
Antisocial Behaviour and Executive 
Function in Late Adolescence and Early 

Adulthood 
 
 
 

 

 

 

 

James M. Ogilvie 

Bachelor of Psychological Science (Honours) 

Bachelor of Arts in Criminology and Criminal Justice  

 

Menzies Health Institute Queensland 

School of Applied Psychology 

Griffith University 

 

 

 

Submitted in partial fulfilment of the requirements of the degree of Doctor of 

Philosophy in Clinical Psychology 

 

October 2018 



 ii 

  



 iii 

Abstract 

Adolescence is a developmental period typically characterised by increasing levels of 

risk-taking and antisocial behaviour (ASB), and these behavioural changes coincide 

with physical, neurological, psychological, and social maturational changes and 

transitions (Crone, van Duijvenvoorde, & Peper, 2016; Steinberg, 2010a). There is an 

emerging understanding of the role neuropsychological factors, including executive 

functioning (EF), play in the expression of risk-taking and ASB during adolescence. 

EF abilities follow a protracted course of development into adolescence, and are 

associated with improving regulatory and cognitive control capacities as they mature 

(Diamond, 2013). There is a significant body of research highlighting a robust link 

between EF impairments and engagement in ASB (Morgan & Lilienfeld, 2000). In 

contrast, there have been few attempts to explore how developmentally immature EF 

may be associated with increasing rates of participation in ASB during adolescence and 

early adulthood in typically developing youth. The aim of this thesis was to integrate 

criminological and neuropsychological perspectives to examine the intersection 

between EF and ASB during the developmental period of adolescence.  

Four studies were conducted to explore the links between EF and ASB. The first 

study was a meta-analysis to quantify the association between EF and ASB and 

summarise the current state of the research literature. Results confirmed a robust 

association between EF and ASB that held across varied study methodologies. 

Significant variation in effect size magnitude was observed across EF measures and 

operationalisations, suggesting that there is specificity in the association between EF 

and ASB.  

The second study documented the development of a self-report measure of 

ASB, and summarised the involvement in a range of antisocial acts for a sample of 404  

typically developing youth (262 females) aged 17 to 22-years-old. Results suggested 

that ASB was best measured as a multidimensional construct, and that engagement in 

ASB was widespread and therefore appeared relatively normative for typically 

developing youth.  

The third study examined the developmental progression and structure of EF 

for an age-stratified cross-sectional sample of 129  typically developing youth (67 

females) aged 17 to 22-years-old. Participant’s EF abilities were assessed using a 
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battery of paper-and-pencil and computerised EF measures. Results indicated that most 

EFs were functionally mature at the time of assessment, although there was some 

evidence to suggest that inhibitory control abilities continued to improve across late 

adolescence into early adulthood. Further results suggested that EF was best 

represented as a multidimensional construct of five distinct but related components, 

which included a component related to the operation of EF under motivational/affective 

conditions (i.e., “hot” EF). 

The fourth study examined the links between EF, risk taking and self-reported 

engagement in ASB during late adolescence and early adulthood using the same 

typically developing sample as the third study. Results indicated that levels of risk-

taking and self-reported ASB appeared stable across the age-range studied, suggesting 

that the age period may have represented a heightened period of involvement in these 

behaviours. Contrary to hypotheses, better performance on some EF measures was 

associated with greater involvement in some forms of ASB. Overall, results suggested 

that the role of EF in ASB might be different for typically developing youth compared 

to clinical samples of antisocial youth.  

In summary, this thesis makes a unique contribution to existing research by 

examining the links between EF and ASB in a sample of typically developing youth. 

Results provide evidence that engagement in ASB is widespread for typically 

developing youth, and that the role of EF in explaining these behaviours differs from 

pathologically antisocial youth. 
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Chapter 1: Introduction and Overview 

Adolescence is a key developmental period for investigating the factors associated with 

antisocial behaviour (ASB), given engagement in many forms of offending and risk-

taking behaviours peak during this period (DeLisi & Piquero, 2011). Significant and 

concomitant neuropsychological changes occur during adolescence in relation to 

cognitive control, reward sensitivity and affective processing, and there is an emerging 

understanding of how these changes may shape behaviour during adolescence, 

including increasing rates of risk-taking and ASB (Casey, Jones, & Somerville, 2011; 

Crone et al., 2016; Qu, Galván, Fuligni, Lieberman, & Telzer, 2015). There is a growing 

body of literature examining the causes of ASB that recognises the role of 

neuropsychological factors in the onset, persistence, and desistance of ASB over the 

lifespan (Hyde, Shaw, & Hariri, 2013; Moffitt, 2006a).  

The neuropsychological construct of executive function (EF), which relates to 

cognitive control, has received significant attention in the research literature as a factor 

relevant in explaining engagement in ASB (Morgan & Lilienfeld, 2000). Broadly, EF 

refers to a collection of cognitive processes and behavioural competencies that facilitate 

the initiation, planning, regulation, and achievement of complex goal-oriented 

behaviour and thought (Miyake & Friedman, 2012; Royall et al., 2002). EF follows a 

protracted course of development linked to changes in the prefrontal cortex, largely 

reaching maturity by adolescence (Lee, Bull, & Ho, 2013; Zelazo, Craik, & Booth, 

2004). Impairments in EF have consistently been linked to various forms of ASB, 

including criminality, delinquency, physical aggression, conduct disorder, 

psychopathy, and antisocial personality disorder (Morgan & Lilienfeld, 2000). 

However, there have been limited efforts to examine how developmental changes in EF 

may contribute to increased rates of participation in risk-taking and ASB during 

adolescence.  

Through integrating neuropsychological and criminological research 

disciplines into a developmental framework, the research presented in this thesis aims 

to examine the intersection between EF and ASB during the developmental period of 

adolescence. It is hoped that this examination will contribute to increased understanding 

of the neuropsychological mechanisms driving developmental changes in the 
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expression of risk-taking and ASB during adolescence. Provided in the current chapter 

is an introduction to the thesis, including a description of the research rationale and 

overview of the chapter structure. 

1.1 RESEARCH RATIONALE  

Published research has primarily approached the study of neuropsychological 

factors associated with ASB from a static pathology perspective using clinical or 

incarcerated antisocial samples. As a result, there is a consistent body of research 

demonstrating a robust link between impairments in EF and ASB, with greater and 

more extensive EF impairments typically coinciding with more severe and persistent 

forms of ASB (Moffitt, 2018; Morgan & Lilienfeld, 2000). However, the pathology 

approach has led to a limited understanding of typical neurodevelopmental processes 

involved in the expression of ASB across different stages of development, including 

adolescence. It is widely acknowledged that neuropsychological development 

continues throughout late childhood and into early adulthood (Casey, Getz, & Galván, 

2008; Giedd, 2008; Luna, Garver, Urban, Lazar, & Sweeney, 2004). However, 

understanding of how neuropsychological development relates to adolescent social 

behaviour, particularly ASB, is in its infancy. 

From a developmental perspective, typical neurodevelopmental changes 

occurring during adolescence may contribute to an increased propensity to engage in 

risk-taking and ASB, and this is emphasised by dominant imbalance models of 

adolescent neurodevelopment and behaviour (e.g., Casey et al., 2011; Ernst, 2014; 

Shulman et al., 2016b). These models propose that increased levels of risk-taking and 

ASB during adolescence are driven by temporary imbalances between an early 

maturing and reactive affective processing and reward sensitivity system, and a more 

slowly maturing cognitive control system (i.e., EF). However, there have been no direct 

attempts to test the predictions made by developmental imbalance models when it 

comes to the role of immature EF in explaining adolescent involvement in ASB. In this 

context, the research presented in this thesis seeks to address the following overarching 

research question: 

 

 Do executive function abilities explain engagement in antisocial behaviour for 

typically developing adolescents and early adults? 
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To address this research question, a series of four studies were undertaken to 

link neuropsychological processes (i.e., EF) to behaviour (risk-taking and ASB), where 

there have been few attempts to do this in the existing literature (Crone et al., 2016). A 

focus on the developmental period of late adolescence and early adulthood was 

adopted, as this is a period that typically coincides with peak rates of participation in 

most forms of risk-taking and ASB. Finally, the focus of the thesis research was on 

typically developing youth, as knowledge of normative developmental processes has 

the potential to inform understanding of how development become pathological.  

1.2 CHAPTER OVERVIEW AND THESIS STRUCTURE 

 This thesis is divided into eleven chapters. The current chapter provides an 

introduction, rationale and overview of the structure for the research and thesis 

document.  

Chapters Two, Three and Four summarise literature relevant to informing the 

current research. In Chapter Two, research and theory relating to adolescent 

development is reviewed, with a focus on neurological and behavioural changes 

associated with the period. Adolescence is characterised as a developmental period 

marked by substantial biological, psychological, behavioural, and social maturational 

changes and transitions. It is highlighted that despite progressive cognitive maturation, 

adolescence is associated with the emergence of potentially harmful behaviours and 

characteristics, including risk-taking, sensation and reward seeking, impulsivity, and 

emotional intensity and lability. Emerging theories and associated empirical evidence 

are reviewed that characterise adolescence as a period of heightened sensitivity to 

reward and reduced aversion to negative stimuli, which when combined with immature 

regulatory capacities, increases the propensity to engage in risk-taking behaviour. 

In Chapter Three, research and theory relating to EF is summarised, focusing 

on the continued development of EF components into adolescence. EF is characterised 

as a multidimensional construct referring to a range of abilities that are necessary for 

top-down control of other cognitive functions. It is highlighted that EF follows a 

protracted course of development that appears to coincide with the physiological 

development of the prefrontal cortex, with most EF abilities reaching full maturity by 

early adulthood. It is noted that comparative little research has examined the 

developmental trajectories of EF abilities involved in the regulation of emotionally 

salient information into adolescence. Finally, it is emphasised that impairments in EF 



 4 

have been implicated in a wide range of psychopathological disorders, suggesting that 

EF impairments may be common dysfunctions underlying developmental problems. 

Provided in Chapter Four is a review of research and theory relating to the 

association between EF and ASB during adolescence. It is highlighted that despite the 

robust association between EF impairments and engagement in ASB, there is a lack of 

specificity in current knowledge about the links between EF and ASB (e.g., linking 

specific EF impairments for specific forms of ASB). Beyond this, it is highlighted that 

the greatest gap in the existing literature on the relationship between EF and ASB is the 

lack of research from a developmental perspective. Specifically, there is a gap in 

knowledge about how developmental immaturities in EF may potentially contribute to 

the expression of risk-taking and ASB during adolescence. 

Provided in Chapter Five is a research overview that integrates the literature 

reviewed in the preceding chapters and the associated limitations to establish a research 

strategy for the thesis. Research questions and hypotheses for the four studies are 

documented.  

Chapter Six documents the methodology and results for the first study, which 

aimed to quantify the association between EF and ASB using a meta-analytic approach 

to integrate and summarise the results of previous studies. This study has been 

published (see: Ogilvie, Stewart, Chan, & Shum, 2011). 

Chapter Seven documents the methodology and results for the second study, 

which had the dual aims of developing a psychometrically sound self-report instrument 

to measure ASB, and to examine the prevalence and frequency of participation in ASB 

in typically developing late adolescents. 

Documented in Chapter Eight is the general methodology behind the final two 

studies. Chapter nine presents the results for the third study examining the development 

and structure of EF during late adolescence and early adulthood. Chapter ten presents 

the results for the fourth study examining the associations between EF and engagement 

in risk-taking and ASB for typically developing late adolescents and early adults. 

Finally, provided in Chapter Eleven is a general discussion to integrate and summarise 

the findings of the thesis research.  
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Chapter 2: Adolescence  

Adolescence is a critical period of human development marked by dynamic brain 

changes occurring in the context of substantial biological, psychological, behavioural, 

and social maturational changes and transitions (Spear, 2000; Sturman & Moghaddam, 

2011). Brain structure follows a protracted course of development throughout 

adolescence that has been linked to increasingly sophisticated cognitive functioning 

and emotional processing to assist in processing information within an increasingly 

complex psychosocial environment (Casey et al., 2008). Despite these developmental 

advances, adolescence is a period associated with increases in risk-taking behaviours 

and increased vulnerability to the development of psychopathology (Steinberg, 2008). 

Further, it is well established that antisocial and criminal behaviour peaks during 

adolescence around age 17 years, and then declines as individuals enter adulthood 

(Farrington et al., 2006; Piquero, 2007). There is a limited but growing body of research 

examining how maturational brain processes underlie age-specific behavioural 

characteristics that emerge during adolescence, including risk-taking and ASB.  

 Provided in this chapter will be a summary of current research and theory on 

adolescent development. This information sets out the developmental context for the 

thesis and later discussions of risk-taking, ASB and EF from a developmental 

perspective. It is acknowledged that adolescence involves a multitude of developmental 

events, including physiological and hormonal changes, transformations in social 

relationships, and changing social roles. To focus the review, priority in this chapter 

will be given to the neurobiology of the adolescent brain and behaviour, behavioural 

changes (i.e., risk-taking and ASB), and the development of psychopathology during 

in adolescence.  

2.1 DEFINING ADOLESCENCE  

Adolescence is characterised as a transitional developmental period between 

childhood and adulthood marked by a gradual shift from dependent to independent 

functioning. Specifically, adolescence can be defined as the period between the onset 

of puberty and the attainment of relative self-sufficiency and 

physiological/reproductive maturity, considered to roughly fall between the ages of 12 
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to 18 years (Spear, 2000). While the beginning of adolescence can be marked by the 

distinct physiological changes associated with the onset of puberty (e.g., rapid physical 

growth, sexually dimorphic changes in face structure, voice and body characteristics), 

the end of adolescence has less clear biological boundaries, involving changes in social 

roles and responsibilities that are culturally shaped (Crone & Dahl, 2012).  

The end of adolescence and the transition into adulthood has been referred to as 

“emerging adulthood”, and is argued to be theoretically and empirically distinct from 

adolescence and young adulthood (Arnett, 2000; Arnett, 2007). Emerging adulthood 

has been described as a developmental period spanning the late teens through the mid-

20s (roughly 18-25 years) in industrialised societies (Arnett, 2007). Arnett (2000) 

proposed that emerging adulthood is distinguished by relative independence from 

social roles and from normative adult expectations. Further, emerging adulthood can 

be characterised as a period where change and exploration are common, often leading 

to heterogeneity in the features that define the period (Arnett, 2000). As will be 

reviewed, emerging adulthood is a developmental period that coincides with major 

behavioural changes, most importantly being a time of peak participation in risk-taking 

and ASB. 

2.2 ADOLESCENT NEURODEVELOPMENT 

2.2.1 Structural Brain Development 

 A comprehensive summary of brain development is beyond the scope of this 

thesis, with comprehensive overviews of neurobiological development provided by Tau 

and Peterson (2010) and Toga, Thompson, and Sowell (2006). Developmental brain 

changes during adolescence are most pronounced in cortical regions, specifically the 

temporal and prefrontal cortices (PFC), along with changes in the axonal tracts 

connecting cortical and subcortical regions (Giedd et al., 2015; Paus, 2005). These 

changes are believed to subserve the development of higher-order cognitive abilities 

and adult levels of functional cognitive abilities.  

 Technological advancements in non-invasive neuroimaging techniques for 

mapping the development of brain structure and function (e.g., magnetic resonance 

imaging [MRI], functional MRI [fMRI], and diffusion tensor imaging [DTI]) have 

contributed to the increased understanding of neurodevelopmental changes that occur 

during adolescence. Neuroimaging studies have revealed that transformations in brain 

structure during adolescence can be characterised as a neurodevelopmental process of 
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remodelling, with the brain becoming more efficient and energy conserving with age 

(Casey et al., 2008; Spear, 2010).  

 Grey Matter Development. In typically maturing brains, the development of 

grey matter follows a non-linear inverted U-shaped trajectory across age (Giedd et al., 

1999; Giedd et al., 2015). The total volume of grey matter across the cortex and the 

brain increases to a peak around late childhood and early adolescence, followed by a 

decline during adolescence into early adulthood (Giedd et al., 1999; Giedd et al., 2015). 

This decline of grey matter density coincides with the onset of puberty and continues 

throughout adolescence. 

 Recent longitudinal imaging evidence indicates that individual cortical sub-

regions follow temporally distinct maturational trajectories of grey matter development 

(Gogtay & Thompson, 2010). Figure 2.1 provides a visual representation of cortical 

grey matter development throughout childhood and adolescence. In general, regions 

subserving primary functions, including the sensorimotor cortices, mature first, 

followed by higher-order cortical association areas that integrate primary functions, 

including the temporal and prefrontal cortices (Gogtay et al., 2004; Gogtay, Giedd, & 

Rapoport, 2002). The cortex generally matures in a parietal to anterior manner, with the 

latest areas to develop being the most recent areas to develop from an evolutionary 

standpoint (Gogtay & Thompson, 2010). The loss of grey matter begins at puberty in 

the sensorimotor areas and then spreads rostrally over the frontal cortex and caudally 

over the parietal and temporal cortex (Gogtay et al., 2004). Sex differences in grey 

matter development have been observed, with females attaining peak volumes 

generally 1-2 years earlier than males, with this being most pronounced in frontal, 

parietal, and temporal regions (Giedd et al., 1999).  
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Figure 2.1. Visual representation of typical cortical grey matter development from 
childhood to adolescence.  
 
Brain models display right lateral and dorsal views of temporal sequences of cortical grey matter 
maturation, with red to pink representing greater density and blue representing loss. Graphs display total 
lobar grey matter volumes for frontal, parietal, temporal, and occipital lobes in male (blue) and female 
(red) children, with arrows representing peak grey matter volumes (Source: Gogtay & Thompson, 2010, 
p. 8). Copyright 2010 Elsevier Inc. Reproduced with permission. 
  

Although current imaging techniques are not able to determine the exact cellular 

processes underlying grey matter reductions, a number of possible hypotheses 

concerning the developmental processes that may account for changes in grey matter 

during adolescence have been proposed. First, age-related decreases in cortical grey 
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matter volume have been proposed to be primarily due to intracortical myelination and 

increased axonal calibre (Paus, 2010). These processes would result in an increased 

volume of white matter in brain tissue and in turn lead to an overall reduction in grey 

matter. Second, grey matter changes may reflect processes of synaptic reorganisation 

during adolescence (Petanjek et al., 2011). It has been hypothesised that the increase in 

grey matter up to the peak before the onset of puberty reflects a wave of synaptic 

proliferation (i.e., synaptogenesis), while the gradual decrease represents synaptic 

pruning as the brain becomes more efficient (Giedd et al., 1999; Gogtay et al., 2004). 

Post-adolescence synaptic pruning is most likely an experience-dependent process of 

refinement, whereby excess and unused synapses are eliminated to increase efficiency 

in synaptic circuits (Blakemore & Choudhury, 2006; Spear, 2000).  

 White Matter Development. White matter undergoes continued maturation 

throughout distributed brain regions from childhood into adolescence (Asato, 

Terwilliger, Woo, & Luna, 2010). White matter subserves the smooth flow of neural 

impulses throughout the brain, and facilitates the integration of information across 

spatially segregated and functionally specialised brain regions (Paus, 2010). Findings 

from MRI and DTI studies consistently indicate that white matter volume and density 

increase linearly throughout development and into adulthood (Paus, 2010; Schmithorst 

& Yuan, 2010).  

 Increases in white matter volume have been observed globally and regionally 

throughout the brain across adolescence. Total white matter volume is determined by 

the number of axons, their calibre, and the thickness of the myelin sheath surrounding 

them (Paus, 2010). It is hypothesised that white matter volume changes during 

adolescence reflect increasing myelination of selected axonal pathways and/or 

increases in axonal calibre, with myelination speeding up information flow along axons 

(Paus, 2010). Similar to the development of grey matter, white matter changes exhibit 

regional and temporal specificity. Myelination of axons generally follows a posterior 

to anterior developmental course, with areas subserving primary functions developing 

first (e.g., brain stem, sensory and motor cortices) followed by areas subserving high-

order functions (e.g., association cortices, PFC). White matter volume increases during 

adolescence are particularly prominent in fronto-parietal regions (Nagel et al., 2006). 

Evidence from DTI studies suggest that increases in white matter volume are 

accompanied by changes in white matter density across adolescence (Berns, Moore, & 

Capra, 2009; Paus, 2010). At a global level, typical adolescent brain development is 
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characterised by greater axonal organization and greater white matter density across 

distributed brain regions (Asato et al., 2010; Bava & Tapert, 2010; Berns et al., 2009; 

Schmithorst & Yuan, 2010). This is thought to reflect continued myelination and/or 

increasing axonal calibre in white matter tracts throughout multiple regions in the brain 

during adolescence (Paus, 2010).  

 White matter integrity changes have been found to follow different maturational 

schedules across different brain regions, generally in a posterior to anterior progression 

(Asato et al., 2010). Regions that continue to undergo white matter integrity maturation 

through adolescence are predominately localised in association and projection white 

matter tracts linked to frontal pathways (Asato et al., 2010; Baker et al., 2015b). In 

particular, the development of projection fibres between the PFC and subcortical 

regions is protracted during adolescence, not reaching maturity until early adulthood 

(Asato et al., 2010; Baker et al., 2015b). Adolescence has been demonstrated to be a 

developmental period characterised by selective but significant remodelling of 

connections between spatially distributed and distinct brain regions (Baker et al., 

2015b). The most significant changes in connectivity include decreases between 

subcortical regions and increases between frontal and subcortical regions (Baker et al., 

2015b). Developmental changes in white matter projection fibres between the PFC and 

subcortical regions may partly underlie improvements in cognitive control and 

behavioural regulation exhibited by maturing adolescents (Luna et al., 2004). 

 Changes in white matter intensity during adolescence, including continued 

myelination and increasing axonal calibre, are processes leading to greater functional 

connectivity among brain regions. This increasing connectivity contributes to the 

establishment of widely distributed brain function thought to underlie the development 

of higher-order cognitive skills associated with the control of complex voluntary 

behaviour (Baker et al., 2015b; Luna, Padmanabhan, & O'Hearn, 2010). Furthermore, 

global development of white matter connectivity possibly leads to improvements in 

speed of information processing that reach adult levels during adolescence (Luna et al., 

2004). 

 Neurotransmitter Systems. Some neurotransmitter systems appear to undergo 

developmental changes during adolescence, including dopamine (DA), serotonin 

(5HT), acetylcholine (ACh), glutamate, and gamma-aminobutyric acid (GABA) 

systems. It is known that dopaminergic, adrenergic, serotonergic and endocannabinoid 

receptors are over-expressed across multiple regions during adolescence before pruning 
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of these receptors during adulthood (Sturman & Moghaddam, 2011). Significant 

developmental changes during adolescence occur in brain regions that receive input 

from DA neurotransmitters that comprise the reward system, including the PFC, 

striatum, nucleus accumbens, and other components of the limbic system (Spear, 2010; 

Wahlstrom, Collins, White, & Luciana, 2010). The density of DA receptors in the PFC 

have been observed to proliferate to a peak during adolescence and early adulthood 

(between 14 to 25 years) to levels significantly higher than in infants, children, and 

adults over 30 years (Spear, 2010). Additionally, increases in DA synthesis and 

turnover in regions of the PFC that project to subcortical regions occur from 

adolescence to adulthood (Andersen & Teicher, 2000). This is followed by a decline in 

mid-to-early adulthood, which is thought to reflect a delayed pruning of DA receptors 

in the PFC and connected brain regions (Spear, 2010).  

There is evidence to suggest that the balance of excitatory and inhibitory 

neurotransmission during adolescence differs from adult levels. Levels of the inhibitory 

neurotransmitter GABA appear to increase linearly throughout adolescence and into 

adulthood (Sturman & Moghaddam, 2011). GABA fibres from subcortical regions 

(e.g., amygdala) continue to develop connections with GABAergic cells in the PFC 

during adolescence, which has been speculated to partly underlie improvements in 

impulse control and EF functions (Spear, 2010). Overall, evidence indicates that neural 

circuitry and neurochemistry changes significantly during adolescence, particularly the 

PFC and associated subcortical regions. 

 Timing of Development. As highlighted by research findings on the 

development of grey and white matter in the brain, the timing of brain development is 

regionally dependent. As a general principle, brain regions that were the first to emerge 

from an evolutionary perspective and subserve more primary functions necessary for 

survival mature earlier than younger evolutionary regions (Fuster, 2002a). For example, 

evolutionary older regions including the limbic system, and primary sensory and motor 

regions of the cortex mature earlier than regions of the PFC and other frontal areas, 

which are considered to be the most recent evolutionary regions of the human brain. A 

posterior to anterior progression in the development of the cortex in terms of synaptic 

pruning and myelination is observed, with the PFC being the last region to mature 

during adolescence and into early adulthood (Giedd, 2004; Gogtay et al., 2004). During 

this progression of brain development, the adolescent brain becomes increasingly 

efficient, streamlined and cost-effective (Spear, 2010). As cortical regions mature they 
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require lower levels of energy (measured by blood glucose and oxygen utilisation) to 

function effectively (Chugani, 1998). The increasing efficiency of energy use with 

maturity is thought to be a result of a number of developmental processes, including 

myelination of selected axonal tracts and synaptic pruning (Spear, 2010). 

Prefrontal Cortex. The PFC assumes developmental significance during 

adolescence as it is the last cortical region to reach maturity (Fuster, 2002a). While the 

PFC is not identifiable by specific anatomical markers, it is predominately characterised 

by an isocortical cytoarchitecture. The PFC has been described as a collection of 

interconnected heteromodal cortical areas involved in associative rather than specific 

sensory or motor functions (Huttenlocher & Dabholkar, 1997; Mesulam, 2000; 

Mesulam, 2002). The PFC is the only non-limbic cortical region devoted solely to 

complex mental integration, including top-down control of cognitive functioning, that 

is, EF (Mesulam, 2000). The major anatomical regions of the PFC are displayed in 

Figure 2.2.  

 

 

 



 13 

 
Figure 2.2. Major anatomical regions of the prefrontal cortex. 
 
Lateral, Medial, and Orbital Views of the Cerebral Hemispheres Displaying the Major Anatomical 
Regions of the Prefrontal Cortex according to Brodmann’s Cytoarchitectonic Map (Source: Fuster, 
2002a, p. 374). Copyright 2002 Kluwer Academic Publishers. Reproduced with permission. 
 

The PFC is most commonly divided into three major subdivisions: lateral, 

medial, and ventral/orbitofrontal (Fuster, 2002a; Tanji & Hoshi, 2008). The lateral PFC 

can be further divided into the dorsolateral PFC (dlPFC) and the ventrolateral PFC 

(vlPFC). The dlPFC has been found to have a critical role in the visuospatial and 

temporal control of actions due to its corticocortical connections with parietal and 

premotor cortices (Hoshi, 2006; Procyk & Goldman-Rakic, 2006; Robertson, Tormos, 

Maeda, & Pascual-Leone, 2001; Tanji & Hoshi, 2008). The dlPFC has also been 

implicated in response selection and working memory functions, such as short-term 

visuospatial memory, planning and goal maintenance (Huttenlocher & Dabholkar, 

1997). It has been argued that the dlPFC plays an important role in converting 

representations in short-term memory to goal-directed behaviour (Ridderinkhof, van 

den Wildenberg, Segalowitz, & Carter, 2004b). These working memory and 
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visuospatial control have been implicated in a wide range of cognitive and behavioural 

tasks. The vlPFC has been found to mediate the cognitive functions of object-based 

working memory (Tanji & Hoshi, 2008), the processing of affective and reinforcement 

information (Mitchell, Rhodes, Pine, & Blair, 2008), response inhibition and reversal 

(Aron, Robbins, & Poldrack, 2004), associative learning (Passingham, Toni, & 

Rushworth, 2000), and task switching (Braver, Reynolds, & Donaldson, 2004). Overall, 

current research indicates that there is significant functional heterogeneity within the 

lateral PFC (Tanji & Hoshi, 2008). 

The medial frontal cortex (MFC) is thought to play a significant role in 

mediating cognitive functions related to performance monitoring, including the 

anticipation of reward (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004a). 

Furthermore, due to direct and indirect connections with the primary and supplementary 

motor areas, the MFC is directly involved in goal-based action selection (Ridderinkhof 

et al., 2004b).  

The orbital frontal cortex (OFC) is argued to be especially important in the 

regulation and processing of emotion due to its extensive connections with other brain 

structures implicated in emotional processing, such as the amygdala and cingulate 

cortex (Kringelbach, 2005; Kringelbach & Rolls, 2004). Furthermore, the OFC has 

been found to play an important role in stimulus-reinforcement association learning, 

indicating that the region is involved in the representation and processing of 

information related to punishment and reward (Kringelbach & Rolls, 2004; Rolls, 

1998). Overall, the OFC is believed to be a component of a distributed neural system 

responsible for emotional decision-making in humans (Clark et al., 2008b; Clark, 

Cools, & Robbins, 2004; Kringelbach, 2005). 

The functional differentiation of subregions of the PFC remains controversial, 

since cognitive functions are frequently found to activate multiple regions 

simultaneously (Ridderinkhof et al., 2004b). Furthermore, prefrontal damage does not 

result in fixed or categorical impairments (Mesulam, 2002). Available evidence 

indicates that the PFC is predominately responsible for the top-down modulation of 

other neural systems, and thus critical for the regulation of cognition and behaviour that 

requires the greatest levels of mental integration (Mesulam, 2002). Tasks requiring 

cognitive control are often found to simultaneously activate dlPFC, vlPFC, MFC and 

OFC regions (Duncan & Owen, 2000). All prefrontal regions have been implicated in 

decision-making and EF processes.  
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 Frontal Cortical Circuits. The frontal cortices exhibit extensive 

interconnections with both cortical and subcortical brain structures, with the PFC being 

the most extensively connected cortical structure (Fuster, 2002a). The lateral, medial 

and orbital regions of the PFC have reciprocal interconnections with most sensory 

systems, cortical and subcortical motor systems, and limbic and other midbrain regions 

associated with emotion, memory and reward. This connectivity highlights the role of 

the PFC in processing and regulating internal neural states related to reward, learning, 

and affect.  

At least five major Frontal-Subcortical Circuits (FSC) have been identified, 

including a motor circuit, an oculomotor circuit, a dlPFC circuit, an anterior cingulate 

cortex (ACC) circuit, and an OFC circuit (Lichter & Cummings, 2001; Middleton & 

Strick, 2001). Each FSC exhibits some degree of functional specialisation related to the 

brain regions that are linked by the afferent and efferent projections of the circuit 

(Lichter & Cummings, 2001). For example, the motor and oculomotor circuits are 

involved in the planning, initiation and execution of actions. It has been argued that the 

information processing mediated by the FSC is configured for EF regardless of the type 

of information entering the circuits (Lichter & Cummings, 2001). 

The organization of the PFC, with its extensive direct and indirect 

interconnections with widespread cortical and subcortical structures, reflects its crucial 

role in collecting and integrating diverse sources of information both internal and 

external to the neural system (Miller & Cohen, 2001; Tanji & Hoshi, 2008). The 

capacity of the PFC to access diverse sets of information strongly supports its 

hypothesised central role in the system responsible for top-down cognitive control, 

which may be argued to subsume all executive functions (Miller & Cohen, 2001).  

2.2.2 Functional Neurodevelopment  

 The mature human brain is both structurally and functionally specialised, with 

separate but interconnected regions performing distinct forms of information 

processing. Evidence indicates that functional development of different brain systems 

across adolescence involves the combination of decreasing short-range connections 

(i.e., segregation) and increasing long-range connections (i.e., integration) between 

brain regions (Baker et al., 2015b; Fair et al., 2009; Power, Fair, Schlaggar, & Petersen, 

2010). Therefore, it appears that brain development is best characterised as proceeding 

from a local to more distributed network as different brain regions become 
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interconnected, providing the basis for higher-order functional abilities, including EF 

(Fair et al., 2009).  

 The sequence and timing of maturation for separate brain regions and neural 

networks connecting regions have important implications for the emergence of 

functional capacities and in turn, behaviour (Power et al., 2010; Sporns, Chialvo, 

Kaiser, & Hilgetag, 2004; Tau & Peterson, 2010). It has been argued that studies of 

brain development would best be served by focusing on assessing maturation in terms 

of temporal trajectories of change in the functional connections between different brain 

regions, rather than focusing on when individual regions come “online” (Power et al., 

2010; Spear, 2010). 

 There is increasing support for the argument that neuromaturational changes 

over development contribute to the emergence of more efficient and effective neural 

pathways for information processing (Power et al., 2010; Tau & Peterson, 2010). 

Compared to children and adults, adolescents exhibit differences in patterns of 

functional activity across multiple brain regions when performing similar tasks. In 

general, the immature adolescent brain employs more extensive and less efficient 

activation patterns compared to the more mature adult brain, which is characterised by 

more focused, efficient and lower activation (Casey, Giedd, & Thomas, 2000; Crews, 

He, & Hodge, 2007). Structural developmental processes, including synaptic pruning 

and myelination, coincide with increasing focal and efficient activation in the brain 

(Spear, 2000). 

 There is an emerging literature examining the links between maturation in brain 

structure and different domains of functioning during adolescence, including cognition, 

and affective and reward processing. This literature is reviewed in the following 

paragraphs. 

 Functional Cognitive Development. It is well established that cognitive skills 

improve markedly during adolescence. Cognitive functioning develops independently 

of sexual maturation, and that there are significant individual differences in the 

chronology of cognitive development across individuals (Ernst, Pine, & Hardin, 2006). 

Compared to children, adolescents are often better able to think abstractly, to 

contemplate hypothetical circumstances, reflect on multiple aspects of an issue, 

perceive answers as relative rather than absolute, and think introspectively about their 

own thoughts and emotions (Spear, 2010; Steinberg, 2005). Adolescence is a period of 

development where advanced cognitive skills (i.e., cognitive control/EF) are utilised by 
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older individuals more often than younger ones, by some adolescents more than others, 

and when individuals are in certain situations more often compared to other situations 

(Steinberg, 2005). Research examining cognitive development during adolescence has 

primarily focused on the emergence of cognitive control or EF abilities. However, it 

must be noted that cognitive development during adolescence cannot simplistically be 

characterised by the emergence of EF abilities, given that a range of other cognitive 

skills also undergo significant developmental improvements during adolescence. A 

more detailed review of the development of EF is provided in Chapter Three, with only 

a basic summary of broader cognitive functional changes provided in this section. 

 Developmental research on cognitive maturation during adolescence generally 

focuses on partitioning cognitive skills into a series of fundamental and separable but 

related processes that follow different trajectories of development. An approach is then 

taken to examine how these separable cognitive processes contribute to developmental 

changes in the speed and accuracy of performance on cognitive tasks (Spear, 2010). 

However, researchers differ in regards to the specific cognitive processes they identify 

as fundamental, and how these fundamental abilities may be grouped into broader 

categories of cognitive function. Processing speed is one component cognitive process 

that is frequently observed to improve significantly during adolescence. Processing 

speed generally refers to the speed at which individuals can process task-relevant 

information.  Developmental improvements in processing speed are most pronounced 

during the initial transition into adolescence and the early to mid-adolescent period, 

with improvements levelling off gradually after this period (Spear, 2010). 

 Working memory is another component cognitive process that improves 

markedly during adolescence. Working memory refers to the ability to hold multiple 

pieces of information in short-term storage for the purpose of performing task relevant 

mental activities and later information processing activities. Basic elements of working 

memory skills emerge during childhood, although there are substantial increases in the 

functional capacity of working memory during early- to mid-adolescence (Gathercole, 

Pickering, Ambridge, & Wearing, 2004; Luciana, Conklin, Hooper, & Yarger, 2005). 

It is believed that improvements in working memory capacity during adolescence allow 

for successful performance on increasingly sophisticated cognitive tasks (Spear, 2010).  

 Overall, evidence indicates that component cognitive abilities are separable to 

a certain degree, each with distinct developmental trajectories. For example, adult-

typical processing speed performance emerges, on average, by age 15 years, while 



 18 

adult-typical performance on working memory tasks emerges around age 19 years 

(Luna et al., 2004). While component cognitive skills are separable and emerge 

according to distinct developmental timelines, they are still influenced by the 

developmental states of other abilities (Spear, 2010). For example, improvements in 

processing speed may increase the amount of information that can be held and 

processed in working memory. Based on current knowledge, it would appear that 

cognitive development may best be characterised as a process of interactions among 

separable but related component abilities that follow distinct developmental 

trajectories, with development in one component being necessary, but not sufficient for 

improvements in another (Demetriou, Christou, Spanoudis, & Platsidou, 2002; Spear, 

2010). 

 Despite the proliferation of fMRI studies examining cognitive development, it 

is difficult to relate improvements in cognitive function to specific neuromaturational 

changes and patterns of activation in the brain due to variability in study findings 

(Crone & Dahl, 2012). Further compounding this difficulty, although basic cognitive 

functions are separable in their contributions to complex behaviours, different cognitive 

functions often rely on overlapping regions in the PFC and parietal cortex (Crone & 

Dahl, 2012; Miller & Cohen, 2001).  

 Functional Affective and Reward Processing Development. Adolescence is a 

period where significant changes also occur in brain regions and systems involved in 

the processing of emotional information (including information linked to reward and 

punishment/aversion) associated with motivated behaviour (Brenhouse & Andersen, 

2011). Developmental changes are observed in subcortical limbic system regions (e.g., 

amygdala, hippocampus, insula), cortical regions (e.g., orbitofrontal cortex, striatum) 

and neural pathways linking cortical and subcortical regions that are involved in the 

processing of emotional information (Galván, 2013; Richards, Plate, & Ernst, 2012). 

fMRI evidence indicates that the adolescent brain responds to and processes emotional 

information differently compared to children and adults, although there is variation 

across studies in how these differences manifest (Crone & Dahl, 2012; van Leijenhorst 

et al., 2010b). Specifically, current evidence suggests that adolescents exhibit an 

enhanced sensitivity to rewards and cues associated with rewards, are less sensitive to 

aversive stimuli, and are more liable to become emotionally aroused (Galván, 2013; 

Spear, 2011). In the current context, reward sensitivity is defined as increased 
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behavioural motivation to seek out and obtain rewards, and heightened arousal in 

response to rewards. 

 Increased sensitivity to reward during adolescence is supported by behavioural 

evidence. Compared to children and adults, adolescents are more likely to approach 

pleasurable experiences, seemingly without appropriate consideration of potentially 

negative consequences (Cauffman et al., 2010; Somerville, Jones, & Casey, 2010; 

Steinberg et al., 2008). At an epidemiological level, adolescents are more likely to 

engage in a variety of potentially rewarding behaviours, including risky driving, 

substance use, criminal activity and unsafe sexual behaviour compared to children and 

adults (ABS, 2008; Kelley, Schochet, & Landry, 2004). Self-report studies indicate that 

levels of self-reported reward/sensation-seeking and risk-taking peak during 

adolescence. For example, Steinberg et al. (2008) found that self-reported reward-

seeking exhibited an inverted U-shaped function over age, with levels peaking around 

12-15 years of age. Further, using a gambling task to index affective decision-making, 

Cauffman et al. (2010) found that reward seeking appeared to peak at 14-15 years and 

declining after 21 years. Additionally, sensation seeking also appears to follow an 

inverted U-shaped function over age, with levels peaking around 17-18 years and 

declining thereafter (Romer, 2010). 

 The differences in how adolescents respond behaviourally to rewarding stimuli 

is argued to be a result of the notable differences between adolescents and adults in 

their reward-related neurocircuitry, as well as how they process and respond to 

rewarding and aversive stimuli (Spear, 2011). Components of brain reward 

neurocircuitry undergoing the most notable changes during adolescence include 

projections from dopamine (DA) neurons in basal regions of the brain to subcortical 

regions, including the dorsal and ventral striatum, limbic regions such as the amygdala 

and hippocampus, and the prefrontal cortex (Berridge, 2004; Spear, 2011). However, 

debate continues about how the functioning of these DA projections, their forebrain 

targets, interconnecting circuitry, and associated brain regions contribute to various 

aspects of reward-related processing in the adolescent brain (Richards et al., 2012; 

Spear, 2011). While there is consensus that developmental changes in DA systems 

contribute to increased sensitivity to reward during adolescence, the specific neural 

mechanisms leading to this are not completely known. Across brain regions, inverted 

U-shape rises and declines are observed in DA activity across adolescence, with the 
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timing of these changes being regionally dependent (Doremus-Fitzwater & Spear, 

2016; Luciana, 2016).  

 Evidence from fMRI studies suggests that certain brain regions respond 

differently to rewarding stimuli during adolescence compared to childhood and 

adulthood, most notably the ventral striatum as well as the medial PFC, orbitofrontal 

cortex and anterior cingulate cortex (Padmanabhan, Geier, Ordaz, Teslovich, & Luna, 

2011; van Leijenhorst et al., 2010b). Most studies have focused on examining the 

ventral striatum as a key area involved in the processing of reward information (Bjork 

et al., 2004; Shulman et al., 2016b). However, there is variation across these studies, 

where there is evidence to suggest both underactivity and overactivity of the ventral 

striatum during adolescence at different stages in the processing of reward-relevant 

stimuli (Bjork et al., 2004; Padmanabhan et al., 2011). For example, some studies report 

a relative underactivity during stages of reward anticipation and overactivity during 

stages of reward receipt for adolescents (Bjork et al., 2004; van Leijenhorst et al., 

2010a). Such variation in findings highlights the importance of examining brain 

activation at different stages of reward processing. At present, it is generally accepted 

that when compared to adults, adolescents exhibit greater activation in reward-related 

circuitry (i.e., ventral striatum) in the receipt of reward, but not during anticipation of 

reward (Shulman et al., 2016b). Overall, current evidence including behavioural 

measures of reward sensitivity, self-reported sensation seeking, and neuroimaging 

studies of reward processing support the hypothesis that reward sensitivity reaches a 

peak during mid-adolescence (Collado, Felton, MacPherson, & Lejuez, 2014; 

MacPherson, Magidson, Reynolds, Kahler, & Lejuez, 2010). 

 Further evidence suggests that compared to children and adults, the adolescent 

brain processes aversive and punishment related information differently. In general, it 

is believed that adolescents have a less active or immature “harm avoidant” system, 

including such regions as the amygdala, insula, anterior cingulate cortex and portions 

of the PFC. For example, Ernst et al. (2005), found that adolescents exhibited less 

pronounced activation of the amygdala in response to punishment compared to adults, 

while also exhibiting more pronounced ventral striatal activation in response to reward. 

This appears to be further supported by behavioural evidence indicating that compared 

to adults, adolescents are less sensitive to aversive stimuli (Cauffman et al., 2010). Such 

findings are used to argue that adolescence is a period characterised by an overactive 
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reward-approach system, coupled with the relatively delayed development of a harm-

avoidant system (Ernst et al., 2006; Spear, 2011).  

 However, while being less sensitive to aversive stimuli, at the same time 

adolescents generally experience higher levels of negative affect compared to adults. 

Adolescents often present as more emotional and emotionally reactive than adults, and 

are more susceptible to their behaviour and decision-making being influenced by this 

emotional volatility despite maturing rational decision-making abilities (Albert & 

Steinberg, 2011; Steinberg, 2005). In particular, during adolescence social stimuli (e.g., 

peers) appear to have a strong effect on emotional states and decision-making. In terms 

of neural substrates, brain regions including the amygdala often exhibit higher levels of 

activation/reactivity in response to social stimuli during adolescence (Monk et al., 

2003). Spear (2011) argued that adolescents are more susceptible to becoming 

emotionally aroused due in part to strong connections between subcortical regions 

involved in the processing of emotion-provoking stimuli (e.g., amygdala), and systems 

involved in the processing of rewarding stimuli (e.g., ventral striatum). Both of these 

neural systems exhibit inverted U-shaped developmental patterns characterised by 

increases in neurobehavioural reactivity to emotional and rewarding stimuli during 

early adolescence that decline during late adolescence and into adulthood (Galván et 

al., 2006; van Leijenhorst et al., 2010a). 

There is increasing focus in the research literature on the interaction of cognitive 

and emotional functional domains, and in particular how the interaction between these 

functional domains may change across adolescence with developmental maturation. 

Pessoa (2008) argues that cognition and emotional functioning are integrated within the 

brain, and should not be compartmentalised into separate functional systems. As an 

example, Pessoa (2008) outlines that at most, if not all stages of processing in the 

evaluation of sensory information, cognitive and emotional contributions cannot be 

separated. The notion that cognitive and emotional functioning is integrated fits with 

contemporary models emphasising the role of emotion in prioritising and biasing 

information processing to facilitate biologically and socially significant goals (Gray, 

2004). There is emerging evidence to indicate that regions traditionally conceptualised 

to be involved primarily in cognitive operations, are heavily involved in the integration 

and processing of both cognitive and affective information. Most notably, PFC regions 

involved in the integration of affective and cognitive information include the lateral 

PFC, OFC, ventromedial PFC (vmPFC) and ACC (Pessoa, 2008). The manner in which 
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cognition and emotion interact is becoming a central concern in constructing 

neurobiological models of development and psychopathology. This is the case for 

emerging models of typical and atypical adolescent development, with the PFC 

assuming a prominent role in many models of the intersection between emotion and 

cognition.  

2.3 ADOLESCENT BEHAVIOURAL CHANGES  

 Despite substantial developmental increases in biological maturity and 

cognitive ability during the transition from childhood to adolescence, there is also a 

marked increase in rates of morbidity and mortality (Arnett, 2000; Spear, 2010), with 

rates of mortality more pronounced for males compared to females (ABS, 2008; AIHW, 

2011). The increase in morbidity and mortality has been partly attributed to the rapid 

increase in risky and antisocial behaviour during adolescence (Moffitt, 2006b; 

Steinberg, 2010b). The developmental paradox of increasing maturity coupled with 

increasing morbidity and mortality has contributed to an emergent research literature 

examining the links between age-related neuro-maturational changes within the brain 

and behavioural changes during adolescence (Shulman et al., 2016b).  

2.3.1 Risk-Taking, Sensation-Seeking and Impulsiveness  

 Adolescents are commonly characterised as risk-takers, with research 

confirming that adolescents engage in a disproportionate amount of risk-taking and 

reckless behaviour compared to children and adults (Boyer, 2006; Defoe, Dubas, 

Figner, & van Aken, 2015). For most individuals, increased rates of risk-taking are 

concentrated in and contained to adolescence and early adulthood (Steinberg, 2008). 

These behaviours often involve breaking age-related societal norms or laws, such as 

under-age drinking, substance use or precocious sexual activity. From a public health 

perspective, risk-taking is one of the greatest threats to the well-being of young people 

in industrialised societies due to preventable and often self-inflicted causes, including 

vehicle accidents and violence (Steinberg, 2008).  

 In decision-making literature, risk is typically defined by outcome variability, 

whereby the “riskiest” choice is associated with the highest uncertainty in outcome, but 

also great potential for reward (Defoe et al., 2015). Furthermore, risk-taking typically 

refers to behaviours that individuals may engage in that have a high likelihood of 

resulting in harm, but may also be associated with positive consequences. It is important 
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to note that “risk” is an inherently subjective, value-laden and context-specific term. 

Risk is a socially constructed phenomenon, shaped by values that change across time 

and differ across cultural groups (Sercombe, 2014b). It cannot be assumed that a given 

event, action or experience will produce the same perceived risk profile for each 

individual or group of individuals. For example, the prospect of losing $20 will be 

perceived differently for younger adolescents compared to adults. No behaviour or 

course of action may be held to be universally and unambiguously risky, although a 

“canon of behaviours” (Sercombe, 2014b, p. 6) is commonly described in the research 

literature to index risk taking, including: alcohol and illicit substance use, unprotected 

sex, reckless use of a motor vehicle, and fighting. While such behaviours cannot be 

assumed to be universally and unambiguously risky, they nevertheless provide 

researchers with a framework to systematically collect information regarding a 

common set of behaviours.  

It is well established that a large proportion of adolescents and young adults will 

engage in some degree of risky behaviour, such as dangerous driving, substance use, 

unprotected sex, and minor criminal activities (Arnett, 1996), with males generally 

exhibiting higher rates of mortality during adolescence and early adulthood compared 

to females (ABS, 2008). As an illustrative example for males, Australian data indicates 

that in 2007, 19% of young men aged 18-24 years reported that they had engaged in 

risky/high-risk drinking at least once a week during the last 12 months, and this was 

double the comparable rate of risky/high-risk drinking in males aged 25 years or older 

(ABS, 2008). Further, as illustrated in Figure 2.3, compared to all other age groups, 

young adults aged 20-24 years had the highest adjudication rates in 2006-07 for 

dangerous or negligent driving (ABS, 2008). 
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Figure 2.3. Adjudications for dangerous driving related offences 2006-07. 
 
(Source: ABS, 2008). Copyright 2008 Commonwealth of Australia. Reproduced under Creative 
Commons Attribution 2.5 Australia licence. 
 

It is important to note that there are some differences between male and female 

youth in levels and patterns of engagement in risky behaviours. For example, for youth 

aged 15-24 years, the average age of first initiating alcohol consumption for males is 

around 15 years, while it is around 17 years for females (ABS, 2008). Further, and using 

the example of driving offences above, males have been found to be about seven times 

more likely to have a danergous or negligent driving offence adjudication in court 

compared to females (ABS, 2008). Consistent with this discrepancy, males have been 

found to be more than twice as likely than females to be hospitalised for transport 

accidents (ABS, 2008). However, there are also many similarities in risky behaviours 

for males and females. For example, in relation to alcohol and illicit substance use, 

prevalence rates and morbidity/mortality outcomes (e.g., hospitalisations) are largely 

equivalent across males and females (ABS, 2008). These data highlight the importance 

of considering possible sex differences in risky behaviours. 

Moffitt (1993) argues that rates of risky and illegal behaviour during 

adolescence become so high that participation in these behaviours appears to be a 

normal part of adolescent life. Importantly, Moffitt (1993) hypothesised that there 

would be little to no sex differences in illegal behaviour limited to adolescence. Further, 

most adolescents (including males and females) will engage in these behaviours 

without long-lasting consequences, with participation in risky behaviours decreasing 
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on the entry to adulthood (Moffitt, 1993). However, risk-taking, by definition, is 

associated with some potential for short- and long-term harmful outcomes, and a small 

proportion of adolescents may experience lasting difficulties as a result of participation 

in risky activities. Negative consequences of risk-taking during adolescence may 

include involvement in the justice system, sexually transmitted infections, unintended 

pregnancy, alcohol or drug dependence, disruption in school attendance, and increased 

probability of death due to accidents.  

Early attempts to explain adolescent increases in risk-taking focused on the role 

of developmental changes in cognitive reasoning and rational decision-making 

abilities, with a presumption that increased engagement in risk-taking was a result of 

immature and/or deficient cognitive reasoning abilities (Ernst & Paulus, 2005). Early 

hypotheses aimed at explaining adolescent risk-taking focused on ideas emphasising: 

a) adolescents are irrational or deficient in their information processing, or reason about 

risk in ways that are fundamentally different compared to adults; b) adolescents do not 

perceive risks where adults do, or are more likely to view themselves as invulnerable; 

c) adolescents are less risk-averse compared to adults (Steinberg, 2008). However, 

heightened rates of risk-taking cannot be simply explained in terms of immaturity of 

cognitive reasoning or decision-making processes, with empirical evidence largely not 

supporting these hypotheses (Crone et al., 2016; Steinberg, 2010b). In general, the 

information processing and decision-making abilities of adolescents are comparable to 

adult levels in controlled or laboratory settings, with adolescents being no worse than 

adults in perceiving risk and their vulnerability to these risks (Cauffman & Steinberg, 

2000; Steinberg, 2008). Therefore, adolescents are capable of assessing potential costs 

of risk-taking comparable to adults, but they still present with a greater propensity for 

engaging in risk-taking behaviours. Some researchers have argued that adolescents may 

place greater weight on the potential benefits rather than costs resulting from risk-taking 

behaviour (Galván, Hare, Voss, Glover, & Casey, 2007), although this may be true of 

all individuals with a greater propensity for risk-taking.  

It is important to distinguish between “real-world” engagement in risk-taking 

behaviour (e.g., substance use, reckless driving) and risk-taking behaviour that is 

elicited and measured via laboratory controlled tasks. Defoe et al. (2015) conducted a 

series of meta-analyses examining age differences in laboratory risk-taking tasks from 

childhood to adulthood. Results indicated that there was significant variation across 

studies in findings, where adolescents do not always engage in more risk taking 
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compared to children and adults (Defoe et al., 2015).  Importantly, results demonstrated 

that age differences on risk-taking tasks do not always coincide with real-world 

engagement in risk-taking behaviours. For example, findings indicated that on average, 

adolescents engaged in comparable levels of risk-taking to children on risky 

experimental decision-making tasks, despite adolescents engaging in greater levels of 

real-world risk-taking (Defoe et al., 2015). Defoe et al. (2015) argue that this finding 

may be largely attributable to age differences in availability and access to risk-taking 

opportunities between children and adolescents in the real world (i.e., adolescents have 

greater access to risk-taking opportunities). Furthermore, although adolescents can 

perform at similar levels to adults in some risk-taking tasks, they still appear more prone 

to engage in real-world risk-taking behaviours compared to adults. Such results may 

suggest that social/contextual factors may be important to consider in understanding 

risk-taking propensity during adolescence (Albert, Chein, & Steinberg, 2013; Crone & 

Dahl, 2012). In relation to sex differences, findings suggested that females on average 

are more risk-averse than males on risk-taking tasks, although this effect is small and 

domain-specific, with females exhibiting a similar pattern of engagement in risk-taking 

across age compared to males (Defoe et al., 2015). 

The problem of linking adolescent decision-making to actual risky behaviour 

may be that adolescents think and reason about risky situations in controlled or 

laboratory settings in ways that do not correspond to risky decisions made in more 

ecologically valid, “real-world” settings characterised by affect-laden, high-arousing, 

social and emotional stimuli (Spear, 2010). While adolescents have a well-developed 

capacity for rational decision-making in assessing risk, this capacity does not 

necessarily translate to affect-laden situations, such as the excitement of being around 

peers. In such situations, rational decision-making may be suppressed or attenuated, 

with excitement and emotions driving behavioural choices (Spear, 2010). Under 

conditions of emotional arousal, individuals may give less consideration to the costs-

benefits of risks in making decisions, compared to conditions of low emotional salience. 

Further, individuals who are less able to regulate their emotional states, or who are more 

excitable/arousable, may be more prone to risk-taking in conditions of emotional 

salience. Adolescents are believed to be more prone to reactive risk-taking choices, 

particularly in the presence of peers (Gardner & Steinberg, 2005), and this will be 

further discussed in the following section relating to adolescent social behaviour and 

emotions. 
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The high rate of risk-taking among adolescents relative to adults is thoughts to 

be attributable, in part, to a combination of heightened sensation and novelty seeking 

and immature inhibitory control systems (Spear, 2010; Steinberg, 2008). Sensation 

seeking is a multifaceted and complex trait, including a number of dimensions: thrill 

and adventure seeking; disinhibition; experience seeking; and boredom susceptibility 

(Zuckerman, Eysenck, & Eysenck, 1978). Adolescents generally exhibit greater levels 

of sensation seeking compared to other ages, with levels decreasing on the entry to 

adulthood (Steinberg et al., 2008). Individuals with higher levels of sensation seeking 

are more likely to engage in higher levels of risk-taking behaviour, with risk-taking 

being a reflection of a drive to seek out new experiences and rewarding stimuli (Arnett, 

1996; Maslowsky, Buvinger, Keating, Steinberg, & Cauffman, 2011). 

Heightened sensation seeking may be linked to alterations in reward-relevant 

circuitry across adolescence impacting reward sensitivity, including dopaminergic 

neurotransmitter systems projecting from subcortical regions such as the ventral 

striatum. Steinberg (2008) argues that adolescent increases in sensation seeking and 

reward sensitivity may be linked to developmental changes in dopaminergic neural 

systems that take place around puberty impacting affective and motivational regulation. 

