower of London #solved in min moves -0.86 .25 

Pellicano 2010 37 31 67.92 49 - 88 CA & IQ Teddy Bear Card Sort error proportion  -1.10 .26 

Pellicano 2010 36 36 67.92 49 - 88 CA & IQ Tower of London #solved in min moves -1.52 .27 

Pellicano 2017 30 30 53.26 36 - 72 CA & IQ Backwards Corsi Span #correct trials -1.68 .30 

Pellicano 2017 29 29 53.26 36 - 72 CA & IQ DCCS #correct post-switch -1.36 .29 

Pellicano 2017 30 30 53.26 36 - 72 CA & IQ Less is More #optimal selections -0.93 .27 

Precenzano 2017 8 15 37.12 
32.4 - 

42.02 
CA BRIEF-P - Inhibition total subscale -1.90 .51 

Precenzano 2017 8 15 37.12 
32.4 - 

42.02 
CA BRIEF-P - Plan total subscale -1.00 .45 

Precenzano 2017 8 15 37.12 
32.4 - 

42.02 
CA BRIEF-P - Shift total subscale -1.60 .48 

Precenzano 2017 8 15 37.12 
32.4 - 

42.02 
CA BRIEF-P - WM total subscale -1.40 .47 

Rutherford 2003 28 26 33.93 26 - 41 MA Spatial reversal #correct – error 0.43 .27 

Schindler 2018 17 25 71.09 48 - 84 CA & IQ Shape School - complex #correct -0.29 .31 
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Schindler 2018 17 25 71.09 48 - 84 CA & IQ Shape School - Inhibit #correct -0.32 .31 

Schindler 2018 17 25 71.09 48 - 84 CA & IQ Shape School - Switch #correct -0.64 .32 

Smith 2019 29 30 27.39 19 - 37 CA Card Sort %hit rate 0.28 .26 

Tan 2018 13 25 72.96  CA DCCS #post-shift correct -0.57 .34 

Tan 2018 13 25 72.96  CA FIST %correct -1.36 .37 

Tan 2018 13 25 72.96  CA 
Day/Night + Happy/Sad 

Stroop 
reaction time -1.49 .38 

Valeri 2020 27 27 61.63 49 - 71 
CA & 

NVIQ 
Card Sort #post-shift correct -0.67 .28 

Valeri 2020 27 27 61.63 49 - 71 
CA & 

NVIQ 
Pattern Making Test #correct -0.37 .27 

Valeri 2020 27 27 61.63 49 - 71 
CA & 

NVIQ 
Day/Night Stroop #correct -0.69 .28 

Valeri 2020 27 27 61.63 49 - 71 
CA & 

NVIQ 
Spin the pots efficiency score -0.23 .27 

Wang 2022 24 24 55.60 36 - 72 CA Day/Night Stroop+ #correct -1.48 .32 

Yerys 2006 19 20 80.04 60 - 91 VMA DCCS #pass 0.03 .31 

Yerys 2006 19 20 80.04 60 - 91 VMA FIST proportion correct -1.65 .37 

Yerys 2007 16 15 34.80 26 - 41 MA A not B #post-shift errors -0.01 .35 

Yerys 2007 16 15 34.80 26 - 41 MA Spatial reversal #correct 0.08 .35 

Yerys 2007 17 18 34.80 26 - 41 CA Spatial reversal #correct -0.42 .33 

Yerys 2007 17 16 34.80 26 - 41 MA Windows #pass 0.03 .34 
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Yerys 2007 16 16 34.80 26 - 41 CA Windows #pass -0.48 .35 

Yi 2012 18 31 79.32 45 - 115 VMA DCCS #post-shift correct -0.69 .30 

Yi 2013 18 18 80.21 48 - 101 VMA DCCS #post-shift correct -0.13 .33 

Yi 2013 18 25 80.21 48 - 101 CA DCCS #post-shift correct -1.34 .34 

Zacharov 2021 9 9 57.44 40 - 68 NVMA DCCS %pass 0.00 .45 

Zacharov 2021 9 9 57.44 40 - 69 NVMA Reverse Categorisation %pass 0.00 .45 

Zhao 2019 51 47 63.00 36 - 89 NVIQ DCCS #correct -0.56 .20 

Note: AUT = autism; NT = neurotypical; CA = chronological age; EL = expressive language; G = gender; IQ = intelligence quotient; MA = 

mental age; NVIQ = non-verbal IQ; NVMA = non-verbal mental age; RL = receptive language; VA = verbal ability; VMA = verbal mental age; 

BKWD = backwards digit span; BRIEF = Behavioural Rating Inventory of Executive Function  (Gioia et al., 2000); BRIEF-P = Behavioural 

Rating Inventory of Executive Function - Preschool version (Gioia et al., 2003); WM = Working Memory scale; ISCI = The Inhibitory Self-

Control Index; DCCS = Dimensional Change Card Sort task; DNMS = delayed nonmatch-to-sample task; DoG = delay of gratification task; 

FIST = Flexible Item Selection Task; WCST = Wisconsin Card Sorting Test
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Figure 2 

Forest plot of difference between autistic and neurotypical  preschool-aged children on 

measures of inhibition 
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Figure 3 

Forest plot of difference between autistic and neurotypical  preschool-aged children on 

measures of cognitive flexibility 

. 
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Figure 4 

Forest plot of difference between autistic and neurotypical  preschool-aged children on 

measures of working memory 

Figure 5 

Forest plot of difference between autistic and neurotypical preschool-aged children on 

measures of verbal fluency 
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Figure 6 

Forest plot of difference between autistic and neurotypical  preschool-aged children on 

measures of complex EF 

 

4.3 The impact of influential studies 

The result of a “leave-one-out” analysis is presented in the Baujat plot (Baujat, et al., 

2002) in Figure 7. On visual inspection of the forest and Baujat diagnostic plots, a clear 

outlier which may be disproportionately influential can be identified. Therefore, the weighted 

mean effect size was recalculated excluding this outlier. The effect of EF reduced by 8.97% 

but remained robust, g = -0.71, 95% CI [ -.55, -.87], z = -8.89, p <.001, I2 = 77.48%. 
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Figure 7  

Baujat diagnostic plot of sources of heterogeneity. The vertical axis reports the influence of 

the study on the overall effect and the horizontal axis reports the discrepancy of the study with 

the rest of the literature. Studies with high values on both the x and y-axis (shaded) can be 

considered influential 

 

4.4 Publication bias  

The funnel plot of Hedges’ g is presented in Figure 8. Egger’s (1997) regression test 

was significant (Egger’s intercept = 0.35, p = .04) and there appeared to be a relative dearth of 

studies with small sample sizes reporting non-significant results, which may suggest that 

publication bias could be leading to an overestimation of the true effect. However, a trim-and-

fill analysis did not result in the imputation of any studies. Rosenthal’s (1984) “file drawer” 
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statistic revealed that 5,962 papers with null findings would be required to decrease the 

significance of the pooled effect to the just-significant level (p =.05). This exceeded the 

critical value (i.e., 5k+10) of 220 as recommended by Rosenthal (1984) and indicated that the 

meta-analytic results were robust to the threat of publication bias (Rosenberg, 2005). 

Figure 8 

Funnel plot of the Hedges’ g. The 95% confidence interval of the expected distribution of 

Hedges’ g is shown as an inverted “funnel” 

 

4.5 Are differences in EF general or specific? 

EF domain did not significantly moderate the outcome, Q4 = 1.47, p = .83 and the 

analysis revealed comparable, moderate effect estimates for each EF domain (see Figure 9), 

suggesting that EF differences between the autistic and neurotypical groups were general 

rather than limited to a specific theoretical EF domain.  
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Figure 9 

Subgroup analysis by EF domain. N.B size of data points do not reflect weighted pooled effect 

sizes 

 

Are effect sizes consistent across different tasks? 

Where an equivalent direct measure was used to assess EF by five or more papers, a 

moderator analysis was conducted to evaluate whether tasks produced similar effect sizes. 

Due to the wide range of tasks used across the 43 papers, the only tasks which yielded 

sufficient data were the DCSS (k = 12), Spatial reversal (k = 9), A not B (k = 5), and 

Day/Night Stroop (k = 7). Task type did not significantly moderate the outcome, Q3 = 3.53, p 

= .32 and the results of the analysis are presented in Table 5. Comparable effect sizes were 

obtained for DCCS, spatial reversal and Day/Night stroop-like task, suggesting that these 

provided similar estimates of EF in autistic preschoolers. No effect of EF was found on A not 

B tasks, and the performance of autistic preschoolers was comparable to neurotypical peers. 

Additionally, the type of inhibition task used (delay [k = 6] vs. conflict [k = 25]) did not 

significantly moderate the effect of EF, Q1 = .86, p = .35, although differences in EF were 

more pronounced in delay paradigms (g = -.92) than conflict (g = -.70). 
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Table 5 

The effect of EF by task 

    95% CI 

Task g z p LL UL 

A-not-B -.17 -0.71 .48 .30 -.64 

Day/Night -.55 -2.83 < .01 -.17 -.93 

DCCS -.67 -4.43 < .001 -.37 -.96 

Spatial Reversal -.55 -2.82 < .01 -.17 -.93 

 Note: CI = Confidence Interval; LL = lower limit; UL = upper limit; DCCS = Dimensional 

Change Card Sort task 

Is the effect of EF moderated by the measurement approach? 

As can be seen through visual inspection of the forest plot (Figures 2 – 6), indirect 

informant-based measures (k = 14) consistently produced large effect sizes when compared to 

direct measures (k = 108). This difference was explored in a subgroup analysis which 

revealed that measurement type significantly moderated the effect of EF, Q1 = 24.58 , p < 

.001, with informant-based measures generating a much larger weighted mean and 95% 

confidence interval (Hedges’ g = 1.48, 95% CI [-1.14, -1.81], I2 = 84.78%), which did not 

overlap with the overall effect recorded for direct measures (Hedges’ g = .62, 95% CI [-.48, -

.77], I2 = 70.27%).  

4.6 Moderator analyses 

Methodological factors 

The results of moderation analyses evaluating other methodological factors are 

presented in Table 6. The primary studies all used a matched sample of autistic and 

neurotypical children. However, individual studies matched groups on either chronological 

age, ability, or a combination of both. The subgroup analysis of matching strategy revealed 
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that the smallest effects were recorded by studies which used mental-age-matching, whereas 

the largest differences between autistic and neurotypical groups were reported when children 

were matched on chronological age. The moderated model was a better fit for the data than a 

three-level model that did not contain a matching method as a moderator (Log-likelihood-

ratio = 13.04; p < .001).  

A meta-regression revealed that the total quality index score did not account for the 

variation in effect sizes, Q1 = 24.58 , p = .30. However, a further subgroup analysis was run 

for each of the quality criteria. When studies matched groups on estimated verbal or non-

verbal ability, the effect was reduced yet remained significant. More pronounced differences 

in EF were observed on measures reported by papers which did not use an established 

diagnostic measure to validate the diagnostic status of autistic participants. No other index of 

study quality moderated the effect of EF. A further moderator analysis explored publication 

status of the included primary studies. The resulting omnibus test was significant, indicating 

that the overall effect was moderated by publication status. A significantly lower effect size 

estimate was observed for published papers compared to unpublished studies. 
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Table 6 

The impact of study design factors on the weighted standardised mean EF difference between 

autistic and neurotypical preschoolers 

Moderator Subgroup k g 
95% CI 

[LL , UL] 
p QM p 

Matching 

Strategy 
     18.54 < .001 

 Ability 46 -0.45 [-.25 , -.67] < .001   

 
Age & 

Ability 
33 -0.70 [-.47 , -.93] < .001   

 Age 43 -1.12 [-.88 , -1.36] < .001   

Diagnosis 

Risk 
     7.86 .005 

 Low risk 72 -0.57 [-.40 , -.74]    

 Any risk 50 -1.00 [-.74 , -1.24]    

Ability Risk      4.00 .04 

 Low risk 97 -0.64 [-.47 , -.80]    

 Any risk 25 -1.01 [-.68 , -1.33]    

Publication 

Status 
     17.45 < .001 

 Unpublished 33 -1.25 [-.92 , -1.57] < .001   

 Published 89 -0.60 [-0.45 , -0.75] < .001   

Note: CI = confidence interval; LL = lower limit; UL = upper limit  
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Participant Characteristics 

The results of moderation analyses evaluating participant variables are presented in Table 7. 

A stratified approach was used to separate the reported differences into two age categories: 

autistic children younger than 52 months and older than 52 months. This threshold was 

chosen to mirror the age split adopted in some of the included papers (Bonli, 2005; Garon et 

al., 2018) and resulted in a reasonably even number of effects for ‘younger’ and ‘older’ 

preschoolers. Papers which did not specify the included age range of participants, and those 

which included an age range which spanned these categories were not included in this 

moderator analysis. The resulting omnibus test was significant, indicating that the overall 

effect was moderated by age group, and the effect of EF was reduced for autistic participants 

younger than 52 but remained significant. 

Studies differed in their measurement of ability, with some reporting mental-age 

equivalent estimates and others reporting standardised intelligence quotient (IQ) scores. 

Therefore, two separate meta-regressions were run to evaluate whether indices of ability 

moderated the effect of EF, and if there was a residual effect of EF once this was accounted 

for. Studies which did not measure or report outcome data for ability measures were excluded 

from these analyses. The mean estimated IQ score of autistic participants did not account for 

any of the heterogeneity in effect sizes (k = 77, Q1 = .08 , p = .78), and there were residual EF 

differences after controlling for ability. Conversely, the mean mental-age estimates of autistic 

participants did significantly moderate EF effects and an increase in mental age was 

associated with an increase in effect size. The moderator, standard error, and confidence 

interval for the mental-age meta-regression model is presented in Table 7. 
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1.5 Discussion 

To the author’s knowledge, this was the first meta-analysis to evaluate EF differences 

exclusively in preschool-aged autistic children, extending the findings from previous meta-

analyses which have excluded experimental paradigms (Lai et al., 2017) and autistic 

participants under the age of six (Demetriou et al., 2018). The meta-analysis synthesised the 

findings of 43 papers reporting on the performance of preschool-aged autistic children and 

neurotypical comparisons on a range of direct tasks and questionnaire measures designed to 

assess theorised components of executive function. 

5.1 EF in autistic preschoolers 

The overall findings showed a consistent moderate effect, indicating comparatively 

reduced EF abilities in autistic preschoolers when compared with neurotypical peers. The 

effect was not domain-specific, but instead moderate effect sizes were observed irrespective 

of the domain of EF measured. This finding does not support theories of a profile of reduced 

and spared EF domains which are unique to autism (Hill, 2004), but instead mirror the broad 

EF differences reported between school-aged children and adults with and without autism 

(Demetriou et al., 2018). Rosenthal’s (1984) “file drawer” statistic far exceeded the calculated 

critical value, indicating that the meta-analytic results were robust to the threat of publication 

bias. While certain study and child characteristics such as matching criteria were shown to 

moderate the effect of EF, all adjusted effect sizes remained significant demonstrating a 

residual EF difference even after controlling for these variables. Overall, the findings 

indicated that there were true EF differences between autistic preschoolers and neurotypical 

peers on EF measures, which could not be explained by differences in group composition or 

general cognitive or verbal ability. Taken together with Demetriou and colleagues’ (2018) 

findings, the observed effect sizes suggest that EF differences may be present in early 
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childhood and persist into adulthood. Given the predictive value of EF for education and 

adaptive outcomes (e.g., Pellicano et al., 2017), intervening to support the development of 

early EF in autistic preschoolers should be a priority. 