As previously reviewed, remodelling of the dopaminergic system during adolescence 

generally involves initial increases followed by declines in dopamine activity and 

receptor density across neural regions associated with social, affective and reward 

information processing, including the amygdala, nucleus accumbens, orbitofrontal 

cortex, medial PFC and superior temporal sulcus (Nelson, Leibenluft, McClure, & Pine, 

2005). It has been hypothesised that dopaminergic system changes influence how 

adolescents process motivational information, with adolescents experiencing increased 

sensitivity to rewards resulting from overactive reward neurocircuitry (e.g., 

dopaminergic systems). For example, van Leijenhorst et al. (2010b) found that middle 

adolescents were hypersensitive to rewards compared to younger and older adolescents, 

and this was associated with increased activation in neural circuitry related to reward 

processing (i.e., ventral striatum). Based on such evidence, it is thought that overactive 

reward-related circuitry biases adolescents toward sensation seeking and risk-taking 

(Ernst, Romeo, & Andersen, 2009).  

A further factor contributing to heightened levels of sensation seeking and risk-

taking during adolescence may be developmental transformations in how individuals 

respond to aversive stimuli. Adolescents often appear less harm avoidant compared to 
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adults in terms of neural responses to aversive stimuli (Ernst et al., 2005). For example, 

Ernst et al. (2005) found that in response to aversive outcomes, the amygdala of 

adolescents exhibits lower activation compared to adults. Lower sensitivity to aversive 

stimuli during adolescence is also observed behaviourally. For example, Cauffman et 

al. (2010) found that sensitivity to negative feedback during an affective decision-

making task was low during middle adolescence, and gradually increased afterwards. 

Adolescent insensitivities to aversive stimuli combined with greater sensitivity to 

reward presumably contributes to heightened sensation seeking and risk behaviours 

(Spear, 2011). 

Insufficient inhibitory control, or impulsivity, is also thought to contribute to 

adolescent increases in risk-taking behaviour. Impulsivity is a multidimensional 

construct broadly referring to actions that are poorly conceived, prematurely expressed, 

unduly risky or inappropriate to a given situation, and may result in undesirable 

consequences (Dalley, Everitt, & Robbins, 2011). Given the multidimensional nature 

of impulsivity, a variety of measures are available to assess impulsive behaviour, 

including behavioural, neuropsychological and self-report instruments. Measures 

tapping the construct of impulsivity are consistently associated with a range of risk-

taking behaviours, including substance use (Gullo & Dawe, 2008). Further, there exists 

a vast amount of research linking poor impulse control to increased levels of ASB 

specifically (Cauffman, Steinberg, & Piquero, 2005; Loeber & Farrington, 1998; 

Wikstrom & Treiber, 2007). Within a developmental framework, adolescents are 

thought to be more prone to engaging in risky behaviours partly as a result of age-

related deficiencies in inhibitory control (also referred to as impulsivity or self-control; 

Luna & Sweeney, 2004).  

As noted, adolescence is a developmental period marked by heightened reward 

drive and cognitive disinhibition, hypothesised to contribute to greater levels of 

impulsiveness that contribute to an increased propensity for risk taking (Steinberg, 

2010b). Behavioural evidence indicates that although adolescents are able to 

demonstrate mature inhibitory control in some circumstances, they do so inconsistently 

compared to adults, particularly in circumstances involving reward or other motivating 

factors (Luna et al., 2004; Padmanabhan et al., 2011). At a neurobiological level, it is 

hypothesised (e.g., Shulman et al., 2016b; Somerville & Casey, 2010) that adolescent 

changes in impulsivity are associated with the staggered development of separate neural 

regions, with earlier development of regions/pathways mediating reward processing 
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(e.g., key limbic regions/pathways), followed by later development of regions 

mediating cognitive control (e.g., prefrontal regions).  

The dominant view within the research literature, that adolescent increases in 

impulsivity are linked to higher levels of activation in earlier developing reward 

circuitry coupled with lower levels of activation in later developing cognitive control 

circuitry (for example, see Ernst et al., 2009; Shulman et al., 2016b; Somerville & 

Casey, 2010), is increasingly being supported by fMRI studies examining 

developmental differences in neural circuitry underlying reward drive and inhibition. 

Using event-related fMRI, Ernst et al. (2005) measured activation differences between 

adolescents and adults in the nucleus accumbens (i.e., part of the ventral striatum) and 

amygdala in response to a decision-making task involving receipt or omission of 

rewards. These neural structures are thought to be involved in reward/approach and 

punishment/avoidance motivation processing respectively. Results indicted that 

adolescents exhibited greater nucleus accumbens activation in response to high reward 

amounts compared to adults. Further, adolescents exhibited weaker amygdala activity 

in response to omission of expected reward. Overall, the findings of Ernst et al. (2005) 

confirm that adolescents exhibit more active reward related circuitry coupled with less 

active harm avoidance circuitry, with this being associated with more impulsive and 

reward driven behaviour.  

van Leijenhorst et al. (2010a) examined the impact of developmental changes 

in reward sensitivity and cognitive control on risky decision-making indexed by a 

gambling task using fMRI among individuals aged 8 to 26 years. Behaviourally, there 

were no age-related differences in risk-taking behaviour for gambles associated with 

high rewards, with all participants being more likely to take risks as reward increased. 

This may suggest that the ability to integrate reward and probability information under 

risk conditions is already mature by late childhood. The finding of no peak in adolescent 

risk-taking at a behavioural level is consistent with other studies, and likely reflects the 

difficulties of studying risky behaviour in controlled experimental settings. The fMRI 

results of van Leijenhorst et al. (2010a) indicated that risky choices were associated 

with activation in the medial PFC and ventral striatum, while cautious choices were 

associated with activation dlPFC. Most importantly, the results of the study further 

supported the hypothesis that risky behaviour during adolescence coincides with an 

imbalance caused by different developmental trajectories of motivational (i.e., reward) 

and cognitive control circuitry. Specifically, reward related regions were found to 
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follow non-linear changes with development, where adolescent peaks in activation 

were observed in the vmPFC during decision-making phases of gambling trials, and in 

the ventral striatum during the outcome phase. In relation to cognitive control regions, 

a linear decrease in activation in the dorsal anterior cingulate cortex (ACC) with age 

was associated with risky choices. It was hypothesised that the linear decrease in ACC 

activity with age reflected a decreased need for cognitive control with increasing age.  

Finally, Geier, Terwilliger, Teslovich, Velanova, and Luna (2010) further used 

event-related fMRI to examine developmental differences in reward system activation 

and inhibitory control among adolescents and adults completing a monetary incentive-

mediated anti-saccade task. Confirming previous results, adolescents were found to 

exhibit greater activation in reward circuitry (i.e., ventral striatum and superior 

precentral sulcus) in response to rewards compared to adults. The accumulation of 

evidence across different research labs, methodological techniques, participant 

samples, and reward tasks demonstrates that the adolescent brain is hyperresponsive to 

some aspects of reward processing, compared to other age groups (Galván, 2013). 

However, evidence also suggests that the likelihood of reward-seeking behaviour is 

largely influenced by individual differences, including gender, personality traits, and 

the availability of reward (Galván, 2013).  

Overall, current fMRI evidence suggests that there are developmental 

differences in brain activation across key nodes of reward and inhibitory control 

circuitry during adolescence. Immaturities in these neural systems are thought to 

contribute to increased levels of impulsivity and the emergence of risk-taking during 

adolescence. Specifically, adolescent increases in impulsivity are hypothesised to be 

linked to an overactive limbic reward response, coupled with an underdeveloped 

orbitofrontal cortex underlying cognitive control capacities.  

At present, brain regions strongly implicated as playing a role in adolescent risk-

taking include areas of the PFC (i.e., dlPFC, vmPFC/orbitofrontal and the ACC) as well 

as subcortical regions involved in processing reward and affective information (i.e., 

amygdala, insular and the ventral striatum). Development of the PFC is strongly 

implicated in improvements in cognitive functions across adolescence, including 

cognitive control, attentional regulation, response inhibition, working memory and 

other higher-order cognitive functions (Casey et al., 2008). For example, maturation of 

inhibitory control during adolescence is associated with increasing involvement of PFC 

regions and networks linking these control regions to subcortical structures (Luna & 
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Sweeney, 2004). Delayed and gradual improvements in higher-order, or top-down 

cognitive control systems across adolescence is thought to result in a progressive 

strengthening of control over early emerging, predominately bottom-up systems that 

are primarily responsive to rewarding and emotional stimuli (Casey et al., 2008). 

Behaviourally, the gradual maturation of cognitive control systems is theorised to lead 

to less impulsive and sensation-seeking behaviour, and lower levels of risk-taking as 

individuals enter adulthood. 

The role of situational and contextual factors is often overlooked in examining 

adolescent risky decision-making and behaviour, with little research examining such 

factors. However, initial studies do suggest that contextual factors including stress 

(Galván & McGlennen, 2012), peers (Albert et al., 2013) and psychopathology 

(Morgan, Olino, McMakin, Ryan, & Forbes, 2013) exert important influences on 

reward sensitivity and risk taking behaviours. Any analysis of adolescent increases in 

risk-taking behaviour cannot be complete without consideration of the opportunities 

adolescents come into contact with or create to engage in risky behaviour within their 

environments.  It is probable that adolescent increases in risk-taking are partly due to 

increased opportunities to engage in such behaviour as they gain greater independence 

(Willoughby, Good, Adachi, Hamza, & Tavernier, 2013).  

In summary, the increase in risk-taking behaviours during adolescence 

coincides with heightened sensation- and novelty-seeking, and increased behavioural 

impulsivity, which Spear (2010, p. 130) refers to as characteristics of the “risk-prone 

brain”. The adolescent propensity for risk taking appears to be influenced by a number 

of interacting and dynamic factors related to brain development. First, adolescents 

simultaneously exhibit greater sensitivity to reward and lower sensitivity to aversive 

stimuli due to developmental alterations in reward-related circuitry, including the 

nucleus accumbens and PFC. Second, developmental immaturities in brain regions 

implicated in inhibitory control (i.e., the PFC) are thought to result in a greater 

propensity to engage in impulsive behaviours. In combination, developmental 

immaturities in inhibitory control circuitry coupled with neural circuitry biased toward 

approaching reward is thought to contribute to the higher levels of risk taking observed 

during adolescence. Importantly, very few studies have simultaneously examined the 

contributions of psychological manifestations of cognitive control and reward 

sensitivity systems to risk-taking during adolescence (Shulman et al., 2016b). 
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2.3.2 Social Behaviour, Cognition and Emotion 

 Adolescence is a developmental period marked by substantial transitions in 

social cognition and behaviour, emotion processing, roles, relationships, and 

psychosocial contexts. The current empirical literature illustrates adolescence as a 

period of heightened neurobehavioural sensitivity to sociocultural information in the 

environment (Albert et al., 2013; Blakemore & Mills, 2014). Developmental 

neuroimaging studies indicate that relative to children and adults, adolescents exhibit 

heightened neural activation in response to a variety of social stimuli, including facial 

expressions and social feedback (Burnett, Sebastian, Cohen Kadosh, & Blakemore, 

2011). Given this heightened sensitivity to social stimuli, the social environment plays 

a major role in shaping most adolescent-typical behaviours, and provides the context 

where behaviour unfolds.  

 Social Cognition. Social cognition is the ability to make sense of the 

environment and behaviour through processing information generated by others (e.g., 

facial expressions, body movements, language, and prosody; Frith, 2008). Social 

cognitive processes include both basic perceptual processes (e.g., face processing, 

biological motion detection and joint attention), as well as more complex, higher order 

processes (e.g., mentalising, social emotional processing and negotiating complex 

interpersonal decisions; Blakemore & Mills, 2014). These social cognitive processes 

are subserved by a distributed network of neural structures, including the inferior 

occipital cortex, anterior and inferior regions of the temporal cortex, the intraparietal 

sulcus, regions of the fusiform gyrus, the superior temporal sulcus, amygdala, ventral 

striatum, septum, bed nucleus of the stria terminalis, hypothalamus, lateral and ventral 

PFC and orbitofrontal cortex (Nelson et al., 2005). The adolescent brain responds to 

social and emotional information differently compared to the more mature adult brain, 

with research indicating that social cognitive skills continue to develop after childhood 

and into adolescence (Blakemore, 2008; Mills, Lalonde, Clasen, Giedd, & Blakemore, 

2014).  

There is evidence of both linear and nonlinear developmental changes in social 

cognitive functions across adolescence and early adulthood that appears to be partly 

dependent on the type of measure used and the age at testing (Taylor, Barker, Heavey, 

& McHale, 2013). This may suggest that different social cognitive functions follow 

separate developmental trajectories. For example, linear developmental improvements 
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have been found for perspective taking/theory of mind (Dumontheil, Apperly, & 

Blakemore, 2010) and empathy (Mestre, Samper, Frías, & Tur, 2009), while nonlinear 

changes have been found for recognition of facial expressions and affective words 

(McGivern, Andersen, Byrd, Mutter, & Reilly, 2002).  

 Emotion. Emotions function to promote adaptive responses to salient events, 

whereby emotionally salient stimuli have a greater probability of attracting attention 

(Guyer, Silk, & Nelson, 2016). The affective characteristics of stimuli function to direct 

attention to relevant information, construct a behavioural response, facilitate learning 

and assist the shaping of adaptive response patterns (Guyer et al., 2016). Adolescence 

is a period characterised by high levels of emotionality, whereby emotions are more 

frequent, intense and volatile compared to adults, and in ways that differ from 

childhood emotionality (Casey et al., 2010; Guyer et al., 2016). Adolescent changes in 

emotionality are believed to be mediated in part by changes in neural reactivity in 

regions including the striatum, amygdala and PFC (Guyer et al., 2016).  

A primary developmental task of adolescence is the strengthening and 

refinement of cognitive control over behaviour and emotional reactions, whereby a 

peak in emotionality in early adolescence is followed by a gradual improvement in the 

ability to exert control over behaviour and emotion (Guyer et al., 2016). Adolescent 

hyper-emotionality has been well-documented, particularly in social contexts involving 

peers (Steinberg & Morris, 2001). Hyper-emotionality is hypothesised to facilitate 

important psychosocial developmental processes during adolescence, including 

acquisition of social skills, move away from the family unit, formation of peer 

relationships, and establishing identity (Guyer et al., 2016).  

There are significant individual differences in emotionality among adolescents. 

Those adolescents who exhibit greater emotional intensity, more emotional volatility, 

and problems regulating their emotions, are more susceptible to developing both 

internalising and externalising disorders (e.g., depression and aggression respectively; 

Guyer et al., 2016; Spear, 2010). Some evidence suggests that adolescents are exposed 

to more stressful life events compared to other ages (Gest, Reed, & Masten, 1999; Grant 

et al., 2003). The increased exposure to stressors may also coincide with increased 

responsiveness to stressors, given significant developmental changes in stress response 

systems throughout adolescence, including hormonal systems (Spear, 2010). Increases 

in stress responsivity could contribute to greater levels of emotional reactivity that is 

sometimes observed during adolescence, and potentially also increase susceptibility to 
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the development of affective and other psychological disorders, including depression 

and anxiety-related disorders (Grant et al., 2003; Spear, 2010).  

 The amygdala, a collection of subcortical nuclei, is believed to be critical in the 

processing of emotional stimuli. This brain region is thought to be involved in the 

processing of, learning about, and remembering circumstances relating to emotional 

stimuli, in addition to processing social signals of emotion (Spear, 2010; Zald, 2003). 

Although research findings are varied, some studies have reported that adolescents 

exhibit greater emotion-precipitated amygdalar activation under some circumstances 

(e.g., viewing fearful facial expressions) when compared to children and adults (Zald, 

2003). This apparent greater amygdala activation may partly underpin the increased 

sensitivity of adolescents to the emotional properties of social stimuli (Monk et al., 

2003; Nelson et al., 2005). This may partly be linked to the amygdala undergoing 

significant developmental changes during adolescence, including structural volume 

increases and increased connectivity with other neural regions (Yurgelun-Todd, 2007). 

 While the amygdala has received significant attention in the study of the neural 

underpinnings of emotional processing, it must be noted that multiple brain regions 

contribute to the processing, production and utilisation of emotional stimuli. At a broad 

level, increasing maturation of neural connectivity between regions likely contributes 

to adult levels of processing emotional information (Guyer et al., 2016). For example, 

increased connectivity of the amygdala with regions of the PFC with maturation likely 

serves to modulate and control responses to emotional stimuli (Pfeifer et al., 2011).  

Peer Influences. Peer relationships and social interactions take on more 

importance during adolescence as individuals become increasingly independent from 

their family of origin. This shift from adult caregivers to peers during adolescence is 

highly conserved across mammalian species (Spear, 2011). Compared to adults and 

children, adolescents spend more of their time associating with peers, report higher 

levels of happiness in peer contexts, and assign the highest priority to peer norms for 

behaviour (Brown & Larson, 2009). It is unsurprising then that mounting evidence 

indicates that peers exert a large influence on adolescent behaviour (Crone & Dahl, 

2012). Social interactions with peers often provide the context for adolescent decision-

making in relation to risk-taking behaviour, including substance use, reckless driving, 

health-risking sexual behaviour, and engagement in delinquent activities. Peer 

influence exerts an effect on multiple areas of functioning, from implicit priming effects 

on bodily gestures and mood, to broader influences on social attitudes and activities 
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(Burnett et al., 2011). The increased focus on social interactions with peers is believed 

to serve a number of important functions for adolescents. Interactions with individuals 

outside of the family may assist adolescents in guiding their behavioural choices, 

allowing them to practice more independent behavioural choices, and facilitate the 

development of social skills (Spear, 2010). 

Adolescents differ markedly in their susceptibility to peer influence. However, 

the significance of peer influence during adolescence is supported by social psychology 

findings indicating that adolescents are more sensitive to exclusion/rejection from 

social interaction by peers, compared to children and adults (Masten et al., 2009; 

O'Brien & Bierman, 1988; Sebastian, Viding, Williams, & Blakemore, 2010). While 

peer influence in adolescence can promote engagement in prosocial and beneficial 

behaviours, research has primarily focused on the role of peer influence in shaping 

potentially harmful or risky behaviours (Burnett et al., 2011; Geier & Luna, 2009). It 

has been well established that adolescents are more likely than adults to engage in risk-

taking behaviours in the context of peer groups compared to when they are alone, with 

the best predictor of adolescent risky behaviour being the behaviour of their peers 

(Albert & Steinberg, 2011; Gardner & Steinberg, 2005; Peake, Dishion, Stormshak, 

Moore, & Pfeifer, 2013). Prinstein and Dodge (2008) argue that such findings may be 

explained by a combination of social learning processes, opportunity effects, and the 

tendency for risk-takers in seek out similar individuals. 

Albert et al. (2013) have proposed a neurodevelopmental model to account for 

heightened susceptibility to peer influence during adolescence. They propose that for 

adolescents, the presence of peers “primes” a reward-sensitive motivational state that 

increases the subjective value of immediately available rewards, which in turn leads to 

an increased preference for short-term benefits of risky choices in contrast to the long-

term value of safe alternatives. The overlap between neural systems mediating social 

information processing and reward/motivational processing during adolescence may 

partly explain high levels of risk-taking in the context of peer groups.  

2.3.3 Substance and Alcohol Use 

Adolescence is a period of life when many individuals begin experimenting 

with substances, with the majority of adolescents in Australia having first tried some 

form of substance by 14-16 years of age (ABS, 2007). Alcohol is the most common 

substance consumed by adolescents, with the average age of first consumption for 
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young people being 15 years for males and 17 years for females (ABS, 2008). Results 

from the 2013 National Drug Strategy Household Survey (NDSHS; AIHW, 2014), 

young people aged 18-24 years were most likely to consume alcohol at harmful levels 

compared to the rest of the adult population. Further, results indicated that younger 

people experience harm from alcohol-related accident or injury disproportionately. For 

example, over half of serious alcohol-related road injuries occur among individuals 

aged 15-24 years. For illicit substances, the average age at initiation among Australian’s 

aged 14-24 years was about 16 years (AIHW, 2014). Results from the 2013 NDSHS 

(AIHW, 2014) indicated that 17.6% of young people aged 14-19 reported using illicit 

substances during the past 12 months  

Substance experimentation and use during adolescence has the potential to 

result in both short- and long-term health and social problems (AIHW, 2011). In the 

short-term, substance use may result in hospitalisation due to acute intoxication and 

related injuries, dependence, withdrawal symptoms, psychotic disorders and amnesia. 

Long-term effects of substance use may include depression, infections with bloodborne 

diseases, damage to the liver, heart, and brain, and increased risk of cancers and other 

serious health conditions (Moran, Coffey, Mann, Carlin, & Patton, 2006). Substance 

use disorders, which refer to the harmful use of, and/or dependence on alcohol or drugs, 

are most likely to emerge during adolescence. In 2007, it was estimated that 13% of 

young people aged 16-24 years reported having a substance use disorder (AIHW, 

2011). In addition, substance use during adolescence is also strongly associated with 

engagement in criminal behaviour. Results from the 2009-10 Drug Use Monitoring in 

Australia survey (Sweeney & Payne, 2012) indicated that 45% of all police youth 

detainees (12-17 years) sampled tested positive to at least one type of drug (excluding 

alcohol).  

Multiple factors may contribute to the increased propensity of adolescents to 

engage in substance use. Substance use can be conceptualised as a form of risk-taking 

behaviour, with many of the same contributing factors outlined in this chapter. Given 

this, adolescent substance use may be conceptualised in part as largely impulsive and 

reflective of immature self-control capacities (Gullo & Dawe, 2008). However, similar 

to other forms of risk-taking behaviour, environmental and contextual factors exert 

significant influences on substance use, including cultural norms and traditions, peer 

attitudes and behaviour, and the accessibility of certain substances. Similar to risk-

taking behaviours in general, adolescents are more likely to engage in substance use in 
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the context of peers (AIHW, 2011). Further, the experience of stressors during 

adolescence may operate to alter substance effects or the likelihood for their use 

(Andersen & Teicher, 2009). Many of the substances regularly consumed recreationally 

(e.g., alcohol, nicotine, amphetamine) interact with the same reward circuitry that 

responds to natural rewards. As a result, developmental changes in these brain reward 

systems that lead to greater sensitivity to reward (as discussed in this chapter) may 

increase the propensity the experiment with substances. 

2.3.4 Psychopathology 

Adolescence is associated with the emergence of population-wide increases in 

vulnerability to the onset of several psychological disorders, including mood and 

anxiety disorders (e.g., depression), schizophrenia, personality disorders, substance use 

problems and eating disorders (Cicchetti & Rogosch, 2002; Costello, Mustillo, Erkanli, 

Keeler, & Angold, 2003; Grant et al., 2003; Kessler et al., 2005). In 2007, almost one 

quarter (26%) of young people aged 16-24 years experienced at least one mental 

disorder, and this was higher than all other age groups (ABS, 2007), with this illustrated 

in Figure 2.4. The most common disorders experienced among those aged 16-24 years 

include anxiety (15%), substance use (13%), and affective disorders (6%; ABS, 2007). 

Further, young people aged 16-24 years are less likely to access services for mental 

health problems compared to other age groups (ABS, 2007). However, it should be 

noted that the majority of youth are able to navigate adolescence with only occasional 

adjustment difficulties that do not develop into more serious psychological disorders 

(Compas, 2004; Masten, 2004).  

 
 
 



 38 

 
Figure 2.4. Prevalence of persons by age who met criteria for a diagnosis of a lifetime 

mental disorder and experienced symptoms in the last 12 months. 
(Source: ABS, 2007, p. 9). Copyright 2007 Commonwealth of Australia. Reproduced under Creative 
Commons Attribution 2.5 Australia licence. 

Several likely mechanisms associated with increased vulnerability to the 

emergence of psychological disorders during adolescence have been identified. 

Detailed discussion of the etiological foundations of psychological disorders in 

adolescence is beyond the scope of this chapter, given separate disorders may be linked 

to different etiological factors. However, from a broad perspective, increased rates of 

psychological disorders in adolescence are believed to be primarily explained by the 

intersection of neurodevelopmental changes and increased environmental stressors 

(Rutter, 2007). The transformative and rapid periods of change during adolescence are 

associated with heightened levels of stress, vulnerabilities to risk factors, and increased 

chances of entering maladaptive developmental trajectories (Arnett, 1996). 

Adolescents may be both exposed to a greater extent and level of stressors, and exhibit 

increased stress system responses, which in turn increase vulnerability to the 

development of mental health problems (Grant et al., 2003). There are significant 

individual differences in the impact of stressors on individuals, and subsequent mental 

health outcomes, with this best captured by a stress-diathesis model (Grant et al., 2003). 

Based on this model, for youth who are sensitive to stress because of genetic 

vulnerabilities or early experiences (e.g., maltreatment), stress experienced during 

adolescence may trigger the emergence of psychological disorders, while less 

vulnerable youth may have better capacities to cope with such stressors (Spear, 2010). 

Previous adversities experienced before adolescence are likely to determine how 
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individuals negotiate the stresses and transitions of adolescence (Grant et al., 2006; 

Rutter, 2007).  

Externalising behaviour disorders, which are characterised by external 

manifestations of behaviour that are considered inappropriate, undesirable or antisocial, 

are of central concern to this thesis. Externalising behaviour disorders of childhood and 

adolescence, including Oppositional Defiant Disorder (ODD) and Conduct Disorder 

(CD), have considerable continuity across the life course. Antisocial personality 

disorder is used to refer to individuals whose behavioural problems continue to escalate 

into adulthood, and thus can be viewed as a developmental progression of ODD and 

CD diagnoses. Most antisocial adults have long histories of behavioural problems with 

origins in childhood and adolescence, though not all children with behavioural 

problems will exhibit overt antisocial behaviour as adults (Spear, 2000). Empirical 

findings have long supported the conclusion that early adolescent problem behaviour 

significantly increases the risk for developing adult psychopathology (Rutter, Kim-

Cohen, & Maughan, 2006). Psychopathology has been found to be pervasive in young 

antisocial populations, suggesting that antisocial behaviour is an expression of a larger 

syndrome of behavioural and psychological problems (McGue & Iacono, 2005). 

Serious and persistent antisocial individuals often experience comorbid problems, and 

exhibit symptoms that relate to a wide range of psychopathological disorders 

(Vermeiren, 2003). Externalising behaviour disorders will be discussed in greater detail 

in Chapter Four. 

In summary, adolescence is a critical period for the emergence of psychological 

problems that may persist into adulthood. Globally, the intersection of 

neurodevelopmental changes and increased exposure to stressors is believed to 

contribute to escalating rates of psychological disorders during adolescence. However, 

there are significant individual differences in how young people respond to stress, and 

subsequent mental health outcomes. 

2.3.5 Summary of Adolescent Behavioural Changes 

 As highlighted, adolescence is characterised by significant behavioural 

changes, including increases in risk-taking behaviour, a greater social orientation 

toward peers, increasing rates of substance use, and the emergence of psychological 

disorders. As outlined, many of these behavioural changes are increasingly being linked 

to neurodevelopmental changes that occur across adolescence and into adulthood. 
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However, there are a limited number of studies that have sought to explicit link and 

simultaneously examine behavioural and neurodevelopmental changes during 

adolescence. Further work is still needed in specifying how neurodevelopmental 

changes shape behaviour during adolescence, with discussion now turning to theories 

that have been constructed to bridge this gap in knowledge. 

2.4 NEUROBEHAVIOURAL THEORIES OF ADOLESCENCE  

 At present, functional relationships between neurological and behavioural 

changes during adolescence remain poorly understood. Given this, increasing attention 

is being directed toward the development of theoretical frameworks to integrate 

empirical knowledge of neurodevelopmental changes and adolescent behaviour. To 

date, most theories proposed focus on typical patterns of adolescent ‘motivated 

behaviour’, which generally refers to risk-taking, sensation/novelty/reward seeking and 

impulsivity. These theories attempt to synthesise the substantial neurological changes 

that accompany the rise in risk-taking, impulsivity, emotionality and sensation seeking 

throughout adolescence. An exhaustive review of theories will not be provided; instead, 

priority will be given to major theories in the field, including the evolutionary 

perspective, reinforcement sensitivity theory and developmental imbalance models 

(also referred to as dual-system and triadic models). 

2.4.1 Theoretical Considerations 

 A number of theoretical considerations are worthy of note. First, any theory of 

adolescent motivated behaviour and neurodevelopment must be able to account for the 

relative absence of risk-taking behaviour among most young people most of the time 

(Sercombe, 2014a). This consideration is missing from most theoretical accounts, 

which assume that the adolescent brain is biologically predisposed to taking risks. 

Second, it has been argued that theories and research have focused too heavily on 

pathological behaviour during adolescence: on dangerous, antisocial, deviant risk 

taking among young people, resulting in deficit-focused models of adolescent 

behaviour, rather than focusing on the capacities of adolescents (Bjork & Pardini, 2015; 

Sercombe, 2014b). Risk-taking can refer to a complex set of behaviours, influenced by 

a wide array of factors, although theoretical accounts generally do not consider the 

broader sociological context in shaping such behaviour. For example, rates of risky 

behaviour (e.g., substance use) are frequently observed to be elevated among 
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individuals from lower socioeconomic backgrounds (ABS, 2008). Little work to date 

has focused on incorporating such factors into a broader understanding of the 

relationship between risk taking and the adolescent brain.  

 Sercombe (2014b) argues that a significant difficulty that is often overlooked in 

the research of risk-taking and the adolescent brain, is that such research explores 

relationships between objects that are situated in different epistemological fields. 

Sercombe (2014b) identified three broad empirical objects within the research field, 

including the adolescent, risk and the brain, which all sit within different analytical 

frameworks. As empirical objects, the brain is situation within medical and biological 

sciences, adolescence is situated within the discipline of psychology, and risk is a 

culturally constructed object. Given the different epistemological foundations, 

Sercombe (2014b) argues that this poses challenges in combining these objects into the 

same analytic framework (i.e., experimental science), and these are not always 

expressed in the literature.  

It is important to highlight that there is an implicit assumption in the theories 

described that adolescent behavioural and cognitive development is directly related to 

changes in functional brain activity (i.e., as measured by fMRI), and that these changes 

in brain activity are a result of neurological maturation (Burnett et al., 2011). However, 

there have been limited attempts to demonstrate causal links between 

behaviour/function, brain activity and maturational change. 

2.4.2 Evolutionary Perspective 

 For theories that view adolescence as a biological feature of human 

development, the motivated behaviours and distinctive features expressed during 

adolescence (e.g., sensation seeking, risk-taking) can be viewed as a product of 

evolutionary processes (i.e., natural selection), and serve a functional purpose for that 

period of life (Sercombe, 2014b). Spear (2010) argues that risk-taking appears to be a 

highly conserved characteristic of adolescence, and this holds for other species that 

similarly seek out novel and potentially risky aspects of their environments during 

adolescence. Evolutionary perspectives argue that adolescent-typical motivated 

behaviours (i.e., impulsivity, risk-taking, sensation seeking) have been conserved given 

the advantages they provide to individuals during this developmental stage. Risk-taking 

during adolescence is believed to facilitate adaptive behaviours optimising survival and 

reproduction (Spear, 2000). For example, the adolescent tendency to seek out novel and 
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risky situations may function to facilitate greater independence and migration from the 

family group. This would serve to remove sexually emergent individuals from the 

proximity of genetically related individuals, thereby avoiding inbreeding (Spear, 2010). 

Further, risk-taking has also been suggested to benefit adolescents by providing 

opportunities to explore adult behaviours and privileges, to master developmental 

challenges associated with adolescence, and to increase status and peer affiliation 

(Spear, 2010). Such behaviour may serve to increase social competence and 

independence through experimentation, facilitating the development of skills for adult 

success.  

2.4.3 Reinforcement Sensitivity Theory  

 Reinforcement sensitivity theory (RST) was originally developed as a 

framework to understand the biological basis of individual differences in sensitivity to 

reward, punishment and motivation (Gray, 1972). It has also been applied to understand 

risk-taking and ASB during adolescence (Morgan, Bowen, Moore, & van Goozen, 

2014). RST proposes three hypothetical brain-behaviour motivational systems that are 

sensitive to different reinforcing events: the behavioural activation system (BAS); 

behavioural inhibition system (BIS); and the fight-flight-freeze system (FFFS). The 

BAS is an approach/appetitive system that regulates responses to rewarding stimuli, 

and is mediated by activity in reward- and arousal-related neurological systems (e.g., 

thalamus, cerebral cortex, striatum, DA pathways). High BAS sensitivity is associated 

with greater approach behaviour in the presence of rewards. Individuals with a more 

active BAS are more likely to be impulsive and experience difficulty inhibiting 

behaviour in the presence of potential rewards. The BIS regulates responses to 

punishment, uncertainty and non-rewarding stimuli, with high BIS levels associated 

with avoidance and inhibition in the movement toward goals (Carver & White, 1994). 

Individuals with a more active BIS may be vulnerable to negative emotions (e.g., fear, 

anxiety, frustration). The FFFS is the threat system that regulates responses to aversive 

stimuli and mediates the emotion of fear. 

 RST has been adopted as a framework for understanding both normative (e.g., 

Uroševic, Collins, Muetzel, Lim, & Luciana, 2012) and psychopathological (e.g., 

Morgan et al., 2014) developmental processes associated with adolescence. For 

example, increased participation in risk-taking has been hypothesised to be a result of 

a normative peak in BAS sensitivity (i.e., increased sensitivity to reward) in 
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adolescence, coupled with a relatively insensitive BIS system (Ernst et al., 2006). 

Individual differences (i.e., extremes) in BIS/BAS sensitivity are hypothesised to 

contribute to psychopathology. For example, heightened BAS sensitivity has been 

associated with increased risk for externalising behaviour difficulties, while heightened 

BIS sensitivity has been associated with internalising problems (Morgan et al., 2014).  

Supporting the utility of RST frameworks in explaining ASB, current evidence 

indicates that increased sensitivity to reward (i.e., BAS) and decreased sensitivity to 

punishment/fear (i.e., BIS) are associated with increased participation in ASB (Raine, 

2002). Based on such findings, it is argued that individuals are motivated to engage in 

ASB as a result of an increased drive to seek out rewards, coupled with a reduced fear 

of the negative consequences associated with their behaviour (Morgan et al., 2014). 

However, to date there have been few attempts to apply an RST framework to the 

specific study of adolescent engagement in risk-taking broadly or ASB specifically. 

2.4.4 Developmental Imbalance Models 

 At present, the dominant models of adolescent neurodevelopment and 

behaviour at present are best characterised as developmental mismatch or imbalance 

models, including dual system (Shulman et al., 2016b; Somerville & Casey, 2010) and 

triadic (Ernst, 2014) models. These models propose that a maturational gap between 

cognitive control and affective processes may best explain increased adolescent 

propensity to engage in risky, impulsive and ASB (Crone & Dahl, 2012). 

Developmental imbalance models emphasise the relatively earlier maturation of 

subcortical affective brain regions in comparison to more slowly maturing cognitive 

control frontal-cortical brain regions to explain why adolescents may be more likely to 

make more emotional decisions, resulting in risky behaviour (Crone & Dahl, 2012).  

Dual System Models. Dual-system models, have been most strongly advocated 

by Casey et al. (2008), Steinberg (2008), and more recently, Shulman et al. (2016b). 

These models focus on the pattern of heightened levels of risk-taking and emotional 

sensitivity during adolescence compared to childhood and adulthood. These models 

argue that this nonlinearity across age reflects different trajectories of maturation across 

neural systems believed to subserve reward/affect and cognitive control/regulatory 

processes. It is hypothesised in these models that the limbic system, including the 

amygdala, nucleus accumbens and striatum, attain functional maturity earlier than the 

PFC, resulting in a developmental mismatch (Casey et al., 2008). It is hypothesised that 
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the greatest mismatch in the development of these systems occurs during mid-

adolescence (i.e., around 14-16 years). As a result of the time lag in functional maturity 

between limbic and PFC systems, adolescents are more affected by emotional context 

(e.g., reward immediacy, anticipated social rejection) when making decisions.  

Casey et al. (2008) proposes that during adolescence, in emotionally salient 

situations, the limbic system is more likely to “win” over control systems, given its 

greater maturity relative to the PFC system. As PFC regions reach functional maturity 

on the entry to adulthood, it is hypothesised that individuals gain an improved 

regulatory capacity, resulting in declining rates of risk-taking. These proposals are 

largely supported by behavioural studies, as well as structural and functional brain 

studies that have been described in this chapter (Casey et al., 2011). Casey et al. (2008) 

acknowledges that although at an aggregate level adolescence is characterised as a 

period of heightened reward-seeking and risk-taking behaviours, individual differences 

in neural responses to reward predisposes some individuals to engage in more risk than 

others, increasing the probability of negative outcomes.  

In the dual system model proposed by Shulman et al. (2016b), the 

“socioemotional” affective system is thought to follow an inverted U-shaped 

developmental course, where sensitivity to reward increases in early adolescence 

followed by a decline into early adulthood. Further, the socioemotional and cognitive 

control systems are thought to develop independently of each other, with cognitive 

control improving linearly across adolescence (Shulman et al., 2016b). In this model, 

increased risk-taking is the product of heightened reward seeking combined with 

relatively weaker cognitive control, which is argued to be most pronounced in mid-

adolescence. Shulman et al. (2016b) notes that dual system models encompass multiple 

levels of analysis (i.e., behavioural, psychological and neurobiological), which are 

depicted in Figure 2.5. Specifically, the models refer to overt behaviours (e.g., risk-

taking), psychological states motivating/managing behaviour (e.g., sensation seeking, 

self-regulation), and neural processes underlying these states (e.g., reward sensitivity, 

cognitive control).  
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Figure 2.5. Dual system model constructs arranged by level of analysis.  
(Source: Shulman et al., 2016b, p. 105). Copyright 2016 The Authors. Published by Elsevier Ltd. 

Reproduced under Creative Commons Licence. 

 

Triadic Model. Similar to dual system models, the triadic model emphasises 

imbalances in the developmental courses of different functional neural systems, 

hypothesising that the rise in impulsivity, emotionality and risk-taking during 

adolescence is subserved by neural circuits maturing along distinct developmental 

trajectories (see Figure 2.6). Building on dual-system models, the triadic model 

proposes that motivated behaviour results from the balanced engagement of three 

behavioural/neural systems, including: 1) motivation/approach (reward-driven); 2) 

emotion/avoidance (harm-avoidant); and 3) regulatory systems (Ernst, 2014).  The 

motivational/approach system is primarily linked to the functioning of striatum, and is 

sensitive to positive and rewarding stimuli. The emotion/avoidance system is primarily 

linked to the functioning of the amygdala, and is sensitive to the avoidance of negative 

emotions. Finally, the regulatory system is linked to the functioning of the PFC, with 

regulation referring to the control of motivational and emotional components of the 
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model. These neural systems are hypothesised to be highly inter-dependent at 

anatomical and functional levels.  

The central proposition of the model is that adolescents are hyper-responsive to 

incentives, with this sensitivity to reward produced by over-active reward circuitry 

relative to children and adults. As schematically represented in Figure 2.6, adolescent 

hyper-responsiveness to incentives is argued to be the result of a normative imbalance 

among a hyperactive reward-driven system (ventral striatum-mediated), limited harm-

avoidant (amygdala-mediated), and limited regulatory/executive control (prefrontal 

cortex-mediated) circuitries. 

 

 
Figure 2.6. Triadic model of adolescent motivated behaviour.  
(Source: Ernst et al., 2006, p. 301). Copyright 2005 Cambridge University Press. Reproduced with 

permission. 

 

 The triadic model explicitly attempts to account for the adolescent-typical 

behaviours of cognitive impulsivity, risk-seeking, emotional intensity and lability, and 

social reorientation (Ernst, 2014). Cognitive impulsivity and risk-seeking are 

hypothesised to reflect the combination of a hyperactive reward module (striatum; 

serving to approach stimuli or situations), a unique modulation of the 

emotion/avoidance module (reduced avoidance of potentially negative stimuli or 

situations), and a hypo-efficient control region not yet equipped to regulate increased 

reward seeking (Ernst, 2014). Emotional intensity and lability are indicative of poor 

regulation of emotional responses, reflecting a poor capacity of the regulatory module 

to control the emotion network (Ernst, 2014). Finally, Ernst (2014) proposes that social 

reorientation reflects a switch in social values, both in terms of magnitude (affective 
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intensity) and quality (shift from family to peers). It is hypothesised that this shift in 

social orientation originates from an interaction among all three modules of the model, 

in combination with a more global reorganisation of social neural circuitry. 

The two neurobehavioural systems regulating punishment (emotion/avoidance) 

and reward (motivation/approach) in the triadic model correspond to Gray’s (1972, 

1990) motivational systems argued to underlie behaviour and affect: the BIS and BAS 

respectively. From the perspective of integrating the BIS/BAS systems and triadic 

models, it may be argued that adolescent motivated behaviour is produced by a stronger 

BAS and weaker BIS, coupled with poor regulatory controls. Supporting this, Patrick, 

Blair and Maggs (2008) found that higher levels of approach sensitivity in adolescents 

were associated with higher levels of risk taking behaviour, including alcohol and drug 

use, and delinquency.  

Using the triadic model, adolescence is conceptualised as a developmental 

period where the activity of the reward system outweighs that of the avoidant system, 

and the regulatory control system is not sufficiently developed to balance the activity 

of these systems (Ernst et al., 2006). Based on the triadic model, the evolving balance 

between affective and cognitive components of decision-making are conceptualised as 

two parallel decision-making systems: a fast, mostly automatic system (affect) and a 

slow, deliberate system, respectively (Ernst & Paulus, 2005). The fast, rudimentary 

affective system is present early in life, and the second cognitive system develops 

progressively with age, and competes with the older system (Ernst & Paulus, 2005).  

It is argued that the neuropsychological systems posited by the triadic model 

are extensively functionally interconnected, and as a result it is difficult to determine 

the effects each system may independently have on adolescent behaviour over time as 

they mature (Ernst et al., 2006). To date, there have been limited attempts to examine 

how these systems interact over time to shape adolescent behaviour, particularly 

adolescent risk-taking and ASB (for example, see Patrick et al., 2008).  

In closing, it is worthy of note that the most significant criticism of 

developmental imbalance models is that they are overly simplified (Pfeifer & Allen, 

2012; Sercombe, 2014a; Willoughby et al., 2013). Sercombe (2014a) notes that risk-

taking is a complex and highly contextual behaviour, and it is unlikely to be the product 

of a relatively simple two-way interaction between reward seeking and regulatory 

function. However, such models may still be able to function as a heuristic to guide 

research and form a foundation for more nuanced model development. 
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2.5 SUMMARY 

In summary, adolescence is a developmental period marked by substantial 

biological, psychological, behavioural, and social maturational changes and transitions. 

As highlighted, neuromaturational changes occurring during adolescence subserve the 

emergence of more efficient and inter-connected brain function, which facilitates 

mature adult patterns of cognitive and emotional functioning. However, despite this 

progressive cognitive maturation, adolescence is associated with a range of motivated 

and sometimes potentially harmful behaviours and characteristics, including risk-

taking, sensation and reward seeking, impulsivity, and emotional intensity and lability. 

Increasing work is focused on linking neuromaturational changes to typically observed 

characteristics and behaviours associated with adolescence. The developmental 

patterns outlined provide a foundation for understanding why adolescents often exhibit 

poor decision-making in real world settings (e.g., risk-taking) despite a mature capacity 

to understand and reason about the costs and benefits associated with their choices. 

Specifically, emerging theories and associated empirical evidence lend support to the 

view that adolescence is a period of heightened sensitivity to reward and reduced 

aversion to negative stimuli, which when combined with immature regulatory capacity, 

increase the propensity to engage in risk-taking behaviour. The next chapter is focused 

on the development of self-regulatory capacities, specifically EF, during adolescence. 



 49 

Chapter 3: Executive Function 

Executive functions (EFs) are a set of general-purpose control mechanisms that regulate 

human behaviour, cognition and emotion, and can be considered core components of 

self-control or self-regulation abilities (Miyake & Friedman, 2012). EFs are some of 

the last cognitive abilities to develop and have been some of the most intensively 

studied neuropsychological constructs in the last decade. Broadly, Lezak, Howieson, 

Bigler, and Tranel (2012, p. 37) define EF as “those capacities that enable a person to 

engage successfully in independent, purposive, self-directed, and self-serving 

behaviour”. EF is commonly conceptualised as an umbrella term encompassing a 

diverse range of cognitive processes and behavioural competencies that facilitate the 

initiation, planning, regulation, and achievement of complex goal-oriented behaviour 

and thought (Royall et al., 2002; Stuss & Knight, 2002). Cognitive processes argued to 

be encompassed by the construct of EF include, but are not limited to, working memory, 

verbal reasoning, problem-solving, the control of attention, multitasking, cognitive 

flexibility, the ability to deal with novelty, task management, monitoring of 

performance, inhibition of inappropriate responses, planning, utilisation of feedback, 

resistance to interference, anticipation of behaviour, sequencing of complex tasks, 

temporal organisation of responses, the initiation of behaviour, and the interruption of 

ongoing sequences of behaviour (Burgess, Veitch, Costello, & Shallice, 2000; 

Funahashi, 2001; Fuster, 2000; Salthouse, 2005; Schmeichel, 2007; Stuss & Alexander, 

2000; Sylvester et al., 2003).  

Impairments in EF typically manifest globally, affecting all aspects of behaviour 

(Lezak et al., 2012). For example, individuals experiencing EF impairment may no 

longer be capable of satisfactory self-care, of performing useful work independently, 

or of maintaining normal social relationships (Lezak et al., 2012). Behavioural 

problems often associated with impaired EF often include a defective capacity for self-

control or self-direction, emotional lability, a heightened tendency to irritability and 

excitability, impulsivity, erratic carelessness, rigidity, and difficulty shifting attention 

and ongoing behaviour (Lezak et al., 2012). Unsurprisingly, engagement in antisocial 

behaviour has been consistently linked to impairments in EF (Morgan & Lilienfeld, 

2000). 
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Outlined in this chapter is an overview of current conceptual views of EF in the 

neuropsychological literature, with a focus on the development of EF during 

adolescence.  

3.1 THEORETICAL CONSIDERATIONS  

EF is elusive to define and difficult to measure. No overarching or widely 

accepted conceptual framework of EF has been developed, and there continues to be 

disagreement and variation in the cognitive processes believed to be encompassed by 

EF (Jurado & Rosselli, 2007; Salthouse, 2005). Burgess (1997) argues that the construct 

of EF is often used to describe a set of poorly conceptualised and loosely connected 

cognitive processes. As a consequence, definitions of EF and the cognitive processes 

subsumed under the construct differ widely. As a broad working definition for the 

present review, EF will be defined as “a product of the coordinated operation of various 

processes to accomplish a particular goal in a flexible manner” (Funahashi, 2001, p. 

147).  

3.1.1 Features of Executive Functioning 

EF is commonly conceptualised as a higher order, domain-general cognitive 

construct that is the product of the coordinated operation of multiple cognitive 

processes necessary to flexibly plan, initiate, regulate and achieve specific behavioural 

and cognitive goals (Funahashi, 2001). Given the breadth of how EF is conceptualised, 

many definitions invariably resort to lists of abilities argued to be subsumed under the 

EF umbrella. Table 3.1 summarises some of the more commonly identified cognitive 

processes believed to fall under the EF umbrella, including measures believed to assess 

these processes and difficulties commonly associated with impairment in these 

processes. 
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Table 3.1  

Common executive function components identified in the literature 

Executive Function 
Component 

Description Measures Impairment 

Inhibition The ability to stop/inhibit behaviour; inhibit 
or override dominant, automatic, or 
prepotent responses; suppression of actions 
that are inappropriate in a given context and 
that interfere with goal-directed behaviour 
 

Stop signal task; Stroop colour-word 
interference; go/no-go task; Hayling 
sentence completion test; Iowa/Cambridge 
gambling task; delay discounting; 
antisaccade task; flanker task; random 
number generation 
 

Difficulty inhibiting responses; impulsive 
acting out; acting without thinking 

Shifting/switching/flexibility Disengagement of an irrelevant task set and 
subsequent engagement of a relevant task set 
despite interference; flexibly shifting back 
and forth between multiple tasks, operations 
or mental sets 
 

Wisconsin card sort test; intra/extra-
dimensional shift; Trail making test; verbal 
fluency; Brixton spatial anticipation test; 
Iowa/Cambridge gambling task; six 
elements test 

Perseveration on thoughts, concepts or 
tasks; difficulty shifting tasks; difficulty 
multitasking 

Attention  Selectively concentrating on a specific 
aspect of information. Ability to focus on 
stimuli; includes focused, sustained and 
divided attention 
 

Continuous performance task; dichotic 
listening task; D2 test of attention; paced 
auditory serial addition test; Rey-Osterrieth 
complex figure test; test of everyday 
attention 
 

Poor attention; distractibility  

Working memory/updating The capacity to hold, monitor, process and 
manipulate information in short-term 
memory for performing a task 
 

n-back task, digits backwards; letter-number 
sequencing; spatial working memory task; 
delayed match to sample task; Rey-
Osterrieth complex figure test 
 

Difficulties processing, storing or retrieving 
information; forgetfulness  

Planning/organisation The ability to manage current and future 
task demands 
 

Tower test; stockings of Cambridge; Rey-
Osterrieth complex figure test; Porteus 
Mazes 
 

Poor planning and organisation skills; 
inefficient use of time 
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Reasoning/set 
maintenance/concept 
formation  

Making sense of facts; drawing conclusions; 
detecting and classifying patterns in 
information  
 

Sorting test; proverbs test Difficulty with abstract concepts; use of 
concrete thinking; difficulty understanding 
consequences and cause-effect relationships  

Problem solving  Identifying problems; identifying relevant 
information and appropriate solutions 
 

Tower test; stockings of Cambridge Difficulty finding solutions to problems; 

Emotional control The ability to modulate emotional responses  
 

Delay discounting; Iowa/Cambridge 
gambling task; affective go/no-go task 
 

Emotional lability; poor frustration 
tolerance 

Initiation  The ability to independently start a task Hayling sentence completion test; verbal 
fluency 

Reduction in self-generated behaviours; 
procrastination 
 

Goal setting Setting goals to achieve a specified outcome Errands task; zoo map task Difficulty setting appropriate goals and 
maintaining course 
 

Self-monitoring and 
regulation/meta-cognition  

Effortful control of behaviours, thoughts or 
emotions; capacity to monitor and alter 
responses/behaviour to contextual demands; 
regulation of cognition and emotion 
 

Iowa/Cambridge gambling task; delay 
discounting; verbal fluency 

Poor self-control; reduced insight; difficulty 
learning from past experiences; difficulty 
recognising errors 
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In an attempt to develop a coherent functional taxonomy to distinguish 

performances, skills, or behaviours that are essential to EF from those that are not (i.e., 

non-EFs), Rabbitt (1997) proposed seven features of executive control:  

 

1. Executive control is required to deal with novel tasks 

2. Executive control extends beyond the present internal or external information 

in the environment to restructure interpretations of the past and to attempt active 

control of the future 

3. Executive control is necessary to initiate new sequences of behaviour and 

suspend other ongoing sequences of behaviour to do so 

4. Executive control is necessary to inhibit inappropriate responses in specific 

contexts 

5. Executive control facilitates rapid switching from one task to another 

6. Executive control is necessary to monitor ongoing performance while carrying 

out plans to deal with novel demands to detect and correct errors, alter plans, 

and identify new opportunities 

7. Executive control facilitates sustained attention over long periods. 

 

Funahashi (2001) summarised these features by arguing that executive control 

includes the control of attention, the temporal organization of responses, planning 

complex tasks to achieve future goals, capacities to access and manipulate information 

in long-term memory, and monitoring current internal and external states. Each of these 

processes and functions are complex and are dependent on multiple sub-processes and 

sub-functions (Funahashi, 2001). It is argued that the main purpose of executive control 

is to coordinate the operation of these processes to pursue particular goals (Funahashi, 

2001). 

Separability of Executive Functions. In identifying and specifying the features 

of EFs, research has focused on examining whether EF represents a unitary or non-

unitary construct. At present, evidence is mixed in regards to whether there is a 

fundamental core ability that accounts for EF (unitary), or whether it represents a 

discrete set of abilities (non-unitary or diversity). There is evidence to support both the 

unitary and non-unitary nature of EF. For example, in terms of the unity of EF, scores 

on a range of EF tests have been found to correlate strongly with underlying cognitive 
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factors, such as reasoning ability and processing speed (Salthouse, 2005), and 

Spearman’s g (Duncan, Johnson, Swales, & Freer, 1997).  

On the other hand, the non-unitary nature of EF is supported by evidence 

indicating that patients with frontal damage may be impaired on some EF tasks but not 

on others (Duncan et al., 1997). Furthermore, the non-unitary view is supported by 

evidence indicating that scores on different EF tasks correlate moderately or weakly 

with each other (Miyake et al., 2000). However, it is not known whether the consistent 

weak correlations among EF tasks are necessarily a reflection of the independence of 

underlying EF processes. By the very nature of EF processes, they manifest themselves 

through operating on other cognitive processes, meaning that EF tasks are implicated 

in other cognitive processes that are not directly relevant to EF (Miyake et al., 2000). 

Stuss and Alexander (2000) contend that there is no unitary EF, but rather a number of 

distinct processes that converge on a general concept of control functions, accounting 

for correlations among EF tasks. This is the emerging view of EF, where it is believed 

that they reflect a range of correlated, but distinct cognitive processes. 

Factor analytic studies of EF task performance aimed at determining the 

structure of EF, generally identify a number of separable but correlated EFs, including 

processes involving cognitive flexibility, problem-solving, response maintenance, 

attentional control, working memory, and response inhibition (Alvarez & Emory, 2006; 

Burgess, Alderman, Evans, Emslie, & Wilson, 1998; Fournier-Vicente, Larigauderie, 

& Gaonach, 2008; Friedman & Miyake, 2004; Miyake et al., 2000). However, 

components of EF identified by factor analytic studies vary considerably due to 

methodological differences (e.g., tests used, samples).  

Burgess et al. (1998) assessed 92 mixed etiology neurological patients and 216 

control patients on a range of neuropsychological tests of EF and they asked the 

patient’s carers to complete the dysexecutive questionnaire (DEX) relating to EF 

problems experienced by patients. Greater reported dysexecutive problems on the DEX 

were associated with poorer functioning on neuropsychological tests. Factor analysis 

of DEX responses suggested separability of EF impairments experienced by patients, 

identifying five clusters of EF-related problems, including three cognitive factors of 

inhibition, intentionality and executive memory. Results indicated that 

neuropsychological tests loaded differently on the three cognitive factors identified in 

DEX responses, supporting the view that EF relates to a cluster of cognitive processes, 

rather than a unitary construct. 
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Miyake et al. (2000) conducted a series of factor analyses to examine the 

separability of three EFs, including shifting, updating and inhibition, and their roles in 

commonly used EF tasks. Participants (137 college students) completed 

neuropsychological tests argued to tap the three target EFs, including the Wisconsin 

Card Sorting Test (WCST), Tower of Hanoi (TOH), random number generation (RNG), 

operation span and dual tasking. Results indicated that the three target EFs were 

moderately correlated with each other, although clearly separable. Furthermore, results 

indicated that the three target EFs contributed differentially to EF task performance. 

Specifically, WCST performance was associated with shifting, TOH to inhibition, RNG 

to inhibition and updating, and operation span to updating. Overall, the results 

highlighted that EFs are distinguishable from each other, while also being correlated 

with each other – evidence of both the unity and diversity of EF.  