5.2 Comparison of direct measures of EF 

There was a high degree of heterogeneity in the standardised mean differences of EF. 

This was anticipated, in part, given the wide range of measures used to assess EF in the 

available literature. While all papers reporting informant-based mean differences used a 

version of the Behavioural Rating Inventory of Executive Function (BRIEF: Gioia et al., 

2000; BRIEF-P: Gioia et al., 2003), there were 49 different direct EF measures reported 

across the studies. Analyses evaluating the consistency between direct measures were limited 

by the relatively low number of papers using equivalent tasks. However, comparable effect 

sizes were found between DCCS (Zelazo, 2006), Spatial Reversal (Kaufmann et al., 1989) 

and a Stroop-like (Day/Night: Gerstad et al., 1994) tasks, which all provided similar estimates 

of EF differences in autistic preschoolers. Spatial reversal and DCCS tasks are both designed 

to measure set-shifting abilities, whereas Stroop-like tasks are thought to assess more 

complex inhibition skills (Garon et al., 2008). The strikingly similar effect sizes produced by 

these tasks could be accounted for by domain-general reductions in EF in young autistic 

children or could indicate that these tasks recruit the same specific cognitive processes, such 

as working memory and conflict inhibition. No significant effect was found across A not B 

tasks (Griffith et al., 1999), where the performance of autistic preschoolers was more 

comparable to neurotypical peers. It is possible that this task, which is deemed an appropriate 

measure of response-shifting abilities in children from around six months of age (Garon et al., 

2008), was too easy for recruited autistic children whose ages ranged from 34 to 60 months. 

No significant differences were found between delay and conflict-type inhibition tasks, 

indicating that young autistic children had less capacity to both withhold a prepotent response 
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and to preferentially respond to target stimuli while ignoring distractors. This replicated the 

findings of prior meta-analytic work investigating inhibitory control in autism, which reported 

similar effect sizes between response inhibition and conflict tasks (Tonizzi et al., 2021). 

However, there were significantly fewer measures of response inhibition reported in 

comparison to conflict tasks, which limits the interpretability of this finding in the present 

analysis.  

5.3 Study Characteristics 

Moderator analyses revealed four aspects of study design which influenced the 

magnitude of the EF effect. First, the largest effect sizes came from studies using informant-

based measures of EF (Hedges’ g = 1.48, 95% CI [-1.14, -1.81]), a more moderate pooled 

effect size was found for direct measures (Hedges’ g = .62, 95% CI [-.48, -.77]). These 

findings echo the effect sizes according to measure type reported by Demetriou and 

colleagues (2018) in older autistic children and adults. There are several potential 

explanations for this common finding. For example, caregivers might not always interpret 

questionnaire items in the same way as other informants and there is the potential for their 

estimates to be influenced by the emotional valence of the target behaviours (Denckla, 2002). 

This appears to be supported by research which has demonstrated low inter-rater reliability 

between parent and teacher ratings on the BRIEF-P (Gioia et al., 2003), with parents 

endorsing higher rates of difficulties in their children (Schneider et al., 2020). However, the 

different yet consistent effect sizes generated by direct and informant-based measures suggest 

that both may capture valid yet conceptually distinct information pertaining to self-control 

(Friedman & Gustavson, 2022). While direct measures might measure a child’s potential EF 

capabilities in a scaffolded task (Toplak et al., 2013), it is reasonable to suppose that these 

abilities might be differentially taxed by real-world settings where responses in unfamiliar 

circumstances are not always guided by goal rehearsal and corrective feedback. This 
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interpretation could also account for some of the reported differences between teacher and 

parent ratings on EF scales (Schneider et al., 2020). Whereas teachers observe a child’s 

behaviour in school, a setting likely structured by predictable routines and age-appropriate 

tasks, parents see their children across settings which may vary in predictability and, 

therefore, challenge EF to differing degrees. Informant-based measures also reflect behaviour 

over several days, whereas direct measures offer a snapshot of performance on a given day 

(Friedman & Gustavson, 2022). It follows then that current direct EF measures may be too far 

removed from the real-world settings and, therefore, have less utility in predicting everyday 

EF abilities. Kenny and colleagues (2022) proposed that this could be addressed through 

designing carefully controlled measures which are more representative of real-world EF 

problems and comparing these with commonly-used direct measures. Importantly, despite the 

possible advantages and limitations to each assessment type, the present analysis has 

demonstrated that both measures do capture significant EF differences between autistic 

preschoolers and neurotypical peers. 

Second, the matching strategies used by papers significantly moderated the effect of 

EF. The differences between autistic and neurotypical children were more pronounced when 

groups were matched on chronological age, without also accounting for differences in general 

ability. However, even when papers matched children based on mental-age alone, the 

difference in EF was reduced yet remained significant. This is a key finding as performance 

on EF measures, particularly those which assess working memory, are often highly correlated 

with both verbal and nonverbal ability (Friedman et al., 2006; Karbach & Kray, 2007). A 

residual significant effect in cohorts matched on ability strongly suggests that the reduced EF 

abilities recorded in autistic preschoolers cannot solely be accounted for by more general 

delays or differences in cognitive ability. However, an important limitation to this finding was 

that papers matched based on a range of different indices of ability, including receptive 
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language, non-verbal and verbal ability, and each of these may be differentially associated 

with EF across different measures. For example, verbal ability will likely account for more 

variation in fluency tasks than non-verbal ability. 

Third, more conservative effect sizes between young autistic and neurotypical children 

were observed in papers which used established diagnostic measures to validate clinical 

diagnoses. One interpretation of this result is that this indicator of experimental quality 

translates into more rigorously defined and homogenous participant groups, thereby 

increasing the internal validity of these studies. However, these papers also differed 

systematically in their EF measurement and group matching strategies, with only one paper 

using an informant-based measure, and the majority matching autistic and neurotypical 

groups on a measure of ability. Therefore, correlations with these other moderators might 

account for the reduced effect of EF observed across these papers. It is worth noting here that 

although the study criteria allowed for the inclusion of participants with ‘highly-suspected’ 

autism, only one of the included papers assessed high-risk toddlers, and only data for the 

group whose diagnosis was later confirmed were extracted. 

Finally, it was initially surprising that a larger effect of EF was found for unpublished 

studies, rather than published studies. A common finding across empirical research fields, is 

that studies reporting significant results are more likely to be published than those with null 

findings (e.g., Song et al., 2000). However, on closer inspection this finding may again be 

accounted for by differences in other study characteristics between published and unpublished 

papers. Most of the unpublished papers reported mean differences between chronologically-

age-matched participants, and half utilised an informant-based measure of EF. Therefore, 

measurement type and matching approach appear to account for a large portion of the 

observed heterogeneity attributable to study design. 
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5.4 Child characteristics 

Interestingly, estimated IQ was not found to be a significant predictor of EF effect. 

However, this might be due to correlations with other moderating variables such as matching 

strategy. Many papers reporting standardised indices of ability also matched autistic and 

neurotypical groups on this basis, thereby controlling for the potential effect of general ability. 

Furthermore, the limited range in reported mean IQ scores could account for this result. Very 

few studies recruited autistic children with relatively lower intellectual abilities (IQ < 70), and 

only one paper reported a mean IQ estimate over one standard deviation above the normative 

average. Thus, the findings tell us little about EF in preschool-aged autistic children with a co-

occurring intellectual disability (ID). Despite ID co-occurring in approximately 50% of the 

global autistic population (Loomes et al., 2017), autistic children with ID are often excluded 

from the EF literature to isolate EF from more general differences in cognitive ability (Hill, 

2004). However, these children are arguably at an increased risk of the negative outcomes 

associated with poorer EF.  For example, previous research has identified reduced EF as a 

putative risk marker for self-injurious behaviour in autistic children with ID (Richards et al., 

2017). Therefore, future studies should seek to address the underrepresentation of these 

children in the literature on autism and EF.  

Moderator analyses using the mean of participant-level variables are limited in their 

interpretability, therefore, the effect of age was explored through a stratified subgroup 

analysis. Interestingly, although the effect of EF remained significant for both younger and 

older preschoolers, the effect was larger for autistic children older than 52 months. This could 

suggest diverging developmental trajectories for autistic and neurotypical preschoolers. While 

consistent EF differences are apparent in autistic children aged four and younger, these 

comparative differences may be more amplified in older preschoolers due to the rapid 

development of EF that occurs during the early childhood in neurotypical children (e.g., 
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Doebel & Zelazo, 2015). Further research is required with autistic children aged two to three 

to explore this interpretation, as only a small minority of papers included participants in this 

age group.  A meta-regression conducted with the mean estimated mental-age equivalents 

where available, captured a similar effect whereby mental age and EF effect sizes varied 

commensurately. Age and mental-age were strongly related in the studies, with the younger 

preschoolers (< 52 months) accounting for the lowest mental-age estimates. 

Overall, while it is difficult to assess the unique contribution of each moderating 

variable due to the observed interactions between these, the moderator analyses have 

accounted for some of the heterogeneity in the effect of EF. The findings suggest that the 

smallest effect sizes will be observed in studies investigating EF through direct measures, in 

ability-matched groups comprising very young participants. Conversely, studies gathering 

questionnaire EF data in age-matched groups of older preschoolers will likely generate large 

effect sizes.  

5.5 Clinical implications 

Irrespective of the theoretical implications, these results have important clinical 

implications. The results revealed that cohorts of young autistic children demonstrate poorer 

EF skills on average than their neurotypical peers. While there are likely to be individual 

differences in EF masked by meta-analytic techniques (Geurts et al., 2014), emerging EF and 

has been shown to predict several functional outcomes, including social cognition, school 

readiness and adaptive behaviour (Devine & Hughes, 2014; Kenny et al., 2019; Pellicano et 

al., 2017). Early childhood is, therefore, a critical period in which to identify children at-risk 

of the suboptimal outcomes associated with reduced EF abilities. Routinely measuring EF in 

preschool-aged autistic children would help clinicians develop proactive care plans. Research 

teams have begun to evaluate interventions which target EF, either through direct training 

(e.g., Kenworthy et al., 2014) or indirectly, for example, through physical activity (e.g., Tse et 



 48 

al., 2019). Although the evidence for the efficacy of these interventions is limited, randomised 

controlled trials have demonstrated the feasibility and potential of EF interventions for autistic 

children (Faja et al., 2022), even over and above well-established social skills interventions 

(Kenworthy et al., 2014). 

Furthermore, EF differences are not unique to autism. Other neurodevelopmental 

conditions such as attention deficit/hyperactivity disorder (ADHD) are also associated with 

reduced EF abilities (Barkley, 2012). Reduced EF is also increasingly recognised as a 

transdiagnostic marker of mental health difficulties (McTeague et al., 2016). Therefore, 

individual differences in EF within neurodevelopmental groups might usefully explain 

variation in different functional outcomes. When assessing EF in young children in clinical 

and research settings, using a combination of measurement techniques is likely to yield both 

distinct and supplementary information about the individual's EF capabilities. While direct 

measures have been demonstrated to have superior predictive validity regarding academic 

attainment (Soto et al., 2020), questionnaire measures, which can be completed by a range of 

informants, offer additional insight into how reduced EF might manifest differently in real-

world contexts (Benallie et al., 2021). Therefore, both will provide valuable data for care and 

education planning.  

5.6 Limitations 

The results should be interpreted with the following limitations in mind. A key issue 

that arose was the vast range of direct tasks used. In total, 51 different measures of EF 

generated the 126 effect sizes synthesised in this analysis. The DCCS (Zelazo, 2006) was the 

most frequently used task, despite only accounting for twelve of the included effect sizes. 

While this highlights the advances in age-appropriate task development (Garon et al., 2008), it 

poses difficulties for meta-analytic approaches. One suggestion for future research efforts is to 

reach a consensus regarding the most appropriate tasks for autistic preschoolers. The 
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development of open-source, standardised EF batteries with appropriately scaled tasks might 

pave the way to more consistency in the assessment of EF (e.g., Kenny et al., 2022; Zanini et 

al., 2021). Additionally, the uptake of such tools could result in a large and diverse data set 

over time. Where equivalent EF tasks were used, papers varied in the performance variables 

they reported. For example, while some papers reported the mean total of correct responses, 

others reported commission errors or reaction times. Although all these variables are valid 

performance indices from which meaningful standardised mean differences can be calculated, 

this is a potential source of heterogeneity in effect sizes. Future research should evaluate the 

sensitivity of each of these variables in comparisons between autistic and neurotypical 

children, to inform investigators about which dependent variables to report as standard. A 

further caveat for the finding of a broad EF difference in the present analysis, is that only 15 

of the 43 studies included tests of three or more EF domains, whereas others reported a single 

measure, or multiple measures assessing the same domain. Therefore, comparisons between 

theorised domains are largely between studies, which are known to inflate the standard errors 

(Moses, 2001). 

The meta-analysis also afforded an opportunity to evaluate and compare the research 

methodologies of studies investigating EF in preschool-aged autistic children. Although 

studies which screened neurotypical participants for autistic characteristics did not report 

significantly different EF effects, this reduced the scores on quality criteria for most papers, 

reducing the internal and external validity of these studies. None of the studies achieved a 

power of 80% owing to relatively small samples of autistic children, which might account for 

some of the ‘non-significant’ effects reported. Where batteries of EF were used, many 

investigators did not report or appraise the internal consistency of these. For the field to reach 

a consensus regarding the most appropriate measures to use in this population of children, it is 

essential that the psychometric properties of unstandardised batteries are reported. A further 
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concern was that it was not always made explicit by investigators whether a whole sample or 

a proportion of the sample had been reported previously.  

The lowest overall quality scores were recorded for papers reporting informant-based 

measures only. These studies were less likely to have validated the respective autistic and 

neurotypical groups using established screening tools, or to have included a measure of 

general ability to control for this potential confound. It was surprising that while most studies 

reported administering a diagnostic or screening tool to validate children’s clinical diagnoses 

of an autism spectrum condition, very few provided the subscale or overall scores for these 

measures. Instead, many papers commented only on whether their autistic sample had scored 

above a recommended threshold. Consequently, due to insufficient data, the relationship 

between EF effect and the degree of reported autism characteristics could not be evaluated as 

a potential source of heterogeneity. Additionally, very few papers screened samples for 

ADHD, a neurodevelopmental condition which is also associated with reduced EF abilities 

and shown to co-occur at a high rate in autistic individuals (Hartman et al., 2016). However, 

prior meta-analyses have reported comparable EF effects for autistic children with and 

without ADHD (Lai et al., 2017). These are areas which could be improved upon in future 

exploratory research. 

5.7 Summary and Conclusions 

The results of the meta-analysis have demonstrated reduced EF abilities in autistic 

preschoolers when compared with neurotypical peers. Predictions of a differential profile of 

executive dysfunction based on subdomain performance were not supported and moderate 

effect sizes were observed across all EF domains. Subgroup and meta-regression analyses 

revealed more pronounced effect sizes for ‘older’ preschoolers, those matched on 

chronological age without accounting for more general cognitive ability, and for informant-

based measures of EF. The pooled weighted effect sizes for both direct and informant-based 
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EF measures were consistent with those from previous reviews (Demetriou et al., 2018; Lai et 

al., 2017). While the limited data available for autistic children under the age of three makes it 

difficult to draw conclusions regarding the primacy of EF differences, the findings support the 

claim that EF plays a part in the developmental trajectory of autism. Prospective longitudinal 

and EF intervention studies are best placed to further elucidate the putative role of EF. 

Irrespective of whether differential EF abilities underpin autism phenomenology, the findings 

indicate that preschool-aged autistic children are at greater risk of the poorer functional 

outcomes associated with reduced EF abilities than neurotypical peers, which has important 

clinical implications. 
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Chapter 2 Empirical Paper: Executive Function and Self-Injurious Behaviour in 

Autistic Children with a Co-occurring Intellectual Disability 

 

2.1 Abstract 

 

Background: Self-injurious behaviours (SIB) occur at a high rate in autistic6 children with a 

co-occurring intellectual disability (ID). Delineating the individual characteristics which 

contribute to the observed differences in SIB emergence and outcomes will extend the operant 

model and inform proactive intervention strategies. The present study extended prior work, 

which has identified a role for reduced behavioural inhibition, through the direct measurement 

of executive function (EF) abilities in this population. 

Method: A developmentally-appropriate EF battery was administered remotely to 60 autistic 

children with ID (mean age = 10.22, range 5-15, 70% SIB, 14 girls). Questionnaire data on 

SIB, EF, and adaptive behaviour were collected. Analyses evaluated the relationship between 

the EF outcome measures and SIB, as well as the unique contribution of EF to the presence 

and severity of SIB. 

Results: SIB was moderately associated with a direct measure of updating and inhibition (r = -

.28, p < .05), and caregiver-rated impulsivity (r = .41, p = .001) and overactivity (r = .33, p < 

.05). Impulsivity and overactivity were significant unique predictors of SIB (p < .05), over 

and above general cognitive ability. In an age-and-ability matched subset, children who 

displayed SIB were rated as significantly more impulsive on average than those who did not 

(g = .78). 

 
6 The term autistic, rather than persons with autism, is used throughout to reflect the 

preferences for identity-first rather than person-first language, reported by a large sample of 

autistic individuals in the UK (Kenny et al., 2016). 
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Conclusions: The results replicated previous findings of a robust relationship between 

caregiver-rated impulsivity and SIB. While no direct measure of EF significantly predicted 

SIB in this small pilot sample, the direction and magnitude of effects offer tentative support 

for a role of behavioural inhibition in the developmental course of SIB. Overall, the study 

supports the feasibility of remote EF assessment in this under-represented group.  
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2.2 Background 

 

Self-injurious behaviours (SIB), such as head banging and biting, occur at high rates 

in autistic7 children and constitute a significant clinical concern (Steenfeldt-Kristensen et al., 

2020). The presence and severity of co-occurring intellectual disability (ID) increases the 

likelihood of SIB, and as many as one in two autistic children with ID will display SIB 

(Richards et al., 2012). The negative impact of SIB extends beyond physical injury, to poor 

psychosocial outcomes for individuals (Minshawi et al., 2014) and high levels of caregiver 

stress (Lecavalier, et al., 2006). While traditional behavioural models are used to understand 

the maintenance and escalation of self-injury, they are unable to account fully for the 

differences in SIB emergence and outcomes within and across neurodevelopmental 

conditions. Recent research efforts have aimed to extend the dominant operant model by 

delineating individual characteristics associated with SIB in at-risk populations (Oliver & 

Richards, 2015). The identification of robust behavioural risk factors could reveal causal 

mechanisms which explain the observed individual differences in prevalence, severity and 

persistence of SIB. In turn this could improve clinical outcomes through the development of 

proactive intervention strategies targeting causal mechanisms in at-risk children before SIB 

becomes established in a child’s behavioural repertoire. One promising finding is an 

association between the presence of SIB and caregiver-reported impulsivity and overactivity 

in autistic samples (Laverty et al., 2020; Richards et al., 2012; Richman at al., 2013). 

Increased impulsivity is underpinned by reduced behavioural inhibition (Bari & Robbins, 

2013), a core component of executive function (Diamond, 2013). Therefore, the present study 

 
7 The term autistic, rather than persons with autism, is used throughout to reflect the 

preferences for identity-first rather than person-first language, reported by a large sample of 

autistic individuals in the UK (Kenny et al., 2016). 
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aimed to investigate the putative relationship between both direct and informant-based 

measures of executive function (EF) abilities, and the presence and severity of SIB in autistic 

children with co-occurring ID, to evaluate the value of increased impulsivity as a causal 

mechanism for SIB. 

Unlike forms of self-injury such as cutting or burning seen in older or neurotypical 

populations, SIB describes the repeated and often rhythmic self-directed behaviours observed 

in individuals with ID and other neurodevelopmental conditions (Rojahn et al., 2007). 

Common SIB topographies include “head punching, hitting or banging against hard objects, 

self-biting, hitting other body parts and skin picking/piercing” (Cooper et al., 2009, p. 201). 

While some definitions stipulate an outcome of actual physical harm (e.g., Matson & Turygin, 

2012), SIB is defined here as any self-directed action with the potential to cause harm (Rojahn 

et al., 2007). Although prevalence estimates of SIB in autism vary, high rates ranging from 30 

to 50 percent are well documented (Baghdadli et al., 2003; McClintock et al., 2003; Soke et 

al., 2016) and the presence of a co-occurring ID has been demonstrated to further increase the 

likelihood of SIB (Richards et al., 2012). Commonly emerging in early childhood, once 

manifested SIB can become chronic and has been shown to persist over ten years for a 

significant minority (Laverty et al., 2020). Within wider ID populations, SIB has been 

reported to persist into adulthood for most (Taylor et al., 2011).  

The physical consequences of SIB can range from tissue damage to, in extreme cases, 

death (Nissen & Haveman, 1997). While the definition of SIB adopted here requires only the 

presence of one or more topographies of SIB, the impact of these behaviours in the absence of 

actual physical harm can be nonetheless pervasive and detrimental. The presence of severe 

SIB is associated with increased distress and has been shown to negatively impact on the 

quality of life of both individuals and their caregivers (Rattaz et al., 2015). Alongside other 

behaviours which challenge, SIB is associated with an increased use of psychotropic 
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medications (Matson & Neal, 2009) and restrictive practices, including restraint (Heyvaert et 

al., 2015). Children showing SIB are at higher risk of inpatient admissions (Mandell, 2008), 

placement breakdown (Emerson et al., 2001) and exclusion from local services (Knapp et al., 

2005). As such, understanding the mechanisms underpinning SIB is of critical clinical 

importance. 

SIB in neurodevelopmental and ID populations has predominantly been 

conceptualised as an operant, functional behaviour mediated by environmental or sensory 

contingencies (Emerson, 2012). This is reflected in the NICE guidelines (2015), which 

recommend interventions focussed on managing antecedents, increasing the non-contingent 

availability of reinforcers, and promoting the replacement of risky or unwanted behaviours 

with more adaptive, functionally-equivalent skills. While the efficacy of behavioural 

interventions is well supported (Matson & LoVullo, 2008), there are several limitations to a 

purely operant account of SIB. First, interventions are contingent upon detrimental behaviours 

having already emerged and developed a reinforcement history, placing children and families 

at greater risk of experiencing the associated negative consequences (Richards et al., 2017). 

Second, SIB can be highly treatment resistant, or re-emerge soon after the completion of 

clinical interventions (Kelley et al., 2018). Finally, operant models do not fully account for 

empirical data demonstrating individual differences in the emergence, prevalence, and 

severity of SIB within high-risk populations (Richards et al., 2012).  

Several demographic and personal characteristics have been robustly associated with 

SIB (Oliver & Richards, 2015). Commonly reported risk makers for SIB are younger age 

(Esbensen et al., 2009), a greater degree of ID (Richards et al., 2012), and higher levels of 

autism characteristics (Baghdadli et al., 2003). These demographic risk markers may provide 

a context in which SIB is more likely to be selected and reinforced by the environment, as all 

arguably reduce a child's available behavioural repertoire. However, demographic risk 
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markers are limited in their ability to account for individual differences in SIB presentation in 

children with autism and a co-occurring ID (MacLean et al., 2010).  

The presence of SIB has been associated with significantly higher levels of 

impulsivity and overactivity (Richards et al., 2012). These behavioural traits have been 

consistently identified as correlates and predictors of SIB in autism, such that children who 

are reported as more impulsive or overactive are significantly more likely to engage in SIB at 

a single time point, and to persist in SIB both three and ten years later (Laverty et al., 2020; 

Richards et al., 2017; Richman at al., 2013). Overactivity and impulsivity are considered 

downstream behaviours underpinned by cognitive EF difficulties. Reduced behavioural 

inhibition has been proposed to influence SIB through difficulties withholding prepotent self-

injurious responses to evoking stimuli or antecedents, and/or through a reduced capacity to 

modify or disengage from self-injurious behaviours once reinforcing consequences are 

presented (Sonuga-Barke, 2002). To date, studies investigating the relationship between 

behavioural inhibition and SIB have assessed impulsivity using informant-based measures 

such as The Activity Questionnaire (TAQ; Burbidge et al., 2010). While these measures are 

advantageous in gathering data in large samples, they have several limitations. For example, 

questionnaires may be biased by caregiver recall (Toplak, 2013), and they do not afford the 

separate evaluation of different aspects of response inhibition (withholding a prepotent 

response versus discontinuing behaviour once reinforced).The use of direct measures would 

allow for a more detailed exploration of the EF profiles associated with SIB.  

Despite ID co-occurring in approximately 50% of the global autistic population 

(Loomes et al., 2017), autistic individuals with a co-occurring ID have often been excluded 

from psychological and EF research. A recent meta-analysis estimated that in 301 primary 

papers published in autism-specific journals in 2016, 94% of the autistic participants did not 

have a co-occurring ID (Russell et al., 2019). This lack of representation of the full range of 
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autistic presentations in the EF literature, can be traced back to Hill’s (2004) seminal review. 

The author highlighted a confound of ability in studies seeking to evaluate the contribution of 

EF difficulties to the autistic behavioural phenotype. Consequently, studies increasingly 

recruited only more able participants to control for general ability levels. In papers which 

have assessed EF in a more representative sample of autistic children, predominantly 

informant-based EF measures such as the Behavior Rating Inventory of Executive Function 

(BRIEF: Gioia et al., 2000) have been used (McClain et al., 2022; Tsermentseli, et al., 2018). 

A very limited number of studies have used direct methods of EF measurement in this 

population, and those which have, have acknowledged that the chosen tasks were too complex 

or were confounded by verbal demands (Panerai et al., 2014). Therefore, to explore the 

relative contribution of EF to the presence and severity of SIB in autism, there is a pressing 

need to identify appropriately robust direct assessments of EF that are tailored to the needs of 

autistic children with ID. 

2.1 Aims 

In summary, SIB is highly prevalent in autistic children with a co-occurring ID. SIB 

persists beyond childhood and is associated with negative outcomes for individuals and 

families. Delineating the behavioural characteristics which are reliably associated with SIB is 

an important step in identifying the risk factors driving SIB. The present study investigates 

the role of EF in SIB in this under-researched group with the following aims; (1) to evaluate 

the feasibility of remotely administering a novel battery of direct EF measures in a sample of 

autistic children with a co-occurring ID; (2) to examine the relationships between different 

measures of EF across the sample; (3) to examine the relationship between EF and SIB in the 

full sample, with the hypothesis that the presence and severity of SIB would be associated 

with greater EF difficulties; (4) to examine the independent effect of EF in an age and ability 

matched subsample of participants with and without current SIB, with a hypothesis that 
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children with current SIB would indicate reduced EF skills in comparison to children without 

current SIB. 
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2.3 Methodology 

The present study was nested within a wider programme of research, the Sleep-Impulsivity-

Behaviour study, which was pre-registered on the OSF where the full protocol can be found 

(https://osf.io/k5qpx, DOI: 10.17605/OSF.IO/K5QPX).  

Restrictions due to the COVID-19 pandemic resulted in a significant delay to data 

collection. Consequently, the data gathered from the first 60 children are reported here as a 

pilot analysis. Additionally, social distancing precautions meant that in-person cognitive 

assessments were not possible during the time frame for data collection and the protocol was 

re-designed to be conducted entirely remotely. For clarity, only the procedure and measures 

relevant to the author’s research questions are described here.  

3.1 Recruitment  

Autistic children with co-occurring ID were recruited as part of the wider research 

programme. Eligible children were aged between four and 16 years old, with a diagnosis of 

autism and ID without a known genetic syndrome. Children who lived outside of the UK, fell 

outside of the target age range, did not have a diagnosis of both autism and ID, and those with 

a diagnosed genetic syndrome, were not included in the study. Additionally, each child 

required a parent or caregiver (hereafter caregiver) able to provide informed consent, 

complete questionnaires, and that was willing to administer direct cognitive measures in a 

recorded online session.  

Children were recruited through special education schools and in partnership with 

National Health Service (NHS) trusts. Additionally, caregivers were able to self-select for the 

study by responding to advertisements published on relevant social media pages and digital 

platforms, or to physical advertisements displayed in participating schools or clinical settings 

(see Appendix B for an example advertisement). Following an expression of interest, 
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caregivers were contacted directly by a member of the research team to confirm eligibility, 

provide further information, and answer any questions before written consent was sought.  

3.2 Participants  

A priori power calculations were conducted using G*Power 3.1 (Faul et al., 2009) to 

determine the sample sizes required to detect a medium effect with 80% power. Effect sizes 

for power analyses were drawn from published studies demonstrating differences in 

impulsivity between children with and without SIB (e.g., Licence et al., 2020). The first 

calculation determined that 62 children were required to observe a significant (p < .05) 

medium effect (r = 0.3) in one-tailed Spearman’s correlation tests (research question 2 & 3). 

Next, a sample size of 55 was required to detect a medium effect (Cohen’s f 2 = .15) at the .05 

level of significance in regression analyses evaluating R2 change with up to three predictors 

(research question 3). Finally, for the between-group test (research question 4), the calculation 

determined that 158 children, half of whom engaged in current self-injury, would be required 

to detect a medium effect (d = 0.4) at the .05 level of significance.  

In total, 60 children with autism and co-occurring ID participated in the study. The 

demographic characteristics of the sample are presented in Table 1.   
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Table 1  

Demographic characteristics of sample (N = 60). 

 Developmental Variables M (sd) Range/% 

 Age (years) 10.22 (2.68) 5.71 – 15.40 

 Gender (F/M) 14/46 23% female 

 Monthly SIB / no current SIB 42/18 70% SIB 

 Total SIB score a 5.77 (4.62) 0 – 13 

 SCQ total verbal (N = 39) 26.89 (6.68) 11 – 37 

 SCQ total non-verbal (N = 21) 26.59 (3.66) 20 – 32 

 SCQ total, verbal items removed 24.30 (5.79) 7 – 33 

 VABS ABC score 42.45 (14.25) 20 – 80 

 VABS overall ae 2.79 (1.01) 1 – 7 

 VABS Receptive Language ae 1.69 (1.63) 0 – 4 

 BPVS raw score (N = 39) 64.44 (40.38) 2 – 142 

Note. SCQ = The Social Communication Questionnaire; VABS = The Vineland Adaptive 

Behaviour Scales; ABC = Adaptive Behaviour Composite score; ae = age equivalent in 

years; BPVS = British Picture Vocabulary Scale. 
a calculated from the Challenging Behaviour Questionnaire.  