Friedman and Miyake (2004) examined the potential separability of three 

inhibition-related processes, including prepotent response inhibition, resistance to 

distractor interference and resistance to proactive interference among 220 college 

students. Prepotent response inhibition was defined as the ability to deliberately 

suppress dominant, automatic, or prepotent responses. Resistance to distractor 

interference was defined as the ability to resist or resolve interference from information 

in the external environment that is irrelevant to the task at hand. Resistance to proactive 

interference was defined as the ability to resist memory intrusions from information 

that was previously relevant to the task but since irrelevant. Participants completed a 

range of neuropsychological tasks purported to tap each of these processes. 

Confirmatory factor analysis result indicated that the two functions of prepotent 

response inhibition and resistance to distractor interference were closely correlated with 

each other, but both were weakly correlated with resistance to proactive interference. 

Friedman and Miyake (2004) argued that these results provided some evidence for a 

common inhibition ability (response-distractor inhibition), although also suggested that 

this ability is not involved in all inhibition processes.  

Overall, these factor analytic studies provide initial strong support for both the 

separability and inter-related nature of EFs, at least among adults. Specifically, different 

EFs correlated strongly with each other, suggesting some level of common underlying 

ability, while also exhibiting a degree of separability. However, further studies are 

required to examine a wider range of EFs and how they related to neuropsychological 

test performance, as well as examining separability of EFs (i.e., structure of EF) as a 
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function of age and across different population groups. The structure of EF is explored 

in the third study of this thesis, described in Chapter Nine. 

Hot and Cool Executive Functions. There is emerging evidence to suggest that 

executive functions may be broadly divided into “cool” and “hot” cognitive processes 

despite the traditional domain-general view of EF cognitive processes (Hongwanishkul, 

Happaney, Lee, & Zelazo, 2005; Zelazo & Argitis, 2003). The distinction between cool 

and hot aspects of EF takes into account the possibility that EF operates differently 

across contexts according to motivational and emotional significance (Bechara, 

Damasio, & Damasio, 2000; Clark et al., 2008b).  

Cool aspects of EF relate to traditional formulations of the construct, and 

include cognitive processes that are “purely” elicited by abstract, decontextualised 

problems that lack a significant affective or motivational component. Cool EF has been 

found to be primarily mediated by the dorsolateral PFC (Hoshi, 2006; Tanji & Hoshi, 

2008). Hot aspects of EF refer to those processes involved in the regulation of affect 

and motivation (i.e., limbic system functions), and have been found to be primarily 

mediated by regions of the orbitofrontal cortex (Sakagami & Pan, 2007; Tranel, 

Bechara, & Denburg, 2002). The distinction between hot and cool EF is well supported 

by lesion and neuroimaging studies, suggesting these abilities are subserved by separate 

neural regions. Furthermore, Impairments in hot EF, as assessed by measures of 

gambling, risky decision-making and delay discounting, can occur in the absence of 

impairments on cool EF measures, and vice versa (Zelazo & Carlson, 2012). 

Hot EF processes are believed to be central to the coordination of cognition and 

emotion, and are required for affective and social decision-making. There is a degree 

of conceptual overlap between the concept of hot EF and constructs such as effortful 

control, self-control and self-regulation (Welsh & Peterson, 2014). It is argued that 

activities requiring EF require a combination of both cool and hot EF processes, which 

means that the distinction between cool and hot EF is always one of degree rather than 

nature (Hongwanishkul et al., 2005). Most real-world problems have emotional and 

motivational components that require a coordinated system of hot and cool EF 

processes. Although hot and cool EF can be dissociable in terms of neural structures, 

they typically operate in unison as part of a more general adaptive function (Zelazo & 

Carlson, 2012). 
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3.1.2 General Conceptual Issues 

The concepts of EF and frontal lobe functioning have traditionally been closely 

associated, though contemporary empirical evidence indicates that these functional 

cognitive/behavioural and anatomical concepts are dissociable (Alvarez & Emory, 

2006; Robbins, 1998). While patients with frontal lobe dysfunction most commonly 

exhibit EF impairments, it must be noted that EF impairments are also evident among 

patients with damage to other brain regions outside of the frontal lobes. Further, 

evidence supporting an association between frontal lobe damage and EF impairment is 

primarily derived from pathological studies of individuals with significant cognitive 

deficits beyond EF or with poorly localised brain damage extending outside the frontal 

lobes (Stuss, 2011).  

Current empirical research indicates that the frontal cortex, particularly the PFC, 

plays a central role in mediating EF processes (Tanji & Hoshi, 2008). In addition, 

evidence indicates that common regions of the frontal cortex are recruited by a diverse 

range of cognitive processes, including working memory, response selection, executive 

control and problem solving (Duncan & Owen, 2000). However, despite many EF 

processes being primarily subserved by the frontal cortex, few EF processes can be 

localised within it, which has led to the emerging view that EF is the product of 

distributed dynamic and flexible neural networks throughout the brain (Funahashi, 

2001; Fuster, 2000).  

Finally, there is a lack of conceptual clarity regarding EF as evidenced by the 

multitude of definitions proposed for the construct throughout the literature. Given the 

broad definition of EF as a set of abilities to facilitate self- and goal-directed behaviour, 

many processes have been proposed to fall under this definition. As a result, EF is a 

poorly specified construct, with processes believed to constitute EF varying 

significantly across studies. Therefore, the findings across studies may not always be 

comparable, given the variation in EF processes examined. Greater attention is needed 

in the literature in clearly conceptualising EF and the specific processes subsumed 

within the construct.  

3.1.3 Theoretical Models of Executive Function 

In the last two decades there has been a proliferation of proposed theoretical 

models to conceptualise the construct of EF. Major theories of executive and/or frontal 

functioning include: Luria’s classical theory (1966, 1970); Norman and Shallice’s 
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supervisory attentional system (1986); Stuss and Benson’s tripartite model (1986); 

Baddeley’s working memory model (1986); Duncan et al’s goal-neglect theory 

(Duncan, 1986, 1995, 2001; Duncan et al., 1997; Duncan & Owen, 2000); Goldman-

Rakic’s working memory model (1992); Rolls’ theory of orbito-frontal function (1990, 

1995); Damasio’s somatic marker hypothesis (1995); Zelazo et al’s cognitive 

complexity and control theory (Frye, Zelazo, & Burack, 1998; Zelazo & Frye, 1998); 

Miyake and Friedman’s unity/diversity model (2012); Miller and Cohen’s adaptive 

coding model (Duncan & Miller, 2002; Miller & Cohen, 2001); and Fuster’s 

perception-action cycle model (2002b). This is not an exhaustive list of EF theories, 

and an overview of each of these theories is beyond the scope of the present review. To 

gain a clearer conceptual understanding of EF as it relates to antisocial behaviour and 

the developmental period of adolescence, a number of theories best suiting this purpose 

will be outlined. First, to conceptualise the cool component of EF, Luria’s theory will 

be outlined. Second, Damasio’s Somatic Marker Hypothesis will be outlined to 

conceptualise the hot component of EF. Third, Zelazo et al’s theory will be outlined in 

order to conceptualise the development of EF throughout childhood and adolescence. 

Miller and Cohen’s theory will be outlined to provide a broad framework to understand 

the role of PFC function in cognitive control. Finally, Miyake and Friedman’s (2012) 

diversity/diversity model will be described as the current dominant model in the 

literature. 

Luria’s Theory. Luria’s classical theory of brain function proposes that there 

are three basic functional units within the human brain that are interactively linked 

(Luria, 1966, 1970). The first functional unit is responsible for the regulation and 

maintenance of arousal in the cortex, and is primarily located in the brain stem. The 

second unit encompass the posterior parts of the cortex, including the temporal, parietal, 

and occipital lobes, and is responsible for the encoding, processing and storage of 

information. The third unit of the brain is comprised of the frontal lobes, and is 

primarily responsible for programming, regulating, and verifying human behaviour. 

Due to the intimate connections between the frontal lobes and the brain stem, the third 

unit serves primarily to activate the brain. According to Luria, the prefrontal cortex acts 

as a superstructure to regulate or control mental activity and behaviour. Luria’s model 

asserts that all complex forms of behaviour rely on the joint operation of multiple 

faculties located in each functional brain unit. This implies that disturbances in any 

faculty will affect behaviour, though each failure of a specific faculty will impact on 
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behaviour in a different way. Damage to the frontal lobe, and hence the third functional 

unit, is believed to disrupt complex behavioural programmes and mental activity, and 

reduce the capacity to regulate behavioural outcomes. This is likely to lead to complex 

programmes being replaced by more simple behaviour that is inappropriate in given 

situations. 

At a neuropsychological level of analysis, the theory would suggest that the 

inappropriate behaviour of antisocial individuals is partly a function of impairments in 

one of the functional units of the brain, primarily the third unit. Impairment in this 

functional unit would lead to problems in planning appropriate behavioural courses of 

action, and anticipating the consequences of behaviour, for example. Such functional 

impairments are likely to increase the chances of engaging in antisocial behaviour. 

Somatic Marker Hypothesis. Damasio’s Somatic Marker Hypothesis (SMH) 

concerns the role of the frontal lobe in emotion and social behaviour, particularly as it 

relates to reasoning and decision-making (Bechara et al., 2000; Damasio, 1995, 1998). 

The model is focused on the hot components of EF and how they impact upon cool 

components of EF in everyday decision-making and social interactions. According to 

the model, emotion is mediated by the PFC through complex cortical and subcortical 

connections. It is asserted that somatic marker (i.e., physiological states) biasing signals 

from the body are represented and regulated in the neural circuitry subserving emotion, 

particularly the ventromedial PFC (vmPFC), and help regulate decision-making and 

social interactions in complex and uncertain situations. Emotional somatic marker 

biasing signals (somatic states) are generated for all response options when making 

decisions, and serve as indicators of the value of each response option. Response 

options with positive or more favourable emotion-related somatic signals attached to 

them are most likely to receive greater attention, and thus be more fully cognitively 

processed. Somatic state information can operate on both unconscious and conscious 

levels to influence an individuals’ decision-making process.  

According to Damasio (1998), decision-making is a cognitive-emotional 

process involving high-level reasoning in order to carry out cost-benefit analyses of 

given responses, and somatic marker signals that indicate the likely reinforcements and 

punishments associated with an action in complex or uncertain situations where more 

in-depth cost-benefit analyses are not possible. Damage to brain regions involved in the 

representation of somatic states is argued to impair decision-making processes since the 

somatic marking system can no longer be activated. In other words, decision-making 
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deficits are due to the inability of individuals with vmPFC dysfunction to use emotion-

based signals to evaluate response options. The SMH has been successfully applied to 

the study of antisocial behaviour, especially in regards to the modelling of affective 

processing deficits linked to psychopathy (Blair, Colledge, & Mitchell, 2001; Sinclair 

& Gansler, 2006). A strength of the SMH is its recognition that EF processes have both 

cool and hot aspects. 

Cognitive Complexity and Control Theory. The Cognitive Complexity and 

Control (CCC) theory (Frye et al., 1998; Zelazo & Frye, 1998), was formulated to 

conceptualise EF and its development during childhood. The main argument of the 

theory is that age-related changes in EF are related to “changes in the maximum 

hierarchical complexity of rules that children can formulate when solving problems” 

(Zelazo et al., 2004, p. 169). Across development children pass through a number of 

transitions in terms of the degree to which they can actively reflect on their plans. As 

children develop they are better able to reflect on the rules they use and integrate to 

implement plans. Higher levels of reflection allow children to integrate lower-order 

rules into a single, more complex rule system.  

The CCC theory has also been argued to account for impairments associated 

with aging. While older adults have the abilities for high levels of rule reflection, this 

reflection tends to be resource-demanding and effortful. The biological systems 

modulating attentional resources (i.e., the frontal lobes) decline in efficiency with age, 

and as a result, older adults require more time to access and reflect on higher-order rules 

and plans. Additionally, since adults have experienced a wider range of familiar 

situations, they are more likely to access and utilise pre-formed and context-bound 

higher-order representations, making them appear more inflexible in their planning 

abilities. In relation to adolescents and young adults, the CCC theory argues that while 

they are able to construct and use increasingly complex higher-order rules, they may 

find it difficult to use these rules on the fly, and are likely to encounter difficulties 

keeping higher-order rules in working memory. It is not until the neural systems 

underlying the cognitive processes responsible for complex rule use and reflection are 

fully mature that young adults are able to efficiently and appropriately implement plans. 

This developmental immaturity may partly explain the emergence of greater risk-taking 

and ASB in adolescence. 

Adaptive Coding Model. The Adaptive Coding model proposed by Miller and 

Cohen (Miller, 2000; Miller & Cohen, 2001) aims to explain the organization and 
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functions of the PFC. The theory emphasises the adaptability of information coding to 

fit behavioural contexts, with this adaptation being central to the achievement of 

cognitive focus and control. This focus on the adaptability or plasticity of prefrontal 

function is based on evidence indicating that specific frontal regions are consistently 

recruited for the operation of diverse cognitive processes (Duncan & Owen, 2000). The 

primary function of the PFC in cognitive control is “the active maintenance of patterns 

of activity that represent goals and the means to achieve them” (Miller & Cohen, 2001, 

p. 171). PFC functions provide top-down biasing signals to most parts of the brain that 

serve to modulate cognitive and sensory processes.  

The model is based on three proposals. First, it is argued that the neurons in 

much of the frontal cortex are highly adaptable to current behavioural concerns, such 

that they are able to processes specific information relevant to the task at hand. Second, 

it is argued that prefrontal coding functions as a global attention system that focuses 

selectively on relevant information to a task and discards irrelevant information. Third, 

it is argued that the highly selective processing of task-relevant information in the PFC 

acts to control or direct the functions of other brain systems. Strong PFC representations 

of specific information will serve to bias or give dominance to that form of information 

across multiple systems to perform a current task. The adaptive coding model places 

great emphasis on the role of the PFC in cognitive control, which is achieved through 

its extensive interconnections throughout most brain systems.  

Unity/Diversity Framework. The unity/diversity framework describes the 

functional organisation of cognitive abilities subsumed under the EF umbrella (Miyake 

& Friedman, 2012; Miyake et al., 2000). This model focuses on the three facets of EF 

of updating, inhibition and shifting, given these are argued to be the most commonly 

examined EFs. The model is based on four general conclusions about individual 

differences in performance on EF tasks that are derived from the empirical literature 

(Miyake & Friedman, 2012). First and most importantly, individual differences in EFs 

exhibit both unity and diversity, whereby different EFs correlate with one another due 

to tapping a common underlying ability (unity), while also showing some level of 

separability (diversity; Miyake & Friedman, 2012). Second, individual differences in 

EF reflect substantial genetic contributions, where EF skills are highly heritable 

(Friedman et al., 2008). Third, relatively pure measures of EF are able to differentiate 

individuals with clinically and/or societally significant behavioural issues, including 

ADHD and externalising behaviour disorders (Friedman & Miyake, 2017). Finally, 
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individual differences in EF remain relatively stable across development (Friedman et 

al., 2016). Overall, the unity/diversity framework focuses on understanding the nature 

of individual differences in EF. 

Despite significant progress in the development of conceptual frameworks to 

structure the study of EF, there remain a number of problems concerning how EF is 

defined. A significant problem is the inconsistent and interchangeable use of both 

psychological and anatomical definitions of EF and frontal function (Stuss & 

Alexander, 2000). The term “frontal functions” has been found not to be synonymous 

with EF, since not all EFs can be localised to discrete frontal regions (the functional 

neuroanatomy of EF will be discussed in the following section). As mentioned, the most 

significant problem in the study of EF is that it is a construct that is not easily 

operationalised (Stuss & Alexander, 2000). The difficulty in operationalising EF has 

made it difficult to construct valid and reliable experimental manipulations to study 

such processes (EF measurement will be discussed in more detail subsequently). 

Further conceptual development of EF (e.g., more specificity in definitions) is needed 

to advance the study and understanding of the construct, as well as promote 

standardisation in how EF is measured.  

3.2 FUNCTIONAL NEUROANATOMY 

EF processes have traditionally been anatomically linked to the frontal lobes, 

though efforts to localise EF processes to discrete frontal areas have produced equivocal 

results (Ardila, 2008; Collette et al., 2005). Frontal areas exhibit a significant degree of 

functional heterogeneity, and are extensively interconnected with each other, and with 

other subcortical and cortical regions. These complex anatomical circuitries are argued 

to provide the systems necessary for flexible and dynamic cognitive control. Indeed, 

there is increasing support for the view that EF is a multi-operational system mediated 

by dynamic and flexible prefrontal networks that have widely distributed connections 

throughout the brain to facilitate the integration of diverse types of information (Ardila, 

2008; Funahashi, 2001). Supporting this view, fMRI studies demonstrate that 

performance on neuropsychological measures assessing EFs activates a distributed 

network of frontal and non-frontal brain regions (Alvarez & Emory, 2006; Collette, 

Hogge, Salmon, & Van der Linden, 2006).  

The debate concerning the unity versus diversity of EF has extended to the study 

of neural substrates, where there is neuroimaging evidence to support both arguments 
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(Collette et al., 2006; Jurado & Rosselli, 2007). Duncan and Owen (2000) found that 

common frontal regions were recruited by different cognitive demands, indicating that 

a diverse range of cognitive operations activates a specific prefrontal network. Duncan 

and Owen (2000) argue that a frontal network including the mid-dorsolateral, mid-

ventrolateral and dorsal anterior cingulate cortex is consistently activated by a broad 

range of EF tasks, including response selection, executive control, working memory 

maintenance and problem solving. Collette and Van der Linden (2002) found that 

specific prefrontal areas are systematically activated by a diverse range of EF tasks. 

Additionally, Collette et al (2005) found common brain regions to be activated by the 

three different EF processes of updating, shifting and inhibition. EFs have also been 

consistently found to activate both prefrontal and parietal regions, which supports the 

view that EF is dependent on distributed network of cerebral regions not limited to the 

frontal lobes (Luna et al., 2010; Sylvester et al., 2003). 

Although diverse EF tasks have been found to activate common frontal regions, 

there is also evidence indicating that distinct EF processes activate specific brain 

regions (Collette et al., 2006; Collette et al., 2005; Stuss et al., 2002; Wagner, Maril, 

Bjork, & Schacter, 2001; Wagner & Smith, 2003). Using meta-analytic techniques, 

Wagner and Smith (2003) demonstrated that different working memory EF processes 

were associated with specific cerebral areas. For example, areas in the superior frontal 

cortex exhibited the greatest levels of activation to WM tasks requiring continuous 

updating and memory for temporal order (Wagner & Smith, 2003). Such findings 

suggest that there may be some degree of functional specificity in brain activation for 

certain aspects of EF. 

In a review of the literature on EF, Royall et al (2002) identified three frontal 

circuits relevant to executive control, including the dorsolateral prefrontal circuit, the 

lateral orbitofrontal circuit, and the anterior cingulate circuit. Lesion studies have 

helped to identify the EF processes mediated by these circuits. The dorsolateral 

prefrontal circuit has been implicated in several EF processes, including goal selection, 

planning, sequencing, response set formation, set shifting, verbal and spatial working 

memory, self-monitoring, and self-awareness. The lateral orbitofrontal circuit has been 

implicated as the substrate of social and reward driven behaviours, and the inhibition 

of inappropriate behavioural responses. Finally, the anterior cingulate circuit has been 

found to be important in monitoring behaviour and error correction.  
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Due to the characteristics of EF and methodological problems with studies, it is 

difficult to identify their neural substrates. For example, EF processes can be assessed 

by multiple cognitive tasks, and EF processes are implicated in almost all cognitive 

processes. Furthermore, EFs refer to a wide range of cognitive functions that are 

coarsely defined and not completely understood. The majority of EF tasks draw on 

several executive domains simultaneously, which makes it difficult to isolate specific 

functions (Royall et al., 2002). Because of these issues there is a significant degree of 

heterogeneity across studies in the cerebral areas activated during task-specific EF 

performance.  

In summary, available evidence indicates that EF processes are dependent on 

frontal regions, particularly the PFC (Stuss & Alexander, 2000; Stuss et al., 2002). 

Multiple regions are active during the performance of specific tasks, and common 

regions may be activated by a diverse range of cognitive demands. Recent approaches 

to understanding the anatomical substrates of EF emphasise the view that such abilities 

are subserved by interconnected structures distributed throughout frontal, posterior, and 

subcortical regions. This is supported by lesion studies, where evidence indicates that 

EF impairments are more likely to result from diffuse rather than localised frontal 

damage, and EF impairments have also been found to result from non-frontal damage 

(Stuss et al., 2002). The frontal regions are central to the effective operation of EF 

processes, though current evidence gives weight to the view that optimal performance 

on EF tasks depends on the integrity of the whole brain (Stuss & Alexander, 2000). 

3.3 DEVELOPMENT OF EXECUTIVE FUNCTION 

Developmental studies using neuropsychological tasks/tests indicate that EFs 

follow a protracted course of development, and are among the last cognitive abilities to 

fully mature across human development, with improvements appearing to closely 

follow the biological maturation of frontal brain regions (De Luca et al., 2003; Romine 

& Reynolds, 2005). Given the close links between the integrity of frontal structures and 

EF, it is likely that functional improvements in EF abilities are tied to 

neurophysiological development, particularly synaptogenesis, synaptic pruning and 

myelination. Furthermore, it is reasonable to hypothesise that since frontal lobe 

development extends into adulthood, EF abilities may also undergo improvements 

through early adulthood.  
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However, relatively little is known how age-specific changes in the PFC are 

related to age-specific changes in EF (Lamm, Zelazo, & Lewis, 2006). The 

development of EF abilities is a multi-stage process, though not necessarily linear, 

where growth may frequently occur in spurts (Anderson, 2002). These growth spurts 

may be a reflection in part of the non-linear developmental patterns of grey matter 

volume across specific frontal regions (see Chapter Two). EF abilities develop rapidly 

through childhood and into adolescence, though different EF abilities have been found 

to follow separate developmental trajectories (Anderson, 2002; Huizinga, Dolan, & van 

der Molen, 2006).  

At a global level, it is believed that most EF abilities come online at 

approximately age eight years and are relatively mature by 12 years of age, although 

most EF abilities are not fully established until mid-adolescence or early adulthood 

(Anderson, 2002; De Luca et al., 2003; Romine & Reynolds, 2005). After a plateau in 

early adulthood, EF abilities then follow a gradual age-related decline from 

approximately 65 years of age, therefore following an inverted U-shaped function of 

development (De Luca et al., 2003). Beyond this general developmental trend, it is 

becoming more evident that specific EF abilities follow different trajectories in terms 

of when they emerge, become functional, and fully mature (Brocki & Bohlin, 2004; 

Davidson, Amso, Anderson, & Diamond, 2006; Huizinga et al., 2006).  

Romine and Reynolds (2005) conducted a meta-analysis of studies examining 

the development of EF between the ages of five and 22 years. The studies included in 

the meta-analysis were comprised of EF measures of planning, inhibition, set 

maintenance, and verbal and design fluency (i.e, flexibility). Results indicated that EF 

development begins in early childhood, with the greatest changes occurring between 

the ages of  five  and 11 years, and continues at a decreased rate during adolescence 

and into adulthood. Importantly, separable EF components were found to develop at 

different rates, as illustrated in Figure 2.1. 
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Figure 3.1. Developmental trajectories of EFs based on average effect sizes of age-

related change in performance on EF measures. 

(Source: Romine & Reynolds, 2005, p. 198). Rights managed by Taylor & Frances. Reproduced with 

permission. 

 

De Luca et al (2003) tracked the normative development of EF using the 

Cambridge Neuropsychological Test Automated Battery (CANTAB) with a cross-

sectional sample of 194 participants ranging in age from eight to 64 years. Results 

indicated that the executive functions of strategic planning and the organization of goal-

directed behaviour reached full maturity between the ages of 20 and 29 years, largely 

due to improvements in working memory capacity between the ages of 15 to 19 years. 

Working memory performance was found to be lowest among the youngest and eldest 

participants, illustrating the inverted U-shaped function of EF development across the 

life course. Attentional set-shifting ability followed a relatively rapid developmental 

trajectory, with no discernible differences between age groups. Additionally, the 

developmental trajectories of EF abilities were found to differ according to gender, with 

males excelling on planning and organization, attentional control and speed of 

processing tasks. Overall, the findings of the study highlighted the varied 

developmental trajectories for EF abilities over the life course. 

Huizinga et al. (2006) examined the developmental trajectories of three EF 

components (working memory, shifting and inhibition) among four age groups of 7-, 

11-, 15- and 21-year olds, with participants completing a battery of EF tests. Results 

confirmed that EFs continued to develop into adolescence, with distinct developmental 
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trajectories for separate EF components across age. Specifically, the EF processes of 

working memory, shifting and inhibition reached adult levels of performance between 

11 and 15 years, while some aspects of inhibition did not reach adult levels until after 

15 years. Improvements in EF across age could not be explained by changes in 

processing speed. Using factor analysis of EF test performance, results indicated two 

components of EF emerged that were only moderately correlated: working memory and 

shifting; with measures of inhibition appearing to be unrelated.  

Best et. al., (Best & Miller, 2010; Best, Miller, & Jones, 2009) conducted 

reviews of research examining the development of inhibition, shifting and updating 

(i.e., working memory) EFs from early childhood. From the studies reviewed, it is clear 

that EF develops most rapidly in preschool years. Furthermore, EF abilities are less 

differentiated in early childhood (i.e., unitary), with component EFs becoming more 

distinct across later childhood and adolescence (Lee et al., 2013; Zelazo & Carlson, 

2012). This move from unitary process to separable functions may reflect the increasing 

functional specialisation of neural systems across development. Inhibition abilities 

exhibit the most significant improvements during preschool years and less change later 

on in adolescence (Best & Miller, 2010; Best et al., 2009). However, findings relating 

to the developmental trajectory of inhibition are conflicting, and this likely reflects 

inhibition being a multidimensional construct (Friedman & Miyake, 2004). Working 

memory and shifting appear to emerge during preschool years, although continue to 

improve after this in a relatively linear fashion into adolescence (Best & Miller, 2010; 

Best et al., 2009). Overall, available evidence suggests that while EF abilities emerge 

early in life and undergo the most extensive maturational changes during mid- to late 

childhood, these abilities do not become fully mature until adolescence and early 

adulthood.  

Relatively little research has been conducted to examine the nature, 

development and assessment of hot EF (however, see the work of Zelazo & Carlson, 

2012). There is some evidence to suggest that the development of hot EF abilities lags 

behind cool EF abilities during adolescence. Prencipe et al. (2011) examined the 

developmental trajectories of both hot and cool EFs among 102 young people aged 

between eight and 15 years. Hot EF was assessed using the Iowa Gambling Task and a 

Delay-Discounting Task, while cool EF was assessed using the Stroop and Digit Span 

tasks. Age-related improvements in performance were found across all tasks. However, 

improvements in cool tasks were more robust and occurred earlier in the age range 
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tested, compared to improvements in hot tasks only being evident in the oldest group. 

Given these findings, it was argued that although younger children exhibit operational 

EF abilities as elicited by relatively cool tasks, hot contexts (i.e., affectively salient) 

might pose additional regulatory challenges. Such findings are consistent with the view 

that hot and cool EF may develop independently from each other across adolescence, 

with hot EF maturation following a protracted developmental trajectory relative to cool 

EF. However, further studies are required to further confirm and specify these results, 

particularly the continued developmental trajectory of hot EF in later adolescence and 

into adulthood, which is the focus of the study described in Chapter Nine.  

Findings of delayed hot EF development may be consistent with 

neuropsychological findings regarding the timing of development for reward, 

punishment and regulatory capacities during adolescence described in Chapter Two. 

The protracted development of hot EF may partly explain poorer performance of 

adolescents on tasks in emotionally laden situations (e.g., presence of peers) despite the 

ability to perform well in controlled settings. Conceptual frameworks that integrate both 

cool and hot EF are needed to obtain a clearer understanding of the nature and 

development of EF in an ecologically valid manner. 

Individual differences in EF are relatively stable throughout the life course and 

associated with important developmental outcomes, including academic attainment and 

social competence (Friedman et al., 2016; Zelazo & Carlson, 2012). Furthermore, at the 

level of latent variables (i.e., factor analysis of EF task performance), there is a high 

degree of heritability for individual differences in EF (Friedman et al., 2008). Friedman 

et al. (2008) reported that EFs are among the most heritable of psychological traits, 

perhaps more so than IQ. However, high heritability does not diminish the importance 

of environmental factors in shaping EF. 

In summary, age-related increases in EF appear to be closely related to age-

related physiological developments in the frontal cortex. Current research indicates that 

different EF abilities follow different developmental trajectories, although further 

research is needed to explore these trajectories. In general, most EF abilities come 

online around eight years of age, and continue to develop through to early adulthood. 

There is emerging evidence to suggest that hot EF abilities follow a delayed trajectory 

of development across adolescence relative to cool EF abilities, suggesting that a fully 

mature and coordinated system of EF does not appear until early adulthood. The 
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development of EF components across late adolescence and into early adulthood is the 

focus of the third study for the current thesis, described in Chapter Nine. 

3.4 MEASUREMENT OF EXECUTIVE FUNCTION 

The measurement of EF poses one of the most significant methodological 

obstacles to the study of the construct. At present, there is no ‘gold standard’ measure 

of EF from which to compare other measures of the construct (Royall et al., 2002). 

Given EF is represented by a diverse set of functions, it is not possible to outline a 

single metric to summarise EF. EF is best assessed through the use of a battery of 

measures, since no single measure will assess all components of EF. A summary of 

widely used EF measures and test batteries employed in the clinical neuropsychological 

and research literature outlined in Table 3.2. 

 

Table 3.2  

Common measures and test batteries of executive functioning 

Test Reference Description Executive Function 
 

Individual Measures 
 

BSAT Burgess and 
Shallice 
(1997) 

Similar to WCST. Individuals must discover 
the rules governing the placement of 
coloured circles on a grid 
 

Rule detection 

COWAT Benton and 
Hamsher 
(1989) 

Individuals are required to produce words 
beginning with the letters F-A-S 

Response 
generation, 
inhibition 
 

CPT Aylward et al, 
(1997) 

Requires individuals to respond to target 
stimuli and ignore distractor stimuli 

Sustained and 
selective attention, 
impulse control 
 

DMS Habeck et al, 
(2004) 

Individuals required to match stimuli after a 
temporal delay 
 

Working Memory 
 
 
 
 

Go/No-Go Nosek and 
Banaji (2001) 

Requires individuals to respond to specific 
stimuli only, and withhold responses to other 
stimuli 

Response 
inhibition, working 
memory, 
performance 
monitoring 
 

HSCT Burgess and 
Shallice 
(1997) 

Individuals required to complete sentences 
with a pre-potent response in first part, then 
required to inhibit pre-potent responses in 
second part 
 

Speed of initiation, 
response 
suppression  
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IGT Bechara et al, 
(2005) 

Card game requiring individuals to choose 
between decks yielding varying rewards 

Affective decision 
making, reward and 
risk processing 
 

PMT Porteus 
(1965) 

Individuals required to trace a path through 
mazes of varying difficulty  
 

Planning, problem 
solving 

SART Robertson et 
al, (1997) 

Individuals required to respond to rare target 
stimuli 
 

Sustained attention 

Stroop Stroop (1935) 
Golden (1978) 

Individuals required to name the colour of 
ink words ignoring the colour word 
 

Inhibition 

SET Shallice and 
Burgess 
(1991) 
 

Three tests involving simple arithmetic, 
written picture naming and dictation 

Multi-tasking, rule 
adherence, planning 

SST Logan (1994) Individuals are required to respond quickly 
to stimuli, and withhold a response to a rare 
stop signal  
 

Inhibition  

SWM McCarthy et 
al, (1994) 

Non-verbal tests that assess an individual’s 
working memory for spatially ordered 
stimuli 
 

Working memory 

TMT Reitan (1955) Individuals alternate between connecting 
encircled numbers and letters 
 

Set shifting, 
inhibition, attention 

ToL Shallice 
(1982) 

Individuals must rearrange coloured rings 
from an initial configuration across three 
pegs to a target position 
 

Planning, inhibition 

WCST Berg (1948) Stimulus cards displaying different number, 
colour and shape information are placed in 
front of subjects, who are then required to 
sort further cards according to unknown 
rules that change 
 

 

 
Test Batteries  

 
BADS Norris and 

Tate (2000) 
Includes action test program, dysexecutive 
questionnaire, key search, modified SET, 
rule shift card test, temporal judgment, zoo 
map test  

Set shifting, 
planning, goal-
directed behaviour, 
estimation abilities, 
response inhibition  
 

BRIEF Gioia et al, 
(2000) 

Clinical scale assessing inhibitory self-
control, flexibility and metacognition 

Inhibition, set 
shifting, emotional 
control, planning, 
goal-directed 
behaviour 
 

CANTAB Robbins et al, 
(1998) 

Includes 22 neuropsychological tests Set shifting, set 
maintenance, 
strategic planning, 
concept formation, 
organization of 
goal-directed 
behaviour  
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D-KEFS Delis et al, 

(2001) 
Stroop, design fluency, sorting test, TMT, 
twenty questions test, ToL, proverb test, 
verbal fluency, word context test 

Response 
inhibition, verbal 
and design fluency, 
concept formation, 
set shifting, rule 
detection, planning, 
response feedback, 
abstract thought 
 

FrSBe Grace and 
Malloy (2002) 

Rating scale measuring apathy, disinhibition, 
and executive dysfunction 

Inhibition, 
emotional control, 
organization of 
goal-directed 
activity 

Notes: Table adapted from Jurado and Rosselli (2007, pp. 219-220); BADS = Behavioral Assessment of 
the Dysexecutive Syndrome; BRIEF = Behavior Rating Inventory of Executive Function; BSAT = 
Brixton Spatial Anticipation Test; CANTAB = Cambridge Neuropsychological Test Automated Battery; 
COWAT = Controlled Oral Word Association Test; CPT = Continuous Performance Task; D-KEFS = 
Delis-Kaplan Executive Function System; DMS = Delayed Matching to Sample test; FrSBe = Frontal 
Systems Behavior Scale; HSCT = Hayling Sentence Completion Test; IGT = Iowa Gambling Task; PMT 
= Porteus Maze Test; SART = Sustained Attention to Response Task; SET = Six Elements Test; SST = 
Stop Signal Task; SWM = Spatial Working Memory task; TMT = Trail Making Test; ToL = Tower of 
London; WCST = Wisconsin Card Sort Test. 



 72 

Procedures used to measure EF in clinical and research settings rely on either 

performance-based or rating measures. Performance-based measures are based on 

standardised procedures administered by an examiner and usually assess accuracy 

and/or response time. Rating measures rely on an informant responding on difficulties 

with carrying out certain everyday tasks. In a review of the literature, Toplak, West, 

and Stanovich (2013) concluded that performance-based and rating measures assess 

different aspects of EF. Performance-based measures assess the proficiency of 

cognitive abilities under structured conditions, while rating measures assess 

functioning under everyday unstructured conditions.  

There are a range of theoretical and practical challenges associated with the 

measurement of EF, arguably the most significant of these being the task impurity 

problem. Any target EF must be embedded within a specific task context, since EFs are 

only evident when they operate on other cognitive functions. Given this, any score from 

an EF task will necessarily include systematic variance attributable to non-EF processes 

associated with the specific task context (Miyake & Friedman, 2012). As a result, it is 

difficult to “cleanly” measure the variance attributable to EFs across tasks (Anderson, 

2002). Performance on EF measures is likely to represent the pooled effect of several 

distinct EF and non-EF processes, resulting in a significant level of task impurity 

(Hughes & Graham, 2002). The use of latent EF variables derived through factor 

analytic methods as dependent measures is one means of addressing the task impurity 

problem (Miyake et al., 2000).  

EF abilities are activated by novel and complex tasks, though since such tasks 

may only be novel once (e.g., the WCST), many measures of EF that involve the use 

of novel tasks have poor test-retest reliability (Anderson, 2002; Rabbitt, 1997a). 

Furthermore, the ecological validity of many EF measures has been criticised, as 

instruments are generally designed to capture pathological performance in experimental 

settings (Burgess et al., 2006; Chan, Shum, Toulopoulou, & Chen, 2008; Chaytor, 

Schmitter-Edgecombe, & Burr, 2006). The settings in which tasks are administered are 

not likely to be representative of everyday situations. Additionally, the demands placed 

upon EF capacities in real-life settings are complex, multifaceted and involve multiple 

sub-tasks, while experimental EF tasks are commonly de-contextualised, and involve 

relatively simple responses to simple tasks. Individuals who do not display impairment 

on EF tasks in experimental settings may still encounter difficulties in everyday tasks 

that require executive control.  
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EF has traditionally been assessed using abstract, decontextualised problems 

lacking a significant affective or motivational component (e.g., WCST; Zelazo & 

Carlson, 2012). The use of such tests has supported characterisations of EF emphasising 

more cool features while neglecting hot EF processes important in motivationally and 

emotionally significant contexts. Fewer measures eliciting motivational/emotional 

contexts are available to assess hot components of EF, with existing measures primarily 

based on gambling, delay of gratification and prohibition tasks. However, conceptual 

issues remain regarding what may constitute a hot EF task, including whether the task 

must include rewards or appetitive stimuli, or whether it only needs to elicit emotional 

arousal or increased motivation. The “heat” of a task is likely to vary along a continuum 

that depends on factors including age, gender, task demands and context, and individual 

differences such as personality (Welsh & Peterson, 2014). To date, few studies have 

sought to examine how the factors may impact on the heat of a task designed to assess 

EF. 

A final issue with the measurement of EF relates to the assessment of paediatric 

populations. Many EF measures were designed for use with adult populations, and have 

not been adequately standardised for use with children. As a result, many existing EF 

measures are developmentally inappropriate for use with children, and lack the 

sensitivity necessary to capture developmental impairments in EF (Anderson, 2002; 

Hughes & Graham, 2002). The construction of developmentally appropriate measures 

of EF is necessary in order to obtain a clearer understanding of the developmental 

trajectories of different EF abilities.   

3.5 EXECUTIVE FUNCTION IMPAIRMENT AND PSYCHOPATHOLOGY 

Impairments in EF are associated with a constellation of psychological 

difficulties, including inappropriate social behaviour, problems with decision-making 

and judgement, poor emotional regulation, personality changes, aggressive behaviour, 

and difficulties initiating, following, shifting and organising plans. Impairments in EF 

have been implicated in a range of developmental disorders with an onset in childhood, 

including ADHD, Conduct Disorder (CD), Autism, and Tourette’s Syndrome 

(Pennington & Ozonoff, 1996; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). 

Given that several symptomatically different disorders are correlated with or believed 

to be caused by EF impairments, questions of the discriminant validity of EF 

impairments have been posed. The discriminant validity problem relates to questions 
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concerning how symptomatically different disorders can be related to a common 

cognitive and/or neural dysfunction (Pennington & Ozonoff, 1996). Pennington and 

Ozonoff (1996) argue that EF impairments cannot be the primary cause of 

developmental disorders, since current EF measures lack specificity and are based on 

broad operationalisations of the construct. They further argue that EF impairments may 

be artefacts of poor assessment techniques and measures, or may be secondary features 

(i.e., caused by) of developmental disorders. More likely is the possibility that different 

disorders have distinct levels and/or profiles of specific EF impairments. This 

hypothesis is supported by the findings of Pennington and Ozonoff (1996), who found 

more severe EF impairments in autism compared to ADHD, with autism related to 

impairments in cognitive flexibility, while ADHD was associated with impairments in 

inhibition.  

EF impairments are associated with most forms of psychopathology, and may 

be considered as transdiagnostic risk factors for behavioural, emotional and psychotic 

disorders (Royall et al., 2002; Snyder, Miyake, & Hankin, 2015b). Recent evidence 

suggests that the level of general psychopathology rather than specific psychiatric 

diagnoses is more strongly associated with EF impairments (Stordal et al., 2005). This 

finding suggests that EF impairments may be common deficits underlying psychiatric 

disorders. The ubiquity of EF impairments across a range of neurological, 

developmental and psychiatric disorders, often in the absence of significant damage to 

the frontal lobes, is consistent with the view of EF being dependent on a distributed 

neural network of cortical and subcortical structures (Elliott, 2003). This view is further 

supported by findings that EF impairments are the most common outcome of any form 

of traumatic brain injury (Lezak et al., 2012). It is possible that EF impairment is 

primarily a result of disrupted neural connectivity (especially frontostriatal circuitry), 

with this evident in disorders including Parkinson’s disease and schizophrenia (Elliott, 

2003). 

Given the intersection between psychopathology and EF impairment, and the 

high prevalence of psychopathology among antisocial individuals, it is reasonable to 

assume that EF impairments may also be highly prevalent in such populations (Abram, 

Teplin, McClelland, & Dulcan, 2003; Brink, 2005; Fazel & Danesh, 2002; Fazel & 

Lubbe, 2005; Timmerman & Emmelkamp, 2001; Vermeiren, 2003). Meta-analytic 

findings indicate EF impairments are common among antisocial individuals (Morgan 

& Lilienfeld, 2000), and this will be further explored in Chapter Four. 
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3.6 SUMMARY 

EF continues to be one of the most elusive constructs in cognitive neuroscience, 

with no consensus regarding how best to operationalise the overarching construct. 

Current conceptualisations of EF emphasise both the unitary and diverse nature of the 

construct, where EFs refer to a range of abilities that are necessary for top-down control 

of other cognitive functions. There are a number of theoretical models of EF that are 

relevant to the study of EF in adolescence and antisocial behaviour that have the 

potential to explain both cool and hot aspects of executive function. Current evidence 

indicates that EF processes are subserved by distributed and flexible neural networks, 

with prefrontal networks being particularly important to the integrity of EF. 

Furthermore, EF follows a protracted course of development that appears to coincide 

with the physiological development of the prefrontal cortex, with most EF abilities 

reaching full maturity by early adulthood. The measurement of EF abilities poses a 

number of challenges to the study the construct, particularly from a developmental 

perspective. Finally, impairments in EF have been implicated in a wide range of 

psychopathological disorders, suggesting that EF deficits may be common dysfunctions 

underlying developmental problems. The next chapter reviews the links between EF 

and ASB during the developmental period of adolescence.
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Chapter 4: Antisocial Behaviour and 
Executive Function 

Antisocial behaviour refers to a wide variety of actions and attitudes that have the 

common feature of violating societal norms and the personal or property rights of others 

(Burt, 2009). Examples of ASB during adolescence range from minor or relatively 

normative behaviours, including lying, underage alcohol and cigarette use and 

occasional truancy from school, to more serious behaviours, including assault, sexual 

aggression, theft and animal cruelty. A striking and well-established feature of 

adolescence as an aggregate developmental period is an increased rate of participation 

in most forms of antisocial and criminal activity, which declines as individuals enter 

adulthood (DeLisi & Piquero, 2011; Piquero, 2008). There is a substantial literature 

focused on identifying the factors that contribute to the rise in antisocial activity in early 

and middle adolescence, although relatively little is known about factors associated 

with the decline that occurs during early adulthood (Monahan, Steinberg, Cauffman, & 

Mulvey, 2009). In the past two decades, there has been an increasing focus on the 

potential role of neurobiological factors, including the development of EF, that 

contribute to the increased expression of ASB during adolescence and subsequent 

decline on the entry to adulthood (Hyde et al., 2013). 

Outlined in this chapter is theory and research relating to the association 

between EF and ASB during adolescence, with a focus first on conceptualising the 

construct of ASB.  

4.1 DEFINING ANTISOCIAL BEHAVIOUR 

Antisocial behaviour is a complex and multifactorial construct that cannot be 

clearly conceptualised under a single theoretical framework (Rutter, 2003). Within the 

research literature, antisocial behaviour is typically operationalised into three broad 

categories: 1) violation of legal or social norms; 2) psychiatric or clinical diagnoses; 

and 3) broad behavioural definitions (e.g., externalising behaviour problems) or 

specific types of behaviour (e.g., physical aggression).  

Legal operationalisations of ASB include criminality and delinquency, and 

relate to the violation of legal or social norms, and the commission of criminal acts as 
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a juvenile. These operationalisations are most commonly measured by official records 

and/or self-reports of criminal activity. 

Clinical/psychiatric diagnostic categories most frequently associated with ASB 

are the disruptive behaviour disorders of Conduct Disorder (CD) and Oppositional 

Defiant Disorder (ODD), as well as Antisocial Personality Disorder (ASPD), 

psychopathy and callus/unemotional (CU) traits. CD is diagnosed as a pattern of 

persistent behaviour characterized by the violation of the rights of others or major age-

appropriate norms and is usually diagnosed after the age of nine years but not after 18 

years (American Psychiatric Association, 2013). Examples of these behaviours include 

aggression, property destruction and theft. ODD is a diagnosis associated with 

persistent patterns of negativistic, hostile, defiant, provocative, and disruptive 

behaviour and is usually diagnosed after nine years but not after 18 years (American 

Psychiatric Association, 2013). ASPD is a diagnosis associated with a persistent pattern 

of behaviour characterized by a disregard and violation of the rights of others. ASPD 

requires a diagnosis of CD before age 15 years and cannot be diagnosed before the age 

of 18 years (American Psychiatric Association, 2013). Psychopathy is characterized by 

a lack of empathy or insight for the effect of one’s behaviour on others, callous, shallow 

and superficial traits, and behavioural characteristics including impulsiveness and poor 

behavioural control (Hare, 1996). CU traits are believed to be childhood precursor 

characteristics associated with the development of psychopathy in adulthood, being 

downward extensions of the interpersonal (e.g., lack of empathy) and affective (e.g., 

shallow affect) impairments often linked to psychopathy in adulthood. CU traits form 

part of the diagnoses for antisocial behaviour disorders in the DSM-5 (American 

Psychiatric Association, 2013). Although these diagnostic systems often involve 

engagement in deviant or criminal behaviour, they are not synonymous with crime 

(Rutter, Giller, & Hagell, 1998). 

Behavioural operationalisations of ASB relate to broad or specific behavioural 

subtypes of antisocial behaviour (e.g., physical aggression). Behavioural approaches to 

categorising ASB will be outlined in detail shortly in relation to addressing the 

heterogeneity in the construct. 

These three modes of categorising ASB (legal, clinical/psychiatric and 

behavioural) overlap to a significant degree. For example, ASPD criteria include the 

presence of criminality and CD during childhood, and a diagnosis of CD includes the 

criteria of aggression and delinquency. Furthermore, antisocial clinical syndromes are 
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highly prevalent among incarcerated offenders (Abram et al., 2003; Fazel & Lubbe, 

2005). However, these operationalisations are not entirely synonymous. For example, 

not all youth diagnosed with CD will be later diagnosed with ASPD. It is reasonable to 

assume that these operationalisations overlap to a moderate degree, although they may 

differ subtly in terms of etiological origins. 

4.1.1 Heterogeneity in Antisocial Behaviour 

There is significant heterogeneity within the concept of antisocial behaviour, 

given it refers to a complex and diverse set of behaviours that manifest differently 

across individuals, place, culture and time (Stadler, Poustka, & Sterzer, 2010). There 

can be heterogeneity within a single diagnostic class (e.g., CD) based on the presenting 

cluster of symptoms (e.g., youth presenting with different clusters of symptoms can 

receive the same diagnosis of CD), age of onset of symptoms, and the presence of other 

related traits such as callousness (Hyde et al., 2013). This heterogeneity is a primary 

factor contributing to conflicting findings across studies and measurement error in 

studying ASB, with current research strongly suggesting there are distinct subgroups 

of individuals who engage in ASB with different underlying etiologies (Burt, 2009). 

Understanding this heterogeneity and the multitude of pathways into and out of ASB is 

key to informing efforts to prevent the emergence and escalation of antisocial 

behaviour, direct intervention efforts, and/or minimise potential negative outcomes of 

the behaviour.  

To understand the heterogeneity in ASB, researchers have developed an array 

of different approaches to classify/subdivide ASB to create more homogenous groups 

of individuals that share potentially distinct etiologies (Burt, Donnellan, Iacono, & 

McGue, 2011; Hyde et al., 2013). The two most common approaches to sub-typing the 

heterogeneity in ASB are to focus on age of onset or differentiate particular forms of 

behaviour/constructs. First, sub-typing according to age of onset explicitly takes an 

individual and developmental focus in examining the timing (e.g., onset, escalation, 

desistance) of ASB, most commonly distinguishing between early and late starters. The 

age of onset approach is notably illustrated in Moffitt’s (1993) developmental 

taxonomy of antisocial behaviour, which originally proposed that there were two 

primary subtypes of ASB that could be differentiated by age of onset, including 

childhood-onset or life course persistent ASB and adolescent-onset or adolescent-

limited ASB. There is some evidence to support the view that life course persistent and 
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adolescent limited ASB are etiologically distinct (Moffitt, 2006b), although emerging 

evidence suggests a more nuanced picture (for examples, see: Fairchild, Van Goozen, 

Calder, Stollery, & Goodyer, 2009a; Passamonti et al., 2010), and this will be further 

elaborated in subsequent sections.  

Second, research has focused on behavioural sub-types of or constructs related 

to ASB to address heterogeneity, examining differences between individuals who 

appear to preferentially engage in specific forms of ASB. For example, the distinctions 

between the behaviours of aggression versus rule breaking (Burt, 2012), proactive 

versus reactive aggression (Vitaro, Brendgen, & Barker, 2006), and covert versus overt 

behaviour (Loeber & Schmaling, 1985) have all exhibited merit in partitioning 

heterogeneity in ASB and creating meaningful subtypes of individuals. One of the most 

common behavioural distinctions is made between physically aggressive (e.g., 

physically assaulting others, bullying) and non-aggressive rule breaking (e.g., theft, 

vandalism) behaviours. Evidence from meta-analytic reviews and factor analytic 

studies strongly support the view that aggression and non-aggressive rule breaking are 

separate but correlated behavioural dimensions within the larger construct of ASB (Burt 

et al., 2011; Loeber & Schmaling, 1985). More importantly, evidence also indicates 

that the distinction between aggressive and rule breaking behaviour reflects etiological 

differences in the broader construct of ASB (Burt, 2012; Tremblay, 2010). Overall, the 

evidence strongly supports the distinction between aggressive and rule breaking 

behaviours as a robust measurement strategy in studying ASB (Burt, 2012), including 

during adolescence, which will be further elaborated in following sections.  

A more recent approach to address heterogeneity has been to synthesise age of 

onset and behavioural subtype approaches. This approach examines differences in the 

developmental trajectories of separate behavioural subtypes, taking into account the 

possibility that the expression of ASB may change across development. Supporting 

this, aggressive and rule-breaking behaviours have been shown to follow different 

developmental trajectories across age (Tremblay, 2010).  

Addressing heterogeneity is an important consideration to address in studying 

the larger construct of ASB, given how the construct is conceptualised is a primary 

factor contributing to the variation in findings across studies. Studies that collapse 

across meaningful distinctions in ASB may obscure or distort findings (Burt, 2012). 

Importantly, Tremblay (2010) argues that subtypes of ASB should not be aggregated, 
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as they represent different developmental trajectories and aetiologies that require 

separate corrective interventions. 

4.2 CRIMINAL CAREERS FRAMEWORK  

 The study of criminal careers is a major research focus within criminology, and 

is a dominant framework for examining ASB across the lifespan. A criminal career is 

defined as the longitudinal sequence or pattern of crimes committed by an individual 

offender (Blumstein, Cohen, Roth, & Visher, 1986; DeLisi & Piquero, 2011; Piquero, 

Farrington, & Blumstein, 2003). Criminal careers can be characterised by several key 

parameters, including onset, prevalence/participation, frequency/incidence, 

specialisation, seriousness, escalation, persistence/continuity, career length, and 

desistance. DeLisi and Piquero (2011) note that there has been a large amount of 

literature generated within the criminal careers paradigm examining these parameters, 

producing some consistent findings in relation to the expression and nature of ASB 

across the life-course. For example, it is consistently documented that an earlier age of 

onset for ASB is typically associated with a more persistent and serious criminal career 

(Lahey et al., 1999; Loeber & Farrington, 2000; Stouthamer-Loeber, Loeber, Wei, 

Farrington, & Wikstrom, 2002).  

Criminal careers can exhibit both constancy and change across the life-course 

(Paternoster, Dean, Piquero, Mazerolle, & Brame, 1997), whereby most offending 

careers are brief, truncated, and intermittent, with only a small number of individuals 

experiencing prolonged criminal careers (Baker, Metcalfe, & Piquero, 2013; DeLisi & 

Piquero, 2011). The majority of offenders can be characterised as ‘generalists’ who do 

not tend to specialise in any one type of offending, but rather, engage in a variable and 

often unpredictable mix of offences (DeLisi & Piquero, 2011; Mazerolle, Brame, 

Paternoster, Piquero, & Dean, 2000). Further, desistance from offending is a gradual 

process influenced by maturation, contextual changes and life events that alter the 

offending propensity of individuals (Brame, Bushway, & Paternoster, 2003).  

In relation to the small proportion of individuals who constitute the most severe 

offenders, evidence is clear that they tend to score at the extremes on almost all 

parameters of the offending career (DeLisi & Piquero, 2011). As noted, they exhibit 

early onset of ASB and juvenile justice contact, engage in more diverse and severe 

forms of ASB and violence, are more prolific in their offending, have longer careers 

and delayed desistance, and experience frequent and overlapping involvement with the 
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criminal justice system (DeLisi & Piquero, 2011). Research has primarily focused on 

examining these individuals, given the prolonged nature, seriousness and impact of 

their offending careers. However, this has been at the expense of examining individuals 

whose ASB is limited to adolescence, which is a significant proportion of the 

population.  

4.2.1 Age-Crime Curve 

Within the criminal career literature, it is well established that aggregate rates 

of antisocial and criminal behaviour increase during early adolescence, peaking during 

mid- to late adolescence, and then decline throughout early adulthood, with this being 

referred to as the age-crime curve (Piquero, 2007, 2008; Piquero, Farrington, & 

Blumstein, 2007a). In Australia, individuals aged 15-19 years are more likely than any 

other age group to be processed by police for the commission of an offence (AIC, 2014). 

The aggregate increase and subsequent decline is reflected in recorded crime statistics 

in Australia, as illustrated in Figure 4.1 and Figure 4.2.   

 

 
Figure 4.1. Offender rate in Australia by age.   

Note. (a) Rate per 100,000 population in each age group. (b) Rate per 100,000 population aged 10 years 
and over. Includes offenders with unknown age (Source: ABS, 2014). Copyright 2014 Commonwealth 
of Australia. Reproduced under Creative Commons Attribution 2.5 Australia licence. 
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The age-crime relationship has been consistently replicated internationally 

across various longitudinal and prospective samples/cohorts using both official and 

self-reported data sets, including in the United Kingdom (Piquero et al., 2007a), United 

States (Hawkins et al., 1992; Huizinga, Schumann, Ehret, & Elliott, 2004; Loeber et 

al., 2012; Sampson & Laub, 2003; Tracy, Wolfgang, & Figlio, 1990; Tremblay et al., 

1992), New Zealand (Fergusson, Horwood, & Nagin, 2000; Moffitt, Caspi, Harrington, 

& Milne, 2002), Finland (Elonheimo et al., 2014), Netherlands (Blokland & 

Nieuwbeerta, 2005), Denmark (Brennan, Mednick, & Hodgins, 2000) and Australia 

(Bor, McGee, Hayatbakhsh, & Najman, 2007; Smart, Vassallo, Sanson, & Dussuyer, 

2004). Findings from these longitudinal and prospective studies consistently indicate 

that a significant proportion of a population experience contact with the justice system 

by the time of early adulthood. For example, in a study examining rates of offending in 

a 1983/84 Queensland (Australia) birth cohort, it was estimated that 37.7% of the cohort 

had experienced a formal police caution or guilty juvenile or adult court appearance by 

the age of 22/23 years old, with males (59.3%) being more likely than females (21.3%) 

to experience this contact (Stewart, Allard, Gray, & Ogilvie, 2007). Furthermore, the 

majority of these young people (60%) only had one contact with the justice system. 