 

 

Of these 60 participants, 83% were reported to have ever displayed a form of self-injury, 70% 

were reported to have shown SIB within the last month, and 58% were reported to display 

two or more types of SIB. No current SIB was reported for 18 of the children. Figure 1 

presents the prevalence data for the eight SIB topographies within the sample.  
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Figure 1 

The prevalence of historical and current SIB and the relative frequency of SIB topographies 

in the sample (N = 60), as reported on the Challenging Behaviour Questionnaire (CBQ)  

 

 

All caregivers provided evidence of their child’s clinical diagnosis of autism and ID 

based on either the DSM (American Psychiatric Association [APA], 2000; 2013) or ICD-10 

(World Health Organisation [WHO], 1992) classification systems. As part of the intake 

questionnaires, caregivers also completed an established autism screening tool, the Social 

Communication Questionnaire (Rutter et al., 2003). All but one child scored above the 

recommended clinical cut-off of 15. In lieu of a formal diagnosis of ID, a current Education 

Health and Care Plan, attendance at special education school, or a requirement of 1:1 support 
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from a teaching assistant, were recognised as highly suggestive of an ID. Therefore, autistic 

children meeting one or more of these criteria were included in the present study. 

3.3 Informant Measures 

The following questionnaire measures (see Appendix E for full copies) were completed by a 

caregiver: 

Background Questionnaire. The demographic information of participants such as gender, age, 

and verbal ability, was collected by the Background Questionnaire.  

The Challenging Behaviour Questionnaire (CBQ; Hyman et al., 2002) was included to 

capture information regarding SIB. Caregivers were asked to indicate whether their child had 

shown any SIB over their lifetime and in the last month. The authors report good test-retest 

reliability, 0.91 and inter-rater reliability 0.71 for self-injury questions collected by interview 

(Oliver et al., 2003). However, no psychometric data are reported on the psychometric 

properties of the questionnaire version of the measure. Caregivers’ ratings (0-5) on three 

items pertaining to duration, severity, and frequency of current SIB, were summed to derive a 

total SIB score out of 15.  

The Childhood Executive Functioning Inventory (CHEXI; Thorell & Nyberg, 2008) is a 26-

item measure of everyday EF abilities in children aged 4-12 and was included to complement 

direct EF measures. The CHEXI has been demonstrated to have adequate test-retest reliability 

(Thorell & Nyberg, 2008) and internal consistency (Romero-Ayuso et al., 2018). Items which 

probe core EF domains and were rated from “definitely not true” to “definitely true” (0-5), 

with higher scores indicating increased EF difficulties. Item scores were summed to calculate 

the overall inhibition (13 items, α = .87) and working memory (11 items, α = .89) subscales. 
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The lifetime version of The Social Communication Questionnaire (SCQ; Berument et al., 

1999) was included to capture autism characteristics, as observed by the caregiver. The 40-

item SCQ was developed as a screening tool for autism in children and adults and has been 

demonstrated to have good concurrent validity with the Autism Diagnostic Interview (ADI-R; 

Lord et al., 1994) and the Autism Diagnostic Observation Schedule (Chandler et al., 2007). In 

samples of autistic children, the SCQ was reported to have adequate internal consistency for 

both subscale and total scores (Wei et al., 2015). The authors suggest a clinical cut-off of 15 

as indicative of autism, however, other researchers investigating the SCQ's sensitivity versus 

specificity in younger age groups have recommended lower cut-off scores (Barnard-Brak et 

al., 2016; Snow & Lecavalier, 2008). One item regarding self-injury was omitted from 

analyses as a possible confound. Additionally, to facilitate comparisons between verbal and 

non-verbal children, scores on the first 6 verbal items of the SCQ were removed from the total 

score in later analyses, in line with the approach taken by Richards and colleagues (2017). 

The Activity Questionnaire (TAQ; Burbidge & Oliver, 2008) was included as a measure of 

overactivity, impulsive speech, and behavioural impulsivity in persons with more severe ID. 

The authors report good internal consistency and robust reliability for the subscales (Burbidge 

& Oliver, 2008). Caregivers rated the 18 items, measuring difficulties remaining still, resting, 

or waiting, from “never” to “always” (0-5). Scores were totalled to calculate the impulsivity 

(6 items, α = .83), impulsive speech (3 items, α = .82) and overactivity (9 items, α = .88) 

subscales. 

Adaptive Behaviour  

Children’s adaptive functioning was assessed using the Comprehensive Interview Form of the 

Vineland Adaptive Behaviour Scale (3rd Edition [VABS]; Sparrow, et al., 2016). The VABS 

has been reported to have excellent reliability and internal consistency (Pepperdine & 

McCrimmon, 2017), and is extensively used in clinical and research settings as a measure of 
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adaptive ability in both autism and ID populations (Gillham et al., 2000; Perry et al., 2009). 

Items were scored based on whether the caregiver reported their child “never”, “sometimes” 

or “usually” carries out a certain behaviour without support (0-2). The standardised overall 

composite score, receptive language and overall age-equivalent scores were used in analyses.  

3.4 Direct measures 

Receptive Language 

The British Picture Vocabulary Scale (3rd edition [BPVS]; Dunn & Dunn, 2009) was 

administered as a direct measure of children’s receptive vocabulary. The authors report 

adequate internal reliability and concurrent validity with the criterion-standard measure of 

ability. The BPVS consists of 14 sets of 12 words which increase in difficulty as the examinee 

progresses. Each word is displayed as a picture, alongside three similar but incorrect options. 

Target words include objects, such as ‘jewellery’, animals, such as ‘dog’, and verbs, such as 

‘sharing’. Children are asked to select the image which best matches the spoken word. A total 

score was calculated by subtracting the number of errors from the total items administered.  

Executive Function 

Given the study’s focus on autistic children with a co-occurring ID, mental-age-

appropriate EF tasks were identified based on a battery developed by Devine, Ribner and 

Hughes (2019). Tasks were designed to have minimal verbal demands, which was particularly 

important given the anticipated heterogeneity of verbal ability in the sample. Footage of the 

children’s performance on direct EF measures and task validity was coded retrospectively 

using VLC media player (VideoLan, 2006). The validity criteria applied to tasks is described 

in Appendix I. A sample of recordings (N = 20, 33%) were coded by a second researcher to 

evaluate inter-rater reliability.  
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Prohibition Task (Devine et al., 2019; Friedman et al., 2011) 

The Prohibition Task was used as a measure of simple inhibition. The caregiver was 

instructed to draw the child’s attention to a desirable toy, a glittery wand, before giving the 

verbal instruction “Look [child’s name], no, don’t touch” coupled with a visual gesture with 

their index finger to emphasise the prohibition. As they delivered this instruction caregivers 

placed the toy down in reach of the child, turned to face away from the child and avoided 

interacting with them further for the duration of the trial. The dependent variables of interest 

were the latency to first touch, and whether a child successfully resisted touching the toy over 

a period of 30 seconds (pass/fail). The latency was recorded using VCL’s timestamp function 

for accuracy. Double-coding of 20 recordings revealed high agreement on waiting duration, 

ICC = 0.92, p < .001, and almost perfect agreement of waiting outcome (i.e., 0 = fail, = pass), 

κ = .90, p < .001. 

A second ‘Don’t Touch’ paradigm was administered later in the battery, with an array 

of three attractive novel toys: a soft animal keyring, toy car and sensory ball revealed in a 

fixed order. The task followed the same procedure as the first prohibition task, but with a one-

minute waiting time. Latency to first touch and whether the child passed or not were recorded 

as the dependent variables. Double-coding of 20 recordings revealed high agreement on 

waiting duration, ICC = 0.95, p < .001, and perfect inter-rater agreement for each trial, κ = 

1.00.  

Multi Location Search (Devine et al., 2019; Diamond et al., 1994) 

In the multi-location search task children were tasked with finding stickers concealed 

under distinctively coloured opaque cups, one at a time and with a short delay prior to each 

search. Successful completion of the task required children to hold in mind cups searched, 

while avoiding returning to an empty cup. The cups remained stationary throughout the task 
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and, therefore, the colour, size and location of the cups could be used as cues to support 

spatial working memory. The caregiver was instructed to line up the five cups in a specific 

order from left to right, and to attract the child’s attention as they placed a coloured sticker 

under a correspondingly coloured cup. The cups were then concealed from the child’s view 

with a large card as the caregiver counted out loud for five seconds. When the paper was 

removed, the child was encouraged to find a sticker by pointing to a cup. Children were 

praised when they successfully retrieved a sticker. The sticker was then placed out of sight 

and caregivers were instructed to show the child the cup was empty before replacing it. After 

each search, the cups were concealed for a short delay before the child was encouraged to find 

another sticker. If a child returned to a previously searched location, the parent was instructed 

to give feedback by showing them the empty cup and saying “It's not there. Let's have 

another go”. The game continued until the child had either found all five stickers or made 

three consecutive incorrect searches. The number of perseverative responses was recorded, 

and an efficiency score was calculated by dividing the number of stickers retrieved by the 

total number of searches, with higher values indicating better coordination of working 

memory and inhibition skills. Double-coding of 20 recordings revealed excellent inter-rater 

agreement for number of stickers retrieved, ICC = .99, p < .001, and good agreement for 

number of searches, ICC = .79, p < .001.  

Conflict scales  

 In an adaptation of Beck and colleagues’ (2011) conflict scales, three tasks of 

increasing complexity were designed to assess aspects of flexibility and conflict across the 

sample’s expected range of abilities. The starting task was determined by a child’s estimated 

adaptive age-equivalent. If a child started on a more advanced game and passed, a pass was 

inferred for simpler tasks. If a child did not pass this, the order of administration was reversed 

(see Figure 2). A total ‘conflict’ score was calculated by summing together the number of 
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post-switch phases passed across all three tasks out of a possible three. To include as much of 

the recorded data as possible, missing or incorrectly administered trials were managed by 

calculating a proportion score for each phase (number correct/valid trials) and scores over 

0.80 were considered as a pass for that phase (Zelazo, 2006). 

Figure 2 

Cognitive flexibility protocol 

 

 

Sorting task (Devine et al., 2019) 

A simple sorting task was used to assess rule learning (set-formation) and reversal. 

Caregivers were instructed to set up a large box a shoulder-width apart from a smaller box 

without their lids on. In the rule learning phase, caregivers were asked to gain the child’s 

attention as they demonstrated placing a large ball into the larger box before inviting the child 

to have a go. Following one practice trial in which feedback was given, children were asked 
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to sort the same large ball six times consecutively. Caregivers were instructed to pass the ball 

to the child centrally, and the ball was retrieved from the box after each placement to avoid 

cuing responses. If a child successfully placed five out of six large balls into the larger box 

without feedback, they proceeded to the reversal phase where they were tasked with placing a 

small ball and in the small box instead. Only children who correctly placed five out of six of 

these balls advanced to the next categorisation task.  

Categorization/Reverse Categorization (Carlson et al., 2004) 

In the reverse categorisation task, children were required to sort the balls according to 

a certain rule, which was then changed to assess their ability to learn a new rule and adapt 

their responses accordingly. The categorisation phase of the task required big balls to be 

sorted into a larger box, and little balls into a smaller box in a standardised order. Caregivers 

were again instructed to place the different sized boxes shoulder-width apart with their lids 

on, before introducing and demonstrate the rule. Children were then invited to practice sorting 

two big and two little balls alternately. Caregivers were instructed to pass balls centrally and 

to keep the lids on boxes in-between trials to avoid cueing the child’s response. A child could 

respond by placing a ball into a chosen box, or by pointing to a box for the caregiver to place 

the ball into. Corrective feedback or praise was given during the practice phase to support 

learning. If a child sorted both sized balls correctly by their second attempt, the caregiver was 

instructed to proceed with the task without proving any feedback other than repeating the rule 

before each trial. If the child correctly sorted five out of six balls, a reversal rule was 

introduced. In the reverse categorisation phase, children were told that they were going to 

play a “silly game” in which the big balls now go into the smaller box, and the little balls into 

the larger box. The caregiver was asked to demonstrate this new rule before a child was asked 

to practice by sorting two balls of each size according to this new rule. Caregivers were 

instructed to provide praise or corrective feedback during the practice trials. If a child 
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correctly sorted both sized balls by their second attempt, the task proceeded as before with 

caregivers passing balls in a set order, without providing any feedback aside from repeating 

the reversal rule each time. Children who correctly sorted five out of six balls in the silly 

game were later given a more advanced set-shifting task. Double-coding of 18 of the sorting 

and reverse categorisation tasks revealed high inter-rater agreement, ICC = .99, p < .001. 

Dimension Change Card Sort (DCCS: Zelazo, 2006)  

A slideshow presentation of the DCCS, administered by the researcher, was the most 

advanced assessment of cognitive flexibility administered. The ‘cards’, differed on two 

dimensions: colour (red vs. blue) and shape (rabbit vs. boat). Children were first presented 

with two cards on the screen, a red rabbit and blue boat, and told that they would be sorting 

these according to a certain rule. Children were invited to indicate where they thought a card 

belonged, by either pointing to or naming one of two numbered ‘piles’ arranged to the left or 

right of the screen (see Figure 3). If a child opted to point to a pile, then a caregiver was asked 

to call out the corresponding number for the researcher to record the child’s response. In the 

pre-switch phase, children were asked to sort the cards into the piles according to colour. This 

was demonstrated before the child was given a practice turn in which they were given explicit 

feedback. No further feedback was given after this practice trial. Cards were then displayed in 

a predetermined order. The was rule repeated before each trial and the target feature of each 

card was verbalised by the researcher: “here is a blue one, where does it go?”. If a child 

successfully sorted five out of six cards according to colour, they progressed onto the post-

switch phase in which they were asked to sort cards according to shape instead. A further six 

cards were shown in a standardised order and the ‘shape game’ rule was repeated before each 

trial. The total number of correct trials in each phase was recorded. The key dependent 

variable was the total number of correct post-switch responses (0-6), with higher scores 
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indicating better cognitive flexibility.  Double-coding of 15 recorded administrations revealed 

perfect inter-rater agreement, ICC = 1.00, p < .001. 

Figure  3 

Child’s view of the online DCCS task 

 

3.5 General Procedure 

All data were collected remotely. For a brief review of the evidence on remote testing, see 

Appendix H. Written information about the study, questionnaires, and a consent form (see 

Appendices C - E for a copy of the study pack sent to caregivers) were either accessed and 

completed online through a link emailed to caregivers, or posted as a paper study pack 

alongside pre-paid return envelopes where preferred. After written consent was obtained from 

a legal guardian, caregivers attended a video call with a trained researcher during which a risk 

assessment and VABS interview was completed. Some time was spent familiarising 

caregivers with the toys and equipment required for their child’s ‘games session’ and 

demonstrating the EF measures which the caregiver would be supported to deliver. Kits 

containing the toys sealed in envelopes numbered according to task, and a laminated guide 

with task instructions and visual prompts were then posted out to families (see Appendix F for 
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an extract of the instructions sent to caregivers). Wireless headphones were included with the 

kits if the caregiver did not have access to their own. Caregivers were instructed to keep boxes 

sealed and toys out of sight of children before the assessment session to retain the novelty of 

toys across the sample.  

Following the caregivers’ video call, children attended a remote games session led by 

a minimum of two researchers based at the University of Birmingham, conducted via the 

online video conferencing platform ‘Zoom’. Verbal consent was sought again immediately 

prior to the child’s participation in the direct measures. The child’s performance on all tasks 

was recorded with their caregiver’s consent, and all recordings were stored on the 

University’s secure server. Children completed the session in a quiet room either at home or 

school, with the support of at least one adult. Most performance measures were administered 

by a caregiver, guided by a researcher via wireless headphones so that the child could not hear 

the researcher. The BPVS and the DCCS were both administered remotely by a researcher, 

with caregivers verbally relaying a child’s response to stimuli presented on the screen if 

required. Aside from the conflict scales, all tasks were attempted, in the same order with all 

children (See Appendix G for full study flow chart). On average, the online assessment took 

75 minutes to complete. The protocol was designed to be flexible, allowing for breaks 

between tasks if required. Children were motivated through positive feedback and were able 

to keep all the toys used in the session. Families were further compensated for their time with 

a feedback report detailing the outcome of all questionnaire and direct measures completed. 

This was posted alongside an encrypted pen drive with clips of their child completing the 

tasks, and an electronic copy of the individualised report to allow caregivers to easily share 

this with involved professionals should they wish to. 
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Ethical approval for this study was obtained from Health Research England and 

Bristol Research Ethics Committee (IRAS Project ID 263048), with local research and 

development approval obtained at all participating NHS trusts (see Appendix A). 

Data preparation  

Prior to analyses, four variables were extracted from the direct EF data. These were 

chosen to index the core EF domains of inhibition, updating and set-shifting, while retaining 

data from as much of the sample as possible. Latency scores were bi-modally distributed for 

both prohibition tasks, and a Spearman’s correlation computed between latency data on the 

two tasks revealed a strong positive association, rs = .69, p < .001. Therefore, a composite 

prohibition score was calculated for each participant by summing their scores on both tasks (1 

= pass, 0 = fail) and dividing this by the number of valid trials (1-2). This resulted in a 

prohibition score (0-1) for 57 participants. For the multi-location task efficiency scores were 

retained as an index of working memory ability and a perseveration score, calculated as a 

proportion of the child’s total number of valid searches, was included as a further measure of 

inhibitory control. Due to data loss on the conflict scale, the conflict score was calculated as a 

proportion (post-switch phases passed/post-switch phases administered) to retain as much of 

the recorded data as possible. The inhibition and working memory composite scores from the 

CHEXI ,and the TAQ’s impulsivity, impulsive speech and overactivity subscale scores were 

included in analyses. Table 2 presents the mean and range of the EF outcome variables. 
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Table 2 

EF Variables Included in Analyses 

Measure N M (sd) Range 

Direct    

 Prohibition 57 .32 (.43) 0 – 1 

 ML perseveration 53 .12 (.22) 0 - .75 

 ML efficiency 53 .82 (.26) .25 – 1 

 Conflict proportion 45 .80 (.27) 0 – 1 

Informant-based    

 TAQ Impulsivity 60 20.53 (4.12) 6 – 24 

 TAQ Impulsive speech a 37 6.32 (4.12) 0 – 12 

 TAQ Overactivity 60 23.53 (9.52) 0 – 36 

 CHEXI WMF 59 55.22 (6.96) 41 – 65 

 CHEXI IF 60 47.32 (6.23) 34 – 55 

Note. TAQ = The Activity Questionnaire; CHEXI = The Childhood Executive 

Functioning Inventory; WMF = Working Memory Factor; IF = Inhibition Factor. 
a verbal participants only 

 

3.6 Data Analysis  

Data collection was delayed due to the ongoing COVID-19 pandemic. Consequently, 

the pilot analysis of an incomplete data set is described here. Analyses aimed to evaluate 

emerging trends in this small sample to allow for comparison to previous literature. An alpha 

of .05 rather than a more conservative threshold was chosen for all analyses. This pragmatic 

decision prioritised identifying emerging effects over an increased risk of Type 1 

errors. Effect sizes were calculated to inform discussions on both the scientific and clinical 

implications of the findings.  

All data analyses were conducted using SPSS Statistics, Version 28. Visual inspection 

of distribution plots and Kolmogorov–Smirnov tests were used to assess normality. Where 

data were not normally distributed (p < .05), appropriate non-parametric tests were used. 

First, the performance of children on direct EF tasks was summarised. Children’s 
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performance across the two phases of reverse categorisation and DCCS tasks was examined 

using paired t-tests to evaluate the validity of these tasks in the sample.  

Next, the relationships between subscale scores derived from EF questionnaires, 

composite scores from EF performance measures, demographic variables and total SIB score 

were evaluated through correlational analyses. Given that much of the data were ordinal and 

violated the assumptions of parametric tests, Spearman’s rank and point-biserial correlations 

were calculated. Hierarchical regression analyses were then conducted to determine whether 

EF abilities accounted for variance in SIB scores, over and above differences in adaptive 

ability. Visual inspection of the data alongside statistical analyses indicated linear 

relationships between predictor and dependent variables. Given that correlational analyses 

revealed a large significant relationship between adaptive ability and direct EF measures (see 

Appendix K), collinearity statistics were consulted. Variance inflation factor (VIF) and 

tolerance scores did not indicate issues with multicollinearity. Durbin-Watson statistics were 

within accepted ranges, indicating that the assumption of independence of errors had been 

met. Scatter and Predicted Probability (P-P) plots suggested that variance of the residuals was 

constant, and these error terms were normally distributed. Finally, the absence of outliers 

which may have unduly influenced the outcomes was confirmed by Cook’s Distance values of 

below one. Therefore, data were deemed to have met major assumptions of linear regression 

including independence, homoscedasticity, and normality of residual terms. 

Finally, to test the hypothesis that children presenting with and without SIB would 

differ on measures of EF, a case-by-case age-matched sample was generated, and independent 

sample tests were run to evaluate between-group differences in EF abilities. 
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2.4 Results 

4.1 Performance on Direct EF Measures 

To explore the first research question regarding the feasibility of remote delivery of 

EF tasks in this under-represented population, children’s performance on each of the 

administered EF tasks was summarised. Table 3 presents the means and standard deviations 

of the extracted variables, along with the percentage of data lost and percentage of children 

scoring at ceiling. Paired t-tests revealed a significant mean difference between children’s 

scores on the reverse categorisation phases (t41 = 2.15, p = .04, Hedges’ g = .22) and a more 

pronounced significant difference between average scores on the pre- and post-switch phases 

of the DCCS (t29 = 4.56, p < .001, Hedges’ g = .42).  

Although all direct EF tasks had non-negligible missing data in contrast to informant-

based measures, an analysis of missing values was non-significant, indicating the direct EF 

data were missing completely at random (MCAR), Little’s χ2(135) = 157.65, p = .09. Table 4 

summarises the various reasons for data loss on EF tasks. Data were also missing for 21 

children on the receptive language measure (BPVS) due to researcher error (N = 1), 

disinterest or low ability (N = 13), and frustration or fatigue (N = 7).  
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Table 3  

Descriptive Statistics for Direct Executive Function Measures 

EF Measures  N 

eligible 

N 

complete

d 

% 

Missin

g 

% 

ceiling  
pass/fail 

/M(sd) 

Inhibition       

  Prohibition pass (wand) 60 47 21.67 42.55 20/27 

  Prohibition pass (array) 60 54 10.00 27.78 15/39 

  ML #perseverative a 60 53 11.67 67.92 0.57 (0.95) 

Updating      

  ML efficiency  60 53 11.67 58.49 0.82 (0.26) 

  ML span  60 53 11.67 58.49 3.89 (1.41) 

Set-Shifting      

  Ball Sort 1 prop. correct 19 7 63.16 57.14 0.84 (0.17) 

  Ball Sort 2 prop. correct 17 5 70.59 60.00 0.75 (0.50) 

  RC pre prop. correct 45 43 4.44 97.67 0.97 (0.10) 

  RC post prop. correct 43 42 2.33 88.10 0.90 (0.24) 

  DCCS pre prop. correct 38 32 17.95 86.67 0.93 (0.16) 

  DCCS post prop. correct 32 30 1.33 53.57 0.59 (0.46) 

  Conflict score  60 36 40.00 47.22 2.28 (0.85) 

Note. ceiling performance on the perseveration measure is based on zero perseverative 

responses. 

a higher scores indicate poorer performance. 
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4.2 Direct versus informant-based EF measures  

To explore the second research question, the correlations between each measure of EF 

are presented in Table 5. While most direct and informant-based EF variables correlated 

significantly with one another, there were no significant associations between these measures. 

Table 5 reports the correlations for the conflict proportion score, however, when the raw 

conflict scores (generated from complete data) are used, this was robustly correlated with all 

direct composite scores (rs = .44 – .55, p < .001) and showed a small but non-significant 

association with the TAQ impulsivity subscale (rs = -.21). 

Table 5       

Spearman’s rho correlations between EF variables 

  1 2 3 4 5 6 7 8 

Direct          

1 Prohibition a         

2 ML perseveration  -.36**        

3 ML efficiency a  .39** -.86***       

4 Conflict prop. a .21 -.32* .36*      

Informant-based          

5 TAQ Impulsivity -.11 .16 -.27 -.03     

6 TAQ Impulsive Sp. .14 .02 .11 .20 .40*    

7 TAQ Overactivity -.12 .17 -.22 .11  .58*** .56***   

8 CHEXI WMF .21 .03 .03 .30 .41** .59*** .32*  

9 CHEXI IF .20 -.03 .05 .12 .51*** .50** .45** .68*** 

a higher scores indicate better performance. 

*p < .05  **p < .01 ***p < .001 (2-tailed) 

 

 



 98 

SIB and demographic characteristics  

There were no significant correlations between children’s SIB scores and demographic 

variables, including age, gender, receptive language skills, adaptive ability, or autism 

characteristics (see Appendix J).  

4.3 Relationship between SIB and EF outcomes 

To explore the third research question, Table 6 presents the results correlational 

analyses between total SIB scores and EF variables. Total SIB score was moderately 

associated with TAQ Impulsivity and Overactivity subscale scores. A weaker yet significant 

negative association was revealed between ML efficiency and total SIB score. Additionally, a 

small positive relationship between the Perseveration and SIB scores approached significance. 

While no relationship was found between total SIB score and the conflict proportion, when 

raw conflict scores were used a non-significant trend (rs = -.23) indicated that the children 

exhibiting more difficulties with set-shifting were showing more SIB. 
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Table 6 

Relationship between measures of EF and total SIB score 

EF measure rs p N 95% CIa 

LL UL 

Direct      

 Prohibition score a -.15 .27 57 -.40 .13 

 ML perseveration .25 .07 53 -.03 .49 

 ML efficiency a -.28* .05 53 -.51 .00 

 Conflict prop. a .08 .58 44 -.22 .38 

Informant-based      

 TAQ Impulsivity .41** .00 60 .17 .61 

 TAQ Impulsive Sp. .12 .47 37 -.22 .44 

 TAQ Overactivity .33* .01 60 .08 .55 

 CHEXI WMF .16 .22 59 -.12 .41 

 CHEXI IF .10 .46 60 -.17 .35 

Note: CI = confidence interval; LL = lower limit; UL = upper limit 

a higher scores indicate better performance. 

a based on Fisher's r-to-z transformation. 

*p < .05  ** p = .001 (2-tailed) 

 

Do EF outcome measures predict the total SIB score?  

To further explore the third research question, a series of two-step hierarchical 

regressions were run with the SIB score as the dependent variable. Standardised adaptive 

behaviour scores were entered at step one of all regression models as a proxy for ability. Each 

of the EF variables were entered as a second step in separate models. The regression statistics 

are presented in Table 7. The results indicated that at step one, adaptive ability accounted for 

only 4.3% of the variation in SIB score, and did not significantly contribute to the model, 
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F(1,58) = 2.50, p = .12. Including TAQ Impulsivity resulted in a significant change in R², F(2, 

57) = 4.07, p = .02, with a medium effect size, Cohen’s f 2 = 0.15. TAQ Impulsivity uniquely 

explained 8.35% (sr2) of the variance in SIB score. Similarly, introducing TAQ Overactivity 

as a predictor alongside ability in a separate regression, explained an additional 7.95% of 

variation in SIB score and resulted in a significant change in R², F(2, 57) = 3.91, p = .03, 

Cohen’s f 2 = 0.14. Although no other EF variable explained a significant amount of variance 

in SIB scores, the direction of all beta coefficients were in line with the hypothesis that 

increased executive difficulties are associated with higher SIB scores. When raw conflict 

scores were used instead, the resultant change in R² approached significance (∆R2  = .10,  p = 

.06). Finally, the regressions for prohibition and TAQ Impulsivity scores were re-run to 

include chronological age and SCQ score respectively at step one, to account for the recorded 

correlations between these measures (see Appendix K). Prohibition remained non-significant, 

but with a lower coefficient and TAQ Impulsivity remained a significant predictor over and 

above ability and autism characteristics (p = .05, Cohen’s f 2 = 0.13). 

 

 

 

 

 

 

 

 

 





 102 

4.4 Comparison of a matched sample of children with and without SIB 

To explore the fourth research question, children who had not displayed any form of 

SIB in the preceding month (N = 18), were matched on age (+/- 1 year), adaptive ability (+/- 

10 VABS standardised ABC score), and autism characteristics (+/- 4 SCQ score) with 

children who were reported to display repeated and ongoing SIB (N = 42), resulting in 15 

participants in both a SIB and non-SIB group, see Table 8.  

Table 8 

Demographic characteristics of a subset of SIB and non-SIB children matched on age, 

adaptive ability and SCQ scores. 

  SIB (N = 15) non-SIB (N = 15)   

  M (sd) M (sd) t / χ2/U p 

CA (years) 10.27 (2.69) 9.94 (2.79) -0.33 .74 

Gender (female, male) 2, 13 3, 12  0.24a .62 

BPVS raw c 74.13 (41.54) 45.17 (27.50) -1.89 .08 

VABS ABC 39.27 (12.85) 42.73 (12.88) 0.74 .47 

VABS RL ae 1.57 (0.66) 1.78 (0.72)  101.00b .65 

VABS overall ae 2.54 (0.76) 2.85 (0.91)   89.00b .35 

SCQ total (verbal items 

removed) 
24.27 (5.54) 25.27 (4.68)  102.50b .68 

Note. CA = chronological age; RL = receptive language. 

a Chi-square statistic. 

b Mann-Whitney U statistic. 

c SIB N = 8; non-SIB N = 12  
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Although participants were not matched based on gender, independent sample tests 

indicated no significant group differences in gender, age, autism characteristics, adaptive 

ability, or receptive language. The groups’ scores on measures of EF are displayed in Table 9.  