This is consistent with recent Australian crime statistics indicating that offenders aged 

15-19 years were most likely to be proceeded against by police only once (See Figure 

4.2; AIC, 2014). 
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Figure 4.2. Offenders by age and number of times proceeded against by police in 

2011-12 per 100,000 of age group. 

(Source: AIC, 2014, p. 69). Copyright 2014 Commonwealth of Australia. Reproduced under Creative 
Commons Attribution 2.5 Australia licence. 

 

In studying the age-crime relationship, it is useful to distinguish between the 

criminal career parameters of participation (prevalence) of offending and the frequency 

(incidence) of crime across age (Petras, Nieuwbeerta, & Piquero, 2010). Participation 

refers to the proportion of individuals within a population that are active offenders at 

any given time, while frequency refers to the annual rate of offending by active 

offenders. In other words, participation/prevalence reflects the proportion of 

individuals offending, while frequency/incidence reflects the intensity of offending by 

individual offenders, and is often represented by lambda (λ). Blumstein et al. (1986) 

argued that the characteristic age-crime curve could be driven by both age-related 

differences in participation and from age-related differences in offending frequency. 

Specifically, Blumstein et al. (1986) argued that participation varied with age (i.e., more 

adolescents than adults actively participating in crime), while frequency was largely 

stable across time, only increasing with age for certain types of crime and subgroups of 

offenders (i.e., particular adolescents committing a higher frequency of offences and/or 
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adolescents committing a higher frequency of specific offences). Blumstein et al. 

(1986) hypothesised that the dimensions of participation and frequency might be 

differentially related to age, whereby the reasons why individuals participate in crime 

might be different from the reasons why individuals persist in crime or commit crimes 

at a high frequency. Conversely, Gottfredson and Hirschi (1986) argued that it is not 

necessary to distinguish between participation and frequency, due to both parameters 

reflecting underlying individual propensity to offend. They believed the peak and 

subsequent decline in offending depicted by the age-crime curve in early adulthood 

reflects both decreasing participation and frequency.  

 Petras et al. (2010) examined the distinction between offending participation 

and frequency and how these dimensions might be differentially affected by age. 

Results suggested a non-linear relationship between age and both offending 

participation and frequency, with both peaking in early adulthood, and declining 

thereafter. These results support the view (e.g., Gottfredson & Hirschi, 1986) that the 

age-crime curve reflects both increasing participation in and frequency of offending by 

individuals during adolescence, which both decline as individuals enter adulthood.  

Elonheimo et al. (2014) also found the prevalence of offending to conform to 

the typical age-crime curve, with participation in crime peaking sharply at age 18 years, 

and declining steadily thereafter, but only for males. However, in contrast to the results 

of Petras et al. (2010), it was found that the frequency of offending remained relatively 

constant across age, and did not increase during adolescence. Elonheimo et al. (2014) 

argued that their results were indicative of the adolescent peak in offending representing 

a peak in the prevalence of male crime (i.e., male but not female offending prevalence 

followed the typical age-crime pattern), not a peak in the frequency or intensity of 

offending by individuals. Such results may suggest that the adolescent peak in 

offending is due in large part to more males temporarily experimenting or engaging in 

offending before desisting as they enter adulthood. This would be consistent with the 

theory of adolescent offending proposed by Moffitt (1993), which will be discussed 

subsequently. As illustrated by the differences between Petras et al. (2010) and 

Elonheimo et al. (2014), findings are mixed regarding offending frequency across age, 

and how this contributes to the observed age-crime curve. 

 In examining the age-crime curve, different patterns in offending participation 

and frequency across age emerge when disaggregating according to gender. It is 

consistently noted that the prevalence of offending is much higher for males compared 
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to females across all types of offending (DeLisi & Piquero, 2011). There is some 

evidence to suggest that males are almost entirely responsible for the rise in offending 

that occurs throughout adolescence, with the prevalence of female offending remaining 

consistently low across age (Elonheimo et al., 2014; Moffitt, Caspi, Rutter, & Silva, 

2001; Pulkkinen, Lyyra, & Kokko, 2009). Indeed, offending is typically more prevalent 

than non-offending for males during adolescence (e.g., Elonheimo et al., 2014), 

highlighting the normative nature of the behaviour.  

Closer examination of the age-crime curve highlights that offending is not 

evenly distributed throughout a population, but rather concentrated in a small minority 

of individuals, variously referred to as serious, chronic, severe or career criminals 

(Blumstein et al., 1986; Jolliffe, Farrington, Piquero, MacLeod, & van de Weijer, 2017; 

Piquero, 2008). For example, Elonheimo et al. (2014) found that for males, over half 

of crimes were committed by 3% of males. Such findings highlight the importance of 

unpacking the aggregate age-crime curve, and this has been the focus of a vast amount 

of research (DeLisi & Piquero, 2011). In this regard, the criminal career perspective 

has been dominated by efforts to identify and examine the characteristics of the 

typically small group of chronic offenders accounting for a large proportion of 

offending. This focus is justifiable, given the level and impact of offending committed 

by these individuals. However, this has limited understanding of the larger proportion 

of individuals whose offending is limited and largely concentrated within adolescence 

and early adulthood.  

4.2.2 Offending During Adolescence and Early Adulthood  

As reviewed, the prevalence of participation in ASB has been found to peak 

during the transition from adolescence to early adulthood, which then declines as 

individuals’ age into adulthood (DeLisi & Piquero, 2011; Elonheimo et al., 2014; 

Gilman et al., 2014; Petras et al., 2010). The aggregate spike of engagement in ASB 

during adolescence has strengthened the popular view that participation in ASB is 

relatively normative and transient during this developmental period (Moffitt, 2006a). 

However, examination of so-called “normative” participation in ASB during 

adolescence remains rare. This has made it difficult to define what such behaviour 

constitutes, as well as understand the factors that may be driving the developmental 

trend. 
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There have been some attempts to explore broad trends in the nature and type 

of offending that primarily occurs during adolescence. For example, adolescents are 

more likely than adults to engage in illegal activities in the presence of co-offenders 

(Stolzenberg & D'Alessio, 2008; Warr, 2002). This suggests that ASB during 

adolescence is significantly shaped by peer influences. Further, at an aggregate 

population level and using the coarse behavioural distinction between aggressive and 

non-aggressive rule breaking behaviours, the most frequent form of ASB during 

adolescence is non-aggressive rule breaking (Burt, 2012; Tremblay, 2010). However, 

more detailed examinations of the types of offending that occur during adolescence are 

needed, including how such offending may differ compared to other developmental 

periods. In addition, further research is required to examine whether the offending 

behaviour for individuals whose ASB is limited to the adolescent/early adult period 

differs compared to the offending behaviour of individuals whose ASB persists from 

childhood and into adulthood. In this regard, there are few studies that have been 

conducted to explore the offending behaviour of normative or typically developing 

adolescents.  

Significant empirical and theoretical effort has focused on examining and 

explaining the potential mechanisms underlying the age-crime relationship and the 

nature of ASB during adolescence and into early adulthood. Current theory and 

evidence highlights that the relationship between age and crime is attributable to a 

multitude of sociological, psychological and biological developmental changes that 

occur during adolescence and adulthood (Sweeten, Piquero, & Steinberg, 2013). It is 

beyond the scope of the current review to summarise research exploring the spectrum 

of developmental factors underlying the age-crime curve. Instead, the current focus will 

be on neurodevelopmental factors underlying this trend, and specifically EF. The fact 

that the age-crime curve has been extensively replicated across samples of varying 

economic, socioeconomic, national and cultural backgrounds strongly supports the 

notion that there are key features of adolescence as a developmental period that 

predispose youth toward engaging in criminal activities (Shulman, Steinberg, & 

Piquero, 2013). Furthermore, given that the age-crime peak coincides with heightened 

risk-taking behaviour, there is a strong argument to suggest that ASB and risk-taking 

are overlapping constructs that share similar neurodevelopmental underpinnings (Hyde 

et al., 2013; Moffitt et al., 2002). In this sense, most (but not all) ASB may be 

considered to be an extension or form of risk-taking behaviour. Therefore, many of the 
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neurobiological structural and functional brain developmental changes linked to 

adolescent risk-taking behaviour described in Chapter Two (e.g., heightened sensation 

seeking and impulsivity, immature PFC and EF) have been implicated as factors 

underlying the age-crime relationship. Of central focus to this thesis, self-regulatory 

capacities (including EF), have been implicated as factors contributing to the expression 

of ASB both generally throughout the life course, and in adolescence specifically. The 

links between ASB and EF will be summarised in the final section of the current 

chapter. 

4.2.3 Theoretical Perspectives on Age and Crime 

 Within criminology, a range of theoretical frameworks have been proposed to 

explain ASB over the life course. Arguably two of the most influential theoretical 

frameworks include Moffitt’s Developmental Taxonomy (Moffitt, 1993, 2006a) and 

the construct of self-control as advanced in Gottfredson and Hirschi’s general theory of 

crime (Gottfredson & Hirschi, 1990; Hirschi & Gottfredson, 1983). These theories will 

be described as frameworks for understanding the role of EF in ASB.  

 Developmental taxonomy. Moffitt (1993) proposed a developmental taxonomy 

to disaggregate the age-crime curve by classifying offenders into distinct categories 

according to the timing and duration of the onset of ASB, and the underlying eitiology 

of the behaviours. Moffitt (1993, 1997) originally proposed that two hypothetical 

offender prototypes that differ in early risks, age of onset, duration of offending and 

long-term outcomes are embedded within the age-crime curve: life course persistent 

(LCP) offenders, and adolescence-limited (AL) offenders. Two complementary 

theories are proposed to explain the developmental origins and outcomes of each of the 

two prototypes of offenders (Moffitt, 1997). 

LCP offenders are hypothesised to demonstrate lifelong engagement in ASB, 

particularly more serious forms of offending, including violence. Further, their lives are 

more broadly characterised by the experience of a multitude of social problems (e.g., 

relationship problems, substance use, school and work failure), with ASB being an 

aspect of these difficulties. LCP offenders are characterised by continuity in ASB over 

time, with such behaviour emerging at an early age and persisting into adulthood. These 

offenders are hypothesised to constitute only a small proportion of those who engage 

in ASB, but account for a disproportionately large amount of offending. Continuity in 

ASB at the aggregate level is argued to be largely attributable to LCP offenders, who 
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engage in ASB at all points of the life course, and display stability in ASB both across 

time and situations. It is argued that while the nature of their ASB may change in line 

with changing opportunities and phases of development, the disposition to behave 

antisocially continues to manifest throughout the life course.  

Moffitt (1993) proposed that the ASB exhibited by LCP offenders has its origin 

in pathological neuropsychological deficits (including impaired EF) that begin in early 

life and persist throughout the life course. Neuropsychological deficits may be 

attributable to neural anomalies acquired prenatally and in early life from 

developmental insults, including maternal drug abuse, poor maternal nutrition, 

exposure to toxins, poor parenting practices, abuse and neglect, and stressful events 

(Bor, McGee, & Fagan, 2004; Cuffe, McKeown, Addy, & Garrison, 2005; DeMatteo 

& Marczyk, 2005; Loeber & Farrington, 2000). Deficits in neuropsychological 

functioning are argued to result in low self-control, impulsivity, an inability to delay 

gratification and poor reasoning skills. Such deficits are argued to set in motion a 

lifetime of negative reciprocal exchanges between the individual and the social 

environment, consolidating their engagement in ASB. The continuity present in the 

LCP trajectory is argued to be a result of the limiting effects of neuropsychological 

deficits and past ASB on future options for prosocial behaviour. These limitations 

operate to ensnare individuals into a life of ASB due to the cumulative effects of past 

neurodevelopmental difficulties and consequences from ASB (Moffitt, 1993). 

Specifically, impairments in EF abilities have been consistently linked to persistent 

ASB beginning in childhood and persisting into adulthood, and therefore may be a core 

feature of LCP offending (Moffitt, 1990; Moffitt & Caspi, 2001; Moffitt & Henry, 

1991; Moffitt, Lynam, & Silva, 1994; Piquero, 2001).  

AL offenders are characterised by temporary offending patterns driven by 

developmental factors beginning at puberty and diminishing into young adulthood 

(Moffitt, 2018). Their ASB is argued to be largely limited to the adolescent/early adult 

period and characterised by minor forms of offending, including vandalism, drug use 

and minor theft. It is hypothesised that AL offending is widespread and therefore 

normative, being largely responsible for the observed age-crime curve peak in late 

adolescence and early adulthood. Moffitt (1993) proposed a number of possible causal 

mechanisms to account for the emergence of AL ASB that are linked to the 

developmental period of adolescence, including peer influence, social mimicry of 

deviant peers and the adolescent maturity gap. Moffitt (2018) describes the maturity 
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gap as the disconnect between adolescent’s reaching biological maturity while not 

being afforded access to adult privileges and responsibilities. For adolescents 

experiencing the maturity gap, Moffitt (2018) proposes that it is virtually normative for 

them to find aspects of the delinquent lifestyle appealing and to emulate these 

behaviours to demonstrate independence from parents, build affiliation with peers, and 

hasten social maturation. Moffitt (1993) further argues that for AL youth, males and 

females will exhibit similar patterns of engagement in ASB, with few sex differences.  

In explaining desistence from ASB amongst AL offenders, it is argued that they 

are able to flexibly respond to shifting contingencies and the demands of adult roles. It 

is assumed that AL offenders have ample options for change, as they generally do not 

have the burden of neuropsychological and antisocial personality deficits, or a backlog 

of accumulated ASB to limit future options for advancement. However, the degree to 

which an individual has accumulated the negative consequences of ASB will 

necessarily be a factor contributing to the individual variability present in the process 

of desistence. 

In studying the links between EF impairments and ASB, Moffitt’s 

developmental taxonomy (Moffitt, 1993; Moffitt, 2018; Moffitt & Caspi, 2001) would 

predict that the most serious and persistently antisocial individuals with early ages of 

onset would display EF impairments. This prediction is based on the 

neuropsychological variation hypothesis about the developmental origins of LCP 

offending. However, it is possible that normative EF development as a proximal factor 

related to adolescence may contribute to the emergence of AL offending. This 

observation is based on neuropsychological evidence indicating that 

neuropsychological functioning, particularly EF, continues throughout adolescence. 

Furthermore, the desistance characterising AL offending in late adolescence and early 

adulthood may be partly explained by the maturation of neural systems subserving EF 

processes in late adolescence and early adulthood. To date, few attempts have been 

made to examine normative development of EF and how this may be associated with 

AL forms of ASB, with this being a specific focus of the current thesis. 

 General Theory of Crime. Gottfredson and Hirschi (1990) advanced a general 

theory of crime that proposed two key variables to explain criminal activity, including 

self-control and opportunity. They proposed that self-control is the key individual-level 

characteristic that explains individual variation in the propensity to engage in ASB. 

They argue that self-control is largely stable across time and is set early in life, being 
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shaped by early living environments and parenting practices. The key argument of the 

theory is that low self-control is the primary individual characteristic causing ASB 

(Gottfredson & Hirschi, 1990). Low self-control is defined as the tendency to focus on 

short-term, immediate pleasure while neglecting long-term consequences (Gottfredson 

& Hirschi, 1990). Individuals with low self-control tend to lack diligence, tenacity and 

persistence; experience difficulty delaying gratification; exhibit low frustration 

tolerance; have poorly developed abilities to solve problems through verbal rather than 

physical means; tend to be sensation seekers and risk-takers; lack interest in long-term 

pursuits; and tend to self-centred and insensitive to the suffering a needs of others 

(Cauffman et al., 2005; Gottfredson & Hirschi, 1990).  

Self-control is often conceptualised as a trait, or summary construct of 

individual traits including impulsivity, insensitivity, risk-taking and short-sightedness. 

Low self-control is thought to increase the propensity to engage in a range of antisocial 

or criminal behaviours, where measured levels of self-control will be able to distinguish 

offenders from non-offenders. Individuals low in self-control are believed to be more 

vulnerable to “temptations of the moment” (Wikstrom & Treiber, 2007, p. 239) given 

their failure “to consider the negative or painful consequences of [their] acts” 

(Gottfredson & Hirschi, 1990, p. 95). In this sense, the direct role of the 

environment/situation in causing crime is the provision of opportunities for the 

expression of propensity/low-self-control. 

 The concept of self-control has been extensively studied in criminological 

research, and low self-control has been consistently linked to a greater propensity to 

engage in ASB (Cauffman et al., 2005; Piquero, Moffitt, & Wright, 2007b; Pratt & 

Cullen, 2000). Self-control is considered a multi-dimensional trait, and Gottfredson and 

Hirschi (1990) did not provide a clear and stringent definition of the concept to aid in 

conceptualising the construct. There have been multiple efforts to conceptualise self-

control from the perspective of neuropsychological functioning, specifically using the 

construct of EF as described in Chapter Three (e.g., Beaver, Wright, & DeLisi, 2007; 

Cauffman et al., 2005; Wikstrom & Treiber, 2007). Both self-control and EF relate to 

the regulation of behaviour and emotion, including the management of impulsive 

tendencies. Beaver et al. (2007) argued that self-control and EF represent the same 

construct to a large degree, but as proposed by different empirical disciplines. 

Supporting this view and consistent with self-control research, there is an extensive 

body of neuropsychological research linking impairments in EF to greater involvement 
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in ASB (Morgan & Lilienfeld, 2000), and this will be summarised in greater detail in 

the following sections.  

Both Moffitt’s developmental taxonomy and Gottfredson and Hirschi’s concept 

of self-control provide frameworks for examining the role of neuropsychological 

factors generally and EF specifically in explaining engagement in ASB. Both 

frameworks consider the role of EF in ASB from a pathology perspective, whereby 

impaired EF is associated with engagement in greater levels of ASB. To illustrate, for 

LCP offenders, neuropsychological impairments are believed to underlie their 

persistent engagement in ASB across the life course, while low self-control (i.e., 

dysfunctional EF) results in a high propensity to engage in ASB across time. However, 

the pathology approach taken by these theories does not account for the potential non-

pathological and normative developmental role of neuropsychological factors in 

explaining ASB, particularly during adolescence.  

Modifications to the frameworks may allow for consideration of how normative 

developmental changes in EF may explain the age-crime curve (i.e., the peak of ASB 

in late adolescence and early adulthood) and so-called normative engagement in ASB. 

For Moffitt’s developmental taxonomy, it could be argued that the temporary offending 

patterns of AL individuals is partly driven by immaturities in EF abilities in 

combination with the experience of the maturity gap and peer influence. As EF abilities 

mature, AL individuals may “age-out” of ASB through improving capacities to resist 

peer influence and plan for long-term outcomes, for example.  

Gottfredson and Hirschi (1990) were clear in proposing that individual variation 

in self-control remained relatively stable after early childhood. However, allowing self-

control traits to vary as a function of developmental stage may assist in understanding 

the age-crime curve. For example, adolescence may represent an aggregate period of 

low self-control, given immaturity in EF, resulting in the peak of ASB during this 

developmental period. Individual variation in self-control may still account for the 

small group of individuals who’s ASB persists throughout the life course. 

4.3 NEUROPSYCHOLOGY OF ANTISOCIAL BEHAVIOUR 

There is an increasing understanding of the neurobiological foundations of ASB 

(e.g., structural and functional deficits in the PFC). Advances in non-invasive 

neuroimaging methods have significantly aided the study of neurobiological factors 

underlying ASB, and a significant and growing body of evidence is accumulating in 
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relation to the neural correlates of ASB (Hyde et al., 2013; Noordermeer, Luman, & 

Oosterlaan, 2016; Raine, 2002; Teichner & Golden, 2000; Yang & Raine, 2009). 

Specifically, there has been a focus on identifying neuropsychological characteristics 

associated with ASB, including impairments in cognitive functioning (including EF), 

reward processing, memory, and emotion recognition, for example (Fairchild, Stobbe, 

van Goozen, Calder, & Goodyer, 2010; Morgan et al., 2014; Syngelaki, Moore, Savage, 

Fairchild, & van Goozen, 2009). The focus of the current review will be on the 

neuropsychological factor of EF, which has been one of the most extensively studied 

factors associated with ASB. 

Before summarising the research examining the links between EF and ASB, it 

is important to highlight two broad methodological issues characterising the 

neuropsychological examination of ASB. First, while significant progress has been 

made in the identification of neuropsychological factors associated with the expression 

of ASB from a static perspective (i.e., studying adults with known histories of ASB), 

further work is needed to explore links between ASB and neuropsychological factors 

from different developmental perspectives, including adolescence and the transition to 

adulthood. The mechanisms through which neuropsychological factors influence the 

expression of ASB are likely to change across development, and certain 

neuropsychological factors may be more influential in explaining ASB at specific 

stages of development. However, little is known about these potential developmental 

effects, given current knowledge of the links between EF and ASB is largely derived 

from studies of adults with official criminal histories.  

Second, the majority of studies approach the examination of 

neuropsychological factors associated with ASB from a pathology perspective. For 

example, a large proportion of studies recruit small clinical samples (e.g., individuals 

diagnosed with ASPD), with a focus in assessing clinically significant impairments in 

functioning. Given this focus, little is known about the role of typical 

neuropsychological functioning in explaining more “normative” levels of engagement 

in ASB. In considering these two methodological biases together, it is not surprising 

that there have been few studies to examine the links between normative 

neuropsychological development and ASB. As a result, it could be argued that this 

situation contributes significantly to the limited understanding of the factors driving 

adolescent engagement in ASB (i.e., the age-crime curve). In summarising the 

association between EF and ASB, research conducted from a pathology perspective 
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(i.e., EF impairment and clinical samples) will first be reviewed, followed by a review 

of research conducted from a normative development perspective.  

4.3.1 Executive Function Impairment and Antisocial Behaviour 

EF abilities are necessary for self-regulation, including the regulation of 

emotion and socially appropriate adult conduct. Impairments in EF often result in 

socially inappropriate behaviour, an inability to plan and problem solve, distractibility, 

aggressiveness, impulsive behaviour, poor judgment of behavioural consequences and 

poor memory (Fuster, 2000; Mesulam, 2002). The similarity of EF impairments to 

features of ASB implies that EF processes are important in the etiology of ASB. 

Supporting this, EF impairments have been consistently associated with ASB across 

multiple definitions of the construct including: violent and physically aggressive 

behaviour (Golden, Jackson, Peterson-Rohne, & Gontkovsky, 1996; Seguin, Nagin, 

Assaad, & Tremblay, 2004; Teichner & Golden, 2000), substance use (Giancola & 

Tarter, 1999), delinquency (Moffitt et al., 1994; Teichner et al., 2000), psychopathy 

(Roussy & Toupin, 2000; Sellbom & Verona, 2007), antisocial personality disorder 

(Crowell, Kieffer, Kugeares, & Vanderploeg, 2003), conduct disorder (Clark, Prior, & 

Kinsella, 2000; Linz, Hooper, Hynd, Isaac, & Gibson, 1990), and oppositional defiant 

disorder, (Oosterlaan, Scheres, & Sergeant, 2005; Van Goozen et al., 2004). Given the 

consistency and strength of this association, it has been hypothesised that EF 

impairments are central to the onset and persistence of severe antisocial and aggressive 

behaviour (Blair, 2003; Morgan & Lilienfeld, 2000; Raine et al., 2005; Seguin, Sylvers, 

& Lilienfeld, 2007). For example, EF impairments are hypothesized to increase the risk 

of engaging in ASB through decreasing behavioural inhibition, impairing the ability to 

anticipate behavioural consequences and assess punishment and reward, damaging the 

capability to generate socially appropriate behaviour in challenging contexts (Giancola, 

1995; Ishikawa & Raine, 2003; Seguin, 2008). 

There is a large and growing body of research examining the association 

between EF and ASB. Morgan and Lilienfeld (2000) conducted a meta-analysis to 

summarise this literature and quantify the association between ASB and EF. This meta-

analysis was the first to quantitatively synthesise the findings of studies examining the 

association between EF and ASB, where narrative reviews were more common (e.g., 

Brower & Price, 2001; Hawkins & Trobst, 2000; Ishikawa & Raine, 2003; Seguin, 

2008; Teichner & Golden, 2000). Broadly, results of the meta-analysis confirmed that 
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there is a robust association between ASB and EF that holds across varying study 

methodologies. Morgan and Lilienfeld (2000) examined a total of 39 studies including 

4,589 participants. To be included in the meta-analysis, a study must have employed at 

least one of six measures of EF with demonstrated sensitivity to frontal damage: the 

Category Test of the Halstead-Reitan Neuropsychological Battery, the Qualitative 

score on the Porteus Mazes Test, the Stroop Interference Test, Part B of the Trail 

Making Test, the WSCT and verbal fluency tests. Additionally, the studies must have 

grouped individuals according to ASB and comparison groups. Individuals were 

classified in the groups of psychopathic personalities, individuals with either ASPD or 

CD, criminals, delinquents and psychiatric comparison participants or normal 

comparison participants. 

Results of the meta-analysis indicated that the grand mean weighted effect size 

for all studies was 0.62 standard deviations difference between antisocial and 

comparison groups on all EF measures, with 79% of all study effect sizes being 

positive. These results indicated that antisocial individuals performed significantly 

worse on EF measures compared to comparison groups. The effect sizes were, however, 

heterogeneous across the studies, indicating that the grand mean effect size was not 

derived from a single population of studies. Effect sizes were found to vary according 

to the type of ASB, with the largest effects found for criminality (d = 1.09) and 

delinquency (d = 0.86), and small to medium effects found for CD (d = 0.40) and 

psychopathy (d = 0.29).  

Effect sizes were also found to vary according to EF measures, with the largest 

effect found for the Porteus Mazes Q score (d = 0.80) and all other EF measures having 

effect sizes in the small to medium range. These results highlighted the need to examine 

EF impairments across differing groups of antisocial individuals using varied measures 

of EF. However, results further indicated that antisocial individuals were not 

specifically impaired in EF, as antisocial individuals were also found to have deficits 

on non-EF tests, including Trails A (d = 0.39) and categories achieved on the WCST 

(d = 0.39). However, the status of these measures as non-EF tests is questionable given 

that they may also tap EF processes. 

Overall, the Morgan and Lilienfeld (2000) meta-analysis provided a valuable 

summary of the research base at the time, highlighting that there is a robust association 

between EF and ASB that holds across varying study methodologies. Morgan and 

Lilienfeld (2000) argued that ongoing research was warranted to examine potential 
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specificity of EF impairments among antisocial individuals and resolve inconsistencies 

in findings across studies. It was highlighted that studies vary in the types and severity 

of EF impairments observed among antisocial participants, suggesting that EF 

impairments may not be global, and be more important in the expression of particular 

antisocial syndromes or acts. With continued variation in findings across studies, it is 

increasingly clear that antisocial individuals do not exhibit global or generalised EF 

impairments, but rather exhibit more specific or prescribed impairments. For example, 

there is inconsistency in the level and types of EF problems observed in psychopathic 

samples (Koenigs, Baskin-Sommers, Zeier, & Newman, 2010). While studies 

performed by Dolan and colleagues (Dolan & Anderson, 2002; Dolan, Deakin, Roberts, 

& Anderson, 2002) indicated that psychopathic individuals perform poorly on a range 

of EF tests, other studies indicate that psychopathic individuals display minimal 

impairments in EF (e.g., Dvorak-Bertsch, Sadeh, Glass, Thornton, & Newman, 2007; 

Smith, Arnett, & Newman, 1992). As highlighted by the findings of Baskin-Sommers, 

Waller, Fish, and Hyde (2015), the relationship between EF and psychopathy-related 

traits is complex, whereby only certain traits are associated with specific EF 

impairments. This is likely to be characteristic of the entire research field (i.e., 

complexity in the relationships between EF and ASB), highlighting the importance of 

specificity in examining EF abilities and ASB dimensions/traits.  

Since the publication of Morgan and Lilienfeld’s meta-analysis, there has been 

a shift toward examining specificity in the relationships between EF and ASB. For 

example, there have been efforts to distinguish between hot and cool EF deficits in both 

CD (Dolan & Lennox, 2013) and psychopathy (De Brito, Viding, Kumari, Blackwood, 

& Hodgins, 2013) antisocial groups. In this regard, there is emerging evidence that for 

ODD and CD, impairments are more specific to hot EF (Noordermeer et al., 2016). In 

addition, a number of studies have examined how EF impairments may be more 

prominent in specific groups and subgroups of antisocial individuals (e.g., 

psychopathy; Ishikawa, Raine, Lencz, Bihrle, & Lacasse, 2001; Pham, Vanderstukken, 

Philippot, & Vanderlinden, 2003) and particular forms of ASB (e.g., physical 

aggression; Seguin et al., 2004). For example, there is evidence to suggest that EF 

impairments are associated with the expression of physical aggression but not non-

aggressive rule-breaking behaviours (Barker et al., 2007; Barker et al., 2011b). As a 

further example, Hecht and Latzman (2018) found that components of EF were 

differentially associated with reactive and proactive aggression. Finally, there is also 
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an increasing focus on linking EF impairments with specific traits within clinical 

diagnostic categories of ASB, such as callous and unemotional traits in children 

diagnosed with disruptive behaviour disorders (Baker, Clanton, Rogers, & De Brito, 

2015a). 

In general, EF impairments appear most pronounced in groups characterised by 

severe, persistent and comorbid behavioural problems. For example, both Dolan and 

Lennox (2013) and Clark et al. (2000) found EF impairments to be most pronounced in 

children with comorbid externalizing behaviour disorders and ADHD compared to 

children with non-comorbid externalizing behaviour problems. Additionally, Raine et 

al. (2005) and Piquero (2001) found that individuals following life course persistent 

pathways of antisocial behaviour displayed greater impairments in EF compared to less 

severe antisocial comparison groups. Unfortunately, studies in large part have not been 

specific in the groups and subgroups of antisocial individuals that are included in 

analyses and how EF impairments may differ among these groups. Global categories 

of ASB (e.g., incarcerated criminals, psychopathy, disruptive behaviour disorders) may 

potentially conceal subgroups of antisocial individuals and the causal mechanisms 

associated with the development of specific ASB (Barker et al., 2007).  

Despite the move toward identifying specificity in the links between EF and 

ASB, there remains a significant level of inconsistency across study findings. 

Inconsistent findings are most likely indicative of the heterogeneity within both EF and 

antisocial individuals as a population, as well as methodological variation in how ASB 

is operationalised, the characteristics of samples, control groups and assessment 

measures employed (Raine & Scerbo, 1991). Additionally, there are inconsistencies 

across studies in the examination of factors that may impact on the association between 

ASB and EF, including the age of participants, the presence of ADHD symptoms, 

global cognitive functioning (i.e., IQ), substance misuse, and gender differences. It is 

important for studies to control for such factors when examining the association 

between ASB and EF, although efforts to do so have been inconsistent. For example, 

there is evidence to suggest that EF impairments are associated with both substance use 

disorders (Giancola, Shoal, & Mezzich, 2001) and ADHD (Willcutt et al., 2005), which 

are both highly prevalent among antisocial individuals (Jacobson et al., 2008; Van 

Goozen, Fairchild, Snoek, & Harold, 2007). However, few studies have explicitly 

controlled or examined the mediating or moderating effects these factors may have on 

the association between ASB and EF.  
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As highlighted in Chapter Three, EF is best characterised as consisting of 

separable but related cognitive processes, and is best assessed as a multidimensional 

construct using a battery of measures. However, it is common for studies to treat EF as 

a unitary or global construct using a restricted range of measures (Snyder, Miyake, & 

Hankin, 2015a), and this may operate to conceal specificity in the associations between 

EF and ASB. Related to this limitation, few studies have sought to make a distinction 

between cool and hot measures of EF in examining ASB. Available evidence suggests 

that this is an important distinction to consider, with impairments in hot EF emerging 

as most relevant to understanding various forms of ASB (De Brito et al., 2013; Dolan 

& Lennox, 2013; Noordermeer et al., 2016). The use of multiple measures of EF in an 

assessment battery, including measures of hot EF, is required to examine the nature of 

EF impairments associated with ASB. 

Theory has rarely been used to guide the examination of EF and ASB, and this 

has led to a poor understanding of the mechanisms through which EF impairments 

contribute to the expression of ASB. A variety of mechanisms linking EF impairments 

to ASB are frequently hypothesised (e.g., reduced behavioural inhibition, inability to 

anticipate behavioural consequences, biases in estimating subjective reward and 

punishment values) although they are rarely explicitly examined. Further, the majority 

of evidence on the association between EF and ASB is correlational, and therefore is 

not able to establish that EF impairments directly cause ASB.   

Snyder et al. (2015a) highlight that a general shortcoming of the broader 

research field examining cognitive risks and psychopathology is the lack of models of 

how cognitive impairments and psychopathology may be causally related. This 

shortcoming applies to the study of EF and ASB, where there could be three possible 

broad models of how EF and ASB are associated: a) EF impairments precede, and are 

potential causal factors for the emergence of ASB; b) EF impairments follow, or are 

the consequence of engagement in ASB; and c) EF impairments correlate with ASB 

without playing a causal role (Snyder et al., 2015a). The use of theory and prospective 

longitudinal designs is required to determine how EF impairments exert their effects on 

the expression of ASB across development.  

Overall, there is a substantial body of evidence supporting a robust association 

between EF impairments and ASB. This association holds across varied 

methodological approaches, including different operationalisations of ASB, sample 

sources and EF measures. Efforts are being made by more recent studies to examine 
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specificity in the association between EF impairments and ASB, and this is where 

ongoing research efforts should be directed.  

4.3.2 Development of Executive Function and Antisocial Behaviour 

The second approach to examining the association between EF and ASB 

involves examining how typical development of EF may influence engagement in ASB. 

In contrast to the volume of research generated in the examination of EF impairments 

and ASB from a pathology perspective, very little research has been conducted to 

examine how typical development of EF abilities may contribute to the expression of 

ASB. Similarly, and as previously noted, comparatively little research has been 

conducted to examine the factors associated with ASB limited to adolescence (i.e., 

“normative” ASB), compared to individuals who’s ASB persists throughout the life 

course. As a result, there is a limited understanding of the factors associated with 

adolescent-limited ASB generally, and the role of normative EF development in the 

expression of adolescent ASB specifically.  

Adolescence represents an important developmental period to examine the 

intersection between EF and ASB. First, as evidenced by the age-crime curve, 

adolescence is a period where the aggregate rate of participation in ASB peaks, with 

participation in some forms of ASB being widespread and normative (Elonheimo et al., 

2014). Second, adolescence is a period of neuropsychological developmental change, 

including regulatory capacities (i.e., EF) and reward sensitivity (Shulman et al., 2016b). 

Examination of normative neuropsychological development during adolescence has the 

potential to inform knowledge of the mechanisms driving the age-crime curve. Despite 

significant empirical effort examining the potential mechanisms driving the age-crime 

relationship, very little work has focused on examining the behaviours and 

neuropsychological characteristics of individuals whose ASB is primarily limited to 

this peak period of participation in ASB. Given this, little is known about normative 

participation in ASB. Rather, research has predominately focused on examining those 

individuals with an earlier onset of ASB and/or persistence in ASB into adulthood. In 

this regard, it is argued that the study of neuropsychological development for typical 

adolescents is necessary to better understand the age-crime relationship. 

Imbalance models of adolescent neurodevelopment, as described in Chapter 

Two (e.g., Casey et al., 2011; Steinberg et al., 2008), may provide some insights and 

predictions regarding the role of EF in adolescent engagement in ASB. These models 
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are typically used to explain “typical adolescent behaviours”, including risk-taking, 

sensation seeking and impulsivity. ASB and risk-taking can be considered overlapping 

constructs, where adolescent ASB may be best conceptualised as an element of an 

increased propensity to engage in risk-taking behaviour during adolescence. Similar to 

risk-taking, ASB may be the product of an imbalance between an immature regulatory 

system (i.e., EF) and a hypersensitive reward system, which may leave adolescents 

vulnerable to engaging in a range of negative behaviours. Imbalance models would 

predict that immature EF abilities in combination with increased reward sensitivity 

would be associated with ASB during adolescence, and that desistance from engaging 

these behaviours would coincide with maturing EF abilities (Doremus-Fitzwater, 

Varlinskaya, & Spear, 2010; Spear, 2010). From this perspective, adolescent 

engagement in antisocial and risk-taking behaviours is argued to reflect limitations in 

EF that are due to immaturities in neural structures and circuits underlying these 

functions (Geier et al., 2010; Luna & Sweeney, 2004) However, no studies have sought 

to explicitly examine these imbalance hypotheses in relation to ASB in typically 

developing adolescents. 

In contrast to the limited research on ASB limited to adolescence, there is a 

growing body of research examining neuropsychological factors associated with risk 

taking during adolescence (see Chapter Two), although this research is again primarily 

focused on clinical populations. There have only been a handful of attempts to examine 

the role of EF abilities in the risk-taking behaviour of typically developing adolescents 

(e.g., Patrick et al., 2008; Pharo, Sim, Graham, Gross, & Hayne, 2011; Romer et al., 

2011), and the findings derived from these studies are inconsistent and based on 

restricted samples (i.e., in terms of age-range and gender). The inconsistent findings 

across studies suggests that the relations among neuropsychological functioning, 

personality characteristics, and risky and ASB are complex. 

In a study involving 72 young adult female college students, Patrick et al. (2008) 

examined the relations among EF, reward sensitivity, emotional decision making and 

risk behaviours (i.e., delinquency, and drug and alcohol use). Findings indicated that 

EF measure scores did not significantly predict risk behaviour scores, but were found 

to moderate the association between approach sensitivity and risk behaviours. 

Specifically, higher working memory scores were associated with higher involvement 

in alcohol and drug use and delinquency, but only in individuals with high levels of 
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reward sensitivity. Other important aspects of EF (i.e., response inhibition) were found 

to have no significant association with risk behaviours.  

Pharo et al. (2011) examined the relations among risky behaviour, personality 

factors and performance on EF measures in a community sample of 136 adolescents 

aged 13- to 17-years-old (69 males, 67 females) and 57 young adults aged 18- to 22-

years-old (27 males, 30 females). There were a number of significant sex differences 

in self-reported levels of risky behaviours, with males reporting higher levels of 

smoking, drug use, risky driving, being the passenger of a risky driver, alcohol use, 

antisocial behaviour, and overall risk-taking. There were also significant age-related 

differences in self-reported risky behaviours, with adolescents reporting higher levels 

of smoking and overall risk-taking compared to young adults, while young adults 

reported higher levels of risky driving and involvement in antisocial behaviour. 

In relation to the links between EF and risky behaviour, the results of Pharo et 

al. (2011) indicated that individuals who scored lower on EF measures engaged in 

higher levels of self-reported risk-taking behaviour compared to those with higher EF 

measure scores. This association remained significant after taking personality traits of 

impulsivity, sensation-seeking, aggression and sociability into account. These findings 

were interpreted as supporting the view that adolescent risky behaviour may be linked 

to developmental changes in the prefrontal cortex and related structures, whereby an 

immature regulatory/inhibition system (i.e., as indexed by EF) is unable to manage the 

demands of excitatory systems. Pharo et al. (2011) argued that the findings lent support 

to the view that adolescents are neurologically biased toward risk-taking. 

Romer et al. (2011) conducted a prospective analysis of EF (i.e., measured as 

working memory) in a community sample of youth aged 10- to 12-years-old (190 

males, 197 females) at three annual assessments to determine its relation among 

personality measures of impulsivity and a range of risk and externalising behaviours. 

Results of the study suggested that not all risk-taking was accompanied by impairments 

in EF. Specifically, results suggested that adolescent risk-taking was a product of both 

a dysfunctional form of impulsivity that was associated with impairments in EF and the 

tendency to act without thinking, and a more controlled form of impulsivity that was 

associated with sensation seeking and relatively greater EF. For the latter, greater 

working memory was associated with greater sensation seeking, which in turn predicted 

greater risk-taking. This finding suggests that adolescent risk-taking is not always 
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accompanied by poorer EF. Romer et al. (2011) did not examine potential sex-related 

differences on within these findings. 

In summary, both Patrick et al. (2008) and Romer et al. (2011) found evidence 

to suggest that in some instances, better EF (i.e., working memory) is associated with 

risk-taking during adolescence in community-based samples. However, Pharo et al. 

(2011) found that lower EF scores were associated with greater risk-taking behaviour. 

Reyna and Farley (2006) suggest that there are at least two pathways leading to 

heightened adolescent risk-taking (and by extension, ASB), including one that is 

associated with greater reliance on EF abilities (i.e., motivated by a greater drive toward 

sensation seeking), and one that is associated with reduced EF abilities (i.e., 

impulsivity). Romer, Reyna, and Satterthwaite (2017) argue that some forms of risk-

taking during adolescence are positively associated with improving or higher EF 

abilities (e.g., decision-making under ambiguity), while other forms of risk taking will 

be associated with lower EF (e.g., impulsive action), which may also apply to ASB. 

This highlights the need for ongoing studies to examine how types of risk-taking and 

ASB may be differentially associated with EF abilities.  

To the author’s knowledge, there are no studies that have directly examined the 

role of EF in the emergence, expression and desistance from ASB among typically 

developing adolescents. Neuropsychological studies of typically developing youth have 

the potential to inform understanding of the mechanisms involved in the expression of 

ASB across development, and also inform understanding of pathological 

neurodevelopmental processes contributing to more persistent and serious forms of 

ASB. 

4.4 SUMMARY 

 There is an extensive research literature examining patterns of ASB across age, 

with adolescence consistently identified as the developmental period when aggregate 

rates of participation in ASB peak. Given the concentration of ASB to a specific 

developmental period, there is a well-established research tradition focused on 

examining developmental factors to understand the mechanisms driving engagement in 

ASB. In this regard, there is an extensive body of research examining the association 

between neuropsychological factors, including EF, and ASB. There is a robust 

association between impairments in EF and ASB that holds across varied 

methodological approaches. However, there is a lack of specificity in current 
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knowledge about the links between EF and ASB (e.g., linking specific EF impairments 

for specific forms of ASB). Additionally, the majority of research examining the links 

between EF and ASB has been conducted from a pathology perspective, with little 

known about how typical development of EF abilities may be linked to more normative 

participation in ASB during adolescence. Knowledge is limited concerning the 

developmental trajectories of both normative and non-normative EF abilities across the 

life course and how these relate to ASB. The greatest gap in the existing literature on 

the relationship between EF and ASB is the lack of research from a developmental 

perspective. Research is needed to understand how developmental changes in brain 

structure and cognitive function during adolescence are related to adolescent behaviour, 

particularly in relation to ASB.  
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Chapter 5: Research Overview 

Presented in this chapter is a brief summary of the literature reviewed in Chapters Two, 

Three and Four to provide a context and justification for the research described in this 

thesis. Following this, the research strategy for the thesis will be outlined, with the 

rationale, research questions and methods for each study summarised.  

5.1 RESEARCH CONTEXT 

Provided in Chapter Two was a broad introduction to the developmental period 

of adolescence to establish a developmental focus for the thesis. It was highlighted that 

adolescence is a critical period of human development marked by coinciding physical, 

neurological, psychological, behavioural, and social maturational changes and 

transitions (Steinberg, 2010a; Sturman & Moghaddam, 2011). Neuropsychological and 

behavioural changes characterising adolescence were described, with a specific focus 

on increased levels of risk-taking, sensation seeking and impulsiveness that are often 

observed in adolescence. Neurobehavioural theories of adolescence that attempt to 

explain the neurological bases of risk-taking behaviours were described. In particular, 

developmental imbalance models (e.g., Casey et al., 2008; Shulman et al., 2016b; 

Steinberg, 2008) were presented as frameworks for understanding adolescent ASB and 

the role EF development may play in the expression of ASB during adolescence and 

early adulthood. That is, imbalance models propose that increased propensity to engage 

in risk-taking and ASB is a manifestation of a temporary imbalance between a sensitive 

reward/approach system and an immature regulatory system (i.e., immature EF). It was 

highlighted that greater research effort is needed to simultaneously examine and link 

neurodevelopmental and behavioural changes during adolescence to confirm the 

predictions made by imbalance models.  

In Chapter Three, the neuropsychological construct of EF was summarised, 

focusing on the development of EF during adolescence. EF is best characterised as a 

multidimensional construct that follows a protracted course of development (Lee et al., 

2013; Miyake & Friedman, 2012). The development of EF appears to coincide with the 

physiological development of the prefrontal cortex, with most EF abilities reaching full 

maturity by early adulthood (Huizinga et al., 2006). It was identified that although most 
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EF abilities are mature by mid-adolescence, development of hot EF abilities (e.g., 

regulation of affect) may extend into later adolescence, with these abilities potentially 

being most relevant to explaining risk-taking and ASB (Prencipe et al., 2011). 

However, there have been limited attempts to examine the development of hot EF 

across adolescence and into early adulthood.  

Provided in Chapter Four was a summary of research on the intersection 

between EF and ASB during the developmental period of adolescence. First, it was 

highlighted that there is significant heterogeneity in the construct of ASB, which refers 

to a complex and diverse set of behaviours (Burt, 2009). ASB is best conceptualised as 

a multifactorial construct, where it is important to distinguish between specific forms 

of behaviour in examining factors associated with its expression (Tremblay, 2010). The 

criminal careers research framework was described, highlighting longitudinal patterns 

of ASB across the life course in the form of the age-crime curve. The transition from 

adolescence to early adulthood is consistently identified as a peak period of 

participation in ASB (DeLisi & Piquero, 2011), contributing to a popular view that 

participation in ASB is relatively normative and transient during this developmental 

period (Moffitt, 2006a). It was highlighted that there has been relatively little research 

to examine ASB limited to the adolescence and early adult transition period. 

The final section of Chapter Four outlined neuropsychological factors 

associated with engagement in ASB, focusing on the construct of EF. There is a robust 

association between lower EF abilities and greater involvement in ASB (Morgan & 

Lilienfeld, 2000). However, in the context of both EF and ASB being complex and 

multifaceted constructs, there is a lack of specificity in current knowledge about the 

association between them. This highlighted the need for future studies to become more 

specific in examining the components of EF that may be associated with different forms 

of ASB. In contrast to the large body of literature examining the association between 

EF and ASB from a pathology perspective in clinical populations, there have been few 

attempts to explore how EF may be associated with increasing rates of participation in 

ASB during adolescence and early adulthood in typically developing youth. Research 

findings examining the role of EF abilities in explaining adolescent risk-taking 

behaviours (i.e., as a proxy to ASB) has produced mixed results, highlighting the need 

for further research.  
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5.2 RESEARCH STRATEGY 

The overall aim of this research was to integrate criminological and 

neuropsychological perspectives to examine the intersection between EF and ASB 

during the developmental period of adolescence. To this end, the research presented in 

this thesis seeks to address the following overarching research question: 

 

Do executive function abilities explain engagement in antisocial behaviour for 

typically developing adolescents and early adults? 

 

To address this overarching research question, a series of four studies were 

conducted, each with specific aims, research questions and hypotheses that are outlined 

in the following paragraphs. 

 

5.2.1 Study One: Meta-analysis of Neuropsychological Measures of Executive 
Function and Antisocial Behaviour 

The aim of the first study was to quantify the association between EF and ASB 

through meta-analytic methods to summarise the state of the current research literature. 

As highlighted in Chapter Four, there is a significant degree of heterogeneity in the 

findings of studies examining the association between EF and ASB that is primary due 

to between-study method variance. Building on the previous meta-analysis of the same 

topic by Morgan and Lilienfeld (2000), the study sought to address the research 

question: Can specificity in the association between EF and ASB be identified from 

existing studies? In this context, various potential moderators of the association 

between EF and ASB were examined, including EF measures, ASB operationalisations, 

age, gender, ADHD traits and correctional recruitment. Two hypotheses were posed 

regarding the meta-analysis findings: 

 

1. Individuals with ASB will exhibit poorer performance on EF measures 

compared to non-ASB controls 

2. There will be significant variation across operationalisations of ASB and 

measures of EF in the magnitude of EF impairments in ASB groups. 
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5.2.2 Study Two: Development of a Self-report Measure to Estimate 
Engagement in Antisocial Behaviour during Late Adolescence 

The aim of the second study was twofold: 1) to develop a psychometrically 

sound self-report instrument to measure ASB; and 2) examine the prevalence and 

frequency of participation in ASB in typically developing late adolescents. This study 

was motivated by the gap in knowledge regarding the nature and extent of engagement 

in ASB among typically developing adolescents highlighted in Chapter Four. The 

measure formed the basis for measuring ASB that would then be used in Study Four, 

described below. Two hypotheses were posed, as informed by previous self-reported 

ASB findings: 

 

1. ASB will be best represented as a non-unitary, multidimensional construct 

encompassing distinct categories of behaviour 

2. Typically developing youth will self-report widespread and high levels of 

engagement in less serious forms of ASB, with minimal sex differences in the level 

of engagement. 

 

5.2.3 Study Three: Development and Structure of Executive Function in Late 
Adolescence  

The aim of the third study was to examine both the developmental progression 

and structure of EF during late adolescence and early adulthood in a typically 

developing sample of youth. Available evidence indicates that the development of brain 

structures and circuits underlying cognitive control extends into adulthood. However, 

there have been relatively few attempts to examine functional cognitive changes in EF 

that may continue from late adolescence into early adulthood, with the majority of 

research focused on cool EF abilities in childhood and early- to mid-adolescence. 

Furthermore, few studies have sought to examine the development of hot EF abilities 

across adolescence. In this regard, the study sought to address the research question: 

Do developmental changes in EF continue to occur from late adolescence into early 

adulthood? Two hypotheses were posed in relation to this research question, based on 

available evidence: 
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1. Cool EF abilities will be functionally mature across the age-range studied, with 

only small linear improvements in EF task performance across age into early 

adulthood 

2. Developmental improvements in performance on hot EF tasks will occur later 

than changes in performance on comparatively cool EF tasks, with these 

changes being evident from late adolescence into early adulthood. 

 

Few studies have sought to examine aspects of EF related to cognitive control 

in the context of motivationally salient information (i.e., hot EF) when examining the 

structure of EF across adolescence. In this regard, the study sought to address the 

research question: Can a separable component of hot EF be identified during 

adolescence? From this research question, and based on available evidence, two 

hypotheses were posed: 

 

3. Participants’ performance on EF tasks will exhibit a structure of separate but 

related components similar to those distinguished by Miyake et al. (2000) and 

Huizinga et al. (2006), that is, working memory, shifting and inhibition 

4. An additional EF component beyond those identified by Miyake et al. (2000) 

will be evident and this component relates to performance on hot EF tasks (i.e., 

tasks involving cognitive control in contexts of emotionally and/or 

motivationally salient information). 

 

5.2.4 Study Four: Executive Function, Risk-Taking and Self-Reported Antisocial 
Behaviour in Late Adolescence and Early Adulthood 

The fourth study aimed to examine how EF may be associated with engagement 

in risk-taking and ASB for typically developing late adolescents and early adults. As 

summarised in Chapter Four, there is a robust link between engagement in ASB and 

lower levels of EF abilities. However, limited research has examined this link from a 

developmental perspective in typically developing youth. As highlighted by advocates 

of imbalance models (e.g., Steinberg, 2008), the developmental transition from 

adolescence to early adulthood is typically characterised by increasing engagement in 

risk-taking and ASB followed by a steady decline, and that this coincides with 

significant neuropsychological changes in self-regulatory capacities and sensitivity to 
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reward and punishment. However, few studies have sought to explicitly test the 

predictions made by imbalance models in typically developing youth during the 

transition from late adolescence to early adulthood. 

To test the predictions made by imbalance models in relation to the development 

of reward and punishment sensitivity and the development of cognitive control across 

adolescence, four hypotheses were proposed: 

 

1. Psychological traits related to reward sensitivity will decline as individuals 

enter early adulthood 

2. Punishment sensitivity will increase as individuals enter early adulthood 

3. Psychological traits related to cognitive control (i.e., impulsivity) will improve 

from late adolescence to early adulthood, as evidenced by declines in self-

reported impulsivity 

 

Following on from this, the following hypotheses were posed as guided by the 

predictions made by imbalance models relating to the role of reward sensitivity and 

cognitive control in predicting risk-taking during adolescence: 

 

4. Higher levels of sensation seeking will predict greater risk taking propensity 

5. Lower levels of cognitive control will predict greater risk taking propensity 

6. Risk-taking will decline from late adolescence to early adulthood, and this 

decline will coincide with reducing reward sensitivity and improving cognitive 

control 

  

There have been no studies that have explicitly applied a developmental 

imbalance perspective in an attempt to explain the ASB of a typically developing 

sample of adolescents and early adults. Guided by the integration of imbalance models 

and Moffitt’s (1993) conceptualisation of adolescent-limited offenders, the following 

hypotheses were posed: 

 

7. A higher propensity for ASB will be associated with higher levels of sensation 

seeking 

8. A higher propensity for ASB will be associated with lower levels of cognitive 

control. 
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Finally, in an effort to integrate the analytical approaches and findings from 

Studies Two (i.e., self-report of ASB) and Three (i.e., development and structure of EF), 

the fourth study adopted an exploratory approach to examine the links between specific 

forms of ASB and components of EF from late adolescence to early adulthood.  
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The primary aim of the meta-analysis was to quantify the association between 

ASB and EF in an effort to summarise the state of the current research literature. As 

noted in Chapter Four, there is a large body of research associating EF dysfunction 

with ASB. However, there is a significant level of heterogeneity in the findings across 

studies, which appears largely driven by method variance. The study represented an 

effort to identify some of the sources of this heterogeneity (e.g., EF measures and ASB 

operationalisations) and work towards identifying specificity in the connections 

between EF and ASB. 

Meta-analytic methods were used to expand on and address the limitations of 

the earlier meta-analysis of the same topic performed by Morgan and Lilienfeld (2000), 

which was described in detail in Chapter Four. Studies published up to September 2010 

that used a wide range of EF measures were examined to summarise the findings of 

studies and characterise advancements and continuing methodological issues in the 

research field. Studies included in Morgan and Lilienfeld’s (2000) meta-analysis were 

included to provide a more robust estimate of the association between EF and ASB, as 

well as increase the statistical power of analyses. The inclusion of a wider range of 

more contemporary EF measures improves on the earlier meta-analysis by not solely 

relying on measures validated by their sensitivity to prefrontal damage because 

prefrontal functioning is not synonymous with EF. 

 Specificity in EF impairments was explored across groups of ASB and measures 

of EF. The ASB group of physical aggression and/or violence was added to aid in the 

identification of specificity in EF impairments. This operationalisation was not 

included in the earlier meta-analysis in part because of the lack of attention in the earlier 

research literature to issues of specificity. Similar to the earlier meta-analysis, several 

possible moderating variables were examined to assess their effects on the links 

between ASB and EF, including age, gender, correctional recruitment, and comorbid 

ADHD. This analysis expands on the earlier study by including age and ADHD as 

potential moderators of effect sizes. Based on the previous meta-analysis, it was 

hypothesised that individuals with ASB would exhibit poorer performance on EF 

measures compared to controls. Furthermore, it was hypothesised that there would be 

significant variation across operationalisations of ASB and measures of EF in the 

magnitude of EF impairments in ASB groups.  
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6.1 METHOD 

6.1.1 Search Strategy and Inclusion Criteria  

All studies included in Morgan and Lilienfeld (2000) original meta-analysis 

were included in this analysis. In addition, three search strategies were employed to 

identify subsequently published and unpublished studies. First, nine computerized 

databases were searched: Web of Science ISI, Scopus, Google Scholar, PsycINFO, 

MEDLINE, PubMed, ERIC, Cambridge Scientific Abstracts, and Dissertation 

Abstracts International. The keywords used to search the databases were relevant to 

ASB and EF: “antisocial,” “antisocial personality disorder,” “psychopathy,” 

“delinquency,” “criminal,” “conduct disorder,” “oppositional defiant disorder,” 

“externalizing disorder,” “aggression,” “violence,” “sex offender,” “executive 

function,” “executive control,” “cognitive control,” “frontal function,” “frontal lobe,” 

“working memory,” “attention,” “attentional control,” “impulsivity,” “inhibition,” 

“neuropsychological,” and “neurocognitive”. Second, the reference lists of published 

studies collected and narrative reviews of the topic (viz., Blair, 2005; Brower & Price, 

2001; Golden et al., 1996; Hawkins & Trobst, 2000; Moffitt, 1990; Raine & Yang, 

2006; Seguin, 2008; Teichner & Golden, 2000) were scanned to locate further studies 

not found in the database searches. Third, five authors in the research area (viz., R.J.R 

Blair, P.R. Giancola, S.O. Lilienfeld, T.E. Moffitt, and J.R. Seguin) were contacted to 

request additional published and unpublished research that had either been overlooked 

using the previous search strategies or had not been published. 