The non-SIB children’s scores on all measures indicate better EF on average. While 

none of the mean differences on direct measures reached significance, effect sizes were 

largest on inhibition variables. When raw conflict scores were used, no significant group 

difference was found, although the median was higher for children without SIB.  

On average, caregivers of children in the non-SIB group endorsed fewer indicators of 

EF difficulties on informant-based measures when compared to the SIB group. On the TAQ, 

children in the non-SIB group were scored as significantly less impulsive (Mdn = 21.00)8 

than children in the SIB group (Mdn = 23.00), U = 64.50, p < .05. While other differences 

were non-significant, the mean difference on the caregiver-rated CHEXI working memory 

factor approached significance (p = .08).  

 

 

 

 

 

 

 

 
8 For outcome data which are not normally distributed, medians (Mdn) are reported for 

dependent variables which have a similarly-shaped distribution across groups. 
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Table 9  

Comparison 15 of children who displayed current SIB with a matched sample of 15 children 

were not presenting with SIB, on direct and caregiver-rated EF measures. 

 SIB  Non-SIB    

 EF measure  n M SE  n M SE t / U p g 

Direct           

 Prohibition a 15 0.23 0.11  14 0.32 0.10  87.00 b .41  -0.34 

 ML perseveration 13 0.17 0.06  15 0.10 0.05 72.50 b .20  0.51 

 ML efficiency a 13 0.77 0.08  15 0.81 0.07  86.50 b .60  -0.19 

 Conflict prop.a 12 0.70 0.10  12 0.81 0.06  60.00 b .51  -0.23 

Informant-based           

 TAQ Impulsivity 15 22.13 0.65  15 20.00 1.04 64.50 b 
.04

* 
0.78 

 TAQ Impulsive 

sp. 
8 8.13 1.49  9 6.11 1.42 23.50 b .24 0.58 

 TAQ 

Overactivity 
15 23.93 2.38 

 
15 22.20 2.28 -0.53 .60 0.19 

 CHEXI WMF 15 57.40 1.44  15 53.07 1.86 -1.85 .08 0.66 

 CHEXI IF 15 48.27 1.59  15 46.67 1.67 94.50 b .47 0.27 

a higher scores indicate better performance. 

b Mann-Whitney U 

*p < .05  
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2.5 Discussion 

The study evaluated differences in the presence and severity of SIB relative to 

informant-reported and directly assessed EF abilities of sixty autistic children with a co-

occurring ID. The results corroborate previous findings of a robust association between 

informant-reported profiles of impulsive and overactive behaviours and SIB in autistic 

samples (Laverty et al., 2020; Richards et al. 2017; Richman et al. 2013). The present study 

extends these results by using well-established measures to control for known correlates of 

SIB, such as autism characteristics and ability. Although limited conclusions can be drawn 

from correlational data, the results offer tentative support for a role for behavioural inhibition 

as a risk factor in SIB, as proposed by Oliver and Richards (2015). The lack of agreement 

between direct and informant-based measures of EF, along with non-significant findings on 

direct measures of EF will now be discussed. 

Using both informant-based and direct measures of EF allowed for a comprehensive 

examination of the hypothesised association between SIB and EF abilities. Due to the 

necessary remote administration of the study, it was not possible to administer a direct 

measure of intellectual functioning. However, a standardised measure of adaptive functioning, 

the VABS (Sparrow et al., 2016) was collected for all participants. The VABS has been 

shown to closely co-vary with estimated intelligence quotients (IQ) in autistic children with 

lower levels of intellectual ability (e.g., Alvares et al., 2020). Therefore, standardised adaptive 

behaviour scores were used as a proxy for IQ in analyses. An established autism screening 

tool was also administered to corroborate diagnoses. Together, these measures ensured the 

obtained sample met the full inclusion criteria and strengthened the internal and external 

validity of the study. 
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5.1 The feasibility of remote measurement of EF in autistic children with ID 

Remote assessment methods have not previously been reported for this clinical 

population. Moreover, autistic individuals with a co-occurring ID are often excluded from 

psychological and EF research altogether (Russell et al., 2019). Despite the non-negligible 

data loss, the overall quality of recorded data suggested that the direct assessment of cognitive 

abilities, even remotely, is both feasible and informative. The appropriateness of the chosen 

EF battery for this group of children was supported by the variation in recorded performance 

and the absence of clear floor or ceiling effects. Furthermore, scores on post-switch conditions 

of the conflict scale were significantly lower than pre-switch scores. This demonstrated that 

both the reverse categorisation and DCCS tasks were measuring EF abilities in these children, 

rather than more general difficulties with learning a rule (Carlson, 2005). This echoes the 

patterns of performance recorded in neurotypical children (Devine et al., 2019), 

demonstrating the validity of these tasks. While proportion scores were used as a way of 

reducing data loss, the observed differences between the raw and proportion-scored conflict 

scale suggested that the latter may have inflated children’s scores on this measure. For 

example, if a child passed the reversal phase on the sorting task but then refused to do the 

categorisation/reverse categorisation or DCCS tasks, they were awarded a proportion score of 

1. This raises questions about how investigators administer and score these tests in the future, 

as proportion scoring may exert an undue influence on the data, which may be particularly 

important in samples with co-occurring ID where overall ability level may influence 

participants’ capacity to undertake tasks. 

Reviewing the reasons for data loss, a simple set-formation task was the most 

discontinued in the battery. Given that this was designed for participants with lower ability 

levels, it is difficult to unpick whether the task was not completed because it was too difficult, 

or whether it was too simple and therefore not engaging enough. A similar set-formation task 
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designed by Devine and colleagues (2019) reported far lower levels of attrition in a 

neurotypical sample of children under the age of two. This version of the task included 

musical feedback to reinforce game play. The present study was limited by the type of 

equipment that could be posted to families, and it is possible that this version of the task was 

not as attractive for the children. Researcher and caregiver administration errors also 

contributed to data loss. However, this approach to testing, with caregivers administering 

most tasks was completely novel. A second prohibition task was administered with fewer 

validity concerns and likely benefited from the caregivers’ experience of administering the 

first task. Future remote research could run additional training sessions with participating 

caregivers to allow for further practice of novel tasks. Finally, fatigue might have contributed 

to some data loss, particularly for the BPVS and DCCS which were the final tasks 

administered in the battery. This might have impacted on the data collected for the conflict 

scales. Although breaks were offered throughout the session, conducting the data collection in 

two shorter sessions might have been helpful for some participants and resulted in better 

uptake of the final tasks. Finally, given the novelty of the methods used, future work should 

seek to validate the remotely-obtained EF data by repeating the task administration, in-person 

with a subset of the participants. 

5.2 Direct versus informant-based measures of EF 

 Direct EF measures were robustly intercorrelated, as were informant-based measures. 

However, none of the trends between these types of measures reached significance. While 

small to moderate associations between the CHEXI and direct measures of EF have 

previously been reported in samples of TD and autistic children without a co-occurring ID 

(Golshan et al., 2019; Thorell & Nyberg, 2008), the non-significant small-to-medium 

correlations between direct measures and subscales of the CHEXI in the present study were in 

the opposite direction to that expected, such that higher scores on the CHEXI subscales 
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(indicating more executive difficulties) were positively correlated with higher scores on direct 

measures (indicating better executive abilities). Conversely, there were small, non-significant 

associations between the TAQ and direct measures of EF in the expected direction. Although 

impulsivity and overactivity are presumed to be underpinned by reduced inhibitory control 

(e.g., Barkley, 1997), and the TAQ impulsivity subscale was robustly associated with SIB, 

there was no relationship found between the CHEXI inhibition factor and SIB in the sample. 

This lack of agreement between EF ratings and performance-based data warrants further 

exploration. 

Although differences between direct and informant-based measures were anticipated, 

the lack of convergence between informant-measures proposed to capture similar abilities 

suggested that these may be confounded in some way by other abilities and/or behaviours. All 

children scored highly on both CHEXI subscales, with caregivers strongly endorsing items 

relating to EF difficulties, whereas scores on the TAQ and direct measures were more widely 

dispersed. One possible interpretation of these differences is that the CHEXI may not be 

suitably calibrated for autistic children with a co-occurring ID and, therefore, may mask 

children’s true EF abilities. The floor on the measure may be higher than that of the TAQ, 

which was designed for an ID population. Items on the CHEXI, for example, “Has difficulty 

understanding verbal instructions unless he/she is also shown how to do something”, may be 

measuring differences in addition to EF, such as receptive language. Consequently, it might 

be that these children were scored as very impulsive and with significant working memory 

difficulties due to generally lower adaptive function and IQ abilities. This interpretation seems 

likely, as although the recommended age range of the CHEXI encompassed the chronological 

age range of recruited children, the average estimated age-equivalent adaptive functioning 

performance of the sample fell below the lower age limit of the measure. Future research 

could administer the CHEXI across a larger sample of autistic children with ID to evaluate its 
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factor structure. Alternatively, researchers might consider if there is a way to score the 

CHEXI excluding items which rely on higher IQ, adaptive or verbal ability. 

Informant-based and direct measures of EF often do not correlate as might be expected 

(Camerota et al., 2016) or produce comparable effect sizes in the same sample (see Chapter 1 

meta-analysis). On questionnaire measures, informants are rating the perceived  outcome of 

goal-directed behaviours as they present in everyday activities, across contexts and over time. 

In contrast, direct measures are designed to capture the efficiency of cognitive processes in a 

structured and controlled environment (Toplak, 2013). Although informant-based measures 

may have the advantage of increased ecological validity, they also have certain limitations. 

For example, respondents might not always interpret questions in the same way, recall 

behaviour accurately or respond objectively. For example, Denckla (2002) highlights the 

potential for the emotional experiences of informants, or their relationship with a behaviour of 

interest, to influence the ratings they provide. Additionally, informant-based measures may 

capture behavioural characteristics in addition to, or even instead of the targeted EF ability. 

Upon looking at the items which comprise the TAQ impulsivity subscale (see Table 10), it 

seems possible that caregiver responses might capture more than impulsive behaviour. For 

some children, the social communication differences characteristic of autism might include 

difficulties interpreting social cues around when to interrupt or difficulties with turn-taking 

(APA, 2013). Therefore, item 18 could be interpreted as an endorsement of these differences 

rather than purely difficulties with waiting. This could constitute a potential confound in the 

data, as higher endorsements of autism characteristics have been associated with a higher 

likelihood of SIB (e.g., Baghdadli et al., 2003). However, although this interpretation of item 

18 would unduly inflate the impulsivity score, it is reasonable to assume this may not differ 

systematically across the relatively homogeneous sample with and without SIB. Moreover, 

while the impulsivity subscale score does moderately correlate with the adjusted SCQ score, 
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impulsivity remains a significant predictor of SIB presentation over and above autism 

characteristics. For some participants, items 11 and 12 may be capturing the challenges 

associated with keeping a child with SIB safe, and the potential need for increased vigilance. 

If caregivers of a child with SIB do interpret these items in a systematically different way, this 

could be confounding the interaction between the impulsivity subscale score and SIB. This 

should be evaluated through an item by SIB analysis in the full sample, once recruited.  

Table 10  

Items forming the impulsivity subscale of the TAQ 

Item  Question  

11 
Does the person’s behaviour seem difficult to manage/contain whilst out 

and about? 

12 Do you feel that you need to “keep an eye” on the person at all times? 

13 
Does the person you care for seem to act/do things without stopping to 

think first? 

16 Does the person want things immediately? 

17 Does the person find it difficult to wait? 

18 
Does the person disturb others because they have difficulty waiting for 

things or waiting their turn? 

 

5.3 SIB prevalence and demographic characteristics 

The prevalence of SIB in the recruited sample (70%) was higher than the 20 to 50% 

commonly reported in other autism samples (Baghdadli et al. 2003; Richards et al. 2012; Soke 

et al., 2016). It is possible that this was due to a greater number of participants having been 

recruited through participating NHS sites where children are likely to present with higher 

levels of behavioural needs. However, a high rate of the behaviour of interest in this small 
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pilot sample had scientific utility, as it generated a greater range of SIB scores which afforded 

within-participant analyses. There were no notable relationships between the recorded SIB 

scores and any demographic variables, including known risk markers such as age, ability, and 

autism characteristics (Baghdadli et al., 2003; Laverty et al., 2020; Richards et al., 2012, 

2017; Soke et al, 2017). This is largely unsurprising given the relatively homogenous high-

risk sample recruited, and further illustrates the scientific and clinical value in identifying the 

personal characteristics which are independently associated with SIB presentations in this 

population. Interestingly, unlike previous studies in autism and ID populations (e.g., 

McClintock et al., 2003), there were no significant relationships between reported SIB and 

measures of the participants’ expressive or receptive communication skills. A purely operant 

account which conceptualises SIB as a functional communication strategy and, therefore, 

more likely to be reinforced for individuals with lower levels of ability, cannot fully account 

for this non-significant finding.  

5.4 SIB and executive function  

Correlational analyses revealed a moderate positive association between SIB and 

caregiver reported impulsivity and overactivity, with more impulsive and overactive children 

also displaying more frequent and severe SIB. For direct measures of EF, there was a 

significant small-to-moderate association between efficiency scores (presumed to index the 

coordination of working memory and inhibition skills) and SIB, and a small-to-moderate 

relationship between perseveration and SIB which also approached significance. While all 

associations between direct EF measures and SIB trended in the expected direction, slightly 

larger coefficients were recorded for measures of conflict and perseveration than the 

prohibition score. This suggests that children displaying more frequent and severe SIB, may 

have relatively more difficulties disengaging from a reinforced response pattern than delaying 

a prepotent response. Only caregiver-rated impulsivity and overactivity uniquely explained 
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some of the variance in SIB scores, over and above an index of ability in regression analyses. 

However, most of the variance in total SIB score was unattributable to the recorded EF or 

demographic variables. In addition to different functions and reinforcement histories, the 

unexplained variation in SIB could be associated with factors which were not evaluated in the 

present study. For example, pain and sensory function, which are associated with SIB in this 

population (Dimian & Symons, 2022). The robust association between SIB and caregiver-

rated impulsivity and overactivity, together with the trends observed in direct EF variables, 

does support the hypothesis that the presence and severity of SIB is associated with lower 

scores on direct measures of EF, and higher endorsement of EF difficulties on informant-

based measures 

A small, matched group comparison controlled for the potential confounds of age, 

autism characteristics and ability. Scores on all measures indicated better EF abilities in the 

group without SIB on average. For informant-based measures, only the between-group 

difference in impulsivity scores was significant, with a large effect size. Although differences 

on the CHEXI working memory subscale approached significance, an interpretation of this 

result is limited by the issues discussed. While no significant differences were found on direct 

measures, the largest effect sizes were recorded for inhibition variables, particularly 

perseveration, when compared to measures of shifting and working memory. While the results 

of this analysis do support the hypothesis that the scores of children with current SIB would 

indicate reduced EF skills in comparison to children without current SIB, these findings 

should be interpreted with caution. The sample size was very small and multiple comparisons 

increased the risk of Type I errors. However, it is possible that these trends may reach 

significance in the full study sample. 

The good replication of a robust association between SIB and caregiver-rated 

impulsivity in this small pilot sample suggests this is a strong effect. Thus, these preliminary 
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findings do suggest that there might be underlying differences in EF which might predispose 

children to display SIB in the context of evoking antecedents. Furthermore, the reported effect 

sizes for direct EF measures also suggest a role for reduced inhibitory control in driving SIB. 

Reduced abilities to “brake and disengage” might constitute a setting event (Wahler & Fox, 

1981), in which SIB is more likely to emerge. More impulsive children might be less able to 

inhibit SIB in response to an antecedent, or to disengage from behaviour after constraining 

consequences have elapsed. The results add to the literature describing an emerging 

behavioural profile associated with SIB in neurodevelopmental populations. The exact nature 

of this association remains a question for future research. To evaluate the extent to which 

behavioural inhibition might play a causal role in the developmental trajectory of SIB, future 

studies could consider whether relatively greater executive difficulties predict the onset of 

SIB in younger children. Additionally, intervention studies could evaluate the impact of 

executive function training, or other strategies to reduce motor impulsivity, on SIB frequency 

and severity. The identification of reliable behavioural risk factors has the potential to extend 

current operant models. While relatively spared inhibitory control might be necessary to 

safeguard against SIB, it is unlikely to be sufficient given the heterogeneous nature of SIB. 

Converging research efforts will be required to corroborate several putative risk factors which 

may differentially contribute to the emergence and persistence of SIB in autism and ID 

populations.  

5.5 Limitations 

Delays due to COVID19-related restrictions ultimately limited the number of 

participants that could be recruited in the time frame. For correlational analyses, an a priori 

sample size calculation determined that data from 62 participants were required for sufficient 

power to detect a moderate effect. While informant-based measures were just shy of this 

target (N = 60), data loss on direct measures resulted in the analyses of those variables being 
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underpowered. A similar issue arose in regression analyses, where again data loss on direct 

measures resulted in some analyses falling short of the 55 participants required to fully power 

the analysis. For a between-group comparison, 79 participants in each group would be 

required to detect a medium effect with 80% power. Therefore, a number of the pilot analyses 

were underpowered. Inspection of the 95% confidence intervals of EF coefficients in 

regression analyses revealed wide intervals, some spanning zero, which also suggests 

inadequate sample sizes. For all analyses, an alpha level of .05 was chosen. Although this is a 

less conservative threshold than the .01 recommended when conducting multiple comparisons 

(Bender & Lange, 2001), the aim of the analyses was to understand the emerging trends in the 

pilot sample. As such, the increased risk of Type I errors was deemed preferable to failing to 

identify an effect which might have both clinical and scientific implications. A between-

groups analysis in the full sample will allow for a more scientifically robust and sufficiently 

powered exploration of the independent contribution of response inhibition to the presence 

and severity of SIB.  

Although the EF tasks were designed to minimise verbal demands, correlational 

analyses revealed consistent moderate associations between EF performance and receptive 

language abilities, as measured by the VABS and BPVS. The issue of ‘task impurity’, 

whereby performance on a task is impacted by factors other than EF ability, is a widespread 

challenge for EF research. The present study is strengthened by the inclusion of standardised 

measures of ability, which allowed for this to be controlled for in analyses.  

5.6 Clinical Implications  

The findings of this study and suggested avenues for future research have important 

clinical implications. While risk markers are limited in their clinical utility, delineating the 

behavioural characteristics associated with SIB will ultimately lead to more clinically 

informative models of SIB development, persistence and vulnerability. Understanding the 
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behavioural profiles of children presenting with SIB would inform the early identification of 

children at higher risk of developing SIB. This in turn could improve outcomes for 

individuals and families through the development of more proactive treatment approaches, 

which intervene before SIB becomes embedded in a child’s behavioural repertoire (Richards 

et al., 2017). A further important consideration for clinical interventions is the extent to which 

consequence-based interventions may be appropriate for SIB. If some children are less able to 

discontinue behaviour once consequences are presented then, consequence alteration will at 

best be ineffective, but at worst could be considered unethical. 

5.7 Summary and conclusions 

The study demonstrated the feasibility of administering a novel battery of direct EF 

measures remotely in a sample of autistic children with a co-occurring ID. The analyses 

replicated findings in previous research which has consistently reported caregiver-rated 

impulsivity and overactivity as reliable correlates and predictors of SIB (Laverty et al., 2020; 

Richards et al. 2012). Whether this association is driven by reduced behavioural inhibition 

over and above the potential confounds identified here, requires further exploration. The study 

extends previous research by administering direct measures of EF to this under-represented 

sample. While no performance data independently predicted differences in reported SIB, the 

direction and magnitude of effect sizes in this small pilot sample offer some preliminary and 

tentative support for an association between reduced behavioural inhibition and increased 

SIB. Overall, the study supports the feasibility and utility of remote EF assessment in this 

under-represented group.  
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Chapter 3 : Press release for the meta-analysis 

Differences in brain-based skills in preschool-aged autistic children support a role  for 

executive function in autism 

The results of a recent review have revealed definitive differences in a set of brain-

based abilities, termed ‘executive function’, in young autistic9 children. This key finding lends 

support to the much-debated theory that executive function differences could underpin some 

of the characteristics and experiences of autistic people (Pellicano, 2010). Importantly, the 

findings highlight how critical it is for clinicians and educators to support the development of 

these skills in young autistic children. 

Executive function (EF) is an umbrella term which describes a set of brain-based skills 

that support us to resist temptation, respond flexibly to changing contexts, and to hold and 

manipulate information in mind (Diamond, 2013). Essentially, these skills coordinate our 

abilities and actions, allowing us to act effectively in response to real-world challenges. 

Children aren’t born with EF skills, but instead these develop rapidly in early 

childhood (Hughes, 1998), and some children might have more difficulties developing or 

learning these skills than others. Importantly, research has shown that the effectiveness of 

these skills in early childhood predicts later academic, social, and occupational success 

(Kenny et al., 2019). Early childhood is, therefore, a critical time to intervene and ‘scaffold’ 

the development of these skills. 

Children with neurodevelopmental conditions like autism have been shown to struggle 

more with tasks designed to test EF (Benallie et al., 2021). This finding has led researchers to 

 
9 The term autistic, rather than ‘person with autism’, is used to reflect the preferences for 

identity-first rather than person-first language, reported by autistic individuals and advocates 

in the UK (Kenny et al., 2016). 

 



 127 

wonder whether certain differences in EF may explain some of the characteristics of autism, 

such as repetitive behaviours and special interests (APA, 2013). Although differences in EF 

are commonly found in school-aged children and adults (Demetriou et al., 2018), investigators 

have reported conflicting results when testing autistic preschoolers. If early differences in EF 

do have a role in the development of autism characteristics, then these should be apparent in 

very young children too. But where some research teams have found similar EF skills to 

neurotypical children, others have shown that there are EF differences in autistic children as 

young as two (Campbell et al., 2019).  

This new meta-analysis resolves the conflicting findings in younger children by 

combining and analysing the data from all available studies which compared the EF skills of 

autistic toddlers and preschoolers to neurotypical peers. The results revealed that, just like in 

school-aged children and adults, there are indeed true differences in all EF skills between 

these groups of children from a young age, and young autistic children scored lower than 

neurotypical children across a range of EF tasks and questionnaires. The analysis also showed 

that these differences could not be explained by more general differences in intelligence. The 

inconsistency in previous research in this age group was likely due to differences in the 

methods that research teams had used to measure EF and select neurotypical children as 

comparisons. 

Although all children, with and without autism, will vary in their EF abilities, the 

results emphasise that autistic children are at higher risk of the potentially disabling 

consequences of EF difficulties, and so are likely to need more support to develop these skills 

than neurotypical children. Routinely assessing EF in early childhood would help identify 

these children and enable services to intervene early, to promote better outcomes for children 

and their families. Other research efforts are currently evaluating the potential treatments 

which might promote the successful attainment of EF skills in autistic children, with some 
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promising results (Kenworthy et al., 2014). The author emphasises the importance of 

healthcare services and educational institutions in providing opportunities for very young 

children to develop effective EF skills, which are so critical to their future success and 

wellbeing. 
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Chapter 4 : Press release for the empirical paper  

A novel online research study reports a strong link between impulsivity and self-injury in 

autistic children with a learning disability  

Early results from a study investigating the individual characteristics associated with 

self-injurious behaviour (SIB) in autistic children with a learning disability, have shown a 

strong relationship between SIB and impulsivity. The findings in this relatively small pilot 

sample points to a role for poorer behavioural inhibition, a so-called ‘executive function’ skill, 

which might make it harder for some children to prevent or stop behaviour once started. The 

outcome of this study will help to extend current understandings of why SIB is seen in some 

children and not others. This in turn will improve outcomes for children and their families by 

informing new treatment strategies, which can intervene before this worrying behaviour has 

become a well-rehearsed habit. 

Many young children will show some form of repetitive SIB, such as head banging, 

biting, and skin scratching. While most will grow out of this, ongoing and repeated SIB is 

seen in as many as 1 in 2 autistic children with a learning disability (Richards et al., 2012). 

Once established, SIB can be very difficult to treat and often continues past childhood 

(Laverty et al., 2020). The consequences of SIB can be devastating for children and their 

families and can significantly reduce quality of life (Lecavalier et al., 2006).  

Despite the high occurrence of SIB in this group, autistic people with a co-occurring 

learning disability are often not included in research (Russell et al., 2019). The study has 

reversed this position and built on the existing research showing a link between parent-

reported impulsivity and SIB, by directly assessing the executive function skills of this group 

of at-risk children. ‘Executive Function’ is an umbrella term which describes a set of brain-

based skills, including inhibition, that coordinate our abilities and actions, allowing us to act 
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effectively in response to real-world challenges (Diamond, 2013). Although difficulties with 

tasks that require executive function skills are commonly reported in autistic individuals 

(Demetriou et al., 2018), these skills will vary from person to person. 

Due to the COVID-19 pandemic, in-person testing was not possible, and the 

investigators re-designed the study to be conducted entirely remotely, through questionnaires 

and an assessment through ‘Zoom’. On the video call, parents were guided to deliver the play-

based executive function tasks to their children, many of whom showed current SIB. The 

findings in the first 60 children revealed that those with more frequent and severe SIB also 

show higher levels of impulsivity and had more difficulties resisting temptation and stopping 

behaviour once started.  

Like other behaviours, SIB can be shaped through subtle learning processes. For 

example, if ending a preferred activity coincides with a child showing SIB, a parent might 

decide to resume this activity to prevent the child from coming to any harm. Over time, an 

association might form between showing SIB and having access to preferred activities, 

making this more likely to happen when preferred activities are not available. Treatments for 

SIB aim to understand whether this serves a particular function, reduce potential triggers, and 

teach children new skills to use instead. Although this can reduce SIB for some children, this 

type of treatment can only start once a child has started to show SIB, leaving families 

vulnerable to a whole host of negative consequences.  

A learning account of SIB also doesn’t fully explain why some children show SIB and 

others don’t. Understanding the individual characteristics of children who show SIB is key to 

understanding which children are most at-risk. The preliminary results from this ongoing 

study suggest that behavioural inhibition is one such characteristic that the children with and 

without SIB seem to differ on. Children's scores on questionnaires and the play-based tasks 
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showed that for those with SIB, being less able to “brake and disengage” might make it harder 

for these children to refrain from SIB or to stop this behaviour once started. Although this was 

a novel approach, the results suggest that testing this group, even online, can work well and 

investigators are hopeful that this will encourage other researchers to include this under-

represented group in future studies. 
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1.3 Appendix C: Information sheet for prospective participants 

Participant Information Sheet 

 

We would like to invite your child/person you care for to take part in a research study being 

conducted in the School of Psychology at the University of Birmingham in collaboration with 

[insert name of school or NHS Trust].  

 

Please read this information carefully before deciding whether it is in the best interests 

of your child to take part in the study. If you would like any more information about the study 

or you have any health and/or language difficulties which make it difficult for you to read this 

information please contact the research team, Dr Caroline Richards on  or 

or Dr Georgie Agar on  or 

or you can ask someone to contact the research team on your behalf. 

 

When you are happy that you have all of the information you need to be able to decide whether 

or not the person you care for would like to take part in the study, please complete the consent 

form and post it to the research team at the earliest opportunity in the pre-paid envelope 

provided.  

 

What is the research study about and why is it important? 

This research project, led by Dr Caroline Richards, is based in the School of Psychology at the 

University of Birmingham. The project aims to better understand behaviour in children with 

autism and intellectual disability. In the future, the information obtained during this study could 

help us to identify ways in which we may be able to prevent the onset of particular behaviours 

that have a negative impact on the quality of life of children with autism and intellectual 

disability.  

 

This research project is split into three separate studies. We are contacting you about taking 

part in Study 1 of the project. If your child takes part in Study 1 and you would like to be 

contacted about participation in future parts of the study, we may contact you a few weeks 

later with information about taking part in Study 2. This is optional and participation in Study 1 

does not mean that your child needs to take part in future studies. 

 

Why have I been invited to take part in the study? 

You have been contacted about this study because you are the parent/carer of a child aged 

between 4 years and 15 years 9 months old who has autism and intellectual disability. You 

have also expressed an interest in your child taking part in research. 

 

If I decide to participate in the research study, what will I be asked to do? 
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If you would like your child to participate in the research, you will be asked to sign a consent 

form and provide us with a few personal details (your name, postal address, telephone number, 

email address). You can return this to the research team using the pre-paid envelope provided. 

Alternatively, if you have been given this document by a health professional you can complete 

the consent form with them, who will pass this onto the research team at the University of 

Birmingham. 

 

After you have consented to take part in the study, you will be asked to: 

• Complete some questionnaires online  

• Complete an interview about your child’s adaptive functioning via video conferencing 

• Take part in some fun play-based games and activities via video conferencing with your 

child and the research team 

 

We will send a package containing all of toys for you to use in the play session. We will also 

send instructions for how to play the games and will guide you through each step using in-ear 

headphones. You can keep the toys as a gift for you and your child. We will thoroughly disinfect 

all study materials and prepare your package while wearing gloves. We will follow the 

University of Birmingham’s approved risk assessments for the safe preparation and 

transportation of testing materials at all times.  

 

You may be invited by the research team to complete this study again, so that we can assess 

how your child’s behaviour may have changed over time. There may be the opportunity to take 

part in other aspects of the study at a later date. This could involve the research team carrying 

out some more study activities with your child face to face, either in your home, the child’s 

school or at the University of Birmingham. Tasks will all be play-based games and activities, 

which will be engaging for your child. We will use picture cards, puzzles and role-playing 

activities to learn about your child’s behaviour. We will only invite your child to take part in this 

part of the study if it is safe for the research team to visit your child. We will continue to follow 

government guidelines on social distancing at all times.  

 

Where will the study activities take place? 

You can complete the questionnaires at your convenience and post these back to the research 

team at the University of Birmingham. We can also complete the interview via video 

conferencing at a time that is convenient for you. We will then arrange a time to have a play 

session with you and your child at your home to carry out the study activities. Alternatively, if 

you prefer, we can ask your child’s school to allow us to conduct the play session there with 

your child, with a member of staff as the ‘co-researcher’.  

 

Who will be involved in collecting the data? 

Only suitably trained and experienced researchers will be involved in data collection. 