Studies were required to satisfy the following criteria to be included in the meta-

analysis:   

1. The independent variable of ASB included one or more of the following groups: 

incarcerated offenders, delinquents, expression of physical aggression and/or 

violence, psychopathic personalities, individuals with CD and/or ODD, ASPD, 

and psychiatric/institutionalized comparison groups, or normal comparison 

groups.  

2. The neuropsychological functioning of study groups was assessed using test 

instruments purported to measure executive functioning abilities, as determined 

by consulting major neuropsychological assessment texts and resources (see the 

subsequent discussion).  

3. Studies including individuals comorbid with ADHD and ASB without 
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separating groups by ADHD and ASB were excluded given that this is a 

disorder strongly associated with EF impairments (Willcutt et al., 2005). It is 

recognized this exclusion is dependent on whether the ADHD was assessed and 

reported in studies. It is likely that a large proportion of antisocial participants 

would meet criteria for ADHD. To examine the moderating effects of ADHD 

on ASB EF impairments, studies that separated groups by ASB and ASB 

comorbid with ADHD were included in subsidiary analyses.  

4. The results presented were sufficient to calculate effect sizes (i.e., means and 

standard deviations, t values, F values, p values, or r values). When such 

information was not present, authors were contacted to obtain data. 

6.1.2 Antisocial Behaviour Operationalisations  

Study samples were grouped according to six ASB groups: 1) externalizing 

behaviour disorders (CD/ODD), 2) physical aggression and/or violence, 3) 

delinquency, 4) criminality, 5) ASPD, and 6) psychopathy. The categories of CD and 

ODD were combined to represent antisocial/disruptive behaviour disorders first 

diagnosed in childhood. A high degree of overlap exists between CD and ODD, where 

ODD is a possible developmental precursor to CD and a large proportion of children 

diagnosed with CD often will meet criteria for ODD (Maughan, Rowe, Messer, 

Goodman, & Meltzer, 2004). It is acknowledged that combining CD and ODD may 

mask potentially meaningful subgroups of antisocial individuals. However, studies 

often do not report additional information regarding specificity in externalizing 

behaviour problems. The categories were combined in this meta-analysis to retain 

statistical power in analyses. Studies were included only in the categories of disruptive 

behaviour disorder (CD/ODD) and ASPD if clinical criteria using the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-III, DSM-IV; American Psychiatric 

Association, 1987, 2000) or the International Statistical Classification of Diseases and 

Related Health Problems (ICD-10; World Health Organization, 1992) were used to 

classify participants. Both delinquency and criminality were classified using criminal 

records or self-reports. Psychopathy was classified using the Psychopathic Personality 

Inventory (PPI; Lilienfeld & Andrews, 1996), the Psychopathy Checklist-Revised 

(PCL-R; Hare, 1991), or derivatives of this checklist (e.g., Self-Report Psychopathy 

Scale, version three; Paulhus, Hemphill, & Hare, In press). Physical aggression and/or 
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violence groups were classified by collateral behavioural information, including 

criminal history records, teacher reports, and psychometric results.  

 It is recognized that classification of ASB is more likely to represent a 

researcher’s orientation rather than a distinct group of antisocial individuals, and that 

significant overlap exists between categorizations. Overlapping ASB definitions (e.g., 

criminality and psychopathy) were present for several studies. Morgan and Lilienfeld 

(2000) defined ASB as a mutually exclusive specific group. That is, if a psychiatric 

diagnosis were applied to a criminal or delinquent group, the participants were 

classified according to that psychiatric definition of ASB. However, for this meta-

analysis, an approach was taken whereby ASB categorizations were not mutually 

exclusive. For example, in a study examining incarcerated psychopaths, effect sizes 

derived from the study would be included in the analyses for both criminality and 

psychopathy ASB groups. This approach violates assumptions of independence in the 

calculation of effect sizes. However, for the purposes of between ASB group 

comparisons this approach provided a more accurate estimate of effect size magnitude 

given that there is a high degree of overlap in definitions of ASB (Lipsey & Wilson, 

2001). The six ASB groups were examined as potential moderators of the relationship 

between ASB and EF impairments. The classification of each study according to ASB 

category is listed in Table 6.1.  
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Table 6.1  
Study information and executive function measure effect sizes 

Study Assessment 
Method 

ASB 
classification 

Study participant groups N Mean Age 
(SD) 

Mean IQ (SD) Females 
(N) 

EF measure Effect Size 
(SE) 

Albrecht et 
al. (2005) 

ICD-10 ODD/CD Children with ADHD 
Children with ODD/CD 
Children with comorbid ADHD and ODD/CD* 
Normal control children 
 

10 
8 
11 
11 

10.84 (1.50) 
10.96 (2.28) 
10.31 (1.54) 
10.9 (1.58) 

94.40 (6.90) 
96.90 (10.50) 
93.00 (9.40) 
110.70 (15.10) 

0 Stop signal RT 
Stop failure RT 
Stop signal RT* 
Stop failure RT* 
 

0.24 (.37) 
1.13 (.39) 
0.55 (.43) 
0.67 (.43) 

Appellof 
(2005) 

Criminal 
records 

Delinquency Delinquent adolescents 
Non-delinquent adolescents 
 

30 
30 

15.4 
16.3 

 0 COWAT 
PMT Q score 
WCST categories 
WCST non-perseverative errors 
WCST perseverative errors 

0.55 (.23) 
0.45 (.23) 
-0.47 (.23) 
-0.03 (.22) 
0.18 (.22) 
 

Aronowitz et 
al. (1994) 

DSM-III ODD/CD Adolescents with comorbid CD and ADHD* 
Adolescents with CD 
Adolescents with ADHD 
Adolescents without CD 
 

9 
5 
12 
6 

15.00 (1.65)†  8 ROCFT copy 
ROCFT memory 
TMT part B time 
WCST errors 
WCST categories 
ROCFT copy* 
ROCFT memory* 
TMT part B time* 
WCST errors* 
WCST categories* 

1.10 (.57) 
0.98 (.57) 
0.93 (.56) 
0.46 (.55) 
0.75 (.56) 
1.25 (.46) 
1.28 (.46) 
1.17 (.45) 
0.89 (.44) 
0.95 (.44) 
 

Baker & 
Ireland 
(2007) 

Criminal 
records 

Physical 
aggression 
Criminality 

Incarcerated violent offenders 
Incarcerated non-violent offenders 
University students 
 

42 
18 
32 

34.90 (14.10) 
26.60 (6.31) 
22.30 (2.00) 

 0 COWAT 0.91 (.17) 

Barbosa & 
Monteiro 
(2008) 

Criminal 
records 

Criminality  Incarcerated non-violent offenders 
Normal control individuals 
 

30 
30 

39.3 (9.98) 
32.7 (11.80) 

 0 BADS global score 
BADS total time 
BADS temporal judgment  
BADS zoo map time 
BADS zoo map partial 
BADS action program partial 
BADS action program time 
BADS key search time 
BADS key search partial  
BADS rule shift partial 
BADS rule shift time 
BADS six elements  

1.68 (.26) 
1.35 (.25) 
0.55 (.23) 
1.18 (.24) 
1.37 (.25) 
0.30 (.22) 
0.76 (.23) 
0.84 (.23) 
1.64 (.25) 
0.83 (.23) 
1.42 (.25) 
0.99 (.24) 
 

Barkataki et 
al. (2005) 

DSM-IV and 
criminal 
records 

ASPD 
Physical 
aggression  
Criminality 

Incarcerated offenders with a history of violence diagnosed with ASPD 
Incarcerated offenders with a history of violence diagnosed with schizophrenia  
Schizophrenia patients without a violent history  
Healthy control individuals 
 

14 
13 
15 
15 

33.5 (10.45) 
34.5 (4.94) 
34.5 (7.49) 
32.1 (7.47) 

94.93 (11.76) 
98.90 (13.40) 
96.40 (13.93) 
104.27 (14.54) 

0 CPT random errors 
CPT d-prime 
EGT within errors 
EGT strategy score 
EGT between errors 
Stroop T score 

0.00 (.33) 
0.30 (.34) 
-0.24 (.33) 
0.15 (.33) 
0.24 (.33) 
0.31 (.33) 
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Stroop color-word 
ToL planning time 
ToL subsequent time 
ToL moves 
WCST perseverative errors 
WCST categories 

0.55 (.33) 
-0.03 (.33) 
-0.02 (.35) 
0.23 (.35) 
0.33 (.36) 
0.44 (.36) 
 

Barker et al. 
(2007) 

Self-report of 
physical 
violence 
 

Physical 
aggression 

High physical violence trajectory 
Low physical violence trajectory 

121 
496 

18-24 years†  0 BCT 0.73 (.10) 

Baving et al. 
(2006) 

DSM-IV ODD/CD Children with ODD 
Healthy control children 
 

13 
13 

11† 103.80 (11.30) 
103.10 (13.90) 

12 CPT commission errors 
CPT hits 

-0.80 (.35) 
-0.32 (.34) 

Bergeron & 
Valliant 
(2001) 

Criminal 
records 

Criminality 
Delinquency   

Incarcerated adolescent offenders 
Secondary school adolescents  
Incarcerated adult offenders 
Adult university students 
 

13 
13 
15 
14 

16-18 
16-18 
20-40 
20-30 

 0 Adolescents  
PMT Q-score 
WCST set failure 
WCST test performance  
WCST perseverative errors 
 
Adults 
PMT Q-score 
WCST set failure 
WCST test performance  
WCST perseverative errors 

 
1.60 (.36) 
-0.32 (.32) 
-0.05 (.32) 
0.48 (.32) 
 
 
0.96 (.33) 
0.62 (.32) 
0.51 (.32) 
0.63 (.33) 
 

Bergvall et 
al. (2003) 

DSM-IV and 
Criminal 
records 

ASPD 
Criminality 

Personality disordered incarcerated offenders 
Non-personality disordered incarcerated offenders 
Correctional officers and medical aides  
 

10 
12 
19 

33 (16.00) 
37 (12.00) 
36 (10.00) 

98.00 (9.00) 
108.00 (13.00) 
105.00 (10.00) 

0 DMS errors 
ID/ED errors 
SWM between errors 
SWM strategy score 
SoC perfect solutions  

0.25 (.37) 
1.56 (.41) 
0.64 (.37) 
0.73 (.38) 
-0.33 (.37) 
 

Bergvall et 
al. (2001) 

Criminal 
records 

Physical 
aggression 
Criminality 

Incarcerated violent offenders 
Correctional officers and medical aides 
Individuals with marginal mental retardation  
 

12 
12 
12 

31.0 (7.50) 
36.0 (9.50) 
31.0 (7.50) 

99.00 (2.50) 
105.00 (7.50) 
74.00 (4.50) 

0 DMS errors 
ID/ED stage reached 
ID/ED errors  
PAL sets completed 
SWM between errors 
SWM within errors 
SWM strategy score 
SoC perfect solutions  

0.61 (.36) 
1.37 (.39) 
3.04 (.50) 
0.00 (.35) 
0.51 (.36) 
0.52 (.36) 
1.07 (.38) 
-0.61 (.36) 
 

Berman & 
Siegal (1976) 

Criminal 
records 

Delinquency  Incarcerated adolescent delinquents 
Non-delinquent adolescents  
 

45 
45 

16.1 (0.75) 
16.1 (0.75) 

90.56 (11.40) 
103.09 (11.04) 

0 Digit span 
TMT part B time 
WCST errors 

0.17 (.18) 
0.69 (.19) 
0.74 (.19) 
 

Best et al. 
(2002) 

DSM-IV Physical 
aggression 

Intermittent explosive disorder patients  
Normal control individuals 
 

24 
22 

36.6 (9.10) 
33.3 (9.90) 

94.40 (10.60) 
99.60 (9.70) 

8 IGT disadvantageous decks 
SOP errors 
TBT hits 
TBT hits minus false alarms  

0.70 (.26) 
0.01 (.25) 
-0.22 (.25) 
-0.04 (.25) 
 

Bihrle (1995) Criminal 
records 

Criminality  High risk criminals  
Low risk non-criminals  
 

38 
56 

18-21†  0 COWAT 
BCT 
PMT part B time 

0.29 (.17) 
0.40 (.17) 
-0.16 (.17) 
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PMT part B errors 0.37 (.17) 
 

Blair et al. 
(2001) 

PSD Psychopathy Children with psychopathic traits  
Normal control children 
 

19 
23 

13.17 (1.86) 
12.75 (0.83) 

85.37 (9.47) 
90.17 (11.46) 

0 ID/ED erros 
IGT disadvantageous decks 

0.25 (.26) 
0.76 (.28) 

Blair et al. 
(2006) 

PCL-R Psychopathy 
Criminality  

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders 
 

17 
19 

36.59 (10.27) 
36.89 (9.61) 

 0 Number Stroop RT 
OAT error rate 
SAT error rate 

2.63 (.38) 
3.05 (.42) 
1.63 (.33) 
 

Broomhall 
(2005) 

Criminal 
records 

Physical 
aggression 
Criminality  

Incarcerated reactive violent offenders 
Incarcerated instrumental violent offenders  
 

12 
13 

31.92 
35.15 

95.83 (10.30) 
102.31 (11.62) 

0 DKEFS Stroop inhibition 
DKEFS Stroop switching  
DKEFS design switching  
DKEFS verbal accuracy  
DKEFS repetition errors 
DKEFS set loss 
IGT advantageous decks 
IGT disadvantageous decks 

0.77 (.36) 
1.71 (.40) 
0.20 (.35) 
1.33 (.38) 
-0.26 (.35) 
0.85 (.36) 
1.09 (.37) 
1.10 (.37) 
 

Carroll et al. 
(2006) 

Criminal 
records 

Delinquency Incarcerated early-onset adolescent offenders 
Incarcerated late-onset adolescent offenders  
Non-offending adolescents drawn from high schools 
 

43 
43 
43 

15.37 (1.38) 
15.67 (1.06) 
15.40 (1.37) 

 10 CPT accuracy 
Gambling task risky choices 
Stroop interference 
Stroop color t-score 
Stroop word t-score 

-0.10 (.19) 
0.43 (.19) 
-0.60 (.19) 
0.95 (.20) 
1.13 (.20) 
 

Cauffman et 
al. (2005) 

Criminal 
records and 
antisocial 
behavior self-
report scale 

Delinquency Incarcerated serious adolescent offenders 
Adolescents attending public high schools  
 

105 
78 

15.90 (1.40) 
16.40 (1.20) 

82.50 (15.09) 
91.60 (19.31) 

97 ID/ED stage reached 
Spatial span sequence length  
SWM strategy score 
ToL perfect solutions  

-0.02 (.12) 
0.45 (.12) 
0.40 (.12) 
-0.03 (.12) 

Clark et al. 
(2000) 

CBQ and 
DSM-IV 

ODD/CD Adolescents diagnosed with ADHD 
Adolescents diagnosed with ODD/CD 
Adolescents with comorbid ADHD and ODD/CD* 
Nonclinical adolescents 
 

35 
11 
38 
26 

14.2 (0.90) 
13.8 (0.40) 
13.9 (0.70) 
14.0 (0.80) 

92.70 (12.40) 
103.20 (0.22) 
96.20 (11.70) 
110.40 (14.00) 

10 BCT 
SET tasks completed  
BCT* 
SET tasks completed* 

0.16 (.34) 
0.25 (.34) 
0.81 (.22) 
0.97 (.22) 

Crowell et al. 
(2003) 

DSM-III ASPD ASPD active symptomology military veterans 
ASPD inactive symptomology military veterans 
Psychiatric control military veterans  
Normal control veterans  
 

84 
84 
84 
84 

37.67 (2.43) 
37.63 (2.43) 
37.43 (2.31) 
37.68 (2.42) 

112.90 (17.32) 
111.49 (20.13) 
104.71 (19.35) 
107.84 (22.60) 

0 CVLT preservations 
CVLT intrusions 
COWAT 
PASAT correct 
WCST categories 
WCST preservations 

-0.04 (.13) 
0.04 (.13) 
-0.29 (.13) 
-.08 (.13) 
-0.28 (.13) 
0.14 (.13) 
 

Crump 
(2005) 

Criminal 
records 

Physical 
aggression 
Criminality  

Incarcerated violent offenders 
Incarcerated non-violent offenders  
Community control individuals  
 

21 
16 
16 

29.7 (11.60) 
30.4 (7.40) 
37.4 (13.60) 

 0 BADS total score 
BADS temporal judgment 
BADS zoo map 
BADS action program 
BADS key search 
BADS rule shift 
BADS six elements  

1.44 (.30) 
-0.11 (.27) 
0.86 (.28) 
0.24 (.27) 
0.72 (.28) 
0.88 (.29) 
1.19 (.29) 
 

Daugherty et 
al. (1993) 

RBPC ODD/CD Children with CD 
Children with ADHD 
Children with comorbid CD and ADHD* 
Children with anxiety problems 

8 
9 
11 
12 

11.2 (0.90)†  9 Door opening task 
SST stop RT 
SST probability of inhibition 
SST percentage errors 

0.50 (.42) 
0.26 (.41) 
-0.01 (.41) 
0.39 (.41) 
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Normal control children  
 

15 Door opening task* 
SST stop RT* 
SST probability of inhibition* 
SST percentage errors* 
 

0.08 (.36) 
0.08 (.36) 
0.24 (.36) 
0.39 (.36) 

Déry et al. 
(1999) 

DSM-III ODD/CD Adolescents with CD 
Adolescents with CD and ADHD* 
Control adolescents  
 

45 
14 
29 

 
 

 17 COWAT 
PMT Q-score ratio 
ROCFT copy+memory 
Stroop color-word 
TMT B-A time 
WCST perseverative responses 
WCST perseverative errors 
COWAT* 
PMT Q-score ratio* 
ROCFT copy+memory* 
Stroop color-word* 
TMT B-A time* 
WCST perseverative responses* 
WCST perseverative errors* 

0.55 (.19) 
0.17 (.19) 
0.39 (0.19) 
0.46 (.19) 
0.24 (.19) 
0.05 (.19) 
0.08 (.19) 
0.61 (.30) 
0.05 (.29) 
0.57 (.29) 
1.03 (.30) 
0.43 (.29) 
0.22 (0.29) 
0.35 (.29) 
 

Devonshire 
et al. (1988) 

Criminal 
records and 
RSAP 

Psychopathy Primary psychopathy offenders 
Secondary psychopathy offenders 
Healthy controls 
 

8 
9 
10 

NR  0 Primary psychopaths 
WCST perseverative errors 
WCST non-perseverative errors 
WCST total errors 
WCST categories  
 
Secondary psychopaths 
WCST perseverative errors 
WCST non-perseverative errors 
WCST total errors 
WCST categories 

 
0.99 (.45) 
1.16 (.45) 
1.47 (.47) 
2.50 (.55) 
 
 
1.86 (.47) 
1.73 (.47) 
4.06 (.68) 
2.93 (.56) 
 

Dinn & 
Harris (2000) 

DSM-IV and 
PCL-SV 

ASPD Community individuals diagnosed with ASPD 
Control individuals 
 

12 
10 

27.8 (4.00) 
28.9 (6.90) 

 0 COWAT 
GNG time 
Stroop interference 

0.47 (.36) 
0.85 (.37) 
1.51 (.40) 
 

Docter & 
Winder 
(1954) 
 

Criminal 
records 

Delinquency  Delinquent adolescents  
Non-delinquent adolescents  
 

60 
60 

13-16 
13-16 

 0 PMT Q-score 0.94 (.17) 

Dolan & 
Park (2002) 

DSM-IV 
Criminal 
records 
 

ASPD 
Criminality 

ASPD offenders from detained in maximum-security hospitals 
Healthy ancillary psychiatric hospital staff 
 

29 
20 

40.97 (9.49) 
37.65 (7.73) 

103.20 (11.80) 
106.90 (11.80) 

0 DMS correct 
GNG RT 
GNG commission errors 
GNG probability of inhibition  
ID/ED ID errors 
ID/ED stages  
ID/ED ED errors 
ToL problems solved  

0.74 (.24) 
0.28 (.24) 
0.58 (.24) 
0.58 (.24) 
0.47 (.24) 
0.91 (.25) 
1.00 (.25) 
0.88 (.24) 
 

Dolan & 
Anderson 
(2002) 

DSM-III, 
Criminal 
records and 
SHAPS 

Psychopathy 
Criminality 

Psychopathic offenders detained in maximum-security hospitals 
Non-psychopathic offenders detained in maximum-security hospitals 
Healthy ancillary and nursing psychiatric hospital staff 
 

51 
9 
27 

31.60 (7.40) 
29.45 (6.49) 
30.33 (6.08) 

91.55 (12.30) 
111.11 (24.22) 
103.94 (11.65) 

0 EF composite 
COWAT 
Stroop color-word 
TMT B-A time 

1.49 (.20) 
0.92 (.19) 
0.59 (.18) 
0.63 (.18) 



 119 

 WCST perseverative errors 
WCST errors 

0.72 (.19) 
0.85 (.19) 
 

Dolan et al. 
(2002) 

DSM-III, 
Criminal 
records and 
SHAPS 
 

Psychopathy 
Criminality  

Psychopathic offenders detained in maximum-security hospitals 
Non-psychopathic offenders detained in maximum-security hospitals 
Healthy ancillary and nursing psychiatric hospital staff 
 

44 
7 
24 

30.14 (6.70) 
32.14 (8.43) 
30.40 (6.40) 

103.30 (8.80) 
116.40 (7.70) 
111.62 (9.79) 

0 EF composite  5.14 (.39) 

Dolan & 
Fullam 
(2004) 

DSM-IV, 
Criminal 
records and 
APQ 
 

Criminality  
Physical 
aggression 

Personality disordered offenders detained in maximum-security hospitals 40 42.20 (9.50) 98.20 (16.15) 0 Card playing task 
DGT impulsive choices 
GNG RT 
GNG probability of inhibition  
SST RT 
SST probability of inhibition  

0.07 (.16) 
0.39 (.16) 
0.07 (.16) 
0.42 (.16) 
0.87 (.16) 
1.24 (.16) 
 

Dvorak-
Bertsch et al. 
(2007)1 

PCL-R and 
Criminal 
records 

Psychopathy 
Criminality  

Low anxious non-psychopathic offenders 
Low anxious psychopathic offenders 
High anxious non-psychopathic offenders 
High anxious psychopathic offenders 
 

21 
26 
21 
29 

NR  0 Low anxious psychopaths 
Stroop errors  
Stroop interference time 
 
High anxious psychopaths 
Stroop errors  
Stroop interference time 

 
0.19 (.24) 
-0.01 (.24) 
 
 
-0.41 (.24) 
-0.38 (.24) 
 

Enticott et al. 
(2007) 

Criminal 
records 

Criminality  
Physical 
aggression 
 

Hospitalised violent offenders  
Healthy control 

10 
10 

30.80 (9.30) 
29.60 (9.90) 

103.43 (8.44) 
106.30 (4.14) 

0 IRT probability of inhibition  
IRT disinhibition errors 
SST stop RT 

0.77 (.40) 
0.93 (.41) 
-1.03 (.41) 
 

Fairchild et 
al. (2009b)2 

DSM-IV ODD/CD Adolescents with early onset ODD/CD 
Adolescents with adolescent onset ODD/CD 
Adolescents with no history of ODD/CD 
 

36 
32 
83 

15.75 (0.75) 
15.54 (0.90) 
15.77 (0.82) 

93.00 (10.60) 
98.29 (11.32) 
105.92 (12.17) 

0 Overall CD 
RCT gamble frequency 
 
Early onset CD 
WCST nonperseverative errors 
WCST categories  
WCST perseverative errors 
 
Adolescent onset CD 
WCST nonperseverative errors 
WCST categories  
WCST perseverative errors 
 

 
0.62 (.15) 
 
 
0.15 (.19) 
0.33 (.19) 
0.47 (.19) 
 
 
-0.15 (.20) 
0.00 (.20) 
0.22 (.20) 

Finn et al. 
(2002) 

DSM-IV ODD/CD Young adults with a history of CD and alcohol dependence  
Young adults with a history of alcohol dependence 
Young adults with a history of CD 
Young adult healthy controls  

96 
80 
50 
125 
 

21.2 (2.20) 
20.7 (1.80) 
20.7 (2.10) 
20.5 (1.70) 

107.30 (7.80) 
107.40 (7.70) 
110.30 (5.90) 
109.70 (7.70) 

100 Digit span 
GNG false alarms 
GNG aversive false alarms 

0.10 (.16) 
0.27 (.16) 
0.68 (.16) 

Fooks & 
Thomas 
(1957) 

Criminal 
records 

Delinquency Delinquent adolescents 
Non-delinquent adolescents  
 

50 
50 

14.82 (1.80) 
14.95 (1.80) 

95 (NR) 
93 (NR) 

50 PMT extention Q-score 
PMT revision Q-score 

0.98 (.18) 
1.06 (.18) 

Giancola 
(2004) 

Taylor 
Aggression 
Paradigm 

Physical 
aggression 

Healthy male social drinkers 
Healthy female social drinkers 

152 
158 

23.03 (2.85)†  158 EF composite (male) 
EF composite (female) 

0.49 (.08) 
0.32 (.08) 
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Giancola & 
Mezzich 
(2000) 

DSM-III ODD/CD Adolescent females with CD 
Normal control female adolescents  
 

223 
97 

16.1 (1.30) 
15.7 (1.30) 

 320 EF composite  0.88 (.09) 

Giancola et 
al. (2001) 

DSM-III Delinquency Delinquent adolescent females with a substance use disorder 
Normal control female adolescents  
 

188 
94 

16.2 (1.20) 
15.7 (1.30) 

 282 EF composite  0.75 (.10) 

Giancola et 
al. (2006) 

BPAQ Physical 
aggression 
 

Physically aggressive males 152 23.34 (3.07)  0 EF composite  0.31 (.08) 

Giancola et 
al. (1998a) 

K-SADS-E Delinquency 
Physical 
aggression 
 

Female adolescents with a substance use disorder 283 15.9 (1.30)  283 EF composite (delinquent) 
EF composite (aggressive) 

0.26 (.06) 
0.33 (.06) 

Giancola et 
al. (1998b) 

DSM-III ODD/CD Adolescent females with CD 
Normal control female adolescents  
 

159 
90 

16 (1.30) 
15.7 (1.30) 

 249 EF composite  0.77 (.11) 

Giancola et 
al. (1996) 

DSM-III, Self-
report 
aggression 
questionnaire 
 

Physical 
aggression  

Children with a family history of substance abuse/dependence  
Children without a family history of substance abuse/dependence  

95 
103 

11.00 (1.00) 
11.00 (0.84) 

108.70 (13.00) 
118.10 (13.90) 

0 EF composite (history) 
EF composite (no history) 

0.38 (.10) 
0.09 (.10) 

Gibbens 
(1958) 

Criminal 
records 

Delinquency Normal control young people 
Delinquent young people 
 

191 
52 

16-21 
16-18 

 0 PMT Q-score 1.04 (.10) 

Gillen & 
Hesselbrock 
(1992) 

DSM-III ASPD Individuals diagnosed with ASPD 
Normal control individuals 
 

34 
57 

23.39 (1.69) 
22.82 (1.45) 

106.53 (11.29) 
108.18 (11.51) 

0 COWAT 
Digit span 
PMT Q-score 
TMT part B time 
WCST perseverative errors 

0.02 (.20) 
-0.22 (.20) 
0.66 (.21) 
0.06 (.20) 
0.06 (.20) 
 

Gillstrom 
(1994) 

PCL-R and 
Criminal 
records 
 

Psychopathy 
Criminality  

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders 

17 
28 

32.24 (9.18) 
31.25 (8.40) 

102.56 (12.65) 
105.39 (10.76) 

0 WCST errors 0.36 (.29) 

Golden & 
Golden 
(2001) 

DSM-IV ODD/CD Adolescents with CD 
Adolescents with left hemisphere only damage 
Adolescents with right hemisphere only damage 
Normal control adolescents  
 

15 
12 
11 
15 

13.53 (0.74) 
13.16 (1.12) 
13.00 (0.89) 
12.93 (0.70) 

78.13 (5.68) 
72.00 (8.87) 
92.00 (11.09) 
112.73 (3.82) 

12 Stroop interference 
Stroop color 
Stroop word 
TMT part B time 

1.90 (.37) 
1.94 (.38) 
3.74 (.51) 
1.74 (.37) 

Gorenstein 
(1982) 

DSM-III and 
CPI 

Psychopathy Psychopathic hospital patients  
Non-psychopathic hospital patients 
 

20 
23 

26.5 (7.50) 
29.3 (8.80) 

 0 SMM errors 
Stroop interference  
WCST nonperseverative errors 
WCST perseverative errors 

1.14 (.29) 
0.23 (.27) 
-0.18 (.27) 
1.39 (.30) 
 

Greenfield & 
Valliant 
(2007) 

Criminal 
records 

Criminality 
Physical 
aggression 

Violent incarcerated offenders 
Non-violent incarcerated offenders 
Non-offender controls 
 

20 
19 
20 

NR 94.50 (14.36) 
100.40 (12.21) 
103.95 (9.40) 

0 Violent offenders 
PMT Q-score 
 
Non-violent offenders 
PMT Q-score 

 
0.39 (.28) 
 
 
0.06 (.28) 

Grekin et al. 
(2005) 

Youth self-
reported 
delinquency 

Delinquency  Adolescents from high risk delinquency families  816 15.17 (3.44)  402 Stroop interference 
WCST errors 

0.26 (.04) 
0.06 (.04) 
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Hare (1984) DSM-III, 
PCL, CPI and 
Criminal 
records 

Psychopathy 
Criminality  

Incarcerated high psychopathic offenders 
Incarcerated medium psychopathic offenders 
Incarcerated low psychopathic offenders 

14 
16 
16 

30.2 (8.10) 
30.3 (7.80) 
34.7 (9.90) 

103.40 (12.20) 
100.80 (11.10) 
103.60 (9.40) 

0 SMM errors 
WCST nonperseverative errors 
WCST categories 
WCST perseverative errors 

0.08 (.32) 
0.18 (.32) 
0.37 (.33) 
0.43 (.33) 
 

Hart et al. 
(1990) 

PCL-R and 
Criminal 
records 

Psychopathy 
Criminality  

Sample One 
Incarcerated high psychopathic offenders 
Incarcerated medium psychopathic offenders 
Incarcerated low psychopathic offenders 
 
Sample Two 
Incarcerated high psychopathic offenders 
Incarcerated medium psychopathic offenders 
Incarcerated low psychopathic offenders 
 

 
22 
41 
27 
 
 
32 
95 
40 

30.8 (8.60) 
 
 
 
 
29.8 (7.20) 

 0 Sample one 
COWAT 
TMT part B time 
 
Sample two 
COWAT 
TMT part B time 

 
0.07 (.26) 
0.04 (.21) 
 
 
0.26 (.21) 
0.63 (.26) 

Herba et al. 
(2006)3 

SDQ ODD/CD Male adolescents with conduct problems  
Male control adolescents 
Female adolescents with conduct problems 
Female control adolescents  
 

30 
29 
27 
28 

14-16† 88.07 (16.00) 
94.76 (21.24) 
81.30 (14.14) 
88.79 (13.21) 

53 Females 
BCT 
SST stop RT 
SST premature response 
SST mean RT 
SST probability of inhibition  
SST omission errors 
Stroop interference 
Stroop errors 
 
Males 
BCT 
SST stop RT 
SST premature response 
SST mean RT 
SST probability of inhibition  
SST omission errors 
Stroop interference 
Stroop errors 

 
0.17 (.24) 
-0.44 (.24) 
0.23 (.24) 
0.50 (.24) 
0.51 (.24) 
0.82 (.24) 
0.24 (.24) 
0.51 (.24) 
 
 
0.53 (.24) 
0.11 (.24) 
0.62 (.24) 
0.51 (.24) 
0.69 (.24) 
0.35 (.24) 
0.12 (.24) 
0.15 (.24) 
 

Herrero et al. 
(2010) 

Criminal 
records 

Criminality Incarcerated offenders 
Normal control individuals 
 

24 
32 

33.6 (7.50) 
29.0 (2.40) 

95.50 (15.60) 
103.80 (10.30) 

0 Number letter shifting 
Simon task inhibition 
Letter memory updating 

0.08 (.24) 
0.03 (.24) 
0.78 (.25) 
 

Hiatt et al. 
(2004) 

PCL-R and 
criminal 
records 

Psychopathy 
Criminality 

Psychopathic incarcerated offenders (total) 
Low anxious psychopathic incarcerated offenders 
High anxious psychopathic incarcerated offenders 
Non-psychopathic incarcerated offenders (total) 
Low anxious non-psychopathic incarcerated offenders 
High anxious non-psychopathic incarcerated offenders 
 

29 
 
 
34 

27.83 (4.61) 
 
 
28.74 (6.29) 

97.02 (11.76) 
 
 
102.72 (9.41) 

0 Stroop interference  
Stroop errors 
Stroop RT 

0.31 (.23) 
0.35 (.23) 
0.46 (.23) 

Hoaken et al. 
(2007) 

Criminal 
records 

Criminality  
Physical 
aggression  

Incarcerated violent offenders 
Incarcerated non-violent offenders 
University student controls  
 

20 
20 
20 

25.20 (9.09) 
32.9 (10.81) 
34.7 (12.80) 

 0 Violent offender 
EF composite 
 
Non-violent offender 
EF composite 

 
1.10 (.29) 
 
 
0.84 (.28) 
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Howard et al. 
(1997) 

PCL and 
Criminal 
records 

Psychopathy 
Criminality  

Incarcerated high psychopathic offenders 
Incarcerated medium psychopathic offenders 
Incarcerated low psychopathic offenders 
 

19 
15 
16 

28.60 
(12.40)† 

 0 GNG anticipatory errors 
GNG perseverative errors 
GNG reward errors 

-0.01 (.28) 
0.19 (.29) 
0.47 (.29) 

Ishikawa et 
al. (2001) 

PCL-R and 
Criminal 
records  

Psychopathy 
Criminality 

Successful psychopaths – no history of criminal conviction 
Unsuccessful psychopaths – history of criminal conviction 
Normal controls  
 

13 
16 
26 

29.62 (6.13) 
33.81 (6.63) 
28.42 (6.47) 

99.08 (14.23) 
96.44 (14.69) 
105.96 (16.75) 

0 Successful psychopaths 
WCST categories 
WCST nonperseverative errors 
WCST perseverative errors 
 
Unsuccessful psychopaths 
WCST categories 
WCST nonperseverative errors 
WCST perseverative errors 

 
-0.55 (.32) 
-0.50 (.32) 
-0.14 (.32) 
 
 
0.56 (.30) 
0.75 (.30) 
0.57 (.30) 
 

Kelly et al. 
(2002) 

Criminal 
records 

Criminality  Adolescent sex offenders 
Normal control adolescents  
 

30 
20 

10-17 
11-17 

82.84 (14.26) 
88.63 (14.45) 

0 Attention composite shift 
Attention composite sustain 
Attention composite encode 
Attention composite executive 
EF composite planning strategy 
EF composite motor organize 
EF composite verbal concept 
EF composite response speed 

0.04 (.23) 
0.21 (.23) 
0.70 (.24) 
0.97 (.24) 
0.03 (.23) 
0.29 (.23) 
0.57 (.24) 
1.10 (.25) 
 

Kim et al. 
(2001) 

DSM-IV ODD/CD Adolescents with conduct problems 
Healthy adolescent controls 
 

18 
18 

15.80 (1.40) 
15.50 (1.60) 

111.40 (11.51) 
110.67 (9.24) 

11 CPT contingent correct 
CPT visual correct 
SWM correct 
Stroop correct 
WCST correct 

-0.27 (.29) 
0.20 (.29) 
0.41 (.29) 
-0.23 (.29) 
1.08 (.31) 
 

Kosson & 
Newman 
(1986) 

PCL and 
Criminal 
records 
 

Psychopathy 
Criminality  

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders 

36 
36 

25.9 
25.4 

103.80 (NR) 
106.20 (NR) 

0 CPT correct 
GNG RT 

0.50 (.21) 
0.53 (.21) 

Langley 
(1989) 

Criminal 
records 

Delinquency  Delinquent adolescents  
Non-delinquent adolescents  
 

155 
100 

15.60 (1.20) 
16.10 (1.10) 

 0 COWAT 
TMT part B time 

0.93 (.11) 
0.42 (.10) 

Lapierre et 
al. (1995) 

PCL and 
Criminal 
records 
 

Psychopathy 
Criminality 

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders 

30 
30 

33.47 (8.53) 
32.47 (8.59) 

 0 GNG commission errors 
PMT Q-score 
WCST category breaks 
WCST perseverative errors 
WCST categories 

2.01 (.27) 
1.47 (.25) 
0.28 (.22) 
0.47 (.23) 
0.49 (.23) 
 

Levi et al. 
(2010) 

Criminal 
records 

Physical 
aggression 
Criminality 

Irritable-aggressive incarcerated offenders 
Predatory-aggressive incarcerated offenders 
Non-aggressive incarcerated offenders  
 

34 
25 
30 

29.15 (6.12) 
31.44 (9.59) 
37.60 (9.68) 

95.24 (10.48) 
97.00 (10.05) 
107.83 (12.34) 

0 Irritable aggressive 
CPT response control 
CPT attention score 
COWAT 
IGT advantageous decks 
 
Predatory aggressive 
CPT response control 
CPT attention score 
COWAT 
IGT advantageous decks 

 
0.87 (.22) 
1.04 (.22) 
0.81 (.22) 
0.73 (.22) 
 
 
0.08 (.24) 
0.71 (.25) 
0.66 (.25) 
0.69 (.25) 
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Lilienfeld et 
al. (1996) 
 

PPI Psychopathy University students  101 18.89 (2.58)  61 PMT Q-score 0.45 (.10) 

Lueger & 
Gill (1990) 

DSM-III ODD/CD Adolescents with CD 
Normal control adolescents  
 

21 
20 

15.00 (1.22) 
16.20 (1.05) 

 0 AVLT learning  
AVLT list 5 recall 
AVLT recognition accuracy 
SMM errors 
TMT part B time 
WCST perseverative errors 
WCST perseverative responses 
WCST categories 

0.33 (.27) 
0.67 (.27) 
0.35 (.27) 
0.72 (.28) 
0.35 (.27) 
0.83 (.28) 
0.92 (.28) 
0.98 (.28) 
 

Lynam 
(1998) 

CBCL and 
CPI 

ODD/CD  Children with HIA problems 
Children with conduct problems 
Children with HIA and conduct problems* 
Normal control children 
 

26 
80 
85 
179 

12.50 (0.50)†  0 Card playing task 
DGT delayed responses 
TMT B-A time 
Card playing task* 
DGT delayed responses* 
TMT B-A time* 

-0.03 (.13) 
0.26 (.13) 
0.04 (.13) 
0.41 (.13) 
0.47 (.13) 
0.42 (.13) 
 

Mahmut et 
al. (2008) 

SRP-III Psychopathy High psychopathy university students  
Low psychopathy university students 
  

23 
23 

22.65 (7.58) 
24.39 (9.75) 

108.27 (4.66) 
109.37 (3.08) 

30 IGT risky choices 
TMT part B time 

0.77 (.26) 
0.18 (.26) 

Malloy et al. 
(1989) 

DSM-III ASPD ASPD outpatient individuals 
Non-ASPD outpatient individuals 
 

36 
146 

32.1 (7.30) 
40.2 (12.70) 

 1 BCT 
TMT part B time 

0.01 (.18) 
0.00 (.18) 

Mitchell et 
al. (2002) 

PCL-R and 
criminal 
records 
 

Psychopathy 
Criminality 

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders 
 

21 
21 

33.06 (8.03)† 7.65 (2.48) 
8.65 (2.72) 

0 IGT disadvantageous decks  
ID/ED reversal errors 

0.77 (.28) 
0.92 (.33) 

Miura (2009) Criminal 
records 

Delinquency  
Physical 
aggression  
 

Violent delinquent adolescents  
Non-violent delinquent adolescents  

142 
167 

15.80 (1.60) 
15.90 (1.60) 

 0 IGT disadvantageous decks 
WCST categories 

-0.21 (.10) 
0.19 (.10) 

Moffitt & 
Henry (1989) 

DSM-III, 
RCS, and 
SRED 
 

Delinquency  Delinquent adolescents with ADD* 
Delinquent adolescents  
Non-delinquent adolescents with ADD 
Normal adolescents  
 

21 
89 
14 
549 

13† 92.50 (12.80) 
103.30 (16.50) 
107.10 (12.50) 
109.40 (14.30) 

320 RAVLT recall interference 
ROCFT copy strategy 
ROCFT copy accuracy  
TMT part B time 
TMT B-A time 
WCST perseverative errors 
WISC-R maze Q-score 
RAVLT recall interference* 
ROCFT copy strategy* 
ROCFT copy accuracy*  
TMT part B time* 
TMT B-A time* 
WCST perseverative errors* 
WISC-R maze Q-score* 

-0.04 (.11) 
0.00 (.11) 
0.37 (.11) 
0.03 (.11) 
0.04 (.11) 
0.24 (.11) 
0.13 (.11) 
0.25 (.22) 
0.53 (.22) 
0.78 (.22) 
1.02 (.22) 
1.05 (.22) 
0.20 (.22) 
0.71 (.22) 
 

Moffitt & 
Silva (1988) 

SRED, RCS, 
and RBPC 

Delinquency  Delinquent adolescents with ADD* 
Delinquent adolescents 
Non-delinquent adolescents with ADD 
Normal adolescents   

19 
87 
14 
558 

13†  323 Mental flexibility composite 
Verbal memory composite 
Visual-motor composite 
Visuospatial composite 

0.19 (.11) 
0.16 (.11) 
0.18 (.11) 
0.24 (.11) 
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 Mental flexibility composite* 
Verbal memory composite* 
Visual-motor composite* 
Visuospatial composite* 

0.07 (.23) 
0.90 (.23) 
0.64 (.23) 
0.56 (.23) 
 

Molto et al. 
(2007) 

PCL-R and 
criminal 
records 
 

Psychopathy 
Criminality 

Incarcerated psychopathic offenders  
Incarcerated non-psychopathic offenders 
 

9 
11 

33.80 (7.00)†  0 Card playing task cards played 
Card playing task earnings 

1.13 (.43) 
1.30 (.44) 

Munro et al. 
(2007) 

Criminal 
records 

Physical 
aggression 
Criminality  
 

Incarcerated violent offenders 
Maximum security forensic institution staff  
 

15 
15 

45.90 (3.50) 
46.60 (1.78) 

102.43 (2.13) 
106.46 (2.10) 

0 GNG errors 
GNG RT 

2.92 (.44) 
3.45 (.48) 

Nårhi et al. 
(2010) 

DSM-IV ODD/CD Inpatient adolescents with CD 
Normal control adolescents  
 

77 
48 

15.35 (1.08) 
14.79 (0.81) 

89.80 (12.20) 
100.90 (9.80) 

71 COWAT 
Digit span 
ToH score 
TMT part B time 
WCST perseverative errors 

0.53 (.15) 
0.46 (.15) 
0.03 (.14) 
0.67 (.15) 
0.79 (.15) 
 

O'Connor 
Pennuto 
(2007) 

Criminal 
records 

Physical 
aggression 
Criminality  
 

Incarcerated violent offenders 
Incarcerated non-violent offenders 
 

18 
14 

44.83 (9.36) 
36.33 (10.70) 

100.00 (10.59) 
94.00 (12.10) 

0 Stroop time 0.51 (.29) 

O’Keefe 
(1975) 

Criminal 
records 

Delinquency  Delinquent adolescents  
Non-delinquent adolescents  
 

40 
40 

11.92 (1.17)†  0 PMT Q-score 0.60 (.20) 

Olvera et al. 
(2005) 

K-SADS-PL 
and criminal 
records 
 

ODD/CD 
Delinquency 

Incarcerated adolescent offenders with CD and bipolar disorder 
Incarcerated adolescent offenders with CD 
Normal community controls 
 

8 
26 
16 

15.80 (1.20) 
15.20 (1.00) 
14.90 (1.44) 

91.40 (12.10) 
98.40 (16.80) 
113.60 (10.20) 

12 D2 attention responses-errors 
Stroop color-word 
ToL total moves 
WCST perseverative responses 

0.24 (.24) 
0.66 (.25) 
0.93 (.25) 
0.85 (.25) 
 

Oosterlaan et 
al. (2005) 

DSM-IV ODD/CD Children with ADHD 
Children with ODD/CD 
Children with comorbid ADHD and ODD/CD* 
Normal control children  
 

22 
18 
21 
38 

10.00 (1.50) 
10.50 (1.30) 
10.70 (1.50) 
10.30 (1.60) 

94.50 (13.70) 
90.30 (12.90) 
90.30 (12.90) 
108.20 (23.10) 

18 COWAT 
ToL errors 
ToL score 
COWAT* 
SOP errors* 
ToL errors* 
ToL score* 

0.36 (.27) 
-0.57 (.27) 
-0.27 (.27) 
0.52 (.27) 
0.93 (.28) 
-0.17 (.27) 
0.04 (.27) 
 

Oosterlaan & 
Sergeant 
(1998) 

CBCL ODD/CD Children with ADHD 
Children with disruptive behaviour 
Anxious children 
Normal control children 
 

10 
11 
11 
21 

10.40 (1.80) 
9.50 (1.10) 
10.50 (1.70) 
10.10 (1.60) 

90.20 (8.00) 
99.40 (12.50) 
91.30 (10.20) 
109.80 (17.00) 

6 SST stop RT 
SST errors 

0.33 (.35) 
1.56 (.39) 

Oosterlaan & 
Sergeant 
(1996) 

CBCL ODD/CD 
Physical 
aggression 

Children with ADHD 
Aggressive children 
Anxious children 
Normal control children 
 

15 
18 
20 
17 

9.30 (2.10) 
9.30 (2.10) 
10.10 (1.80) 
8.70 (1.90) 

93.00 (10.50) 
92.30 (13.30) 
99.70 (12.90) 
101.60 (18.50) 

14 SST commission errors 
SST omission errors 
SST probability of inhibition  
SST stop RT 

-0.15 (.29) 
0.67 (.30) 
0.79 (.30) 
1.25 (.31) 

Oscar-
Berman et al. 
(2009) 

DSM-III ASPD Alcoholic and non-alcoholic adults without ASPD 
Alcoholic and non-alcoholic adults with ASPD 
 

255 
90 

51.98 (15.75) 
50.17 (10.88) 

112.01 (13.82) 
104.40 (15.55) 

173 COWAT 
RFFT unique designs 
TMT part B time 
WCST total correct 

0.27 (.12) 
1.04 (.25) 
0.08 (.12) 
0.12 (.12) 
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Pajer et al. 
(2008) 

DSM-IV ODD/CD Adolescents with CD 
Normal control adolescents  
 

52 
41 

16.50 (0.95) 
16.10 (0.78) 

91.85 (16.47) 
101.76 (17.91) 

93 COWAT 
Digit span  
ROCFT mislocations 
ROCFT copy 
Stroop interference 
WCST total errors 
WCST perseverative errors 
WCST perseverative responses 

0.06 (.17) 
0.02 (.17) 
-0.40 (.17) 
0.29 (.17) 
0.19 (.17) 
0.48 (.17) 
0.57 (.18) 
0.60 (.18) 
 

Pham et al. 
(2003) 

PCL-R and 
criminal 
records 
 

Psychopathy 
Criminality 

Incarcerated psychopathic offenders  
Incarcerated non-psychopathic offenders  
 

18 
18 

29.12 (10.47) 
31.89 (9.77) 

95.06 (6.63) 
98.83 (13.50) 

0 D2 attention errors 
Digit span 
PMT Q-score 
Stroop errors 
ToL initiation time 
ToL excessive moves 
ToL subsequent time 
ToL rule breaks 
TMT part B time 
WCST perseverative errors 
WCST total errors 
WCST nonperseverative errors 
WCST categories 

0.76 (.30) 
-0.48 (.29) 
1.38 (.32) 
0.73 (.30) 
0.19 (.30) 
0.27 (.29) 
0.41 (.29) 
0.62 (.29) 
0.23 (.29) 
0.23 (.29) 
0.52 (.29) 
0.55 (.29) 
0.62 (.29) 
 

Porteus 
(1945) 

Criminal 
records 

Delinquency  
 
 
 
 
 
 
 
Criminality  

Sample One 
Delinquent boys 
Non-delinquent school boys 
 
Sample Two 
Delinquent girls 
Non-delinquent school girls 
 
Sample Three 
Criminal males 
Males cannery workers 
 
Sample Four 
Filipino criminals 
Filipino labourers 
 

 
50 
31 
 
 
50 
25 
 
 
100 
50 
 
 
26 
32 

NR  75 Delinquent boys 
PMT Q-score 
 
Delinquent girls 
PMT Q-score 
 
Criminal males  
PMT Q-score 
 
Filipino criminals  
PMT Q-score 

 
1.90 (.21) 
 
 
1.80 (.21) 
 
 
1.14 (.14) 
 
 
0.50 (.24) 

Porteus 
(1942) 

Criminal 
records 

Delinquency 
 
 
 
 
 
 
 
Criminality  

Sample One 
Delinquent girls 
Non-delinquent girls 
 
Sample Two 
Delinquent boys 
Non-delinquent boys 
 
Sample Three 
Criminal adults 
Bus drivers 
 

 
100 
100 
 
 
100 
100 
 
 
100 
100 

  200 Delinquent girls 
PMT Q-score 
 
Delinquent boys 
PMT Q-score 
 
Criminal adults  
PMT Q-score 

 
1.40 (.14) 
 
 
1.37 (.13) 
 
 
1.88 (.14) 
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Raaijmakers 
et al. (2008) 

CBCL Physical 
aggression 

Aggressive children 
Healthy control children 
 

82 
64 

4.22 (0.25) 
4.36 (0.18) 

108.33 (10.40) 
110.31 (6.97) 

58 COWAT 
Day-night task 
Digit span 
GNG incorrect inhibition 
Object classification task 
Shape school inhibition  
Shape school incorrect 

0.23 (.13) 
0.36 (.13) 
0.29 (.13) 
0.54 (.14) 
0.08 (.13) 
0.48 (.13) 
0.44 (.13) 
 

Raine et al. 
(2005) 

CBCL Delinquency Life-course persistent adolescent delinquents  
Healthy control adolescents  
 

44 
156 

16.15 (0.89)† 84.60 (16.50) 
94.06 (18.50) 

0 CPT factor score 
WCST perseverative errors 
WCST categories 

0.52 (.17) 
0.14 (.17) 
0.31 (.17) 
 

Roussy & 
Toupin 
(2000) 

PCL-R and 
criminal 
records 
 

Psychopathy 
Criminality 

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders 
 

25 
29 

16.70 (0.99) 
16.60 (1.16) 

 0 COWAT 
GNG RT 
GNG commission errors 
PMT Q-score 
SST RT 
SST commission errors 
WCST perseverative errors 
WCST categories 

-0.19 (.24) 
0.28 (.24) 
0.64 (.25) 
0.51 (.25) 
-0.38 (.24) 
0.56 (.25) 
0.03 (.24) 
0.26 (.24) 
 

Schachar et 
al. (2000) 

DSM-IV ODD/CD Children with ADHD and CD* 
Children with CD 
Children with ADHD 
Normal control children 
 

47 
13 
72 
33 

9.20 (1.50) 
9.50 (1.40) 
9.00 (1.40) 
9.30 (1.50) 

103.1 (14.70) 
109.6 (11.60) 
96.00 (12.40) 
110.80 (15.00) 

21 SST stop RT 
SST probability of inhibition 
SST stop RT* 
SST probability of inhibition*  

0.37 (.32) 
0.56 (.32) 
0.06 (.18) 
0.29 (.18) 

Schachar & 
Logan (1990) 

DSM-III ODD/CD Children with ADHD 
Children with ADHD and ODD/CD* 
Children with ODD/CD 
Children with an emotional disorder 
Children with a learning disorder  
Normal control children 
 

13 
14 
9 
13 
11 
10 

9.25 (1.75) 
9.33 (1.42) 
9.75 (1.92) 
9.92 (1.33) 
10 (1.17) 
10 (1.17) 

107.00 (14.00) 
104.00 (12.00) 
110.00 (17.00) 
107.00 (12.00) 
112.00 (18.00) 
123.00 (16.00) 

NR SST percentage errors 
SST stop RT 
SST percentage errors* 
SST stop RT* 

0.04 (.40) 
0.44 (.41) 
-0.28 (.34) 
0.40 (.34) 

Schachar & 
Tannock 
(1995) 

DSM-III ODD/CD Children with ADHD 
Children with CD 
Children with ADHD and CD* 
Normal control children 
 

22 
5 
18 
16 

9.20 (1.20) 
10.10 (1.50) 
8.80 (1.50) 
9.00 (1.40) 

105.10 (14.00) 
107.00 (16.00) 
103.40 (12.80) 
106.60 (8.30) 

0 SST stop RT 
SST stop RT* 

-0.61 (.50) 
0.45 (.29) 

Schachar et 
al. (1988) 

DSM-III ODD/CD Children with ADHD 
Children with ADHD and CD* 
Children with CD 
Children with an emotional disorder 
Children with a learning disorder 
Normal control children 
 

18 
26 
15 
18 
22 
15 

8.58 (1.65) 
8.92 (1.36) 
9.25 (1.79) 
9.08 (1.33) 
9.00 (1.14) 
9.00 (1.29) 

109.00 (13.60) 
105.00 (11.30) 
109.00 (14.80) 
108.00 (11.90) 
107.00 (11.80) 
115.00 (10.70) 

0 CPT RT 
CPT false alarms 
CPT RT* 
CPT false alarms* 

0.35 (.32) 
-0.47 (.32) 
0.06 (.25) 
0.40 (.25) 

Schalling & 
Rosen (1968) 

Criminal 
records and 
diagnostic 
interviews 
 

Psychopathy 
Criminality 

Incarcerated high psychopathy offenders 
Incarcerated low psychopathy offenders 

60 
23 

31.42 (6.77) 
27.65 (5.81) 
 

106.63 (10.23) 
109.35 (13.02) 

0 PMT Q-score 0.64 (.17) 

Scheres et al. 
(2001)  

DSM-IV ODD/CD Children with ADHD 
Children with ODD/CD 
Children with comorbid ADHD and ODD/CD* 

24 
21 
27 

10.10 (1.50) 
10.70 (1.30) 
10.90 (1.50) 

92.20 (15.10) 
86.90 (14.70) 
82.70 (12.60) 

19 SST percentage correct 
SST stop RT 
SST mean RT 

0.28 (.25) 
0.04 (.25) 
0.28 (.25) 
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Normal control children 
 

41 10.20 (1.60) 105.00 (25.00) SST percentage correct* 
SST stop RT* 
SST mean RT* 

0.00 (.25) 
0.01 (.25) 
0.62 (.26) 
 

Seguin et al. 
(2002) 

SBQ Physical 
aggression 

Stable physically aggressive children 
Unstable physically aggressive children 
Non-aggressive children  
 

70 
58 
59 

13.33 (0.30)†  0 Card playing task 0.45 (.15) 

Seguin et al. 
(2004) 

SBQ Physical 
aggression 

Low physical aggression-low hyperactivity adolescents  
Low physical aggression-high hyperactivity adolescents  
High physical aggression-low hyperactivity adolescents  
High physical aggression-high hyperactivity adolescents  
 

151 
35 
30 
87 

20†  0 Conditional association task 
Digit span 
Number randomization task 
PAL sets completed 
SOP 

0.74 (.11) 
0.29 (.11) 
0.70 (.11) 
0.58 (.11) 
1.04 (.12) 
 

Seguin et al. 
(1995) 

SBQ Physical 
aggression 

Stable physically aggressive children 
Unstable physically aggressive children 
Non-aggressive children  
 

63 
55 
59 

14.34 (0.30)†  0 EF composite 0.65 (.16) 

Selenius et 
al. (2006) 

Criminal 
records 

Delinquency  Delinquent adolescents  
Junior college students  
 

11 
11 

18.55 (2.07) 
17.09 (0.83) 

 0 Digit span 
ROCFT copy 
ROCFT memory 

-0.21 (.37) 
-0.38 (.37) 
0.26 (.37) 
 

Sellbom & 
Verona 
(2007) 

PPI Psychopathy Undergraduate university students  95 20.20 (4.08) 98.20 (10.96) 45 COWAT 
Digit span 
Flanker test commission errors 
TMT part B time 
WCST perseverative errors 

0.04 (.10) 
0.08 (.10) 
0.38 (.10) 
0.16 (.10) 
0.16 (.10) 
 

Shapiro et al. 
(1988) 

RBPC ODD/CD Children with conduct disorder 
Normal control children  

9 
10 

13.73 (2.60) 
14.64 (2.67) 
 

93.60 (6.30) 
90.80 (12.20) 

5 Card playing task 1.76 (.47) 

Shelton 
(1999) 

Criminal 
records 
 

Delinquency 
Psychopathy  

Delinquent adolescents with psychopathy 40 16.20 (1.13)†  0 COWAT 
ROCFT memory 
ROCFT copy 

0.38 (.16) 
0.20 (.16) 
0.32 (.16) 
 

Siegel (1998) DSM-IV Psychopathy 
Criminality 

Incarcerated high psychopathy offenders 
Incarcerated medium psychopathy offenders 
Incarcerated low psychopathy offenders  
 

26 
44 
30 

32.69 (7.98)†  56 Stroop interference 
WCST perseverative responses 

0.67 (.24) 
0.60 (.24) 

Smith et al. 
(1992)1 

PCL-R and 
Criminal 
records 

Psychopathy 
Criminality  

High anxious, high psychopathy incarcerated offenders 
High anxious, low psychopathy incarcerated offenders  
Low anxious, high psychopathy incarcerated offenders 
Low anxious, low psychopathy incarcerated offenders 
 

19 
14 
18 
18 

25.30 (4.10) 
24.90 (4.60) 
26.50 (4.30) 
26.90 (4.20) 

96.00 (12.30) 
95.90 (8.10) 
97.50 (9.80) 
98.60 (9.30) 

0 High anxious psychopaths 
COWAT 
Digit span 
Stroop interference 
TMT part B time 
WCST total errors 
 
Low anxious psychopaths 
COWAT 
Digit span 
Stroop interference 
TMT part B time 
WCST total errors 

 
-0.59 (.29) 
-0.17 (.29) 
-0.16 (.29) 
-0.51 (.29) 
-0.56 (.29) 
 
 
-0.18 (.29) 
-0.09 (.29) 
0.59 (.29) 
0.89 (.30) 
0.12 (.29) 
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Sobotowicz 
et al. (1987) 

Criminal 
records 

Delinquency  Delinquent adolescents 
Non-delinquent adolescents  
 

50 
50 

15.58 (1.31) 
15.53 (1.69) 

86.62 (7.46) 
87.28 (8.53) 

0 BCT 0.79 (.18) 

Speltz et al. 
(1999) 

DSM-III and 
CBCL 

ODD/CD Children with ODD 
Normal control children 
 

80 
80 

4.76 
4.79 

 0 EF composite 0.74 (.14) 

Stanford et 
al. (2007) 

Criminal 
records  

Physical 
aggression 
Criminality  
 

Individuals with histories for past spousal/partner abuse 
Non-violent control individuals  
 

18 
18 

35.60 (5.70) 
30.50 (8.90) 

 0 TMT part B time 
WCST perseverative errors 
WCST perseverative responses  
WCST categories  
WCST set failure 

0.06 (.29) 
0.06 (.29) 
-0.09 (.29) 
0.54 (.29) 
0.73 (.30) 
 

Stevens et al. 
(2003) 

DSM-III ASPD Individuals with no history of CD or ASPD 
Individuals with a childhood history of CD but no current ASPD 
Individuals with a childhood history of CD and current ASPD 
 

32 
25 
34 

22.50 (1.34) 
23.20 (1.53) 
23.40 (1.75) 

113.00 (12.97) 
104.10 (13.36) 
107.50 (12.53) 

0 Current ASPD 
COWAT 
Digit span 
TMT part B time 
WCST categories 
WCST perseverative errors 
 
No current ASPD 
COWAT 
Digit span 
TMT part B time 
WCST categories 
WCST perseverative errors 

 
0.12 (.21) 
0.02 (.21) 
0.18 (.21) 
-0.16 (.21) 
-0.06 (.21) 
 
 
0.13 (.24) 
0.57 (.24) 
0.10 (.24) 
-0.07 (.24) 
-0.36 (.24) 
 

Suchy et al. 
(2009) 

Criminal 
records 

Criminality  Pedophilic child molesters 
Nonpedophilic child molesters 
Community controls 
 

20 
20 
20 

34.30 (7.04) 
30.85 (6.32) 
30.70 (8.88) 

104.47 (7.31) 
101.95 (8.50) 
106.40 (8.89) 

0 Pedophilic  
EF composite 
 
Nonpedophilic  
EF composite 

 
0.94 (.29) 
 
 
0.72 (.28) 
 

Sullivan 
(1992) 

DSM-III ODD/CD Inpatient children with CD 
Inpatient control children 
Outpatient control children 
 

11 
12 
10 

15.50 (2.50)† 104.90 (13.90) 
110.40 (11.80) 
116.60 (10.20) 

0 COWAT 
BCT 
Stroop correct 
WCST set loss 
WCST perseverative errors 

0.04 (.37) 
0.43 (.37) 
1.26 (.40) 
-0.55 (.38) 
-0.03 (.37) 
 

Sutker et al. 
(1972) 

Criminal 
records and 
MMPI 

Psychopathy 
Criminality  

Normal incarcerated offenders 
Incarcerated pure sociopaths  
Incarcerated antisocial psychotics 
  

24 
43 
27 

27.60 
27.30 
26.60 

103.60 (NR) 
110.00 (NR) 
109.90 (NR) 

0 PMT Q-score 0.04 (.24) 

Sutker et al. 
(1983) 

Criminal 
records and 
MMPI 

Psychopathy 
Criminality 

Incarcerated psychopathic offenders 
Incarcerated non-psychopathic offenders  
 
 

44 
14 

29.11 (7.75) 
29.00 (4.95) 

116.39 (15.53) 
119.62 (11.64) 

0 Maze tracing time to complete 
WCST perseverative errors 
WCST nonperseverative errors 
WCST categories  

0.03 (.20) 
-1.51 (.23) 
-1.50 (.23) 
-1.21 (.22) 
 

Syngelaki et 
al. (2009) 

Criminal 
records 

Delinquency Delinquent adolescents 
Non-delinquent adolescents  
 

104 
84 
 

16.30 (1.51) 
15.77 (0.82) 

 0 Risky choice task gamble 0.65 (.13) 

Thompson et 
al. (2006) 

DSM-IV ODD/CD Adolescents with disruptive behaviour and substance use disorders 
Community control adolescents  
 

20 
20 

16.35 (0.82) 
16.51 (1.09) 

98.75 (9.11) 
102.65 (7.77) 

10 CPT delayed errors 
CPT immediate errors 

0.53 (.28) 
0.78 (.28) 
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Thorell & 
Wahlstedt 
(2006) 

DSM-IV ODD/CD Children with high ADHD and high ODD symptoms*  
Children with high ADHD and low ODD symptoms  
Children with low ADHD and high ODD symptoms  
Children with low ADHD and low ODD symptoms  
 

27 
17 
13 
81 

5.01 (0.65)†  56 COWAT 
SWM score 
Stroop correct 
Verbal working memory 
COWAT* 
SWM score* 
Stroop correct* 
Verbal working memory* 

0.32 (.30) 
0.14 (.30) 
0.63 (.30) 
0.22 (.30) 
0.39 (.30) 
0.41 (.30) 
0.82 (.30) 
0.44 (.30) 
 

Toupin et al. 
(2000) 

DSM-III ODD/CD Children with CD 
Normal control children 

57 
35 

9.84 
10.12 
 

 13 PMT Q-score 
ROCFT copy 
Stroop correct 
WCST perseverative responses 
WCST perseverative errors 

0.24 (.17) 
1.33 (.19) 
0.68 (.17) 
0.67 (.17) 
0.68 (.17) 
 

Van Goozen 
et al. (2004) 

DSM-IV ODD/CD Children with ODD 
Children with ODD/ADHD* 
Normal control children  
 

41 
26 
36 

10.10 (1.20) 
9.50 (1.60) 
9.20 (1.20) 

99.40 (17.40) 
94.40 (10.60) 
97.40 (8.80) 

24 CPT correct 
CPT omission errors 
CPT commission errors 
DGT delay 
DOT time lose 
DOT premature 
DOT time win 
DOT preservation  
SOP abstract 
SOP concrete 
Stroop interference 
ToH steps 
TMT part B time 
TMT B-A time 
CPT correct* 
CPT omission errors* 
CPT commission errors* 
DGT delay* 
DOT time lose* 
DOT premature* 
DOT time win* 
DOT preservation  
SOP abstract* 
SOP concrete* 
Stroop interference* 
ToH steps* 
TMT part B time* 
TMT B-A time* 

0.69 (.30) 
0.50 (.30) 
0.17 (.29) 
0.33 (.30) 
0.39 (.30) 
0.63 (.30) 
0.44 (.30) 
1.69 (.33) 
0.32 (.30) 
0.44 (.30) 
-0.04 (.29) 
-0.51 (.30) 
-0.05 (.29) 
0.08 (.29) 
0.13 (.23) 
0.39 (.24) 
0.49 (.24) 
-0.29 (.23) 
0.59 (.24) 
0.66 (.24) 
0.73 (.24) 
1.25 (.25) 
0.56 (.24) 
0.65 (.24) 
0.44 (.24) 
0.07 (.23) 
0.65 (.24) 
0.78 (.24) 
 

Vitale et al. 
(2007)1 

PCL-R and 
Criminal 
records 
 

Psychopathy 
Criminality  

Incarcerated low anxious psychopathic female offenders 
Incarcerated low anxious non-psychopathic female offenders 
Incarcerated high anxious psychopathic female offenders 
Incarcerated high anxious non-psychopathic female offenders 
 

19 
42 
29 
28 

NR 97.67 (5.75) 
102.43 (10.14) 
93.60 (11.68) 
96.34 (8.84) 

61 Low anxious psychopaths 
Stroop interference 
Stroop errors 
 
High anxious psychopaths  
Stroop interference 
Stroop errors 

 
0.24 (.23) 
0.50 (.23) 
 
 
-0.46 (.27) 
-0.13 (.26) 
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Note. Bold represents groups effect sizes were derived from using the extreme groups criterion. ADD = Attention Deficit Disorder; ADHD = Attention Deficit Hyperactivity Disorder; APQ = Antisocial Personality Questionnaire; ASPD = Antisocial 
Personality Disorder; AVLT = Auditory Verbal Learning Test; BADS = Behavioral Assessment of the Dysexecutive Syndrome; BCT = Booklet Category Test; BPAQ = Buss-Perry Aggression Questionnaire; BPD = Borderline Personality Disorder; 
CBCL = Child Behavior Checklist; CBQ = Child Behavior Questionnaire; CD = Conduct Disorder; COWAT = Controlled Oral Word Association Test; CPI = California Psychological Inventory; CPS = Childhood Psychopathy Scale; CPT = 
Continuous Performance Test; CVLT = California Verbal Learning Test; DGT = Delay of Gratification Task; DKEFS = Delis-Kaplan Executive Function Scale; DMS = Delayed Matching to Sample task; DOT = Door Opening Task; DSM-III = 
Diagnostic and Statistical Manual of Mental Disorders Third Edition; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders Fourth Edition; EF = Executive Function; EGT = Executive Golf Task; GNG = Go/No-Go; HIA = Hyperactivity, 
impulsivity and attention problems; ID/ED = Intradimensional/Extradimensional task; IGT = Iowa Gambling Task; IRT = Inhibitory Reach Task; K-SADS-E = Kiddie-Schedule for Affective Disorders and Schizophrenia-Expanded; MMPI = 
Minnesota Mulitphasic Personality Inventory; NR = Not Recorded; ODD = Oppositional Defiant Disorder; PAL = Paired Associates Learning task; PASAT = Paced Auditory Serial Addition Test; PCL-R = Psychopathy Checklist Revised; PCL-
SV = Psychopathy Checklist Screening Version; PMT = Porteus Maze Test; PPI = Psychopathy Personality Inventory; PSD = Psychopathy Screening Device; OAT = Object alternation Task; RBPC = Revised Behavior Problem Checklist; RCS = 
Rutter Child Scales; RCT = Risky Choice Task; RFFT = Ruff Figural Fluency Test; ROCFT = Rey-Osterrieth Copy Figure Test; RT = Reaction Time; SAT = Spatial Alternation Task; SBQ = Social Behavior Questionnaire; SDQ = Strengths and 
Difficulties Questionnaire; SET = Six Elements Task; SHAPS = Special Hospital Assessment of Personality and Socialization; SoC = Stockings of Cambridge; SOP = Self-Ordered Pointing Task; SMM = Sequential Memory Matching task; SRED 
= Self-reported Early Delinquency; SST = Stop Signal Task; SWM = Spatial Working Memory task; TBT = Two-Back Test; TMT = Trail Making Test; ToH = Tower of Hanoi; ToL = Tower of London; Wisconsin Card Sort Test. 
* represents comorbid ASB and ADHD comparison group and effect size.  
† represents total sample mean age.  
1 Effect sizes calculated within levels of anxiety.  
2 Groups used for effect size calculation varied by EF measure.  
3 Effect sizes calculated separately by gender.  

Vollm et al. 
(2004) 

DSM-IV and 
Criminal 
records 
 

ASPD 
Criminality 

Incarcerated inpatients with ASPD or BPD 
Healthy community control individuals  
 

8 
8 

34.00 (6.10) 
29.90 (8.00) 

102.60 (6.00) 
103.80 (5.20) 

0 GNG RT 
GNG commission errors 

0.08 (.46) 
0.78 (.47) 

Vollm et al. 
(2010) 

DSM-IV and 
Criminal 
records 
 

ASPD 
Criminality  

Incarcerated inpatients with ASPD 
Healthy community control individuals  

25 
25 

42.10  
30.50 

99.40 (NR) 
103.90 (NR) 

0 GNG reward errors 
GNG no reward errors 
GNG no go errors 

-0.14 (.24) 
-0.03 (.24) 
0.19 (.24) 

White et al. 
(1994) 

CBCL and 
Delinquency 
inventory 

Delinquency  Stable serious delinquent adolescents 
Non-stable delinquents adolescents  
Stable non-delinquent adolescents 
 

25 
314 
71 

13†  0 Card playing task 
DGT failure 
EF composite 
Stroop errors 
TMT B-A time 

0.32 (.23) 
0.29 (.23) 
0.84 (.23) 
0.49 (.23) 
0.78 (.23) 
 

Williams-
Timo (1989) 

DSM-III ODD/CD Adolescents with CD 
Adolescents with major depressive disorder 

20 
20 
 

NR 100.35 (13.73) 
106.25 (11.68) 

20 Digit span 
BCT 
TMT part B time 

0.88 (.29) 
1.27 (.30) 
0.39 (.28) 
 

Wodushek 
(2003) 

PCL-SV Psychopathy 
Criminality 

Incarcerated high psychopathy offenders 
Incarcerated low psychopathy offenders  
 

24 
22 

32.04 (8.29) 
30.08 (8.54) 

93.16 (12.10) 
96.16 (9.57) 

0 IGT disadvantageous decks 
COWAT 
SST commission errors 

0.06 (.25) 
0.32 (.25) 
0.28 (.25) 
 

Wolff et al. 
(1982) 

Criminal 
records 

Delinquency  Incarcerated delinquent adolescents 
Normal control adolescents 

56 
48 
 

NR  0 PMT Q-score 
Selective attention errors 
Stroop color time 
Stroop interference 
Stroop word time 

0.78 (.17) 
0.76 (.17) 
0.55 (.17) 
0.59 (.17) 
0.62 (.17) 
 

Yeudall et al. 
(1982) 

Criminal 
records 

Delinquency  Delinquent adolescents  
Non-delinquent adolescents  

99 
47 
 

14.80 (2.20) 
14.50 (2.20) 

95.00 (NR) 
119.80 (NR) 

53 COWAT 
TMT part B time 

0.71 (.13) 
1.16 (.17) 
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6.1.3 Executive Function Measures 

This study expanded the meta-analysis performed by Morgan and Lilienfeld 

(2000) and included a wider range of more contemporary EF measures. Instead of only 

including those measures with demonstrated evidence for specificity to frontal damage 

(i.e., the criterion used by Morgan & Lilienfeld, 2000), measures were included if they 

were explicitly used to measure cognitive processes relevant to executive functioning. 

The rationale for this being that recent evidence indicates that the frontal lobes are only 

one aspect of an executive system that involves multiple cortical and subcortical 

structures (Alvarez & Emory, 2006; Duffy & Campbell, 2001; Robbins, 1998; Stuss & 

Alexander, 2000). Considerable variation occurs across studies in regard to the 

sensitivity and specificity of executive function measures to frontal lobe damage, even 

among those measures with the most reliable evidence for specificity to frontal damage 

(e.g., Wisconsin Card Sort Test, Verbal Fluency and the Stroop; Alvarez & Emory, 

2006). This suggests that EF measures should not be regarded as purely frontal lobe 

functioning tests, but as measures that require the coordination of several neural circuits 

for successful performance (Alvarez & Emory, 2006).  

EF measures were included in the meta-analysis if at least one study meeting 

the inclusion criteria used the measure to assess EF processes. The utility of a measure 

in assessing EF processes was confirmed through reference to major 

neuropsychological assessment texts and references (Alvarez & Emory, 2006; Chan et 

al., 2008; Lezak, 2004; Rabbitt, 1997b; Stuss & Knight, 2002). To retain a larger sample 

of studies for analyses, studies that combined EF measures using factor analytic 

composite scores were included (e.g., Giancola et al., 1998b; Giancola et al., 2001).  

It must be noted that measures of both working memory and attentional control 

were included in this meta-analysis as measures of EF. Working memory is argued to 

be central to executive control, and it includes cognitive processes involved in the 

manipulation, integration and transformation of information to plan and guide 

behaviour (D'Esposito & Postle, 2002; Prabhakaran, Narayanan, Zhao, & Gabrieli, 

2000; Shimamura, 2002; Wagner & Smith, 2003). Attentional control also has been 

conceptualised as a central component of executive control through its role in the 

inhibition of task irrelevant information processing and switching between competing 

tasks, as well as being a major component of working memory capacity (Kane, 

Bleckley, Conway, & Engle, 2001; Rossi, Pessoa, Desimone, & Ungerleider, 2009). 
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6.1.4 Data Collection and Preparation  

One hundred and twenty six studies met inclusion criteria for the meta-analysis, 

including the 39 studies identified by Morgan & Lilienfeld (2000) and the 87 newly 

identified studies up to September 2010. Study details are provided in the Table 1. Fifty 

studies employed more than one comparison group. Extreme group contrasts (Preacher, 

Rucker, MacCallum, & Nicewander, 2005) were used in such cases to simplify the 

calculation of the effect sizes, where all the effect sizes were derived from one group 

comparison per study. The extreme group method involved deriving the effect sizes 

from the two groups that represented the extremes of the study participants. For 

example, if a study included low, medium, and high psychopathy participants, the low 

and high group scores would be used to calculate the effect sizes. This methodology 

may inflate the effect sizes. Some studies with multiple comparison groups used clinical 

comparison groups based on psychopathological disorders (e.g., ADHD in Oosterlaan 

et al., 2005). These comparison groups were not used to calculate the effect sizes. Table 

1 lists the comparison groups within each study included in the meta-analysis, and 

highlights the group comparisons from which the effect sizes were derived from. One 

study (Herba et al., 2006) reported data separately by gender. In this case, the study was 

coded once for each gender separately. Three studies (Dvorak-Bertsch et al., 2007; 

Smith et al., 1992; Vitale et al., 2007) divided psychopathic groups according to levels 

of anxiety. For these studies, the effect sizes were calculated within levels of anxiety. 

Several studies included participants exhibiting comorbid ADHD and ASB 

characteristics (e.g., Albrecht et al., 2005; Schachar et al., 2000). The effect sizes for 

EF were calculated for these participant groups using the control groups in each study 

for comparisons.  

6.1.5 Effect Size Protocol  

The following approach was adopted to calculate the effect sizes: 

1. Calculation of the individual effect sizes (d) and corresponding variances for 

each EF measure in each study 

2. Calculation of weighted mean effect size for each study  

3. Calculation of the weighted mean effect sizes for each EF measure across 

studies  

4. Calculation of the weighted mean effect sizes for ASB groups across studies  
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5. Calculation of 95th % confidence intervals (CI) surrounding the weighted effect 

sizes 

6. Calculation of Q and I2 statistics to assess heterogeneity of effect sizes by EF 

measures, ASB groups and studies.  

  

Cohen’s d (Cohen, 1988) standardized mean difference effect sizes using pooled 

standard deviations were used to determine the magnitude of EF impairments. Zakzanis 

(2001) proposed that Cohen’s d is the most appropriate measure for neuropsychological 

research primarily because of its ability to account explicitly for the variability observed 

between neuropsychological patients. Impairments in EF by antisocial groups were 

represented by positive effect sizes. Cohen (1988) defined a small effect size as d ≥ .2, 

a moderate effect as d ≥ .5, and a large effect as d ≥ .8. Zakzanis (2001) proposed that 

a Cohen’s d of 3.0 is an appropriate marker of clinical significance in 

neuropsychological disorders. All Cohen’s d statistics are expressed in standard 

deviation units. 

All effect size calculations were conducted using the formula outlined 

subsequently in Microsoft Excel (Microsoft Corporation, 2010). Individual effect sizes 

were first calculated for every EF measure used by a study. In studies reporting means 

and standard deviations for EF scores, d (equation 1) was calculated by subtracting the 

ASB group mean score ("#$) from the control group mean score ("#&) and dividing the 

result by the pooled standard deviation (Spooled) (equation 2). N1 is the number of 

participants in the ASB group, N2 is the number of participants in the control group, 

SD1 is the standard deviation of the mean score for the ASB group, and SD2 is the 

standard deviation of the mean score for the control group. 

 

' = 	 ("
#& −	"#$)
+,--./0

 

 

         (1) 

where  

+,--./0 = 	1
(2$ − 1)+4$& + (2& − 1)+4&&

(2$ − 1) + (2& − 1)
	

         (2) 
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When means and standard deviations were not reported, r values and t and F 

statistics were converted to d using formulas provided by Zakzanis (2001) and by 

Lipsey and Wilson (2001). All computed effect sizes were corrected for small sample 

bias (Hedges g) using the formula provided by Hedges (1981) and displayed in equation 

3. N is the total number of participants and d’ is the unbiased standardized mean 

difference.  

 

'6 = ' 71 −	 3
42 − 9	;	

         (3) 

 

The variance for each individual effect size (vd) was calculated using equation 

4, with N being the sample sizes for each group. The inverse of the sampling variance 

(wi = 1/vi) was used to weigh each effect size for the fixed effect model of analysis. 

 

<0 = 	 =
2$ +	2&
2$2&

+	 ('6)&
2(2$ +	2&)

?	

         (4) 

 

After calculation of individual effect sizes, three classes of weighted mean 

effect sizes @'̅B were determined (steps two to four of the effect size protocol) for 1) 

studies, 2) EF measures, and 3) ASB categorizations. A mean effect size was calculated 

for each study by averaging all effect sizes and inverse variance weights within the 

study. Therefore, each study produced an average effect size and an average inverse 

variance weight. An average inverse variance weight was used for studies, as weights 

are a function of sample size and are highly similar across effect sizes within a study. 

Weighted mean effect sizes for EF measures and ASB categorizations were calculated 

from the individual effect sizes using the formula provided by Hedges and Olkin 

(1985). In equation 5, k is the number of effect sizes, wi = 1/vi (inverse variance weight), 

and vi is the variance of the individual effect size. 

 

'̅ = 	 =∑ DE'EF
EG$
∑ DEF
EG$

?	

         (5) 
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The variance of the weighted mean effect size was then calculated using 

equation 6, which was then used to calculate 95th % confidence intervals (CI) for 

weighted mean effect sizes to aid in the determination of statistical significance 

(equation 7). 

 

<0# = 	 =
1

∑ DEF
EG$

?	

         (6) 

 

95%JK = 	 '̅ 	± 1.96O<0#	
         (7) 

 

Percentage overlap (%OL) scores were calculated using tables provided by 

Zakzanis (2001) for weighted mean effect sizes to estimate the extent to which scores 

from antisocial and comparison groups on EF measures overlapped. The %OL score is 

inversely related to effect size, where an effect size of d = 0.00 corresponds to a 100 

percent overlap in scores between the criterion and comparison groups, and an effect 

size of d = 4.00 corresponds to an overlap of 2.3 percent between the two groups.  

Tests of the homogeneity of the three classes of weighted mean effect sizes were 

performed to determine whether the effect sizes were derived from a single population. 

When the variation of effect sizes is greater than would be expected from sampling 

error alone, the distribution of effects sizes is deemed to be heterogeneous and not 

derived from a single population (Lipsey & Wilson, 2001). The Q-statistic was 

calculated as a homogeneity test (equation 8):  

 

 

P =	QDE@'E −	 '̅B
&

F

ER$
	

         (8) 
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where k is the number of effect sizes, wi is the inverse variance weight of each 

individual effect size, di is the individual effect size, and '̅ is the weighted mean effect 

size. If the Q-statistic exceeds a critical value associated with a pre-determined alpha 

level (in this study, .05) the sample of effect sizes are characterized as heterogeneous. 

The I-squared statistic (Higgins & Thompson, 2002) was also calculated, and it is a 

measure of heterogeneity expressed as a percentage (equation 9): 

 

K& = 100 7P	 − 'TP ;	

         (9) 

          

where Q is the Q-statistic and df is the number of effect size observations minus 

one. I-Squared values of 2%, 50% and 75% represent low, moderate and high levels of 

heterogeneity respectively. I-squared values greater than 50% indicate that variability 

in a group of effect sizes is large enough to suspect that they were not derived from the 

same population.  

Both fixed- and random-effects models of the weighted mean effect sizes were 

estimated to analyse the potential heterogeneity in effect size distributions. Fixed-

effects models assume that random error in effect size estimates results only from 

sampling error, whereas random-effects models assume that variation in effect sizes 

stems from both sampling error and other systematic sources of variance (e.g., 

operationalisation of ASB). Random effect models provide a more conservative 

estimate of effect sizes in a population.  

Potential moderator variables were examined to reduce possible heterogeneity 

among effect sizes. Weighted mean study effect sizes were used for moderator analyses. 

Each study contributed one effect size to the analyses with the exception of studies 

reporting data separately for participants with comorbid ADHD and ASB, where such 

studies provided an effect size for antisocial and comorbid groups separately. Age, 

proportion of females, correctional recruitment, comparison group type, and ADHD 

comorbidity were analysed as potential moderators of effect sizes. These moderators 

were examined as between-study variables impacting on effect size magnitude. 

Average age was calculated for each study by averaging antisocial and control group 

ages. All categorical variables were dummy coded to allow for meta-analytic regression 

analyses. Correctional recruitment was examined to assess potential bias in effect sizes 
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derived from incarcerated samples and was expressed as a dichotomous variable with 

a study coded 1 if the sample were recruited from a correctional setting and 0 otherwise. 

Comparison group type was expressed as a dichotomous variable with a study coded 1 

if the comparison were made with antisocial controls and 0 if the comparison were 

made with a normal control group. ADHD comorbidity was expressed as a 

dichotomous variable, with 1 representing comorbidity and 0 representing no 

comorbidity. IQ was not examined as a moderator of EF effect sizes, given that IQ test 

performance is dependent on a range of neuropsychological functions, including EF 

(Dennis et al., 2009). The effect sizes for group differences in IQ were calculated for 

each study reporting such data. 

A meta-analytic regression random-effects model (Hedges & Olkin, 1985; 

Lipsey & Wilson, 2001) was used to examine the possible moderating effects of the 

continuous variables of age, and proportion of females, and the categorical variables of 

correctional recruitment, ADHD comorbidity and comparison group type on effect 

sizes. Duval and Tweedie’s (2000) trim-and-fill method was used to explore 

publication bias. Finally, calculated effect sizes in Microsoft Excel were checked using 

the Comprehensive Meta-Analysis software package (Borenstein, Hedges, Higgins, & 

Rothstein, 2005). All calculated effect sizes and related statistics were the same as those 

obtained using the software package.  

6.2 RESULTS  

6.2.1 Participants  

A total of 126 studies involving 14,786 participants (5,847 antisocial and 6,904 

controls) met inclusion criteria for the meta-analysis. The total number of participants 

exceeded the number of antisocial and control participants combined given that some 

study samples did not divide participants into groups. Studies included 391 antisocial 

participants who had comorbid ADHD characteristics. Antisocial participants had a 

mean age of 22.31 years old (SD = 10.50) and the controls had a mean age of 21.86 

years old (SD = 10.14). Participants included 4,125 females and 1,388 reported 

minority participants. There were 73 studies that reported data relating to IQ (64 studies 

allowing calculation of effect sizes), 26 studies that used antisocial comparison groups, 

and 62 studies that recruited antisocial participants from correctional settings. 

Antisocial groups had significantly lower IQ scores (M = 97.08, SD = 13.46) compared 
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with comparison groups (M = 103.27, SD = 13.64) using a paired samples t-test, t(70) 

= -7.97, p <.001.  

6.2.2 Weighted Study Effect Sizes 

A total of 570 effect sizes for EF measures were initially calculated across all 

studies, with these effect sizes then used to calculate the weighted mean effect sizes for 

each study. All calculated effect sizes for each EF measure are provided in Table 6.1. 

Eight studies produced negative weighted mean effect sizes, and 57 studies produced 

weighted mean effect sizes that were not significantly different from zero (p >.05). 

Weighted mean effect sizes ranged from -1.05 to 5.14 across studies. Both fixed and 

random effects models for the summary grand mean effect size estimate where 

produced across studies, with effect sizes (mean, standard error, variance, %OL, 95% 

CI) and homogeneity statistics displayed in Table 6.2. According to the fixed-effects 

model, the weighted grand mean effect size was d = 0.44 (95% CI from 0.41 to 0.47), 

indicating that across studies the average difference between antisocial and comparison 

groups on EF scores was 0.44 standard deviations. This effect was significantly 

different from zero (z = 30.60, p <.0001) and was in the medium range compared with 

the medium to large grand mean effect size found by Morgan and Lilienfeld (d = 0.62). 

According to the random-effects model, the average difference between antisocial and 

comparison groups was d = 0.53 (95% CI from 0.45 to 0.61) standard deviations on EF 

scores.  

For the fixed-effects model, the test of homogeneity was statistically significant 

(Q = 767.61, p <.0005) and I-squared was greater than 50% at 83.72%, indicating that 

the sample of effect sizes was heterogeneous, with not all effect sizes derived from a 

single population. Overall, these results indicated that a robust association was found 

between ASB and EF, although significant variation occurred across studies in the 

magnitude of effect sizes. To address the significant variation in effect sizes across 

studies, the effect sizes were first grouped according to ASB operationalisations. 

6.2.3 Antisocial Behaviour Categories  

Table 6.2 also displays weighted effect sizes (mean, standard error, variance, 

%OL, 95% CI) and homogeneity statistics for a fixed-effects model of effect sizes 

grouped by ASB categories. The magnitude of mean effect sizes varied considerably 

across antisocial groups.  Mean weighted effect sizes ranged from 0.19 to 0.61 across 
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ASB groups, and were all significantly different from zero (p <.05). The largest mean 

effect size was for criminality (d = 0.61), and the lowest mean effect size was for ASPD 

(d = 0.19). The heterogeneity in effect sizes decreased when effect sizes were grouped 

by ASB operationalisations, although effect sizes remained significantly heterogeneous 

across all ASB categories except for ASPD (QW = 1167.06, p <.0001 and QB = 50.62, 

p <.0001). Figure 6.1 displays a forest plot of weighted mean effect sizes for ASB 

groups, where the mean effect size is represented by the marker, and the upper and 

lower 95th % confidence intervals for the estimate are represented by the horizontal 

lines connected to the marker.  
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Table 6.2  

Weighted effect sizes for fixed and random effect grand mean models, and mean fixed effect estimates by antisocial category 

Group Effect Size 95% Confidence Interval  Homogeneity Test 
 Number of 

Studies 
Point 

Estimate 
Standard 

Error 
Variance z-value %OL Lower Upper Q-value df(Q) I-squared 

Grand Mean            
Fixed 126 0.44† 0.01 0.00 30.60 70.10 0.41 0.47 767.61† 125 83.72 
Random 126 0.53† 0.04 0.00 13.42 65.50 0.45 0.61    

            
ASB Group            

ASPD 11 0.19** 0.06 0.00 2.97 85.60 0.06 0.31 17.68 10 43.45 
Criminality 48 0.61† 0.04 0.00 17.17 61.30 0.55 0.69 402.57† 47 88.33 
Delinquency 27 0.41† 0.02 0.00 19.28 73.30 0.37 0.45 278.22† 26 90.66 
ODD/CD 35 0.54† 0.04 0.00 15.33 65.50 0.47 0.61 94.53† 34 64.03 
Physical 
aggression 

 
25 0.41† 0.03 0.00 14.83 

 
73.30 0.36 0.46 101.42† 24 76.34 

Psychopathy 29 0.42† 0.04 0.00 10.36 71.70 0.34 0.50 272.64† 28 89.73 
Within 
group 

        
1167.06† 169 

 

Between 
group 

        
50.62† 5 

 

 * p <.05, ** p <.01, *** p <.001, † p <.0001
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Figure 6.1. Forest plot of weighted mean effect sizes for antisocial categories. 

 

6.2.4 Measures of Executive Function 

Effect sizes were grouped according to EF measures (Table 6.3), with effect 

sizes ranging from -0.13 to 3.05. The largest effect size for EF measures with more than 

two studies contributing to the estimate was the Self-Ordered Pointing task (d = 0.83). 

Measures with medium to large effect sizes included the Porteus Maze Test (d = 0.71) 

the Delayed Matching to Sample Task (d = 0.59), the Go/No-Go Task (d = 0.56), EF 

composites (d = 0.55) and the Spatial Working Memory Task (d = 0.54). The 

heterogeneity in effect sizes was reduced when effect sizes were grouped by EF 

measures, although it remained significant (QW = 1238.04, p <.0001 and QB = 402.04, 

p <.0001). 

 

 

 

−0.20 0.00 0.20 0.40 0.60

Weighted Mean Effect Size (Cohen's d)

Overall
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Physical Aggression
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Delinquency
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0.42 [0.34, 0.50]

0.41 [0.36, 0.47]
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0.41 [0.37, 0.45]

0.61 [0.54, 0.68]

0.19 [0.06, 0.31]

Study Reference Observed [95% CI]
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Table 6.3  

Weighted mean effect sizes for executive function measures 

EF Measure  Effect Size 95% Confidence 
Interval 

Homogeneity Test 

 Number 
of Effect 

Sizes 

Point 
Estimate 

Standard 
Error 

z-test %OL Lower Upper Q df(Q) 

OAT 1 3.05† 0.42 7.30 6.80 2.23 3.86 - - 
RFFT 1 1.04† 0.25 4.24 43.60 0.56 1.53 - - 
BADS 2 0.94† 0.18 5.14 46.70 0.58 1.30 0.79 1 
IRT 1 0.85* 0.40 2.11 50.00 0.59 1.64 - - 
SOP 4 0.83† 0.09 8.97 51.20 0.65 1.01 15.74 3 
CAT 1 0.74† 0.11 6.60 54.80 0.52 0.96 - - 
PMT 22 0.71† 0.03 18.96 56.00 0.63 0.78 142.89 21 
NRT 1 0.70† 0.11 6.30 57.30 0.48 0.92 - - 
SMM 3 0.69† 0.17 4.06 57.30 0.36 1.02 6.04 2 
RCT 2 0.63† 0.10 6.65 59.90 0.45 0.82 0.02 1 
DOT 2 0.63** 0.22 2.80 59.90 0.20 1.06 1.16 1 
SET 1 0.61* 0.26 2.36 61.30 0.10 1.12 - - 
Vigilance Task 1 0.59† 0.17 3.52 62.70 0.26 0.93 - - 
DMS 3 0.59*** 0.18 3.37 62.70 0.25 0.94 1.23 2 
GNG 12 0.56† 0.06 8.83 64.10 0.44 0.69 76.51 11 
EF Composite 18 0.55† 0.03 19.50 64.10 0.49 0.60 228.88 17 
SWM 6 0.54† 0.09 5.71 65.50 0.35 0.72 12.80 5 
DKEFS  1 0.53 0.36 1.47 65.50 -0.18 1.24 - - 
PAL 2 0.53† 0.11 5.00 65.50 0.32 0.74 2.48 1 
BCT 7 0.47† 0.08 5.74 68.50 0.31 0.64 17.30 6 
Shape School 1 0.46*** 0.13 3.40 68.50 0.19 0.72 - - 
D2 2 0.45* 0.19 2.40 70.10 0.08 0.82 1.83 1 
ROCFT 7 0.45† 0.07 6.01 70.10 0.30 0.60 36.36 6 
SST 12 0.42† 0.08 5.37 71.70 0.26 0.57 34.35 11 
Flanker Test 1 0.38† 0.10 3.68 73.30 0.18 0.59 - - 
TMT 24 0.38† 0.03 10.39 73.30 0.31 0.45 72.64 23 
ID/ED 6 0.38† 0.09 4.11 73.30 0.20 0.56 39.22 5 
COWAT 26 0.36† 0.03 10.53 74.90 0.29 0.43 114.97 25 
Day-Night Task 1 0.36** 0.13 2.67 74.90 0.10 0.62 - - 
SCWT 27 0.35† 0.03 12.49 74.90 0.30 0.41 120.29 26 
VWM 1 0.33 0.30 1.12 76.60 -0.25 0.92 - - 
DGT 4 0.32† 0.09 3.71 76.60 0.15 0.49 1.63 3 
Card 6 0.32† 0.08 4.19 76.60 0.17 0.47 18.02 5 
CPT 10 0.29† 0.08 3.86 80.10 0.14 0.44 19.82 9 
IGT 9 0.25† 0.07 3.67 81.90 0.11 0.38 44.77 8 
AVLT 2 0.18 0.13 1.42 87.50 -0.07 0.43 1.26 1 
Digit Span 13 0.17† 0.05 3.77 87.50 0.08 0.27 24.92 12 
WCST 36 0.17† 0.02 7.13 87.50 0.12 0.22 169.56 35 
ToL 9 0.11 0.07 1.64 91.50 -0.02 0.25 28.63 8 
OCT 1 0.08 0.13 0.60 93.60 -0.18 0.34 - - 
EGT 1 0.05 0.33 0.15 95.70 -0.59 0.69 - - 
Simon Task 1 0.03 0.24 0.14 97.80 -0.44 0.51 - - 
CVLT 1 0.00 0.13 0.02 100 -0.26 0.26 - - 
PASAT 1 -0.08 0.13 -0.60 93.60 -0.34 0.18 - - 
Two-Back Test 1 -0.13 0.25 -0.52 89.50 -0.62 0.36 - - 
Within group        1238.04† 250 
Between group        402.04† 44 

* p <.05, ** p <.01, *** p <.001, † p <.0001  
Notes. AVLT = Auditory Verbal Learning Test; BADS = Behavioral Assessment of the Dysexecutive 
Syndrome; BCT = Booklet Category Test; Card = Card Playing task; CAT = Conditional Association 
Task; CPT = Continuous Performance Task; COWAT = Controlled Oral Word Association Test/Verbal 
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Fluency; CVLT = California Verbal Learning Test; D2 = D2 Test of Attention; DGT = Delay of 
Gratification Task; DKEFS = Delis-Kaplan Executive Function System (Design Fluency); DMS = 
Delayed Matching to Sample task; DOT = Door Opening Task; EGT = Executive Golf Task; GNG = 
Go/No-Go task; ID/ED = Intradimensional/Extradimensional Shift test; IGT = Iowa Gambling Task; 
IRT = Inhibitory Reach Task; NRT = Number Randomization Task; OAT = Object Alternation Task; 
OCT = Object Classification Task for Children; PAL = Paired Associates Learning task; PASAT = Paced 
Auditory Serial Addition Test; PMT = Porteus Maze Task; RCT = Risky Choice Task; RFFT = Ruff 
Figural Fluency Test; ROCFT = Rey-Osterreith Complex Figure Test; SCWT = Stroop Color-Word Test; 
SET = Six Elements Task; SOP = Self-Ordered Pointing task; SMM = Sequential Matching to Memory 
Task; SST = Stop Signal Task; SWM = Spatial Working Memory task; TMT = Trail Making Test Part 
B; ToL = Tower of London; VWM = Verbal Working Memory; WCST = Wisconsin Card Sort Test.  

 

Additional analyses were conducted to explore whether the smaller grand mean 

effect size for this analysis in comparison with Morgan and Lilienfeld’s (2000) analysis 

was attributed to the use of a more inclusive approach to EF measures. The weighted 

mean effect size was re-calculated using only those EF measures included in Morgan 

and Lilienfeld’s (2000) meta-analysis (i.e., Porteus Maze, Stroop Interference Test, Part 

B of the Trail Making Test, the Wisconsin Card Sort Test, and Verbal Fluency Tests). 

These EF measures produced a fixed model mean weighted effect size of d = 0.34 (95% 

CI from 0.31 to 0.37, Q = 741.46, p <.0005), which was lower than both the total mean 

effect size for the present study and Morgan and Lilienfeld’s (2000) meta-analysis. EF 

measures not included in the Morgan and Lilienfeld analysis produced a fixed model 

mean weighted effect size of d = 0.43 (95% CI from 0.40 to 0.46, Q = 827.51, p <.0005). 

The effect sizes for IQ ranged from -0.52 to 6.96 across the 64 studies reporting 

means and standard deviations for intelligence scores. The average weighted effect size 

for group differences in IQ across studies using a fixed-effects model was d = 0.48 

(95% CI from 0.42 to 0.53, Q = 102.09, p <.0001) and d = 0.57 (95% CI from 0.43 to 

0.71) using a random-effects model. The average IQ effect size was in the same range 

as the average effect size for EF. Using meta-analytic regression, mean IQ effect sizes 

were significantly associated with mean effect sizes for EF across studies (QModel = 

11.98, df = 1, p <.0005; QResidual = 118.55, df = 69; R2 = .09), indicating that larger 

effect sizes for IQ differences were associated with larger effect sizes for EF 

differences. 

6.2.5 Analysis of Moderators 

Meta-analytic regression was performed on studies reporting data for the 

moderators of correctional recruitment, comparison group type, comorbid ADHD, age, 

and proportion of females, with mean effect size as the dependent variable and the 

inverse variance of effect sizes used as the weighting variable (Table 6.4). The QModel 
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was significant, (QModel = 25.35, df = 5, p <.0005), indicating that the moderator 

variables accounted for a significant level of variability in effect sizes. The variables of 

correctional recruitment, comparison group type and comorbid ADHD emerged as 

significant predictors of mean study effect sizes. These results indicated that larger 

effect sizes were associated with studies that recruited participants from correctional 

settings, used non-antisocial comparison groups and included participants comorbid 

with ADHD and ASB features.  

 

Table 6.4  

Meta-analytic regression random effects model results for moderator variables 

    95% Confidence Interval  
Variable B SE z Lower Upper 

 
Constant  .20 .12 1.71 -.03 .43 
Correctional 
recruitment 

.41† .10 4.13 .22 .61 

Antisocial 
Contrast 

-.44*** .12 -3.67 -.67 -.20 

Comorbid 
ADHD 

.30* .14 2.13 .02 .58 

Age .01 .00 1.23 -.00 .02 
Proportion of 
females 

.04 .13 0.28 -.22 .29 

   R2  = 0.10 
   QModel  = 25.35†, df = 5 
   QResidual  = 222.32†, df = 116 
    

* p <.05, ** p <.01, *** p <.001, † p <.0001  
 

6.2.6 Publication Bias 

Using the meta-analytic analogue to ANOVA, there was no significant 

difference in weighted mean study effect sizes was found between unpublished (N = 

11) and published (N = 115) studies (QBetween = .21, df = 1, p > .05). The trim and fill 

method (Duval & Tweedie, 2000) was used to assess publication bias. Inspection of the 

observed funnel plot of mean study effect sizes and the standard error of effect sizes in 

Figure 2 indicated an asymmetry around the overall weighted mean effect size 

suggestive of publication bias. Using the trim and fill method it was estimated that 26 

studies were missing to the left of the mean study effect size as a result of publication 

bias (see Figure 6.2). The trim and fill adjusted mean study effect size estimate was d 



 145 

= 0.33 (95% CI from 0.31 to 0.36) using a fixed effects model and d = 0.34 (95% CI 

from 0.25 to 0.43) using a random effects model.  

 

 

Figure 6.2. Trim and fill analysis funnel plots for publication bias in mean study 

effect size. 

6.3 DISCUSSION  

Consistent with the results of Morgan and Lilienfeld’s (2000) original meta-analysis, 

the results of this meta-analysis confirm that there is a robust and statistically significant 

association between ASB and poorer executive functioning. This effect holds across 

varying study methodologies, including different antisocial groups and EF measures. 

An average weighted grand mean effect size difference of 0.44 SDs between antisocial 

and comparison groups was found across studies. This effect size was in the medium 

range, compared with the medium to large 0.61 average weighted mean effect size 

produced by Morgan and Lilienfeld (2000). Given the current state of the literature in 

terms of the variation across studies in methodologies, caution should be exercised in 

interpreting grand mean effect sizes. It is argued that the true value of effect sizes cannot 

be estimated at this time as a result of methodological variation. Rather, the results of 

Morgan and Lilienfeld’s (2000) and this meta-analysis at best indicate a robust 

association is found between ASB and EF impairments, and highlights the need for 

future studies to examine specificity in impairments. The results of this meta-analysis 

were likely to be a more accurate reflection of the association between EF and ASB 
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compared with Morgan and Lilienfeld’s (2000) meta-analysis given the inclusion of a 

wider range of studies and increased statistical power with the inclusion of a larger 

number of studies.  

It should be pointed out that the grand mean effect size was based on a highly 

heterogeneous sample of effect sizes, indicating that the effect sizes were not derived 

from a single population. In large part, this heterogeneity is likely a direct reflection of 

the variability within antisocial individuals as a group. In general, more contemporary 

EF measures produced some of the largest effect sizes, including the Self-Ordered 

Pointing task (d = 0.83), Risky Choice Task (d = 0.63), the Delayed Matching to Sample 

task (d = 0.59), and the Spatial Working Memory task (d = 0.54). It is possible that 

more recently developed measures of EF can differentiate better between antisocial and 

comparison groups. EF measures are likely to vary significantly according to their 

usefulness in discriminating between ASB and comparison group performance. 

The effect sizes for EF impairment varied across ASB categorizations. The 

effect sizes for EF measures were found to be largest for the categories of criminality 

(d = 0.61), ODD/CD (d = 0.54) and psychopathy (d = 0.42). However, caution must be 

observed when interpreting differences in EF between ASB categorizations given the 

substantial overlap between categories. ODD/CD has been characterized as a precursor 

to the development of later persistent ASB (Loeber & Farrington, 2000). Theoretical 

models of the development of antisocial behaviour may be more useful in classifying 

antisocial individuals, including Moffitt’s (1993) developmental taxonomy. Moffitt 

(1993) proposed that neurocognitive deficits present from an early age are a key 

mechanism underlying the expression of serious and persistent antisocial behaviour that 

emerges in childhood and continues throughout the life course. Based on the theory, 

only the most serious and persistently antisocial individuals will display neurocognitive 

impairments. Such theories are necessary to form testable hypotheses regarding the role 

and nature of EF impairments in antisocial behaviour, as opposed to atheoretical 

categories focused on describing rather than on explaining antisocial behaviours. 

The use of developmental data in examining the links between EF and ASB is 

rare, which has impeded efforts in identifying the etiological role of neurocognitive 

impairments in the expression of ASB over the life course across different groups of 

antisocial individuals. It is possible that different forms of ASB develop along separate 

but related developmental trajectories. Some researchers support Moffitt’s (1993) 

assertion that early onset neurocognitive deficits are associated with life course 
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persistent ASB and not with ASB limited to adolescence (Moffitt, 2006b; Piquero, 

2001; Raine et al., 2005). Also, some developmental evidence indicates that 

neurocognitive functioning tests, including measures of EF, fail to differentiate 

between life course persistent and adolescence limited antisocial groups (Barker et al., 

2007; White, Bates, & Buyske, 2001). Such evidence suggests that heterogeneity is 

likely to be found in EF impairments both within and between current 

conceptualizations of antisocial groups.  

Support is growing for the hypothesis of variation in EF impairments across 

subtypes of antisocial behaviour. Barker and colleges (Barker et al., 2011a; Barker et 

al., 2007) found heterogeneity in EF impairments within the ASB category of CD, 

suggesting that EF impairments were associated with physical aggression but not with 

theft, even after controlling for ADHD.  Such results highlight the importance of 

examining how the role of EF impairments may differ across subtypes of ASB.  

Compared with Morgan and Lilienfeld’s (2000) study, several significant 

differences in effect sizes were produced for ASB categories. These differences 

included effect sizes for psychopathy (0.42 vs. 0.29), criminality (0.61 vs 1.09), 

delinquency (0.41 vs 0.86) and ODD/CD (0.54 vs 0.40) for the current and Morgan and 

Lilienfeld’s (2000) meta-analysis respectively. These differences probably, in part, 

reflect changing sampling methods. For example, in most studies published after the 

original meta-analysis psychopathy studies used the PCL-R or derivatives for 

operationalisation, compared with the use of other personality measures (e.g., 

California Psychological Inventory and the Minnesota Multiphasic Personality 

Inventory) by studies in Morgan and Lilienfeld’s (2000) meta-analysis. Furthermore, 

in the current meta-analysis, many studies adopted more specific operationalisations of 

ASB, including psychopathy and ASPD as opposed to operationalisations based solely 

on legal status (i.e., criminality and delinquency).  Rather than viewing this situation as 

a limitation, we believe that this reflects the evolving nature of research examining EF 

and ASB. Research studies are moving toward identifying specificity in EF 

impairments among specific populations of antisocial individuals as opposed to relying 

on generalized operationalisations based on criminal history factors alone.  

The association between ODD/CD and EF has been questioned as a result of 

findings suggesting that the association can be explained by the comorbidity of these 

externalizing disorders with ADHD, which has been associated with EF impairments 

(Pennington & Ozonoff, 1996). However, more recent findings suggest that ODD/CD 
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is significantly associated with EF impairment after controlling for ADHD (Barkley, 

Edwards, Laneri, Fletcher, & Metevia, 2001; Clark et al., 2000; Van Goozen et al., 

2004). The results from the meta-analysis indicated that ASB comorbid with ADHD 

was associated with poorer EF performance compared with non-comorbid antisocial 

groups. ADHD is highly comorbid with ASB and increases the risk of adult criminality, 

although ADHD alone is not a sufficient risk factor for later ASB (Loeber & Farrington, 

2000; Nigg, 2003; Satterfield et al., 2007). Current evidence suggests that the effects of 

ADHD are likely to be additive in increasing EF difficulties among antisocial 

individuals (Déry et al., 1999; Van Goozen et al., 2004). However, more research is 

needed to examine how ADHD may have an impact on the association between ASB 

and EF impairments. 

The association between ASB and EF impairment varied across EF measures, 

which suggests that some but not all EF processes may be more strongly associated 

with ASB. Measures of working memory, spatial working memory and attention were 

found to have some of the largest effect sizes, including Spatial Working Memory, Self-

Ordered Pointing and the Go/No-Go tasks. Compared with Morgan and Lilienfeld’s 

(2000) meta-analysis, EF measure effect sizes produced by this analysis were largely 

similar. These effect sizes included those for Trail Making Test Part B (0.38 vs. 0.40), 

Porteus Mazes (0.71 vs. 0.80), Stroop (0.35 vs. 0.35) and Verbal Fluency (0.36 vs. 0.26) 

for this and Morgan and Lilienfeld’s (2000) meta-analysis respectively. Interestingly, 

some of the more common or traditional measures of EF (viz., the Tower of London, 

Trail Making Task Part B, Wisconsin Card Sort, and verbal fluency) produced small to 

medium effect sizes. These findings suggest that variability may occur across EF 

measures in their abilities to differentiate between antisocial and control groups, and it 

is suggestive of specificity in EF impairments for antisocial individuals.  

Another issue with the study of ASB and EF relates to the measures of EF used 

to assess performance. Most EF measures are designed to be sensitive to clinical 

impairments in functioning. Although useful in clinical settings, these measures may 

not be sensitive enough to capture sub-clinical EF problems displayed by ASB 

individuals or individual differences in EF that may impact on everyday functioning. It 

is possible that the problems in EF associated with some groups of antisocial 

individuals result from such sub-clinical or individual differences in EF. This 

possibility highlights a need for future research to construct and validate EF measures 
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relevant to everyday functioning that are sensitive to subclinical problems and 

individual differences in EF.  

Rather than regard ASB as specific to EF impairments, a more accurate view 

may be that ASB is associated with a broader syndrome of more generalized 

neurocognitive impairments that include EF impairment. Antisocial groups had 

significantly lower IQ scores compared with comparison groups, suggesting poorer 

general intellectual functioning. The average effect size for IQ was similar in magnitude 

to the effect size for EF, with larger differences in IQ associated with larger differences 

in EF between ASB and control groups. This result was not unexpected, given that EF 

correlates highly with general intelligence (Ardila, Pineda, & Rosselli, 2000). 

It also must be noted that EF impairments are not unique to ASB and have been 

linked to a range of clinical disorders, including ADHD, substance use disorders, 

autism spectrum disorders, schizophrenia and bipolar disorder (Giancola et al., 2001; 

Giancola & Tarter, 1999; Martinez-Aran et al., 2002; Pennington & Ozonoff, 1996; 

Schug & Raine, 2009; Willcutt et al., 2005). Furthermore, ASB generally does not 

present in isolation, but is a component of a larger constellation of psychological, 

emotional and behavioural problems, including physical and mental health issues, 

substance use, and poor academic functioning (Abram et al., 2003; Farrington, 2005; 

Kenny & Nelson, 2008; Loeber & Farrington, 2000; Odgers et al., 2007). It is possible 

that EF impairments are not specific to ASB, but they are associated with these 

psychological, emotional, and behavioural problems in general. 

On their own, the current findings do not provide conclusive support for the 

assertion that antisocial individuals have structural or functional PFC impairments. 

Additional research is needed to explore this issue, including neuroimaging studies. 