 

How long will participation in the study take? 

Completing the questionnaire and interview is expected to take approximately 1.5 hours of 

your time. The play-based assessments with you and your child are estimated to take one hour 

in total. Some children may be able to complete all assessments in one session, but others will 

require frequent breaks between activities meaning that assessments could be spread over 

two sessions to suit your child. 
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If you are invited to complete the assessments again in the future to help us understand how 

your child’s behaviour may have changed, we will contact you at a later date depending on 

government guidelines. We will likely contact you around 12 months after completing this part 

of the study and activities will take place again over 1-2 days. 

 

Will assessments/interviews be recorded? 

During some of the assessments, your child’s behaviour and the behaviour of people in your 

child’s immediate surroundings will be recorded using the webcam of your laptop or tablet 

device so that we can score the assessments, and check the accuracy of the observations 

with another researcher. These videos will be captured via Zoom and the recording will be 

stored on the University’s secure Research Data Store. 

 

Are there any risks for individuals taking part in the study? 

The questionnaire and interview that you will be asked to complete include questions about 

your child’s behaviour that you may find difficult to talk about. If you feel uncomfortable 

answering any questions you can discuss this with the research team at any stage of 

participation. We may be able to support you or signpost you to helpful resources or 

professionals.  

 

Some children taking part in the study may display challenging behaviours (e.g. aggression, 

destruction of property) and self-injurious behaviour (e.g. head-banging, biting self, eye 

poking). These behaviours may occur in the presence of the researcher or when they are 

interacting with you during the study activities. If your child does display any challenging 

behaviours during the play session the research team will discuss with you how to proceed or 

if activities should cease. Before the play session, we will ask you about any challenging 

behaviours that your child shows and, if appropriate, create a risk-management plan to keep 

your child and those around them safe during the play session. 

 

What are the potential benefits for individuals taking part in the study? 

Following your child’s participation in the study, you will receive a personalised feedback report 

describing the results of the assessments conducted. This report may be useful to you and the 

health and education professionals involved with your child to highlight strengths and 

difficulties that your child experiences and identify resources that may be useful for them. We 

will happily share a copy of this report with any health/education professionals if you request 

this and provide us with written consent. 

 

If I would like to participate in the project, what should I do now? 

Please remember that participation in the project is purely optional and the decision not to 

participate will not restrict access or affect the right to any education/health services. When 

you are satisfied that you have all the information you need to be able to decide whether or not 

you would like your child to take part in the study and if you decide that you would like your 

child to participate, please complete the consent form and return it to us in the prepaid 

envelope provided. 

 

You can then complete the questionnaire pack and return this to us using a second prepaid 

envelope that has been provided. It is important that you return the consent forms and 

questionnaire pack separately so that your personal information and data cannot be linked in 



 

 

 
 

141 

the unlikely event that it is lost in the post. This is for your safety and to ensure your data is 

kept confidential. 

 

What if I change my mind about participating after I have provided consent? 

Even after you have provided consent for your child’s participation in the study, you can request 

for your child to be withdrawn from the study. This will not restrict access or affect the right to 

any education/health services. With your permission, personal and research data collected up 

until the point of withdrawal will be retained by the research team.  

 

If I decide to participate, what will happen to the information I provide? 

In order to carry out the research project described above, we will need to collect information 

about your child, and some of this information will be personal data. Under data protection law, 

we have to provide you with very specific information about what we do with your data and 

about your rights. We have set out below the key information you need to know about how we 

will use your personal data. 

 

More information on how the University processes personal data can be found on the 

University’s website on the page called ‘Data Protection - How the University Uses Your Data’ 

(https://www.birmingham.ac.uk/privacy/index.aspx). 

 

Who is the Data Controller? 

The University of Birmingham, Edgbaston, Birmingham B15 2TT is the data controller for the 

personal data that we process in relation to you. 

 

What data are we processing and for what purpose will we use it? 

We will collect and process your personal data to conduct the research project, as explained 

in the Participant Information Sheet. 

 

What is our legal basis for processing your data? 

The legal justification we have under data protection law for processing your personal data is 

that it is necessary for our research, which is a task we carry out in the public interest. 

 

Who will my personal data be shared with? 

We will not share your child’s data with any third party without your written informed consent.  

Sometimes, external organisations assist us with processing your information, for example, in 

providing IT support. These organisations act on our behalf in accordance with our instructions 

and do not process your data for any purpose over and above what we have asked them to 

do. We make sure we have appropriate contracts in place with them to protect and safeguard 

your data.  If your personal data are transferred outside the European Union (for example, if 

one of our partners is based outside the EU or we use a cloud-based app with servers based 

outside the EU), we make sure that appropriate safeguards are in place to ensure the 

confidentiality and security of your personal data.  

 

How will my personal data be kept secure? 

The University takes great care to ensure that personal data is handled, stored and disposed 

of confidentially and securely. Our staff receive regular data protection training, and the 

University has put in place organisational and technical measures so that personal data is 

processed in accordance with the data protection principles set out in data protection law.  
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The University has an Information Security Management System based on ISO27001 with a 

range of controls covering the protection of personal information. Annual security awareness 

training is mandatory for staff and the University is accredited under the NHS Information 

Governance Toolkit, the Payment Card Industry Data Security Standard and is in the process 

of gaining Cyber Essentials Plus for defined services. 

 

While government regulations are in place advising workers to continue their work remotely 

from home, the research team will operate as such. During this period, physical data will be 

stored in a secure lockbox at an approved researcher’s home. Electronic data will be password 

protected and stored on an encrypted online server held by the University of Birmingham 

(Research Data Store). Only approved members of the research team will have access to this 

data. When such restrictions end, physical data will be transferred in the lockbox to the 

University of Birmingham and be stored in a locked filing cabinet in a lockable office. Once 

government regulations are relaxed normal data storage procedures will ensue, as described 

below. 

 

In relation to this project, personal identifying information will be stored for the duration of the 

study on a password protected portable hard drive that is kept in a locked filing cabinet in a 

lockable office at the University of Birmingham and on the University’s secure server Your 

completed physical data (e.g. questionnaires, scoring sheets) will be stored separately from 

the personal identifying information. Yours or your child’s name will not appear on the physical 

data. Instead, each participant in the study will be allocated a participant number and this will 

appear on the data instead of names. A password protected electronic file will be created which 

links the participant number to the participant name, which will be stored on a password 

protected portable hard drive and kept in a locked filing cabinet in a lockable office at the 

University of Birmingham.  

 

The video recordings created during the study are considered to necessarily contain personal 

identifying information. We will therefore store the recordings of you and your child separately 

to the other information we have collected about you. These recordings will be labelled with 

participant numbers and stored on a password protected portable hard drive kept in a locked 

filing cabinet in a lockable office at the University of Birmingham and on the University’s secure 

server 

 

What will happen to my personal information after the project ends? 

If you are not already on an existing participant database held by the researchers involved in 

this study and have not consented to be added to the database, your contact details will be 

destroyed at the end of the study and you will not be contacted further. This means that we 

would no longer be able to trace the results of your child’s assessments back to you. If you 

withdraw from the project, we will keep the information we have already obtained but, to 

safeguard your rights, we will use the minimum personally-identifiable information possible. 

The document titled ‘Regular Participant Database Information Sheet’ gives information about 

the database that we use to store the personal details of some participants. Please read this 

document so you can decide if you would like to join the database. 

 

What will happen to the data afterwards? 
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You will be able to decide whether or not you want to make your child’s research data available 

to any professionals or clinicians working with the person you care for should they wish to see 

it. Ten years after the end of the study we will destroy all of the data collected during the course 

of the study. This includes video footage unless you have given us your consent for the 

recordings to be used for teaching and/or dissemination. 

 

The research team will publish the findings from the study in scientific journals and will present 

the results at relevant conferences and in newsletters. Any published reports which use the 

information you have provided us with will be completely confidential and will never use yours 

or your child’s name. Anonymous datasets (with all personal information removed) will be 

made available to users on an open science platform at the discretion of Dr Caroline Richards. 

This data will be unidentifiable. Audio/Video recordings will not be shared. 

 

What are my rights in relation to my data? 

You may have the following rights in respect of your personal data: 

• The right to access to your data (often referred to as a Subject Access Request). 

• The right to rectification of inaccuracies in your data. 

• The right to erasure of your data (in certain circumstances).   

• The right to restrict processing of your data (in certain circumstances). 

• The right to object to the processing of your data (in certain circumstances). 

• The right to ask for your personal data to be transferred electronically to a third party. 

• If the research is being done on the legal basis of your consent, the right to withdraw 

consent. 

However, your rights to access, change or move your information are limited, as we need to 

manage your information in specific ways in order for the research to be reliable and accurate.  

If you withdraw from the project, we will keep the information we have already obtained but, to 

safeguard your rights, we will use the minimum personally-identifiable information possible. 

 

If you would like more information on your rights, would like to exercise any right or have any 

queries relating to our processing of your personal data, please contact: 

The Information Compliance Manager, Legal Services, The University of Birmingham, 

Edgbaston, Birmingham B15 2TT 

Email: dataprotection@contacts.bham.ac.uk  Telephone: +44 (0)121 414 3916 

 

If you wish to make a complaint about how your data is being or has been processed, please 

contact our Data Protection Officer. 

Mrs Carolyn Pike, OBE, The Data Protection Officer, Legal Services, The University of 

Birmingham, Edgbaston, Birmingham B15 2TT 

Email: dataprotection@contacts.bham.ac.uk  Telephone: +44 (0)121 414 3916 

 

You also have a right to complain to the Information Commissioner's Office (ICO) about the 

way in which we process your personal data. You can make a complaint using the ICO’s 

website. 

 
Confidentiality 

Your confidentiality and the confidentiality of your child will be ensured. If published, any 

information we collect will be presented without reference to names or any other identifying 
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information.   

 

In the unlikely event that the research team becomes concerned for your welfare or the welfare 

of your child, this information will be disclosed to the appropriate authorities to safeguard those 

who may be at risk. The Chief Investigator, Dr Caroline Richards, will take appropriate action 

by contacting the University of Birmingham safeguarding team or the relevant authorities. 

 

What can I do if I have any concerns about the research or there is a problem? 

If you have any cause for concern about any aspect of the research, in the first instance, please 

contact Dr Caroline Richards (Chief Investigator) on  

or Dr Georgie Agar (Research Fellow) on       or 

 If you have any concerns related to the research after contacting the 

Chief Investigator or Research Fellow you can contact the Head of the School of Psychology 

at the University of Birmingham, Professor Ed Wilding on 

 

 

How do I contact the research team to find out more about the research study? 

Please contact Dr Georgie Agar on  or  

Alternatively, you can post to the following address: 

 

Richards Lab 

52 Pritchatts Road 

School of Psychology 

University of Birmingham 

Edgbaston 

Birmingham 

B15 2TT   

 

 

Consent 

After having read all of the information and having received appropriate responses to any 

questions that you may have about the study, you will be asked to give your and your child’s 

consent to participate in the study if you decide that you do wish to participate. A consent form 

has been enclosed for you to complete if you do wish to participate. Please complete the form 

and post it to the research team in the pre-paid envelope provided at your earliest convenience. 

 

Although you are being asked to consent on behalf of your child, we still seek to take their 

wishes into account. If at any point during the study your child appears to be overly distressed 

by the study activities e.g. video recording, then we may discuss withdrawing them from the 

study. Both parents/carers and members of the research team are able to withdraw a 

participant from the study if they feel that participation is not in their best interests. 

 

Consent to be included in the ‘Regular Participant Database’ is separate to consent for the 

study and you are welcome to participate in the study without being included in the database. 

 

 

Review 
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The research project has been approved by the South West Central Bristol Research Ethics 

Committee. The study reference number is 19/SW/0141.  
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1.4 Appendix D: Guardian consent form  
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1.5 Appendix E: Questionnaire measures  
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1.6 Appendix F: Extract from EF task instructions sent to caregivers  
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1.7 Appendix G: Full assessment protocol flowchart 
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1.8 Appendix H: A brief review of the literature on remote testing  

There are existing bodies of literature on both the feasibility of remote experimental 

methods, and the reliability and validity of administering some neuropsychological 

assessments using telehealth platforms. Online data collection methods have been reported to 

produce performance equivalent to the same protocol delivered in person (e.g., Oliver & Pike, 

2021). Recent research has compared online automated and in-person measurement of 

executive function in a matched sample of 96 neurotypical children aged 9-15 (Segura & 

Pompéia, 2020). On a battery which included assessments of working memory, inhibition and 

switching, the authors found no statistically significant difference between the type of test 

administration on all but one of the working memory tasks. The authors suggest that 

education differences between the groups might have contributed to this finding.  

While much of the ‘telepsychology’ research using counterbalanced, within-

participants designs has yielded similar performance results for video teleconference-based 

and face-to-face administration of neuropsychological assessments, including with lower 

ability cohorts (for a meta-analytic review, see Brearly et al., 2017), most papers focus on 

older adults (e.g., Hildebrand et al., 2004). Harder and colleagues (2020) were the first to 

repeat a neuropsychological battery with children, counterbalancing in-person testing and 

assessment over videoconferencing with the child at home. They concluded that results 

obtained remotely appeared valid and comparable to in-person testing, and that this method 

was largely well received by families. 

Overall, the evidence supports the use of a remote battery in the context of a global 

pandemic, while also highlighting the possible utility of this approach to include harder to 

reach groups in research efforts (Stifel et al., 2020). However, most of the research to date has 

focussed on fully computerised batteries, or verbally mediated assessments led by an 

experienced researcher or clinician with the support of a caregiver only to set up tasks. To the 
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authors’ knowledge, the current study is the first to guide caregivers in administering 

performance-based measures remotely. 
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1.10 Appendix J: Spearman’s rho and point-biserial correlations between demographic 

characteristics and SIB. 

 

    1 2 3 4 5 6 7 

1 SIB score a               

2 Gender .04             

3 Chronological age  .04 .16           

4 BPVS raw score .01 .17 .25         

5 VABS ABC -.19 .20 -.37** .45**       

6 VABS RL ae -.23 .19 .23 .40* .55**     

7 VABS Overall ae -.21 .27* .28* .64** .68** .76**   

8 SCQ Total .13 -.13 .04 -.34* -.38** -.42** -.43** 

acalculated from the Challenging Behaviour Questionnaire. 

*p < .05  **p < .01 
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1.11 Appendix K: Spearman’s rho and point-biserial correlations between demographic 

characteristics and EF variables. 
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CA .45** -.03 .11 .11 .01 .05 -.21 .10 .12 

Gender .23 -.21 .21 .20 -.03 .14 -.09 .08 .05 

Verbal Status .39** -.46** .52** .53** -.01  -.18 .01 .12 

BPVS raw .42** -.52** .54** .47** -.17 .38* -.24 .09 -.07 

VABS ABC .25 -.47** .47** .28 -.28* .06 -.12 -.10 -.05 

VABS RL ae .39** -.31* .45** .29 -.35** .15 -.29* -.27 -.05 

VABS OA ae .47** -.49** .53** .41** -.26* .25 -.24 -.08 -.01 

SCQ total  -.08 .12 -.16 .09 .28* -.30 .11 .12 .04 

*p < .05  **p < .01 

  

 

 

 

 

 

 

 