Recent meta-analysis findings indicate that antisocial and violent behaviour is 

associated with structural and functional abnormalities in the PFC (Yang & Raine, 

2009). Specifically, structural and functional impairments are consistently observed in 

the right orbito-frontal cortex, left dorso-lateral PFC, and right anterior cingulated 

cortex (Yang & Raine, 2009). Structural and functional impairments in other brain 

regions have been implicated in the development of ASB, including the amygdala, 

ventro-medial PFC and the hippocampus (Crowe & Blair, 2008). Future research needs 

to explore how structural and functional brain impairments in antisocial individuals 

translate to an increased risk of engaging in ASB.  
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The analyses indicated that the variables of correctional recruitment, antisocial 

comparison groups and ADHD comorbidity moderated the association between EF and 

ASB. These results highlight the need for studies to consider sampling methods in 

examining the links between ASB and EF, as they have the potential to attenuate the 

magnitude of findings. Age and sex did not significantly moderate the association 

between EF and ASB. However, it is not possible to rule out any of these variables as 

having an effect on the association between EF and ASB, given that variation in these 

variables was likely to have been limited in the sample of studies included in the meta-

analysis. For example, limited research is available that has examined the role of age in 

the association between EF and ASB. Developmental research examining a wider age 

range is needed to examine how EF relates to ASB at different points of the life course. 

However, even longitudinal designs have limitations in establishing causal relations, 

given the retrospective nature of analyses.  

A major drawback to the current study was the inability to examine in full the 

effects of substance abuse/dependence and ADHD comorbidity because these variables 

are significantly associated with both ASB and EF impairment. Too few studies 

consistently reported data for these variables. Despite this limitation being highlighted 

by Morgan and Lilienfeld (2000), few subsequent studies have made a concerted effort 

to examine the potentially moderating effects of the variables. Although it is known 

that both ADHD and substance abuse are associated with EF and ASB, more research 

is needed to examine the mechanisms through which ADHD and substance 

abuse/dependence are associated with EF and ASB.  For example, current evidence 

suggests that the relationship between EF and substance use is highly complex and 

reciprocal, where poor EF may both increase the risk of engaging in substance use and 

be the result of prolonged substance use (Blume & Marlatt, 2009; Clark, Thatcher, & 

Tapert, 2008a; Verdejo-Garcia, Lopez-Torrecillas, de Arcos, & Perez-Garcia, 2005; 

Verdejo-Garcia, Lopez-Torrecillas, Gimenez, & Perez-Garcia, 2004). Furthermore, 

poorer EF has been associated with greater difficulties in successfully treating 

substance use problems (Aharonovich, Nunes, & Hasin, 2003; Blume & Marlatt, 2009).  

Substance use has the potential to impair, temporarily and developmentally, 

neurocognitive functioning, although the nature and extent of impairment seems to vary 

by the type of substance consumed. Substances that have been linked to neurocognitive 

impairments include alcohol (Bates, Bowden, & Barry, 2002), cannabis (Verdejo-

Garcia et al., 2005), cocaine (Aharonovich et al., 2003), methamphetamine 
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(Kalechstein, Newton, & Freen, 2003) and 3,4-methylenedioxymethamphetamine 

(MDMA; Bhattachary & Powell, 2001; Verdejo-Garcia et al., 2005). Substance-

induced neurocognitive impairments may increase the risk of engaging in antisocial 

behaviour. This situation seems plausible given that a large proportion of individuals 

entering the criminal justice system test positive to substance use (Gaffney, Jones, 

Sweeney, & Payne, 2009). In an Australian study examining the links between drug 

use and offending using a representative sample of detained offenders, results indicated 

that 44% of adult detainees reported taking drugs prior to committing their offence 

(Gaffney et al., 2009). However, based on current knowledge it is not possible to 

determine the extent to which the links between substance use and ASB may be 

explained by other factors, including lifestyle.  

A range of methodological problems continues in the research literature, 

including poorly specified operationalisations of ASB and EF, small samples, a lack of 

prospective data, poor comparison group selection, and a failure to control adequately 

for confounding factors. However, despite considerable methodological variation 

across studies, a consistent and robust association between antisocial behaviour and 

performance on EF measures was still observed.  

The causal relationship between EF impairments and ASB remains unclear 

because of the predominant use of cross-sectional samples, which impedes efforts to 

determine whether EF impairments increase the likelihood of ASB or whether an 

antisocial lifestyle produces EF impairments or a combination of the two. The presence 

of EF impairments does not explain whether or how such impairments relate to ASB at 

the time such behaviour is performed. The challenge for researchers is to explore how 

EF impairments translate to an increased tendency for ASB, and how these impairments 

interact with environmental characteristics.  

Emerging research suggests that neurocognitive impairments may best be 

understood as a mechanism mediating the link between genetic risks and externalizing 

behaviour problems (DeYoung et al., 2006; Langley, Heron, O'Donovan, Owen, & 

Thapar, 2010). Langley et al. (2010) examined how the high-activity COMT (catechol 

O-methyltransferase) valine/valine genotype in ADHD may moderate the links 

between cognitive functioning and ASB. The results indicated that the high activity 

COMT genotype in ADHD was associated with impaired social understanding, which 

was in turn associated with increased ASB. Furthermore, the genotype also was 

associated with impaired EF, although this did not increase the risk of ASB. In a 
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separate study DeYoung et al. (2006) found that the 7-repeat allele of the dopamine D4 

receptor gene (DRD4-7) moderated the link between externalizing behaviour and 

cognitive functioning, where the presence of DRD4-7 attenuated the negative 

association between externalizing behaviour and general cognitive functioning. Such 

studies are important in understanding the role of neurocognitive functioning in risk 

pathways for the development of ASB. 

The robust association between ASB and EF impairments has implications for 

the treatment of ASB. EF abilities may be targeted to improve treatment effectiveness 

and to reduce the likelihood of future ASB. Some evidence suggests that poorer EF is 

associated with a range of negative treatment outcomes among offenders, including 

increased treatment drop out and increased disruptive behaviour during treatment 

(Fishbein & Sheppard, 2006). Treatment programs that aim to improve EF abilities may 

be useful in reducing the chances of engagement in ASB, particularly when such 

treatment is directed toward younger children. Some evidence suggests that cognitive 

enhancement programs can be effective in improving the development of EF abilities 

among preschool children (Diamond, Barnett, Thomas, & Munro, 2007). Research is 

needed to examine the effectiveness of cognitive enhancement programs in preventing 

the development of ASB. 

In summary, the meta-analysis expanded on the analysis conducted by Morgan 

and Lilienfeld (2000) by examining a wider range of EF measures and more recent 

studies. Consistent with the hypotheses proposed, a robust association between ASB 

and performance on EF measures was observed that varied according to ASB groups 

and measures of EF. The findings highlighted the continued methodological variation 

across studies that contributed to the significant heterogeneity in computed effect sizes. 

The robustness of the link between EF and ASB was confirmed by the association 

holding across different methodological approaches. Future research should examine 

specificity in impairments across types of antisocial individuals and measures of EF, 

factors that may moderate the association (e.g., ADHD and substance abuse), and the 

role of EF development in the expression of ASB. A concerted effort from researchers 

is needed in examining EF and ASB from theoretical frameworks to specify better the 

constructs.  

 The meta-analysis demonstrated a robust link between poor executive 

functioning and ASB for known antisocial groups. However, it is unknown whether 

this link holds for typically developing individuals during the transition from 
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adolescence to early adulthood, which is a developmental period marked by increased 

engagement in risk-taking and ASB. Examination of the links between EF and ASB for 

typically developing youth formed the focus of the remaining studies in the current 

thesis. 
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Chapter 7: Development of a Self-Report 
Measure of Antisocial Behaviour 

As highlighted in Chapter Four, there is a gap in knowledge regarding the nature and 

extent of engagement in ASB among typically developing adolescents. To address this 

gap, the primary aim of Study Two was twofold: 1) to develop a psychometrically 

sound instrument to measure ASB given the absence of other appropriate measures; 

and 2) examine the prevalence and frequency of participation in ASB in typically 

developing late adolescents. To this end, a self-report instrument was developed to 

assess adolescent involvement in a wide range of antisocial behaviours, varying along 

a continuum of seriousness. The intent was to create an instrument capable of 

measuring antisocial behaviour as a multifaceted construct (e.g., Tremblay, 2010) 

involving distinct types of antisocial behaviour that could be used for youth both 

involved and not involved with the justice system. In relation to the overall thesis 

project, the purpose of the instrument was to allow for analyses to examine age-related 

changes in different subtypes of ASB during late adolescence and assess how different 

EF processes may be differentially associated with distinct subtypes of ASB (see 

Chapter Nine).  

While a large number of self-report instruments for the assessment of 

involvement in antisocial behaviour exist, a new instrument is needed for a number of 

reasons. First, few instruments have been designed specifically with Australian youth 

(see Carroll, Durkin, Houghton, & Hattie, 1996; Mak, 1993 for exceptions), with the 

majority of instruments developed using North American samples. Second, existing 

instruments generally do not partition antisocial behaviour into distinct categories, 

treating antisocial or delinquent behaviour as a unitary construct. This complicates 

efforts to examine the factors underpinning the development and expression of ASB, 

where different forms of ASB may be underpinned by different explanatory factors. 

Third, existing instruments are not regularly updated to reflect emerging trends in the 

types of ASB adolescents may engage in (e.g., online forms of ASB).  

The self-report method is widely used for measuring involvement in ASB. The 

goal of most multiple-item self-report measures is to combine information across a 
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series of questions to create a relatively small number of outcome or summary variables 

from the much larger pool of item responses. Osgood, McMorris, and Potenza (2002) 

highlight that the self-report method of combining information across multi-item 

measures has a number of benefits. First, a set of items can more completely represent 

a construct than any single item, and combining items can mitigate the contribution of 

extraneous information unique to any particular item. Second, aggregating information 

across items increases the reliability of a measure. Third, a larger set of items can better 

distinguish among individuals by providing a scale of measurement that is effectively 

continuous and contains greater variance. However, these benefits predominately only 

apply when examining a unifying construct that is reflected in the content of each item 

of a measure (Osgood et al., 2002). Research examining ASB that adopt multi-item 

self-report measures will therefore encounter difficulties by combining different items 

together, given the construct is multifaceted. 

The most common technique used to combine information across multi-item 

measures and create summary scores is summative scaling, where the sum or mean of 

a set of items represents an individual’s score on a measure. However, summative 

scaling is not always the best method for combining information on measures of ASB 

for a number of reasons, and this is described in detail by Osgood et al. (2002). At a 

broad level, summative scaling gives greatest weight to the least serious (and 

presumably least important) offences in a measure. This is due to the limited and 

skewed distributions of self-reports of offending, with the modal response to items 

being zero, and a substantial proportion of participants being at the absolute floor of a 

summed scale (Osgood et al., 2002). Items representing less serious forms of ASB are 

more likely to be endorsed, while few participants will endorse involvement in serious 

forms of ASB. In addition, factor-analytic approaches to structuring and combining 

information across multi-item measures also experience difficulties when applied to 

non-normally distributed data on engagement in ASB. Piquero, MacIntosh, and 

Hickman (2002) highlight that factor-analytic approaches fail to account for a) variation 

in latent trait distances between ordinal response categories; b) variation in the weight 

(i.e., seriousness) of particular items; and c) variation in the extent to which items and 

individuals exhibit significant misfit to an overall measure.  

Item response theory (IRT) is a statistical framework for combining scores on 

multi-item measures of ASB that addresses some of the problems with summative 

scaling methods (Osgood et al., 2002; Piquero et al., 2002; Raudenbush, Johnson, & 
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Sampson, 2003). IRT is a general framework for estimating the functional relationship 

between an underlying latent trait for an individual (i.e., ASB) and their responses on a 

set of item-level stimuli (i.e., a self-report survey). IRT is based on mathematical 

models that relate an individual’s responses to multiple items to positions on a 

continuous latent variable, in this case, ASB. The latent trait is assumed to underlie or 

drive observed item responses by individuals. In IRT, maximum likelihood scoring 

methods are typically used to estimate the position on the latent trait continuum that is 

most likely to have produced the observed item responses for an individual (for more 

detailed descriptions of IRT methods, see: Osgood et al., 2002; Raudenbush et al., 

2003). In the current context, IRT provides a method for forming composite scores for 

multi-item measures of ASB. 

Outlined in this chapter is the methodology and results relating to the 

development of a self-report measure of ASB for Australian youth using an IRT 

analytical approach. This instrument was designed to cover a spectrum of antisocial 

acts, ranging in seriousness, that could be partitioned into subcategories of ASB. The 

aim of the study was to document the development of a self-report measure and explore 

potential cross-sectional age-related changes in the participation in ASB during 

typically developing youth. First, based on theoretical perspectives (Burt, 2012; 

Tremblay, 2010) it was hypothesised that ASB will be best represented as a non-

unitary, multidimensional construct encompassing distinct categories of behaviour. 

Second, based on available evidence from other self-report studies of ASB (Farrington 

& Ttofi, 2014; Gilman et al., 2014; Kirk, 2006; Osgood et al., 2002; Piquero et al., 

2002; Raudenbush et al., 2003) and consistent with Moffitt’s developmental taxonomy 

(1993, 2006a) it was hypothesised that typically developing youth will self-report 

widespread and high levels of engagement in less serious forms of ASB, with minimal 

sex differences in the level of engagement. In relation to age-related changes in ASB 

during late adolescence, no specific hypotheses were posed, given that there is limited 

previous research examining age-related changes in specific subtypes of ASB during 

late adolescence for typically developing individuals.  

7.1 METHODS 

7.1.1 Selection of Items 

The aim was to develop a measure with items that both covered a wide range of 

behaviours ranging in seriousness and be representative of the most common forms of 
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antisocial acts committed by adolescents. To this end, a number of approaches were 

used to generate a list of items suitable to be included in the instrument. First, items 

from previously published instruments were considered, including the Australian Self-

Reported Delinquency Scale (Carroll et al., 1996; Mak, 1993), the Self-Reported 

Delinquency Scale (Elliott, Huizinga, & Ageton, 1985), the deviant behaviours utilised 

by Le Blanc and Bouthillier (2003) in their examination of a general deviance construct, 

and the Youth Risk Behavior Surveillance System (Brener et al., 2013). Second, 

unstructured interviews were held with a convenience sample of researchers, 

practitioners and academics in fields related to juvenile offending or working with 

youth, as well first-year university students. Interviewees were asked to describe 

common types of antisocial or criminal behaviours that youth aged from 17 to 22 years 

old may engage in.  

From these approaches a list of 92 items was compiled to include in the self-

report measure that were then grouped a-priori according to face content into eight 

subcategories of antisocial behaviour: general rule-breaking or delinquency; aggressive 

behaviour; vehicle-related; illicit substance-related; theft; property-related; technology-

related; and sexual-related. The 92 items and the subcategories they were grouped into 

are listed in Table 7.2, which also displays descriptive information for the scale items. 

The ASB categories were formed after generation of the scale items to reflect relatively 

mutually independent categorises of ASB of interest to the larger research questions. It 

is acknowledged that the items may be grouped according to multiple categories and 

that there may be some overlap of items across categories. 

For each scale item, two response categories were presented to participants: 1) 

whether they had ever engaged in the behaviour in their lifetime (binary yes/no); and 

2) how often they had engaged in that behaviour over the past 12 months (seven-point 

ordinal response scale ranging from “Never” to “More than six times”). These two 

options were created to obtain estimates of both lifetime prevalence (binary response) 

and recent frequency (ordinal response) of participation in the antisocial behaviours. 

The ordinal response scale was scored to provide an estimation of the frequency of 

engagement in each ASB behaviour represented by items.  

The reading ease score of the scale items was 74.5, representing 4.2 years of 

schooling required to easily comprehend the wording of items (Flesch, 1948). Creating 

easily readable scale items was important, given that individuals engaging in persistent 

ASB commonly exhibit marked verbal functioning difficulties (Ogilvie et al., 2011). 
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7.1.2 Participants 

 Participants were undergraduate university students between the ages of 17 and 

22 years recruited from a major metropolitan university in Brisbane, Queensland. 

Participants were recruited through a number of methods. First, psychology and 

criminology department students were recruited through course experiment 

participation pools, with these individuals receiving partial course-credit for their 

participation. Second, students in their second and third years of university study were 

approached through in-person advertisements and handing out information sheets for 

the research project during lectures. Third, the opportunity to participate was advertised 

on university-wide emails to students regarding research participation opportunities, as 

well as on course-specific online discussion boards. A response rate to the measure 

could not be calculated, given the varied methods of recruitment used (i.e., advertising 

on discussion boards, email lists), where the number of potential participants 

approached could not be determined. 

Participants were recruited across two phases: 1) questionnaire only; and 2) 

cognitive assessment data collection phases. For the questionnaire only phase, 211 

participants completed the ASB self-report only. The cognitive assessment data 

collection phase coincided with Studies Three and Four of the current research project 

(see Chapter Eight), and included 66 participants completing the ASB self-report only, 

and 127 participants completing the measure in conjunction with cognitive assessment. 

For those participants completing the self-report only during the cognitive assessment 

data collection phase, this was either a result of participants: a) being ineligible to 

participate in cognitive assessment (i.e., age quota for recruitment filled) or b) failing 

to present to a scheduled cognitive assessment session.  

Across the two phases of participant recruitment, a total of 537 responses to the 

measure were obtained, with 404 responses included in analyses due to participants 

either: a) not falling within the study age-range; b) completing the measure more than 

once; or c) not completing all items on the measure. Participants included 262 females 

(64.9%) and 142 males (35.1%). Participants had a mean age of 19.41 years (SD = 

1.51). Table 7.1 provides a summary of additional demographic characteristics of the 

sample. Of note, 12.4% of the sample reported a lifetime prevalence of being diagnosed 

with a mental illness, with females more likely to report a mental illness, χ2 (1, N = 404) 

= 5.75, p <.05. In addition, 9.7% reported previous official contact with the criminal 
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justice system (i.e., contact with police or courts), with males more likely to report such 

contact, χ2 (1, N = 404) = 10.75, p <.001. 

 

Table 7.1  

Demographic characteristics of the sample 

Variable Sex Total 
Percent 

χ2 † 
Female Male 

Total participants 
 

262 142   

Ethnicity      
Indigenous Australian 5 2 1.7 ns 
Caucasian  202 111 77.5  
Asian 26 15 10.1  
Other 
 

29 14 10.6  

Highest level of education     
Grade 10 8 4 3.0 ns 
Grade 12 213 118 81.9  
Undergraduate degree 21 8 7.2  
Postgraduate degree 1 1 0.5  
Diploma 17 10 6.7  
Other 
 

2 1 0.7  

Diagnosed mental illness 40 10 12.4 5.75* 
Substance use disorder 1 1 0.5  
Mood disorder 27 8 8.7  
Anxiety disorder 24 6 7.4  
Schizophrenia  1 0 0.2  
Personality 0 0 0.0  
Eating disorder 6 0 1.5  
Disorder diagnosed in childhood 1 1 0.5  
Other diagnosis  
 

0 1 0.2  

Head injury requiring hospitalisation 
 

17 15 7.9 ns 

Justice system contact 16 23 9.7 10.75** 
† Chi-square test examining differences in the distribution of sex across levels of each variable 
* p <.05 
** p <.001 
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7.1.3 Procedure  

The research was conducted in accordance with the National Statement on 

Ethical Conduct in Research involving Humans, and approval was obtained from the 

Griffith University Ethics Committee prior to commencing the study (Protocol 

Numbers PSY/20/11/HREC, PSY/23/11/HREC and PSY/07/12/HREC). All 

participants were provided with an information package describing the study aims and 

methods, and what participation would involve. Participants were instructed that 

completion of the questionnaire represented their consent to engage in the research. A 

copy of the information package and consent statement are provided in Appendix A. 

All potential participants were directed to complete the self-report measures 

through an online delivery format, completing the questionnaire privately in their own 

time. All participation was voluntary and anonymous, with no identifying information 

recorded. These approaches were adopted to facilitate open and honest responses to the 

ASB scale, given the sensitivity of the activities portrayed in the scale. It was not 

possible to calculate an accurate estimate of the average time taken by participants to 

complete the questionnaire. This was due to participants being able to initiate the 

questionnaire and return to complete it within a two-week timeframe, with the recorded 

time only ending once the questionnaire was complete.  

7.1.4 Analytical Strategy 

After constructing and administering the measure, there were five stages to the 

analytical strategy leading to the construction of composite scores for different 

categories of ASB. First, initial item screening was conducted to examine the 

distribution of responses to each item as well as the reliability (i.e., internal consistency) 

of responses collapsed over each ASB category. Second, descriptive analyses using 

summative scoring methods were conducted to examine lifetime prevalence (i.e., 

binary responses) and 12-month frequency (i.e., ordinal responses) of self-reported 

offending separated by ASB category. Third, analyses were conducted to assess the 

suitability of scale items for IRT analyses (i.e., assessing unidimensionality), which 

included estimating a series of factor-analytic models for each ASB category. Factor-

analytic models were estimated using the fa function in the psych package (Revelle, 

2017) for R (R Core Team, 2017). Fourth, latent scores for each ASB category were 

constructed using both graded response model (Samejima, 1969) and generalised 

partial credit model (Muraki, 1992) approaches to IRT. The mirt (Chalmers, 2012) 
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package for R (R Core Team, 2017) was used to estimate IRT models for the ordinal 

item responses (i.e., 12-month frequency), with a separate model estimated for each 

category of ASB. Finally, average composite scores for each age and ASB category 

were estimated from the IRT models to examine possible age-related changes of 

engagement in ASB during late adolescence. 

7.2 RESULTS 

7.2.1 Initial Item Screening 

For the lifetime participation binary response, all 92-scale items except one (i.e., 

“Stolen a car to sell it”) were endorsed with a “yes” by at least one participant. 

Similarly, for the 12-month frequency responses, all items except “Taken part in a 

robbery” and “Stolen a car to sell it” received at least one endorsement by a participant. 

Examination of the distributions of the 12-month frequency response categories for 

items indicated that in general, item responses were highly positively skewed, with 

participants’ modally reporting low levels of involvement in most antisocial activities, 

suggestive of a floor effect for most items. There were a smaller number of items that 

were highly negatively skewed with most participants reporting high levels of 

involvement, suggesting a possible ceiling effect (i.e., “Sworn at others or called them 

names”, “Been late for work”, “Drunk alcohol”, “Drunk alcohol in a public place”, 

“Binge drinking”, and “Download copyrighted material”). It appears that these ceiling 

effect items represented minor or less serious forms of antisocial behaviour. Taken 

altogether, there was significant variation across items in relation to response 

distributions, with this potentially reflecting variation in the seriousness of antisocial 

activities that each item represented.  

Descriptive information for scale items grouped by the eight categories of ASB 

is displayed in Table 7.2, including Cronbach’s alpha internal consistency estimates for 

categories of items. As a general guide, internal consistency is considered excellent for 

Cronbach’s alpha values above .90, good for values above .80, acceptable for values 

above .70, questionable for values below .70, poor for values below .60, and 

unacceptable for values below .50 (Cortina, 1993). Cronbach’s alpha estimates 

indicated that internal-consistency was acceptable to good for items within each 

antisocial category except for vehicle-related (poor consistency), and technology- and 

sexual-related categories (unacceptable consistency). 
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Table 7.2  

Descriptive information for scale items 

Category and item Lifetime 
participation 

rate (%) 

12 month prevalence Cronbach’s 
Alpha 

  Mean SD Mode Skewness Binary Ordinal 
Status / general delinquency / rule breaking      .84 .88 

Disrupted people's games/work 51.0 1.02 1.69 0 1.79*   
Permanently changed the way you look 60.9 0.86 1.36 0 1.90*   
Disrupted colleagues 28.7 0.92 1.83 0 1.91*   
Fired from work or university 8.4 0.05 0.26 0 6.60*   
Talked back impolitely 21.3 0.38 1.12 0 3.61*   
Sworn at others or called names 81.4 3.09 2.53 6 0.01   
Not completed class or work tasks 75.2 2.13 2.21 0 0.67*   
Teased or made fun of someone else 73.3 2.13 2.30 0 0.69*   
Watched an R rated film 80.2 2.53 2.31 0 0.44*   
Not paid proper fee 55.4 1.07 1.78 0 1.80*   
Been late for work 91.8 3.26 2.07 6 0.01   
Missed a day of work without excuse 80.2 2.55 2.22 0 0.39*   
Done something against caregivers will 84.7 2.28 2.25 0 0.58*   
Tricked or pranked 40.1 0.46 1.22 0 3.21*   
Made abusive phone calls 13.1 0.15 0.68 0 6.10*   
Been warned by police but not arrested 20.8 0.16 0.58 0 5.64*   
Appeared in court 5.4 0.04 0.20 0 5.79*   
Told a lie 98.3 4.11 2.09 6 -0.54*   
Deliberately spread rumours 20.3 0.26 0.89 0 3.99*   
Lied to have a sickie 74.3 1.86 2.03 0 0.89*   
Carry a weapon 6.7 0.14 0.80 0 6.60*   
Suicide attempt 10.1 0.11 0.56 0 7.09*   
Go without eating 39.1 0.85 1.73 0 2.15*   
Gambling 56.4 1.83 2.29 0 0.89*   
Cheated on exam or assignment 36.4 0.49 1.16 0 3.03*   
Self-harming 26.7 0.47 1.38 0 3.24*   
Discrimination 26.7 0.75 1.74 0 2.27*   
Accept gifts and go with strangers 19.6 0.32 1.02 0 3.90*   
Run away from home 10.9 0.11 0.72 0 7.29*   
Stay out past curfew 43.3 0.98 1.97 0 1.83*   
Encourage others to break rules 51.7 1.16 1.82 0 1.53*   
Lied to caregivers whereabouts 74.3 1.98 2.31 0 0.76*   
Encouraged others to hurt someone 11.4 0.26 1.04 0 4.48*   

Aggression      .75 .82 
Hit pushed punched or slapped someone 61.1 0.96 1.64 0 2.02*   
Deliberately hurt or beat up someone 17.1 0.21 0.86 0 5.27*   
Taken part in group fist fight 6.4 0.11 0.75 0 7.40*   
Used a weapon in a fight 2.5 0.03 0.34 0 15.25*   
Used forced to get money or property 3.7 0.06 0.44 0 9.48*   
Physical abuse toward partner 11.9 0.25 0.97 0 4.68*   
Beat someone up who did nothing to you 2.5 0.02 0.31 0 17.78*   
Thrown objects at people 9.7 0.13 0.78 0 6.82*   
Deliberately hurt animal 4.7 0.07 0.60 0 9.49*   
Deliberately hit caregivers 7.7 0.07 0.50 0 9.52*   
Deliberately hit siblings 43.1 0.67 1.49 0 2.42*   
Verbally or physically threaten someone 34.9 0.67 1.57 0 2.52*   
Physical force to dominate 14.9 0.33 1.19 0 4.01*   

Vehicle-related      .68 .66 
Driven vehicle without licence 22.8 0.35 1.17 0 3.84*   
Drunk driving 20.0 0.30 0.96 0 4.03*   
Taken vehicle without permission 4.2 0.04 0.41 0 11.32*   
Joyride in stolen car 2.2 0.03 0.36 0 11.60*   
Driven at high speeds 59.4 2.36 2.56 0 0.46*   
Raced other vehicles 17.8 0.35 1.08 0 3.56*   
Driven in unregistered vehicle 9.9 0.11 0.58 0 7.53*   
Ride in vehicle without seatbelt 50.0 1.24 1.99 0 1.47*   
Ride without helmet 64.4 1.39 2.20 0 1.32*   

Substance use      .80 .79 
Sniffed substance on purpose 8.4 0.09 0.61 0 7.72*   
Drunk alcohol 91.1 4.72 2.12 6 -1.34*   
Drunk alcohol in unlicensed place 69.8 2.97 2.69 6 0.04   
Smoked cigarettes 46.3 1.68 2.49 0 1.00*   
Used cannabis 41.6 1.28 2.12 0 1.44*   
Used amphetamines 19.1 0.51 1.47 0 3.02*   
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Used other hard drugs 1.5 0.06 0.54 0 10.21*   
Push or sold drugs 8.9 0.16 0.79 0 5.87*   
Binge drinking 70.8 3.43 2.71 6 -0.29*   

Theft      .72 .70 
Shoplifted 21.5 0.24 1.01 0 4.93*   
Stolen $50 or more 11.9 0.11 0.64 0 7.45*   
Stolen less than $50 22.5 0.26 0.97 0 4.57*   
Broken into premises with intention of 
stealing 

2.5 0.01 0.13 0 11.86*   

Cheated on machines 15.6 0.16 0.63 0 5.20*   
Bought used or sold something stolen 15.8 0.17 0.74 0 5.97*   
Stolen employer property 6.7 0.09 0.55 0 8.46*   
Taken part in robbery 0.7 0.00 0.00 0 -   
Stolen from bicycle 1.2 0.02 0.31 0 18.70*   
Stolen from car or motorbike 2.0 0.02 0.31 0 17.47*   
Stolen car to sell it 0.0 0.00 0.00 0 -   

Property      .72 .81 
Deliberate destruction of things that don't 
belong to you 

31.2 0.30 0.97 0 4.48*   

Deliberately messed up other's property 10.9 0.11 0.70 0 7.35*   
Set fire to property 3.0 0.02 0.21 0 11.49*   
Deliberately damaged public property 13.1 0.17 0.74 0 5.59*   
Deliberately damage work property 2.2 0.04 0.44 0 12.83*   
Graffiti in public spaces 21.0 0.19 0.76 0 5.12*   
Entered premises without permission 34.9 0.46 1.19 0 3.06*   
Deliberately damaged property in own home 15.3 0.15 0.67 0 6.12*   

Technology-related      .55 .47 
Download copyrighted material 67.1 2.98 2.76 6 0.03   
Cyber-bullying 14.9 0.23 0.98 0 5.08*   
Impersonate online 25.0 0.51 1.42 0 3.01*   
Hacked personal accounts 22.5 0.51 1.43 0 3.03*   

Sexual-related      .48 .48 
Unprotected sex 52.0 1.88 2.50 0 0.84*   
Viewed pornography 70.3 2.77 2.66 0 0.20   
Have sex for means 2.2 0.04 0.42 0 11.77*   
Force sex 0.5 0.02 0.31 0 17.78*   
Sexting 47.5 1.59 2.32 0 1.11*   

* p <.05 

 

7.2.2 Descriptive Summative Analyses  

 Conventional summative scoring methods were applied to the continuous 12-

month frequency scale responses. Participants’ item responses were summed within 

each ASB category as well as overall across all items to produce a total summative 

score for the scale. Mean frequency density histograms for summed responses for each 

ASB category and overall were produced (see Figure 7.1) to examine the distribution 

of summed individual responses. Inspection of these frequency density histograms 

confirmed that for each ASB category, the summed self-report frequency of 

engagement in these behaviours was positively skewed and left-censored (i.e., 

individuals generally reporting low levels of engagement in ASB). However, further 

inspection of the frequency histograms suggested that not all ASB categories were 

similarly distributed. For example, the frequency of self-report substance-related ASB 

appeared more normally distributed than other forms of ASB (but was still significantly 

positively skewed), suggesting that some of the behaviours captured by the subscale 

were more common among participants.  
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Figure 7.1. Density distributions of self-reported frequency of involvement in antisocial behaviour over the last 12 months. 
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Responses for the 12-month frequency items were summed according to the 

eight ASB categories, with descriptive information displayed in Table 7.3. All mean 

summed subscale category distributions were significantly positively skewed, and all 

subscale categories except sexual exhibited significant kurtosis. Except for the 

categories of general rule breaking, substance and total, the mode frequency of self-

reported engagement in ASB was zero over the last 12-months. On examination of 

participant summed responses for ASB categories, it was evident that a proportion of 

individuals were reporting no engagement in any of the behaviours depicted in the ASB 

categories over the last 12-months, although this proportion varied across ASB 

category. For example, 48.0% of participants reported no engagement in aggressive 

behaviours over the last 12 months, compared to 75.2% of participants reporting no 

engagement in theft behaviours over the past 12 months.  These descriptive findings 

are consistent with other ASB self-report findings derived from summative scaling 

methods, where the distribution of responses are typically left censored and the majority 

of participants reporting low levels of engagement in ASB (Osgood et al., 2002).  

There were significant sex differences in the mean summed scale scores for 

some ASB categories, with males self-reporting a higher mean frequency of vehicle, 

F(1, 402) = 5.99, p < .05, !"#   = .02, property, F(1, 402) = 5.70, p < .05, !"#   = .01,  

technology, F(1, 402) = 4.18, p < .05, !"#   = .01, and sexual, F(1, 402) = 8.76, p < .05, 

!"#   = .02, ASB over the last 12 months. These findings could be considered consistent 

with some previous findings, whereby males have been found to self-report a higher 

level of engagement in some ASB (Junger-Tas & Haen Marshall, 1999). However, 

more importantly there were no significant sex differences for general rule-breaking, 

aggressive, substance and theft ASB categories, as well as the combined total ASB 

scale score. This finding could be considered consistent with Moffit’s (1993, 2006a) 

assertion that overall, there will be few sex differences in ASB for typically developing 

youth.  
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Table 7.3  

Descriptive information for summed 12-month frequency antisocial behaviour scale 
categories 

Category  Number 
of items 

Mean  
(SD) 

Min Max Mode % zero 
responses 

Skewness Kurtosis F† 

  Male Female        
General rule 
breaking 
 

33 40.25 
(25.61) 

37.89 
(24.09) 

0 162 16 0.2 1.19* 2.08* ns 

Aggressive 
 
 

13 4.51 
(8.95) 

3.05 
(5.95) 

0 60 0 48.0 4.13* 22.32* ns 

Vehicle 
 
 

9 7.31 
(7.55) 

5.58 
(6.36) 

0 42 0 24.5 1.85* 4.84* 5.99* 

Substance 
 
 

9 14.37 
(10.71) 

15.18 
(10.42) 

0 48 18 8.9 0.45* -0.24* ns 

Theft 
 
 

11 1.26 
(4.08) 

0.99 
(2.72) 

0 38 0 75.2 5.77* 47.60* ns 

Property 
 
 

8 2.07 
(5.22) 

1.08 
(3.08) 

0 41 0 68.3 5.73* 41.89* 5.70* 

Technology  
 
 

4 4.85 
(4.37) 

3.91 
(4.41) 

0 24 0 32.4 1.29* 2.09* 4.18* 

Sexual 
 
 

5 7.41 
(5.05) 

5.71 
(5.72) 

0 30 0 19.8 0.74* -0.09 8.76** 

Total 92 82.01 
(55.42) 

73.39 
(48.86) 

0 402 35 0.2 1.93* 7.12* ns 

† Series of one-way ANOVAs examining sex mean differences for each category mean summed scale 
score, df = (1, 402). 
* p <.05. ** p <.01 
 

 Spearman’s bivariate correlations were calculated to examine the associations 

among the eight mean summed ASB category 12-month frequency responses, and are 

displayed in Figure 7.2. Spearman’s rank-order correlations were calculated given the 

ASB variables were not normally distributed. All mean summed ASB categories were 

significantly positively correlated with each other (all correlations significant at p <.01), 

suggesting that they were associated with a general underlying antisocial behaviour 

construct. 
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Figure 7.2. Spearman’s nonparametric correlation plot for mean summed 12-month 

frequency antisocial behaviour category scores. 
Note. Significance at p < .01 shaded according to the magnitude of correlation, non-significant 

correlations left unshaded. 
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F(1, 392) = 2.39, p = ns, !"#  = .01, and there was no significant interaction between age 

and sex, F(5, 392) = 0.40, p = ns, !"#  = .01. There was a significant main effect of age 

on antisocial behaviour, F(5, 392) = 4.38, p <.001, !"#  = .05, which a trend analysis 

indicated was due to a linear trend of increasing lifetime participation in ASB with age, 

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1Ag
gre
ssi
ve

Ve
hic
le

Su
bs
tan
ce

Th
eft

Pro
pe
rty

Te
ch
olo
gy

Se
xu
al

General

Aggressive

Vehicle

Substance

Theft

Property

Techology

0.58 0.62

0.41

0.45

0.23

0.37

0.4

0.28

0.39

0.32

0.53

0.35

0.43

0.31

0.48

0.44

0.33

0.31

0.26

0.27

0.38

0.47

0.3

0.41

0.42

0.32

0.27

0.37



 168 

F(1, 398) = 15.24, p <.001. Post-hoc pairwise comparisons (using a Bonferonni 

multiple comparison adjustment) of ASB participation between ages indicated there 

were significant differences between ages 17 and 22 (p <.01), 18 and 22 (p <.05) and 

20 and 22 (p <.01). Overall, the mean number of distinct types of antisocial behaviours 

engaged in increased linearly with age, with older participants on average self-reporting 

engagement in a larger number of distinct types of antisocial behaviour over their 

lifetimes. 

 
Figure 7.3. Mean number of distinct self-reported antisocial behaviours engaged in 

across age (lifetime participation) with standard error bars. 

 

Twelve-month frequency by age. The total frequency of self-reported 

participation in antisocial behaviour over the last 12-months was also summed for each 

participant and averaged for each age and sex, and graphically represented in Figure 

7.4. A two-way between subjects ANOVA examining the 12-month mean frequency of 

antisocial behaviours by age and sex was conducted, with each sex and age from 17 to 

22 years representing a between-subjects factor level (i.e., two factor levels of sex and 

six factor levels of age). There was no significant main effect of age, F(5, 392) = 1.16, 

p = ns, !"#  = .01, and no significant interaction effect for sex and age, F(5, 392) = 0.23, 

p = ns, !"#  < .01. The main effect for sex approached significance, F(1, 392) = 2.76, p 
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< .10, !"#  = .01, with a trend toward males on average self-reporting a higher 12-month 

frequency of involvement in ASB compared to females.  

 
Figure 7.4. Mean frequency of total self-reported antisocial behaviour engaged in 

over the last 12-months across age with standard error bars. 

7.2.3 Item Response Theory Models 

IRT models are equations that map the magnitude of a latent trait to probabilities 

for responses to items within a scale (Osgood et al., 2002). In the IRT analytical 

approach, graded response (GRM) and generalised partial credit (GPCM) models are 
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“set fire to property”) and these items were excluded from further analyses, leaving a 

total of 86 items. It is possible that the excluded items represented more serious and 

less common forms of ASB, and therefore were less likely to be endorsed. 

Unidimensionality. IRT models are underpinned by an assumption that scale 

items relate to a unidimensional latent construct, and that there are no other 

relationships among the observed items other than those explained by the underlying 

latent trait (Stout, 1990). While there are no direct tests to assess unidimensionality, the 

presence of a dominant factor in the data is generally taken as support of the assumption 

(Stout, 1990). Factor-analytic fit indices for single-factor solutions are argued to 

provide adequate information to assess the underlying assumption of unidimensionality 

(Stout, 1990). The most common goodness of fit indices include the Comparative Fit 

Index (CFI) and the Tucker Lewis Index (TLI), where values range from 0 to 1, with 

values above .95 and .90 indicating excellent and acceptable fits, respectively (Hu & 

Bentler, 1999). The most common residual fit index is the root mean squared error of 

approximation (RMSEA), which is a chi-squared-based index of model fit. Lower 

values represent a better fit of the model to the data, with values of 0.01, 0.05 and 0.08 

indicating excellent, good and mediocre fits, respectively (MacCallum, Browne, & 

Sugawara, 1996), and a value of 0.10 can be used as a cut-off for a poor fitting model. 

A series of single-factor solution exploratory factor analyses were conducted 

for each ASB category using the minimum residual method with no rotation applied to 

examine unidimensionality. Given the non-normally distributed nature of responses 

across scale items, Spearman’s nonparametric bivariate correlations among items 

within each ASB category were used to estimate the factor models. Initial models were 

estimated for each ASB category to first examine the factor loadings items on a single 

factor. Items with low factor loadings of below .30 (representing about 10% 

overlapping variance with other items loading on a factor) were examined for potential 

removal. Items with low factor loadings to a single factor were evident within all ASB 

categories except property (see Table 7.4). Single-factor solutions for each category 

were re-estimated after removing items with factor loadings below .30. However, 

removing these items resulted in minimal improvements in overall model fit to the data, 

and also resulted in too few items being available to estimate stable solutions for the 

technology and sexual ASB categories. Therefore, low-loading items were retained in 

analyses across all ASB categories.   
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Table 7.4  

Single-factor solution factor loadings and fit indices to assess unidimensionality for antisocial behaviour categories 

Category/Item Factor loading CFI TLI RMSEA R-Squared1 Proportion 
Variance2 

Status / general delinquency / rule breaking  .71 .69 .06 .88 .18 
Disrupted people's games/work 0.41      
Permanently changed the way you look 0.25      
Disrupted colleagues 0.35      
Talked back impolitely 0.32      
Sworn at others or called names 0.45      
Not completed class or work tasks 0.48      
Teased or made fun of someone else 0.49      
Watched an R rated film 0.34      
Not paid proper fee 0.47      
Been late for work 0.40      
Missed a day of work without excuse 0.43      
Done something against caregivers will 0.60      
Tricked or pranked 0.42      
Made abusive phone calls 0.40      
Been warned by police but not arrested 0.25      
Told a lie 0.46      
Deliberately spread rumours 0.51      
Lied to have a sickie 0.55      
Carry a weapon 0.21      
Suicide attempt 0.28      
Go without eating 0.36      
Gambling 0.30      
Cheated on exam or assignment 0.39      
Self-harming 0.28      
Discrimination 0.36      
Accept gifts and go with strangers 0.32      
Run away from home 0.32      
Stay out past curfew 0.52      
Encourage others to break rules 0.66      
Lied to caregivers whereabouts 0.62      
Encouraged others to hurt someone 0.44      

Aggression  .63 .55 .13 .81 .23 
Hit pushed punched or slapped someone 0.50      
Deliberately hurt or beat up someone 0.67      
Taken part in group fist fight 0.57      
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Used a weapon in a fight 0.58      
Used forced to get money or property 0.38      
Physical abuse toward partner 0.21      
Beat someone up who did nothing to you 0.46      
Thrown objects at people 0.42      
Deliberately hurt animal 0.40      
Deliberately hit caregivers 0.25      
Deliberately hit siblings 0.33      
Verbally or physically threaten someone 0.60      
Physical force to dominate 0.57      

Vehicle  .86 .81 .07 .71 .20 
Driven vehicle without licence 0.51      
Drunk driving 0.50      
Taken vehicle without permission 0.21      
Joyride in stolen car 0.19      
Driven at high speeds 0.41      
Raced other vehicles 0.50      
Driven in unregistered vehicle 0.48      
Ride in vehicle without seatbelt 0.56      
Ride without helmet 0.51      

Substance use  .68 .58 .18 .83 .32 
Sniffed substance on purpose 0.27      
Drunk alcohol 0.59      
Drunk alcohol in unlicensed place 0.60      
Smoked cigarettes 0.66      
Used cannabis 0.72      
Used amphetamines 0.60      
Used other hard drugs 0.29      
Push or sold drugs 0.47      
Binge drinking 0.69      

Theft  .72 .61 .14 .75 .25 
Shoplifted 0.55      
Stolen $50 or more 0.65      
Stolen less than $50 0.62      
Cheated on machines 0.34      
Bought used or sold something stolen 0.52      
Stolen employer property 0.28      
Stolen from bicycle 0.50      
Stolen from car or motorbike 0.45      

Property  .86 .79 .11 .75 .29 
Deliberate destruction of things that don't belong to you 0.58      
Deliberately messed up other's property 0.66      
Deliberately damaged public property 0.66      
Deliberately damage work property 0.42      
Graffiti in public spaces 0.48      
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Entered premises without permission 0.50      
Deliberately damaged property in own home 0.38      

Technology-related  1 1 .00 .71 .30 
Download copyrighted material 0.27      
Cyber-bullying 0.44      
Impersonate online 0.79      
Hacked personal accounts 0.56      

Sexual-related  .83 .67 .10 .59 .19 
Unprotected sex 0.51      
Viewed pornography 0.41      
Have sex for means 0.26      
Force sex 0.22      
Sexting 0.66      

* p <.05 
CFI = Comparative Fit Index (incremental measure of fit); RMSEA = Root Mean Square Error of Approximation (absolute measure of residual fit); TLI = Tucker-Lewis 
Index (incremental measure of fit). 
Items with factor loadings >.30 shaded. 
1 Multiple R-squared factors and factor score estimates. 
2 Proportion of variance accounted for by a single factor solution. 
 
  



 174 

Table 7.4 displays the fit indices for single-factor solution factor analyses for 

ASB categories. Single factor models accounted for between 19 to 32% of the variance 

in item responses across the ASB categories. RMSEA values ranged from .00 to .18, 

with values above .10 indicating a poor model fit. CFI values ranged from .63 to 1, and 

TLI values ranged from 0.55 to 1, with values below .90 indicating poor model fit. As 

mentioned, removal of items with low loadings and re-estimation of models did little 

to improve single-factor model fit. Overall, model fit indices at best indicated that 

single-factor solutions for each ASB category only approached adequacy. Single factor 

model fit appeared poor for the aggression, substance and theft ASB categories, 

suggesting that there may have been secondary or multiple latent traits subsumed within 

these categories.  

However, it may be argued that the eight single-factor solution models for ASB 

categories were able to demonstrate ‘essential unidimensionality’. Essential 

unidimensionality can be defined as a scale that measures a dominant latent variable 

with secondary minor latent variables (Stout, 1990). Strict adherence to a stringent level 

of unidimensionality in conducting IRT analyses may not be feasible for real-world 

data sets, where responses to observed items are often multidimensional. It is argued 

that IRT methods are robust to minor to moderate violations of local independence, 

given data can be demonstrated to be “unidimensional enough” (Harwell, Stone, Hsu, 

& Kirisci, 1996; Hattie, Krakowski, Rogers, & Swaminathan, 1996).  

Model Estimation: Discrimination Parameters and Item Thresholds. 

Unidimensional IRT models were estimated for each of the eight ASB categories. IRT 

model parameters for scale items were estimated using both Graded Response Model 

(GRM; Samejima, 1969) and Generalised Partial Credit Model (GPCM; Muraki, 1992) 

approaches. Both GRM and GPCM are IRT approaches that were designed to examine 

scales with polytomous response formats (i.e., more than two response categories). The 

two model estimation approaches were adopted to examine which modelling approach 

provided a better fit to the data.  

After estimation of initial GRM and GPCM models, individual scale items were 

assessed for goodness of fit using the S-X2 item fit index (Kang & Chen, 2008; Orlando 

& Thissen, 2000, 2003). The S-X2 index could not be calculated for eight items (i.e., 

“Used a weapon in a fight”, “Beat someone up who did nothing to you”, “Used other 

hard drugs”, “Stolen from bicycle”, “Stolen from car or motorbike”, “Deliberately 

damage work property”, “Have sex for means”, and “Force sex”), due to not enough 
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degrees of freedom being available to calculate the index. This was a result of too few 

endorsements of certain response categories within these items (e.g., almost all 

participants selecting “Never”), leading to very little variation across response 

categories within the items identified. On face value, these items appeared to represent 

more serious and/or less prevalent forms of ASB. There were 11 items with significant 

(i.e., p <.05) S-X2 values indicating poor item fit, including: “Disrupted colleagues”, 

“Lied to have a sickie”, “Lied to caregivers about whereabouts”, “Taken part in group 

fist fight”, “Used force to get money or property”, “Deliberately hurt an animal”, 

“Sniffed substance on purpose”, “Drunk alcohol in unlicensed place”, “Binge 

drinking”, “Stolen $50 or more”, and “Drunk driving”. The 19 items with significant 

S-X2 values or where the index could not be calculated were excluded, resulting in 67 

items being available for further analyses. 

GRM and GPCM models were re-estimated using the remaining 67 items of the 

ASB scale. There were no significant differences between GRM and GPCM approaches 

in relation to overall model fit across the ASB categories. Table 7.5 displays item 

discrimination parameters, item thresholds and goodness-of-fit statistics for the final 

GRM and GPCM models estimated for each ASB category. Discrimination parameters 

(a) indicate how strongly associated an item is to the latent trait being examined by a 

scale, similar to item factor loadings in factor analysis. Items with high discrimination 

are better able to distinguish levels of the latent trait, where small differences in the 

latent trait result in large changes in the probability of endorsing an item.  

The threshold parameters (b1 and b2) indicate the level of the latent trait at which 

the probability of endorsing one choice switches to the next choice (i.e., b1 represents 

switching from “Never” to “1-3 times”; and b2 represents switching from “1-3 times” 

to “4 or more times”). For the current scale, b1 represents the value of the latent trait at 

which a respondent will report engaging in the behaviour depicted by the item “1-3 

times” over the past 12-months.  Similarly, b2 represents the value of the latent trait 

when a respondent will report engaging in the behaviour “4 or more times” over the 

past 12-months. Higher initial threshold values are likely to represent less common 

and/or serious forms of ASB, while lower initial threshold values are likely to represent 

more common and less serious forms of ASB (Osgood et al., 2002). For example (taken 

from Table 7.5), the initial threshold is greater than 2 for the “Physical abuse toward 

partner” item, while it is less than 1 for the “Disrupted peoples’ games/work” item, with 
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the latter being a less serious form of ASB. Taking a face content perspective in 

examining individual scale items, the IRT modelling process appeared to effectively 

place greater weight on more serious forms of ASB, and less weight on more trivial 

forms of ASB. In the current context, ASB seriousness was equivalent to a low 

endorsement rate for an item, while lower seriousness was equivalent to a high 

endorsement rate for an item.  
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Table 7.5  

Item response theory final model parameters for antisocial behaviour scale categories  

Category/Item Graded Response Model Parameters Generalised Partial Credit Model Parameters 
       

Status / general delinquency / rule breaking 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Disrupted people's games/work 1.04 0.54 2.54 0.83 0.94 2.02 
Permanently changed the way you look 0.51 0.78 5.29 0.43 1.34 4.11 
Talked back impolitely 1.07 1.89 3.57 0.86 2.51 2.39 
Sworn at others or called names 1.21 -1.06 0.23 0.81 -0.50 -0.34 
Not completed class or work tasks 1.17 -0.63 1.20 0.86 -0.32 0.98 
Teased or made fun of someone else 1.29 -0.48 0.98 0.93 -0.09 0.66 
Watched an R rated film 0.72 -1.43 1.26 0.52 -0.94 0.77 
Not paid proper fee 1.04 0.50 2.43 0.81 0.94 1.90 
Been late for work 0.89 -2.56 0.40 0.73 -2.34 0.23 
Missed a day of work without excuse 0.85 -1.40 0.97 0.61 -1.03 0.60 
Done something against caregivers will 1.54 -0.67 0.84 1.20 -0.49 0.69 
Tricked or pranked 1.21 1.51 3.09 0.97 1.99 2.26 
Made abusive phone calls 1.89 2.03 3.57 1.76 2.17 2.97 
Been warned by police but not arrested 0.81 2.87 6.92 0.82 2.91 4.77 
Told a lie 1.36 -2.51 -0.36 1.16 -2.34 -0.49 
Deliberately spread rumours 2.16 1.58 2.66 1.84 1.77 2.27 
Carry a weapon 1.09 3.34 4.23 0.81 4.87 1.52 
Suicide attempt 1.21 2.85 4.42 1.00 3.46 2.81 
Go without eating 0.83 1.28 2.98 0.61 2.31 1.65 
Gambling 0.58 -0.11 2.18 0.42 1.26 0.75 
Cheated on exam or assignment 1.05 1.48 3.70 0.89 1.83 2.88 
Self-harming 0.79 2.53 3.86 0.52 4.65 1.30 
Discrimination 1.00 1.68 2.56 0.65 3.44 0.59 
Accept gifts and go with strangers 1.00 2.19 4.17 0.78 2.87 2.86 
Run away from home 1.57 2.78 3.55 1.23 3.57 1.99 
Stay out past curfew 1.44 1.08 1.69 0.95 2.24 0.46 
Encourage others to break rules 2.19 0.35 1.42 1.77 0.52 1.27 
Encouraged others to hurt someone 2.05 1.81 2.49 1.64 2.24 1.74 

 Overall Model Fit: Log Likelihood -7282.30  Log Likelihood -7274.27 
  AIC 14732.59  AIC 14716.55 
  BIC 15068.71  BIC 15052.67 
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Aggression 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Hit pushed punched or slapped someone 2.37 0.35 1.71 2.14 0.41 1.65 
Deliberately hurt or beat up someone 3.21 1.49 2.38 2.86 1.59 2.23 
Physical abuse toward partner 1.27 2.28 3.34 0.99 3.10 1.89 
Thrown objects at people 1.56 2.70 3.38 1.14 3.75 1.70 
Deliberately hit caregivers 1.96 2.52 3.62 1.75 2.77 2.79 
Deliberately hit siblings 1.34 1.21 2.35 0.97 1.87 1.60 
Verbally or physically threaten someone 2.49 0.97 1.72 1.86 1.26 1.45 
Physical force to dominate 4.46 1.39 1.83 3.55 1.53 1.69 

 Overall Model Fit: Log Likelihood -1256.03  Log Likelihood -1251.21 
  AIC 2560.05  AIC 2550.42 
  BIC 2656.09  BIC 2646.45 
       

Vehicle 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Driven vehicle without licence 1.90 1.58 2.46 1.50 1.77 2.36 
Taken vehicle without permission 1.10 4.20 5.39 0.92 5.20 2.26 
Joyride in stolen car 1.50 3.63 4.28 1.06 5.11 1.81 
Driven at high speeds 0.80 -0.26 0.94 0.75 0.86 -0.36 
Raced other vehicles 1.81 1.51 2.47 1.52 1.83 1.89 
Driven in unregistered vehicle 2.29 2.03 3.04 1.84 2.31 2.57 
Ride in vehicle without seatbelt 1.60 0.47 1.48 1.10 0.97 1.01 
Ride without helmet 1.65 0.48 1.28 0.82 1.50 0.56 

 Overall Model Fit: Log Likelihood -1577.46  Log Likelihood -1585.52 
  AIC 3202.91  AIC 3219.05 
  BIC 3298.95  BIC 3315.08 
       

Substance use 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Drunk alcohol 2.06 -1.66 -0.91 1.86 -1.25 -1.13 
Smoked cigarettes 2.60 0.43 0.81 1.58 1.08 0.18 
Used cannabis 3.20 0.45 1.13 2.35 0.63 0.98 
Used amphetamines 3.06 1.24 1.72 2.27 1.55 1.37 
Push or sold drugs 5.41 1.72 2.20 7.73 1.66 2.06 

 Overall Model Fit: Log Likelihood -1098.90  Log Likelihood -1101.27 
  AIC 2227.80  AIC 2232.54 
  BIC 2287.82  BIC 2292.56 
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Theft 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Shoplifted 2.43 1.79 2.46 1.79 2.21 1.94 
Stolen less than $50 3.25 1.43 2.26 3.36 1.45 2.08 
Cheated on machines 1.03 2.71 4.96 0.92 3.08 3.31 
Bought used or sold something stolen 1.40 2.26 3.77 1.14 2.71 2.77 
Stolen employer property 1.60 2.67 3.79 1.37 3.09 2.57 

 Overall Model Fit: Log Likelihood -562.32  Log Likelihood -561.77 
  AIC 1154.64  AIC 1153.54 
  BIC 1214.66  BIC 1213.56 
       

Property 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Deliberate destruction of things that don't belong to you 2.12 1.39 2.74 1.90 1.51 2.46 
Deliberately messed up other's property 3.61 1.95 2.55 2.96 2.14 2.31 
Deliberately damaged public property 3.71 1.60 2.47 3.12 1.72 2.34 
Graffiti in public spaces 2.16 1.77 3.00 1.89 1.95 2.63 
Entered premises without permission 2.09 1.16 2.23 1.70 1.39 1.94 
Deliberately damaged property in own home 1.49 2.25 3.80 1.28 2.58 2.92 

 Overall Model Fit: Log Likelihood -731.49  Log Likelihood -728.31 
  AIC 1498.97  AIC 1492.63 
  BIC 1571.00  BIC 1564.65 
       

Technology-related 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Download copyrighted material 0.71 -0.68 0.23 0.41 2.23 -2.67 
Cyber-bullying 1.60 2.13 3.00 1.16 2.88 1.92 
Impersonate online 3.97 1.09 1.68 3.16 1.21 1.56 
Hacked personal accounts 1.84 1.34 2.13 1.31 1.90 1.47 

 Overall Model Fit: Log Likelihood -921.62  Log Likelihood -924.40 
  AIC 1867.24  AIC 1872.81 
  BIC 1915.26  BIC 1920.82 
       

Sexual-related 
a 

Discrimination  
b1  

1-3 times 
b2  

4 or more times 
a 

Discrimination 
b1  

1-3 times 
b2  

4 or more times 
Unprotected sex 1.08 0.23 1.08 0.71 1.54 -0.24 
Viewed pornography 0.83 -0.67 0.54 0.56 0.79 -0.91 
Sexting 3.74 0.28 0.85 2.26 0.50 0.68 
 Overall Model Fit: Log Likelihood -1161.88  Log Likelihood -1160.95 
  AIC 2341.75  AIC 2339.90 
  BIC 2377.76  BIC 2375.92 
       

a = Discrimination parameter; b Threshold parameters 
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Figure 7.5. Total test information curves for each antisocial behaviour scale category.
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Figure 7.5 displays the total test information curves for each ASB category, 

which were calculated by averaging the information curves for the items within each 

ASB category. These test information curves illustrate the average amount of 

“psychometric information” (denoted as I(θ)) that the items within each ASB category 

measure across levels of the latent trait (denoted as theta [θ]). Theta can be read as a 

standard deviation unit, with higher values representing a greater magnitude of the 

underlying latent trait. The more serious and less frequent the ASB represented by 

items, the higher the range of θ for which the measure is most informative. As the total 

test information curves indicate in Figure 7.5, the measure provided most information 

at about θ  = +2.0 across all ASB categories. This suggests that the measure was good 

at distinguishing individuals with moderate to high levels of ASB across the behaviour 

categories, but was not very good at distinguishing individuals with low levels of ASB. 

Therefore, the measure does not provide much insight into the individuals who lie at 

the lower ends of the ASB latent trait continuum.  

7.2.4 Composite Scores 

 To construct a composite score for each participant for each of the ASB 

categories, factors scores (a.k.a., ability estimates) were derived from the final GRM 

model of the reduced pool of 67 scale items, using the expected a-posteriori (EAP) for 

summed scores method (Thissen, Pommerich, Billeaud, & Williams, 1995). Mean ASB 

category composite factor scores across age and separated by sex are displayed 

graphically in Figure 7.6.  

A series of two-way between-subjects ANOVAs were conducted to examine 

potential sex (two levels) and age (six levels) differences in mean composite factor 

scores for each ASB category (see Table 7.6). There were no significant interaction 

effects for age and sex across the ASB categories. There were significant main effects 

of sex for the vehicle, F(1, 392) = 7.02, p <.01, !"#	= .02, property, F(1, 392) = 7.94, p 

<.01, !"#	= .02 and sexual, F(1, 392) = 7.85, p <.01, !"#	= .02 ASB categories, with 

males exhibiting higher mean composite scores for these categories. Male and female 

levels of ASB appeared largely equivalent for general, aggressive, substance, theft and 

technology ASB categories. 

There were significant main effects of age for general, F(5, 392) = 2.44, p <.05, 

!"#	= .03, and property, F(5, 392) = 2.70, p <.05, !"#	= .03 ASB categories. Trend 

analyses indicated that the main effect of age for general ASB appeared to be best 
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accounted for by a non-linear 5th-order trend, F(1, 398) = 3.10, p <.05, while the main 

effect of age for property-related ASB appeared to be best accounted for by a non-linear 

cubic trend, F(1, 398) = 4.00, p <.01. These results suggest that there were non-linear 

changes in the latent traits across age for these ASB categories (see Figure 7.6 for 

illustration).  

Examination of effect sizes (!"#) from the ANOVA analyses (see Table 7.6) 

highlighted that the effect sizes for age and sex were small across all ASB composite 

scores, including those significant main effects. This suggests that age and sex only 

accounted for a small amount of variance in ASB composite scores, and that other 

variables may better explain individual variation in ASB for the sample and age-range 

studied. 
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Table 7.6  

Factorial analysis of variance results examining the effects of age and sex on mean 
composite factor scores for antisocial behaviour categories 

Source SS df MS F Partial η2 
General      

Sex  0.25 1 0.25 0.31 >.01 
Age 10.20 5 2.04 2.44* .03 
Sex x Age 0.36 5 0.07 0.09 >.01 
Error 327.18 392 0.84   

Aggressive      
Sex  0.86 1 0.86 1.40 >.01 
Age 2.38 5 0.48 0.77 .01 
Sex x Age 1.22 5 0.25 0.40 .01 
Error 242.02 392 0.62   

Vehicle      
Sex  4.02 1 4.02 7.02** .02 
Age 4.13 5 0.83 1.44 .02 
Sex x Age 1.58 5 0.32 0.55 .01 
Error 224.36 392 0.57   

Substance       
Sex  0.01 1 .01 0.01 >.01 
Age 6.90 5 1.38 1.84 .02 
Sex x Age 2.37 5 0.47 0.63 .01 
Error 294.03 392 0.75   

Theft      
Sex  0.01 1 0.01 0.01 >.01 
Age 1.09 5 0.22 0.57 .01 
Sex x Age 0.73 5 0.15 0.38 .01 
Error 150.35 392 0.38   

Property      
Sex  3.68 1 3.68 7.94** .02 
Age 6.24 5 1.25 2.70* .03 
Sex x Age 1.62 5 0.32 0.70 .01 
Error 181.66 392 0.46   

Technology      
Sex  1.13 1 1.13 2.59 .01 
Age 4.08 5 0.82 1.87 .02 
Sex x Age 1.18 5 0.24 0.54 .01 
Error 170.96 392 0.44   

Sexual      
Sex  4.21 1 4.21 7.85** .02 
Age 4.81 5 0.96 1.79 .02 
Sex x Age 2.56 5 0.51 0.95 .01 
Error 210.27 392 0.54   

* p <.05, **p <.01 
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Figure 7.6. Mean composite factor score line plots across age and separated by sex for each antisocial behaviour category.  
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7.3 DISCUSSION 

Described in this study was the development of a self-report measure of ASB to 

examine the nature and extent of engagement in ASB among typically developing 

adolescents during late adolescence. The aim was to develop a scale that encompassed 

a wide range of behaviours varying in seriousness, and that could be partitioned into 

meaningful subtypes or categories of ASB for further analyses. An IRT methodological 

approach was adopted to address the limitations of traditional summative scaling 

methods, given IRT approaches have previously exhibited promise in constructing self-

report measures of ASB (Osgood et al., 2002; Piquero et al., 2002; Raudenbush et al., 

2003). Support for both hypotheses was found, with ASB being represented as a 

multidimensional construct, and the typically developing sample self-reporting 

engagement in a wide range of less serious forms of ASB, with minimal sex-related 

differences. These findings will be elaborated within the current discussion. 

 There remain a limited number of studies that have focused solely on examining 

samples representative of typically developing youth, with the current findings 

providing some insight into the ASB of this group in an Australian context. Results 

clearly indicated that some level of engagement in ASB appears to be common for the 

sample of typically developing youth studied, suggesting such behaviour may be 

relatively normative. All participants reported at least some involvement in ASB across 

their lifetimes, and this is consistent with other studies utilising self-report measures of 

ASB and deviance in the general population (Elliott & Huizinga, 1983; Huizinga & 

Elliott, 1986; Piquero et al., 2002). Engagement in ASB appeared to be wide-ranging, 

with young people self-reporting engagement in a varied range of behaviours (e.g., 

substance-, property-, and theft-related).  

Examining traditional summative scale method findings, it was evident that 

older participants on average self-reported engagement in a larger number of distinct 

types of antisocial behaviour as they aged. This may simply be explained by older 

participants experiencing more time and opportunity to engage in ASB compared to 

younger individuals. In examining the average 12-month frequency (i.e., incidence) of 

engagement in ASB, there were no significant differences across the ages studied. It is 

possible that the age-range of 17 to 22 years represents a period of development where 

participation in ASB is relatively stable. Further research is needed to explore whether 

the incidence of self-reported participation in ASB changes as individuals progress 
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through adulthood. The mean summed ASB subscales were moderately to highly 

correlated (r ranging from .23 to .62), and this suggested that although ASB may be a 

multidimensional construct, the dimensions of ASB are strongly related to a general 

underlying ASB construct. This finding parallels current theorising on the construct of 

EF, which is popularly conceptualised as a collection of highly correlated but separable 

cognitive skills and abilities (Miyake & Friedman, 2012). 

A major finding of the current study was that there were significant variations 

in participants’ responses to items, and this was argued to largely reflect variation in 

the seriousness of the behaviours each scale item represented. Item-level examination 

of the ASB scale indicated that participants were more likely to self-report lifetime 

involvement in and a higher 12-month frequency of engagement in less serious forms 

of ASB. More serious forms of ASB were less likely to be endorsed by participants. 

However, all items apart from one (i.e., “Stolen a car to sell it”) included in the initial 

scale were endorsed at least once at the lifetime prevalence level, including some of the 

most serious behaviours (e.g., “Beat up someone who did nothing to you”, “Taken part 

in a robbery”). This suggested that even among a largely typically developing sample 

of later adolescents, there is a small group of individuals who self-reported involvement 

in more serious forms of ASB.  

 From a methodological perspective, the current results were consistent with the 

findings of other self-report investigations into ASB (Huizinga & Elliott, 1986; Krohn, 

Thornberry, Gibson, & Baldwin, 2010; Moffitt & Silva, 1988; Piquero et al., 2002), in 

that participant responses to the scale items were not normally distributed, being 

positively skewed through participants modally reporting low levels of involvement in 

most forms of ASB. These characteristics were carried through traditional summative 

scoring methods, with summed scale scores for categories of ASB also being highly 

skewed and not normally distributed.  

As an important methodological finding associated with the first hypothesis, 

efforts to check for assumptions of unidimensionality for IRT analyses strongly 

suggested that ASB was a multidimensional construct that could be separated into 

meaningfully distinct but related subcategories. This highlights the importance of 

considering potential heterogeneity in ASB when constructing a self-report measure. 

Factor-analytic studies clearly indicate that there are separable but correlated 

dimensions within the broader construct of ASB (Burt, 2012). Some of the a-priori ASB 
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categories (i.e., grouped according to face content) utilised for the current study 

appeared to provide a poor fit to the data as unidimensional constructs, including the 

substance, aggression and theft ASB categories. It was likely that this result was due to 

items tapping into multiple or secondary ASB traits within the broader ASB category, 

and highlighting that further fractionation of the construct may be necessary. For 

example, items within the aggression ASB category could be further fractionated into 

reactive vs. instrumental forms of aggression. As an additional example, items within 

the substance ASB category may be further divided into legally regulated (e.g., 

cigarette and alcohol use) and illegal (e.g., using amphetamines) forms of substance 

use. Overall, poor model fit suggests that other conceptual categorisation schemes 

might fit the data better (e.g., aggressive-nonaggressive (Burt, 2012), destructive-

nondestructive and overt-covert (Tremblay, 2010) distinctions). Future studies should 

examine how other categorisation schemes may be used to better reflect the underlying 

multidimensional structure of ASB measured by the scale. This may include both 

exploratory and confirmatory factor analytic approaches.  

 The IRT approach adopted for the current study provided a method of 

combining information across scale items that accounted for variation in the seriousness 

of individual items. On face value, the modelling approach appeared to effectively 

weight more serious forms of ASB. It is important to note that in this context, lower 

levels of item endorsement effectively equate to higher seriousness, and vice versa. 

However, this may not always been the case, where an item may be highly endorsed, 

but represent a serious form of ASB. An example for the current measure was “Driving 

at high speeds”, which was endorsed regularly, and may be argued to be a serious form 

of ASB, given the behaviour has the potential to cause significant harm. This is a 

methodological issue that needs to be taken into account in constructing self-report 

measures of ASB. 

The IRT approach allowed for the construction of composite scores to reflect 

underlying ASB traits. The IRT analyses indicated that the scale was able to distinguish 

individuals engaging in moderate to serious levels of ASB, but was unable to provide 

detailed information about the large proportion of individuals engaging in low levels of 

ASB. This was the case despite an attempt to include less serious forms of ASB in the 

scale, as suggested by Osgood et al. (2002). Future developments of the scale could 

include antisocial samples (i.e., youth convicted of criminal offences) to examine how 
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responses may differ to typically developing youth and determine the sensitivity of the 

scale in differentiating individuals with higher levels of antisocial latent traits. 

 Largely consistent with the second hypothesis, there were minimal sex-related 

differences in self-reported engagement in ASB for the typically developing sample. 

There was a trend for males to exhibit a greater propensity (i.e., higher latent trait) to 

engage in some categories of antisocial behaviour examined, with this being 

statistically significant for vehicle, property and sexual ASB categories. However, it is 

important to highlight that sex differences were small, as evidenced by small effect 

sizes. This finding supports the assertion made by Moffitt (1993, 2006a) that for 

typically developing youth (i.e., AL offenders) there will be few sex-differences in ASB 

engagement. 

Despite greater male involvement in antisocial activity being one of the most 

consistently established criminological findings, the current findings highlighted that 

the dominance of male involvement in ASB was not consistent across all subcategories 

of ASB. The current findings indicated that female self-reported involvement in ASB 

largely paralleled the self-reports of males, with no significant differences in mean 

composite scores for general, aggressive, substance, theft and technology ASB 

categories. At a summative scale level, there were no significant sex differences in the 

self-reported frequency of involvement in general, aggressive, vehicle, substance and 

theft ASB categories. Taking the latent trait and summative scale results together, it 

appeared that the female propensity to engage in ASB was much closer to the male 

propensity than expected, and this was consistent with small effect sizes detected for 

sex differences. This appears to be a somewhat novel finding, given most studies, using 

both official records and self-report, typically find higher levels of male engagement in 

ASB. However, there is some evidence to suggest that sex differences in ASB are less 

pronounced when assessed using self-report measures (Canter, 1982). 

 The finding that males did not always demonstrate a greater propensity to 

engage in ASB may be due to a number of factors. First, the inclusion of less serious 

forms of ASB in the self-report measure that females could be more likely to engage in 

may have reduced any sex differences. Sex differences may only emerge or be more 

pronounced for more serious forms of ASB. Additionally, the lack of consistency in 

sex differences may be an artefact of the sample studied, whereby sex differences may 

be less pronounced in a typically developing sample, and/or during the age period 

studied. Consistent with this possibility, Moffitt (2006a) highlights that sex differences 
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in ASB are less pronounced for AL offending behaviour, but become pronounced for 

more LCP offending. Further, it was possible that the use of a self-report method was 

more accurately able to detect ASB committed by females when compared to official 

records (e.g., arrests, court appearances). In this situation, female ASB may be less 

likely to come to the attention of authorities, while male ASB is more likely be detected.  

Examination of latent trait composite scores indicated that there were age-

related differences for some antisocial latent trait categories. Significant non-linear 

changes across age were observed for general and property ASB latent traits, which 

suggested that there were some age-related changes in the propensity to engage in 

certain forms of ASB during later adolescence. The failure to find more extensive age-

related changes in the propensity to engage in ASB was likely to be largely a result of 

the restricted age-range examined. The age range represented in the current study was 

likely to cover the peak period of engagement in ASB of typically developing youth.  

Future research is needed to examine the extent to which involvement in ASB 

for typically developing youth may potentially negatively impact their developmental 

outcomes, or alternatively, whether these individuals are able to participate in these 

behaviours without serious negative outcomes. Further ongoing research questions may 

also relate to whether these behaviours are developmentally transient (i.e., largely 

occurring during adolescence and early adulthood) or whether they persist into 

adulthood, and to what extent. Additionally, further research with the current measure 

would be beneficial in comparing self-reported ASB for typically developing youth 

with a sample of known young offenders, including examination of whether the 

measure is accurately able to distinguish between these two groups of youth. 

A comment regarding the sample and the generalizability of results is 

warranted. It is acknowledged that the sample was entirely consisted of university 

students, and these individuals may not best represent a typically developing group of 

youth  It is possible that they are more likely to represent a well educated and upper-

middle class sample of youth. The impact of sample unrepresentiveness on the findings 

will be discussed in greater detail in the general discussion detailed in Chapter Eleven. 

 Overall, a scale was developed to measure participation in subtypes of ASB 

for typically developing later adolescent youth. Composite scores derived from IRT 

models were retained for further analyses documented in Chapter Ten. 
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Chapter 8: Methods for Studies Three and 
Four 

The remaining two studies shared the same method, which is presented in the current 

chapter. Study Three (Chapter Nine) examined the development and structure of EF 

during late adolescence through cognitive assessment methods, while Study Four 

(Chapter Ten) examined the potential links between EF and ASB during late 

adolescence through cognitive assessment and self-report methods. The method for 

these studies relates to the recruitment of participants, study design, the measures 

employed, procedure, and data management. However, different analytical processes 

and methods were used for these studies, and these are described later in the 

corresponding chapters. 

8.1 PARTICIPANTS  

The final sample that completed both cognitive assessment and the self-report 

measure of ASB consisted of 129 older adolescent and young adults (62 males). An 

age-stratified cross-sectional sample was constructed with relatively equal numbers of 

participants for each sex and age between 17-22 years. Each age was treated as a group 

of participants, making six age groups. An a-priori power analysis was conducted to 

estimate the total number of participants required using the G*Power software (Faul, 

Erdfelder, Buchner, & Lang, 2009; Faul, Erdfelder, Lang, & Buchner, 2007). Assuming 

the use of a two-way ANOVA (i.e., two levels of sex and six levels of age group) 

statistical test and a modest effect size (F = 0.35), it was estimated that about 130 

participants would be required to ensure adequate statistical power to detect potential 

age and sex group differences in EF. Based on this estimated sample size, it was 

determined that about ten participants of each sex would be needed for each age to 

achieve adequate power. The final sample size approached this minimum desired 

sample size to ensure adequate statistical power.  

All participants were recruited from a major metropolitan university in 

Brisbane, Queensland. Participants were recruited through a number of methods. First, 

students were recruited through course experiment participation pools. Second, 

students in their second and third years of university study were approached through 
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in-person advertisements and handing out information sheets for the research project 

during lectures. Third, the opportunity to participate was advertised on university-wide 

emails to students regarding research participation opportunities, as well as on course-

specific online discussion boards. All participants were compensated for their 

participation with a single movie voucher, which also functioned as a motivational 

incentive for one of the risk-taking measures (i.e., the Balloon Analogue Risk Task 

[BART]) and will be described subsequently. In addition, all participants recruited from 

course experiment participation pools (N = 107) received partial course credit for their 

participation. 

To be eligible for participation, individuals were required to demonstrate 

proficiency in the English language (i.e., 10 or more years of education with English as 

the instructional language), have normal or corrected to normal vision and hearing, not 

be colour blind, and have an estimated full-scale IQ of 70 or above according to the 

Wechsler Abbreviated Scales of Intelligence (WASI), First Edition (Psychological 

Corporation, 1999). Three individuals were excluded from participation due to fewer 

than 10 years of English language education. One individual chose to withdraw from 

participation prior to starting cognitive assessment when informed the assessment 

session would take about two hours to complete, believing this would be overly 

fatiguing. These four individuals were removed from the final sample of 129 

participants.  

Parental occupation was used as a proxy for socioeconomic status (SES), and 

was classified according to the Australian and New Zealand Standard Classification of 

Occupations (ANZSCO; ABS, 2009). Using this classification, parental occupation 

(both mother and father) was rated from 1 to 9, with higher numbers representing higher 

skilled employment, and therefore presumably higher SES. The occupation rating for 

both parents was summed to create a proxy measure of SES, which could range from 1 

to 18. The mean SES rating for the entire sample was 10.91 (SD = 4.56), suggesting the 

sample reflected a largely middle-class group of individuals. There was no significant 

difference across age groups for mean SES rating, F (5, 122) = 1.77, p = ns.  

Table 8.1 summarises the basic demographic characteristics of the sample. 

There were no significant differences across age groups in sex ratio, χ2 (5, N = 129) = 

1.96, p = .86. The sample was predominately Caucasian, with a Grade 12 level of 

education. In addition, 6.2% of the sample reported a lifetime prevalence of being 

diagnosed with a mental illness (no significant gender difference, χ2 (1, N = 129) = 0.01, 
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p = .93), and 8.2% reported previous official contact with the criminal justice system 

(i.e., contact with police or courts), with no significant gender difference, χ2 (1, N = 

129) = 2.84, p = .09. 

 
Table 8.1  

Participant demographic characteristics for studies three and four 

Age Group N (%) Sex 
Male : Female 

SES 
M (SD) 

17 23 9 :14 10.39 (4.34) 
18 23 12 : 11 11.96 (4.28) 
19 26 14 : 12 12.64 (3.50) 
20 22 11 : 11 9.64 (4.23) 
21 20 8 : 12 9.55 (5.77) 
22 15 8 : 7 10.87 (4.98) 

Total 129   
  N (%)  

 Gender   
 Male 62 (48.1)  
 Female 67 (51.9)  

    
 Ethnicity   

 Indigenous 1 (0.8)  
 Caucasian 93 (72.1)  
 Asian 14 (10.9)  
 Other 21 (16.3)  

    
 Highest level of education   

 Grade 10 3 (2.3)  
 Grade 12 106 (82.2)  
 Diploma 11 (8.5)  
 Undergraduate 6 (4.7)  
 Other 3 (2.4)  

    
 Mental health diagnosis 8 (6.2)  
    
 Head injury 3 (2.3)  
    
 Official justice system 

contact 
11 (8.5)  

8.2 DESIGN  

 Studies Three and Four employed a cross-sectional and correlational design to 

examine age differences in EF and ASB respectively, as well as potential patterns of 

relationships among other important variables (e.g., risk-taking, impulsivity, sensation 

seeking). 

8.3 MEASURES 

 The assessment battery consisted of performance-based measures of EF, 

general intellectual functioning and risk-taking tasks. In addition, self-report 

questionnaires of ASB and other constructs associated with risk-taking and ASB (i.e., 

impulsivity, sensation seeking, ADHD symptoms/traits, approach sensitivity) were 
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included. The measures used in the assessment battery are summarised in Table 8.2 and 

explained in detail below. 

 

Table 8.2  

Summary of measures used in the assessment battery 
Domain Specific Ability Measure Outcome Measures 

Executive Function Response inhibition CANTAB SST Proportion of successful stops; 
SSRT; direction errors; 
median correct reaction time 
on go trials 
 

  D-KEFS Stroop 
 

Inhibition time; 
inhibition/switching time; 
inhibition and 
inhibition/switching total 
errors 
 

 Working memory and strategy use 
 

CANTAB SWM Total errors; strategy score 

 Rule acquisition and attentional set 
shifting 

CANTAB IED Stages completed; Total errors 
(adjusted for number of stages 
completed) 
 

 Impulse control and risky decision 
making  
 

CANTAB CGT Quality of decision-making; 
risk-taking; risk adjustment; 
delay aversion; deliberation 
time; overall proportion bet 
 

 Verbal fluency  D-KEFS Verbal 
Fluency 
 

Letter fluency total correct; 
category fluency total correct; 
category switching total 
correct; total repeat errors; 
total set loss errors  
 

 Shifting and updating  D-KEFS Trail Making  
 

Number-letter sequencing 
time; letter-number switching 
total errors 
 

 Planning D-KEFS Tower 
 

Total achievement score; total 
rule violations 
 

Intellectual 
functioning 

Crystallised Intelligence  WASI Vocabulary Full scale IQ 

 Fluid Intelligence  WASI Matrix 
Reasoning  
 

 

Risk-Taking Risk-taking behaviour Balloon Analogue 
Risk Task 

Total explosions; total money 
earned; total pumps; average 
adjusted pumps 
 

 Sensation seeking Zuckerman Sensation 
Seeking Questionnaire 
(modified 6-item 
scale) 
 

Total sensation seeking 
average score 

 Impulsivity  Barratt Impulsiveness 
Scale, Version 11 
 

Total impulsiveness score; 
attentional, motor and non-
planning impulsiveness 
subscales 
 

 Approach sensitivity  BIS/BAS Sensitivity 
  

BIS; BAS drive; BAS fun 
seeking; BAS reward 
responsiveness 
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ADHD Attention-Deficit/Hyperactivity traits Connors 3 Self-Report 
Short 
 

Inattention; 
hyperactivity/impulsivity; 
learning problems; 
defiance/aggression; 
peer/family relations 

Antisocial Behaviour  Self-Report of 
Antisocial Behaviour  

General delinquency, 
aggression, vehicle, substance, 
property, technology and 
sexual sub categories 
 

Notes. ADHD = Attention-Deficit/Hyperactivity Disorder; BIS/BAS = Behavioural Inhibition/Activation Scales; CANTAB = 
Cambridge Neuropsychological Test Automated Battery; CGT = Cambridge Gambling Task; D-KEFS = Delis-Kaplan Executive 
Function System; IED = Intra/Extradimensional Set Shift; SSRT = Stop Signal Reaction Time; SST = Stop Signal Task; WASI = 
Wechsler Abbreviated Scales of Intelligence. 
 

8.3.1 Executive Function.  

To obtain a comprehensive assessment of EF performance across a range of EF 

abilities, both the Cambridge Neuropsychological Test Automated Battery (CANTAB) 

and the Delis-Kaplan Executive Function System (D-KEFS) were used. The use of the 

CANTAB and D-KEFS for the assessment of EF offers several benefits that will aid in 

addressing a number of methodological limitations regarding the assessment of EF in 

the empirical literature. Many previous studies have not used well-validated measures 

of EF, and generally assess a limited range of EF abilities, which is problematic given 

that EF is a multidimensional construct (Fuster, 2001). The use of a single EF test 

cannot be argued to provide a comprehensive assessment of the construct (Seguin, 

2004). The failure to use well-validated and comprehensive measures of EF abilities 

has resulted in a lack of measurement sensitivity and specificity in previous studies to 

produce conflicting results (Seguin, 2004). Most importantly, the CANTAB and D-

KEFS provide a consistent and standardised method of administration, removing 

potential biases in administration. Furthermore, due to the extensive empirical literature 

underlying the development and use of the CANTAB and D-KEFS, the cognitive 

functions assessed by the batteries are more readily linked to potential neural substrates. 

Both batteries also provide a means of assessing a wide range of cognitive abilities in 

a relatively short period of time. The CANTAB is not dependent on verbal skills, which 

is important given that antisocial populations often present with attentional problems 

and language deficits (Snow, Powell, & Sanger, 2012; Waschbusch, 2002).   

Cambridge Neuropsychological Test Automated Battery. CANTABeclipse™ 

version three (Cambridge Cognition, 2006) was used for the current studies, and it 

consists of 22 non-verbal tests of memory, attention and EF that have demonstrated 

high construct and content validity, and test-retest reliability in a wide variety of clinical 

populations (Fray, Robbins, & Sahakian, 1996; Luciana, 2003; Robbins et al., 1998). 
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The battery has been used widely in research to assess dimensions of EF among clinical 

and normative samples (Robbins et al., 1998). The computerised delivery of the 

CANTAB combined with the verbal administration scripts for each task contribute to 

improved efficiency and standardisation in conducting assessment. Measures used from 

the CANTAB included the Stop Signal Task (SST), Spatial Working Memory (SWM), 

Intradimensional/Extradimensional set shift (IED), and the Cambridge Gambling Task 

(CGT). All CANTAB tasks were administered according to the standardised 

procedures and scripts set out in the manual.  

Stop signal task. The SST is a measure of stop signal response inhibition and 

assesses an individual’s ability to inhibit a prepotent response. The SST requires 

individuals to respond using a two-button press-pad to a visual stimulus presented on 

screen, consisting of an arrow pointing to the left or to the right within a white ring (see 

Figure 8.1). Participants are instructed to press the left-hand button when presented 

with a left-hand arrow, and press the right-hand button when presented with a right-

hand arrow. They are also instructed to respond as fast as possible to the stimuli using 

the press-pad, but, if they hear an auditory signal (i.e., a beep), they are instructed to 

withhold a response and not press any button (i.e., inhibit a prepotent response). A set 

of 16 practice trials without an auditory signal are presented first, to establish a learned 

motor response and familiarise the participant with the press pad. Participants then 

complete five assessment blocks, with each block containing 64 trials. For each trial a 

white ring is displayed on the screen 500ms prior to the presentation of the arrow, to 

orient the participant. A new trial is initiated by the response to the previous trial, except 

for stop trials that do not require a response, after which a new trial advances 

automatically. Feedback is provided for incorrect left/right judgements, with the word 

“wrong” appearing on the screen briefly. No feedback is provided for correct responses 

or commission errors (i.e., pressing a button) on stop trials. After each assessment block 

a feedback screen is displayed, showing participants their progress. They are 

encouraged to continue responding as quickly as they can, while also attempting to stop 

when they hear the auditory stop signal.  

 



 196 

 
Figure 8.1. Example computer display from the Stop Signal Task. 

 

Within each assessment block, 25% of trials are paired with an auditory stop 

signal. For stop trials, the onset of the auditory stop signal is varied dynamically by the 

computer using staircase functions to establish the point where an individual is able to 

successfully inhibit a response on 50% of the trials. The primary measures of the SST 

included the proportion of successful stops and stop signal reaction time (SSRT) for the 

last half of trials. SSRT reflects the latency of the internal response to the stop signal, 

or in other words, the time to “stop” or inhibit a response. Supplementary outcome 

measures of SST included direction errors (i.e., when the wrong direction button was 

pressed) and median correct reaction time on go trials.  

Spatial working memory task. The SWM is a self-ordered task that assesses an 

individual’s ability to retain and manipulate spatial information in working memory. 

Participants are presented with a screen of coloured boxes (number of boxes increase 

over trials) and instructed to find a number of blue tokens hidden behind them (see 

Figure 8.2). The boxes are arranged in apparently arbitrary locations on the screen, 

although these locations are predetermined and consistent across all administrations of 

the task. Participants are instructed to locate all of the tokens, which will be hidden one 

at a time. Once a token has been found behind a box, no other token will be found under 
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that box again during that trial. A token is located behind each box through a process 

of elimination, where participants are asked to locate all of the tokens while also 

avoiding looking under boxes where they have already found a token. The number of 

boxes to be searched is increased incrementally from three boxes (practice trials) to 

four boxes, six boxes, and finally eight boxes, with four trials presented at each level 

of difficulty (making 12 test trials in total). Efficient performance on the SWM is 

achieved through maintaining and updating working memory about the locations of 

boxes where tokens have already been found. 

 

 
Figure 8.2. Example computer display from the Spatial Working Memory task.  
 

 The colour and position of the boxes is changed across each of the 12 trials to 

minimise the use of stereotyped searched strategies. Each trial is completed once a 

token has been found behind each box on the display, and there is no time limit for 

completing each trial. Between- and within-search errors are recorded for each 

participant on across all trials. Between-search errors occur when a participant returns 

to a box where a token has already been found, while within-search errors occur when 

a participant returns to a box that has already been searched and found empty. Total 

errors (within and between search errors) was used as a primary outcome measure of 
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the efficiency of working memory on the SWM. There is no upper limit to the number 

of errors that can be made, given it is possible to search the same boxes multiple times 

and the test is always continued to the point of completion. A measure of search strategy 

is also used to assess working memory efficiency on the SWM, and relates to the degree 

to which a participant employs a consistent search strategy to search the boxes. 

Intra/extradimensional set shift task. The IED is a test of rule acquisition and 

reversal, and is considered to assess attentional set formation, and the maintenance, 

shifting, and flexibility of attention. Participants are presented with a pair of simple 

stimuli that each consists of two dimensions (i.e., a colour-filled shape and white line, 

see Figure 8.3). The stimuli can appear in any of the four boxes on the screen and their 

location will change for each trial. Participants are required to learn which of the stimuli 

is correct by selecting stimuli and receiving feedback from the computer about whether 

their choice is right or wrong. The initial choice is made at random, and feedback 

following each trial indicates whether a correct choice has been made. For correct 

choices, the word “correct” is displayed at the centre of the screen in green, while for 

incorrect responses the word “wrong” is displayed at the centre of the screen in red. 

Once a learning criterion is reached (i.e., six consecutive correct responses), 

contingencies are altered so that the participant must then learn the new rule for 

selecting correct stimuli. After the rule is changed, individuals begin to receive 

feedback that their previously correct choice is now incorrect.  
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Figure 8.3. Example computer display from the Intra/Extradimensional Set Shift task. 
 

During the task, the dimensions used for correct selections change, and 

participants must alter their responses to adjust for this. Initially, correct choices involve 

discriminating between two coloured shapes, with participants learning to select one 

shape over the other via feedback provided by the computer. Once this selection rule 

has been learned, the rule is reversed making the other shape the correct choice, which 

is referred to as an intra-dimensional shift (stages 1 to 7 of the task). White lines are 

subsequently added to the display at stage 3, first appearing beside the coloured shapes 

and subsequently being overlaid on the coloured shapes. The white lines are irrelevant 

to the task during stages 3 to 7, requiring participants to successfully ignore distracting 

and irrelevant information to complete these stages. In the final stages of the task 

(stages 8 and 9), the selection rule is changed as the white lines become the relevant 

selection dimension. This rule change is referred to as an extra-dimensional shift, with 

the participant being required to determine that the previous dimension that served as a 

distractor and ignored as irrelevant information (i.e., white lines) are now relevant to 

the selection of correct stimuli. In addition, the participant must also successfully shift 

or disengage from the strategy or mental set of selecting coloured shapes as the 

selection criteria.  
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The test is discontinued if a participant is unable to discern the selection rule 

within 50 trials of any stage. There a number of outcome measures for the IED, 

including shifting ability (i.e., stages completed) and total adjusted errors. Shifting 

ability is assessed using the total number of stages completed, ranging from 1 to 9 

stages, with a higher number representing a greater shifting ability. Total adjusted errors 

is calculated by adjusting for the total number of stages completed (i.e., adding 25 errors 

for each stage not attempted), since participants who do not complete all the stages have 

less opportunity to make errors. This value corresponds to half of the maximum errors 

per stage (i.e., 50) to represent errors expected with performance at chance level. Total 

adjusted errors therefore ranged from 0 to 255, and may provide a more sensitive 

measure of shifting ability given that participants with poorer shifting ability may 

require more trials to determine the selection rule, despite a stage being successfully 

completed.  

Cambridge Gambling Task. The CGT is a measure of decision-making and risk-

taking behaviour in the context of reward, making it a measure of hot EF as described 

in Chapter Three. Participants are presented with a row of ten boxes across the top of 

the screen, some of which are red and some of which are blue (see Figure 8.4). The 

proportion of red and blue boxes changes across trials, and participants are instructed 

to guess what colour box a token will be hidden behind. Participants are first presented 

with a practice block consisting of four trials: three of tokens being hidden behind the 

most likely option (i.e., colour with the highest proportion of boxes), and one of tokens 

being hidden behind the less likely option (i.e., colour with the lowest proportion of 

boxes). For the gambling blocks, participants start with an initial stake of 100 points 

and are asked to attempt to make as many points as possible by guessing the correct 

colour box a token is hidden behind for each trial. After guessing which colour box a 

token is hidden behind, participants then must bet a proportion of their points depending 

on their level of confidence with their guess. The stakes are presented one at a time, 

either in ascending or descending order, based on values equal to 5%, 25%, 50%, 75% 

and 95% of their current points. Participants complete 4 blocks of nine trials for both 

ascending and descending stakes conditions, making 72 trials in total. Blocks are 

discontinued if the points reach 0 or 1. The order of presentation of ascending and 

descending blocks was alternated across participants.  

 



 201 

 
Figure 8.4. Example computer display from the Cambridge Gambling Task. 

 

The CGT separates risk-taking from delay aversion (i.e., impulsivity), given an 

individual must wait in the ascending stakes condition to make a risky bet, and must 

wait in the descending stakes condition to make a safer bet (Manes et al., 2002). There 

are a number of outcome measures available for the CGT that assess different aspects 

of decision making. First, a quality of decision-making measure is calculated by the 

proportion of trials in which a participant selects the more likely option, with scores 

ranging from 0 to 1 and higher scores representing a better quality of decision-making. 

Delay aversion provides a measure of the ability to delay responses and is calculated 

by subtracting the mean proportion of points bet on ascending trials from the mean 

proportion of points bet on descending trials, with scores ranging from -.90 to .90. 

Higher delay aversion scores represent a greater aversion to delay and greater 

impulsivity in responding. The risk-taking score represents the mean proportion of 

points gambled on trials where the most likely outcome was chosen, with higher scores 

representing greater risk-taking. Deliberation time represents the mean time from 

presentation of coloured boxes to the participant’s choice of which colour to bet on, 

with shorter times representing greater impulsivity in decision-making. Overall 
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proportion bet represents the mean proportion of the points total the participant was 

willing to risk on each gamble trial, with higher scores representing greater risk-taking. 

Delis-Kaplan Executive Function System. The D-KEFS (Delis et al., 2001) is 

a well validated battery of tasks designed to assess multiple cognitive processes 

associated with EF. Measures used from the D-KEFS included verbal fluency, trail 

making (TMT), colour-word interference, and the tower task. All D-KEFS tasks were 

administered according to procedures and scripts outlined in the manual for the battery.  

Verbal fluency task. Verbal fluency measures an individual’s ability to generate 

words fluently, in an effortful, phonemic format (letter fluency), from overlearned 

concepts (category fluency), and while simultaneously shifting between overlearned 

concepts (category switching). The D-KEFS verbal fluency test consists of three 

conditions: letter fluency, category fluency and category switching. For the letter 

fluency condition, participants are required to generate as many words as possible that 

begin with a particular letter (i.e., F, A and S) within 60 seconds for each letter. For the 

category fluency condition, participants are required to generate words that belong to 

semantic categories (i.e., animals and boys names) within 60 seconds for each category. 

For the category switching condition, participants are required to alternate between 

generating words for two semantic categories (i.e., fruits and furniture) within 60 

seconds. For all conditions, the primary outcome measure is the number of words 

generated for each condition, with higher scores reflecting greater verbal fluency 

ability. In addition, total errors are recorded across all verbal fluency conditions, which 

include set loss and repetition errors, with lower scores reflecting better performance. 

Trail Making Task. The TMT is a visual-motor sequencing/switching task that 

assesses mental flexibility, visual attention and task switching. The TMT consists of 

five conditions, with the fourth condition of number-letter sequencing being the 

primary EF task, with the other conditions being control tasks that assess the component 

processes necessary for completing the switching task (i.e., visual scanning, number 

sequencing, letter sequencing, and motor speed). For the number-letter sequencing task, 

participants are required to switch between connecting numbers and letters in ascending 

order. Completion time in seconds is the primary outcome measure of all conditions of 

the TMT, with lower scores representing better performance. Errors in sequencing and 

switching are also recorded, with lower scores reflecting better performance.  

Colour-Word Inhibition Task. The colour-word interference test is based on the 

Stroop test (Stroop, 1935) and assesses an individual’s ability to inhibit an overlearned 
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verbal response (i.e., word reading) to generate a conflicting response of naming 

dissonant ink colours in which words are printed. The measure includes two control 

and two primary tasks, with the colours of red, green and blue used throughout all 

conditions of the measure. The first two control conditions assess basic naming of ink 

colour patches and basic reading of colour words. Participants are presented with a page 

of colour patches and then colour words, and asked to read these aloud as quickly as 

possible. The third inhibition condition assesses the ability to inhibit the overlearned 

response of reading words to name the dissonant ink colours in which the words are 

printed. In this condition, participants are presented with a page of colour words printed 

in dissonant colours of ink (e.g., the word “red” printed in the colour green), and asked 

to name the ink colour each word is printed in as quickly as possible while trying not 

to make any mistakes (i.e., reading the word rather than naming the ink colour). The 

fourth inhibition/switching condition requires participants to switch between naming 

dissonant ink colours and reading the words. For this condition, participants are 

presented with a page of colour words printed in dissonant colours of ink similar to the 

inhibition condition, although a proportion of the words have a rectangle around them. 

For words without a rectangle, participants are required to name the ink colour, and for 

those in a rectangle, read the word itself. The primary outcome measures for each 

condition is completion time in seconds (lower time representing better performance) 

and number of errors, both corrected and uncorrected (lower number presenting better 

performance). 

Tower Task. The tower task is a complex EF task involving spatial planning, 

rule learning, inhibition of perseverative responding, and the ability to establish and 

maintain an instructional set. The task requires participants to move disks of varying 

size across three pegs to match a presented tower in the fewest number of moves 

possible while adhering to simple rules. These rules include only moving one disk at a 

time, and not placing larger disks on smaller disks. Individuals are presented with nine 

towers to solve, with each tower having an optimal minimum number of moves to solve. 

The primary outcome measures are the tower achievement score (ranging from 0 to 30) 

and the number of rule violations. The achievement score is a function of the number 

of towers successfully completed and the number of moves it takes to complete those 

towers, with a higher achievement score reflecting better performance. Violations 

represent the number of times a participant broke a rule (i.e., moved more than one disc 
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or placed a larger disc on a smaller disc), with lower scores representing better 

performance. 

8.3.2  Intellectual Functioning.  

Intelligence was estimated as a potential covariate using the two-subtest form 

(i.e., Vocabulary and Matrix Reasoning) of the WASI First Edition (Psychological 

Corporation, 1999), which has a substantially shorter administration time compared to 

the Wechsler Adult Intelligence Scales, Forth Edition (WAIS-IV), making it suitable 

for research purposes. Participants are required to define words (vocabulary) and solve 

complex visual problems (matrix reasoning). The test takes approximately 15 min to 

administer and is standardised for use with individuals aged 6 to 89 years. A 

standardised age-normed Full Scale IQ (FSIQ) score was derived from raw scores using 

procedures outlined in the WASI manual. A moderate correlation (r = .71) between the 

two-subtest version of the WASI and full scale Wechsler Adult Scales of Intelligence 

third edition (WAIS-III), indicates that the WASI provides a modest estimate of 

psychometric intelligence (Axelrod, 2002). There was no significant difference across 

age groups in mean FSIQ scores, F(5, 123) = 0.99, p = .43, with the mean FSIQ for the 

total sample being 108.18 (SD = 10.38). 

8.3.3 Attention-Deficit/Hyperactivity Disorder.  

ADHD traits were assessed as potential covariates of the link between ASB and 

EF, given ADHD-associated difficulties are often associated with ASB and 

externalising behaviour difficulties according to DSM-IV criteria. EF deficits have 

been consistently linked to the experience of ADHD-related difficulties (Martel, 

Nikolas, & Nigg, 2007). Further, some evidence suggests that ADHD may partly 

account for or moderate the link between ASB and EF (Van Goozen et al., 2004). The 

Conners 3 Self-Report Short (Conners, 2009) was used to assess ADHD symptoms in 

participants. The Conners 3 Short assesses DSM-IV criteria for ADHD, and can be 

administered in a short period of time (10 minutes). The Conners 3 self-report includes 

five scales covering domains of difficulties associated with ADHD, including: 

inattention (six items, α = .86); hyperactivity/impulsivity (five items, α = .70); learning 

problems (five items, α = .61); defiance/aggression (six items, α = .73); and peer/family 

relations (five items, α = .86). For the current sample, all scales exhibited moderate to 

high internal reliability, as indicated by the reported Cronbach alpha estimates above. 
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Past studies have seldom controlled for ADHD as a covariate for the association 

between ASB and EF impairment, which is problematic given that ADHD symptoms 

have been associated with both ASB and EF impairments independently (Martel et al., 

2007; Willcutt et al., 2005). 

8.3.4 Risk-Taking.  

Personality constructs central to risk-taking, including impulsivity, sensation 

seeking and approach sensitivity were assessed through self-report measures.  

Barratt Impulsiveness Scale. The Barratt Impulsiveness Scale, Version 11 

(Barratt-11; Patton, Stanford, & Barratt, 1995) was used to assess the multidimensional 

construct of impulsivity. The Barratt-11 is a well validated and reliable 30-item self-

report measure that partitions the construct of impulsivity into six first-order factors, 

including attention, motor impulsivity, self-control, cognitive complexity, 

perseverance, and cognitive instability (Patton et al., 1995). These first-order factors 

have been further reduced to three second-order factors, including attentional, motor 

and non-planning impulsivity (Patton et al., 1995; Stanford et al., 2009). Items are 

scored on a 4-point scale (rarely/never, occasionally, often, almost always/always), 

with higher scores representing higher impulsivity. The three second-order impulsivity 

factors were used for the current studies, with moderate Cronbach alpha values of .70 

for attentional and .75 for non-planning impulsivity factors, and a low to moderate 

value of .54 for the motor factor.  

Zuckerman’s Sensation Seeking Scale. A modified version of Zuckerman’s 

(Zuckerman et al., 1978) Sensation Seeking Scale (SSS) was used to assess sensation 

seeking. A subset of 6-items that best index thrill or novelty seeking from the full 18-

item SSS was used as outlined by Steinberg et al. (2008). Steinberg et al. (2008) argued 

that many items on the full SSS appear to measure impulsivity and that those items 

should not be included when attempting to assess separable constructs associated with 

risk-taking. All items are scored as true (coded 1) or false (coded 0), with higher scores 

representing a higher sensation-seeking propensity. A Cronbach alpha of .71 indicated 

moderate internal reliability for the scale.  

Behavioural activation and inhibition scales. Carver and White’s (1994) 

Behavioural Activation and Behavioural Inhibition (BIS/BAS) Scales were developed 

to assess reward and punishment sensitivity in adults. Greater behavioural inhibition 

sensitivity (BIS) reflects an individual that is highly motivated toward escape and 
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avoidance in situations of conflict or uncertainty. Greater behavioural approach 

sensitivity (BAS) reflects individuals that are strongly motivated to approach and 

pursue rewards. The BIS/BAS scales have been used successfully with adolescents as 

a self-report instrument (e.g., Morgan et al., 2014). The scale consists of 24-items that 

participants are required to score a 4-point scale (very true for me, somewhat true for 

me, somewhat false for me, very false for me). There are four subscales, including: BAS 

Drive (four items, α = .79); BAS Fun Seeking (four items, α = .70); BAS Reward 

Responsiveness (five items, α = .73); and BIS (seven items, α = .77). Cronbach alpha 

values for the four subscales (reported above) were in the moderate range.  

Balloon analogue risk task. A behavioural performance measure of risk-taking, 

the Balloon Analogue Risk Taking task (BART), was also included in the assessment 

battery. The BART is a computerised behavioural measure of decision-making and 

reward processing that was used to assess risk-taking propensity (see Lejuez, Aklin, 

Zvolensky, & Pedulla, 2003; Lejuez et al., 2002, for further details). On a computer 

screen participants are presented with a small simulated balloon accompanied by a 

balloon pump, a reset button labelled “Collect $$$”, a permanent money earned display 

labelled “Total Earned”, and a second display presenting the money earned on the last 

balloon labelled “Last Balloon” (see Figure 8.5). Participants are presented with 30 

balloons (i.e., trials) and instructed that they will be able to earn money from the 

balloons by pumping them up, with each pump earning five cents that accrues in a 

temporary reserve. Participants are told that each balloon has a different explosion 

point, and that they are required to make as much money as possible to reach an 

undisclosed amount of money to receive a movie ticket. All participants received the 

movie ticket regardless of the amount of money earned. The weakest balloon explodes 

on the first pump and the strongest balloon explodes after 128 pumps. A “pop” sound 

is played when a balloon is pumped past its individual explosion point and all money 

accrued in the temporary reserve is lost. At any point during each balloon, participants 

may stop pumping the balloon and click the Collect $$$ button to transfer the money 

in the temporary reserve to the permanent bank. After each balloon explosion or money 

collection, a participant’s exposure to that balloon has ended and a new balloon will 

appear until all 30 balloons have been completed. The primary outcome measures for 

the BART is the adjusted number of pumps across balloons, which is defined as the 

average number of pumps excluding balloons that exploded.  
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Figure 8.5. Example computer display from the Balloon Analogue Risk Task. 
 

It is argued that the BART elicits actual risky behaviour similar to real-world 

situations (Aklin, Lejuez, Zvolensky, Kahler, & Gwadz, 2005; Crowley et al., 2010; 

MacPherson et al., 2010). In the empirical literature, the assessment of risk taking 

propensity has relied on the use of self-report measures of risk taking personality 

constructs, including sensation seeking (Zuckerman et al., 1978), and impulsivity 

(Eysenck, Pearson, Easting, & Allsopp, 1985). However, self-report measures of 

personality constructs for the assessment of risk taking propensity have been criticised 

on a number of grounds. Foremost is the issue that these measures fail to fully capture 

the multidimensional nature of risk taking, particularly at a behavioural level. 

Additionally, the use of self-report instruments may limit the validity of responses due 

to such issues as social desirability, and a respondent’s lack of insight or ability to 

accurately report their own behaviour (Lejuez et al., 2002). Confirming its usefulness 

as a measure of risk-taking, the BART has been strongly correlated with scores on self-

report measures of sensation seeking, impulsivity, deficiencies in behavioural 

constraint, and engagement in real-world risk taking behaviours (Aklin et al., 2005; 

Crowley et al., 2010; Lejuez et al., 2003; Lejuez et al., 2002; MacPherson et al., 2010).  
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8.3.5 Antisocial Behaviour.  

The antisocial behaviour scale developed in Study Two (see Chapter Seven) 

was used to assess the degree of participation in a range of antisocial behaviours for the 

sample. There were eight categories of ASB, including general rule-breaking, 

aggression, vehicle-related, substance-related, theft, property-related, technology-

related and sexual-related behaviours.  

8.4 PROCEDURE  

 The research was conducted in accordance with the National Statement on 

Ethical Conduct in Human Research (The National Health and Medical Research 

Council, Updated May 2015), and approval was obtained from the Griffith University 

Ethics Committee prior to commencing the studies (Protocol Numbers 

PSY/20/11/HREC, PSY/23/11/HREC and PSY/07/12/HREC). Participants were first 

provided with an information package describing the aims and methods of the studies, 

and what participation would involve prior to completing the questionnaire. Through 

the information package, participants were instructed that completion of the 

questionnaire component of the studies represented their consent to engage in the 

research project. In addition, all participants were provided a verbal description of the 

studies’ aims and methods during the face-to-face assessment sessions, with each 

participant providing verbal ascent prior to commencing assessment.  

 Participation was separated into online questionnaire completion and face-to-

face assessment. First, participants were directed to complete a battery of 

questionnaires privately and in their own time that was delivered through an online 

survey format. This method of delivery was used to encourage open and honest 

responses to the questions on the ASB scale. The questionnaire battery included: 

questions relating to demographics (i.e., age, parental occupation, and history of mental 

health diagnosis, head injury and involvement with the justice system); the ASB scale; 

the Barratt-11; Zuckerman’s sensation seeking scale; the Connors ADHD self report; 

and the BIS/BAS scales. The self-report questionnaire battery, including all scales, is 

provided in Appendix B. 

The face-to-face assessments were completed with each participant individually 

in a quiet and well-lit room free from distractions. The assessment was completed in 

one two-hour session, and included the administration of the WASI and the EF 

cognitive assessment battery. Breaks were provided to participants as required, and no 
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participants reported concerns regarding the assessment process. Tasks were 

administered in a fixed order for all participants, with task order designed to minimise 

disruption in switching between task modalities (i.e., computerised and paper-and-

pencil) and vary task demands across tasks to maintain participants’ interest and 

engagement. All tasks were administered according to the published standardised 

instructions and guidelines. The computerised tasks were run on a TabletKiosk touch-

screen computer with an Intel(R) Celeron(R) M 1.06GHz central processing unit, 

0.99GB RAM, and running Windows XP Professional, Service Pack three. Figure 8.6 

outlines the order of task administration.  

 

Figure 8.6. Task administration order. 
 

8.5 GENERAL DATA MANAGEMENT  

 Prior to analysis, all variables were examined for accuracy of data entry and 

missing values. Data was screened for univariate and multivariate outliers, and all 
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variables examined for normality of distribution (i.e., skewness). Univariate outliers 

were defined as a z-score ± 3; multivariate outliers were defined as a Mahalanobis 

distance exceeding the critical chi-square value based on degrees of freedom in the 

model; and skewness was defined as the skewness statistic divided by its standard error 

being greater than ± 3 (Tabachnick & Fidell, 2014). Appropriate transformations of 

variables were applied if variables were significantly skewed. The data were analysed 

with and without outliers, and with and without transformations, and if the pattern of 

statistical significance did not vary, then all cases were included and untransformed 

variables were used (Tabachnick & Fidell, 2014). Unless otherwise stated, the alpha 

level for all statistical tests was set at .05 to classify findings as significant. Effect sizes 

for age and gender group differences assessed through analysis of variance (ANOVA) 

techniques were reported as partial eta squared (!"#), which can range in value from 0 

to 1.0, with higher values representing a stronger effect. As a general guide, values of 

.01, .06 and .14 represent small, medium and large effect sizes respectively (Cohen, 

1988). Specific data management processes will be reported for each remaining 

chapter.  
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Chapter 9: Development and Structure of 
Executive Function in Late 
Adolescence and Early 
Adulthood 

Outlined in this chapter are the rationale, methodology and results of the third study of 

this thesis. This study aimed to examine both the developmental progression and 

structure of EF during late adolescence and early adulthood in a typically developing 

sample of youth. There is some evidence to suggest that EF may continue to develop 

into late adolescence (e.g., Huizinga et al., 2006; Lee et al., 2013). However, limited 

research has focused on developmental changes that may continue to occur in later 

adolescence and into early adulthood, with the majority of research focused on 

childhood and early- to mid-adolescence. It is often noted in structural brain imaging 

studies that significant reorganisation in grey and white matter occurs throughout 

adolescence and into early adulthood, particularly in frontal regions and structures 

connecting to these regions (Asato et al., 2010; Caballero, Granberg, & Tseng, 2016; 

Giedd, 2004). However, few studies have sought to link these structural changes to 

functional behavioural changes as measured by neuropsychological tests. The current 

study represents an effort to examine potential functional behavioural 

neuropsychological changes that may occur across later adolescence and into early 

adulthood.  

The organisation or structure of EF continues to be a major theoretical and 

empirical area of enquiry in the field, specifically in relation to whether it is best 

represented as one general-purpose ability (i.e., unitary) or as a set of distinct sub-

processes (i.e., diversity; Huizinga et al., 2006). There is emerging consensus that EF 

is best conceptualised by both unity and diversity: a collection of related but separable 

abilities (Collette et al., 2005; Miyake & Friedman, 2012; Miyake et al., 2000). There 

are a growing number of factor-analytic and structural equation modelling studies 

focused on examining the latent structure and underlying components of EF. One of 

the most prominent models of EF within this literature, proposed by Miyake et al. 

(2000), separates performance on EF tasks into three broad components: inhibition, 

working memory/updating, and shifting. Support for this three-factor structure for EF 
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from mid-adolescence onwards is found in available studies (Friedman et al., 2016; 

Friedman et al., 2008; Huizinga et al., 2006; Lee et al., 2013). However, studies 

examining the developmental structure of EF have largely not examined aspects of EF 

related to cognitive control in the context of motivationally salient information (i.e., hot 

EF) when examining the structure of EF across adolescence (for an exception, see 

Prencipe et al., 2011). This is an important gap in the literature, given that adolescence 

is characterised as a developmental period marked by significant changes in 

motivational/incentive control capacities.   

Overall, the current study represents an effort to make a contribution to the 

research field by examining the potential continued development of EF, including hot 

EF, into later adolescence and early adulthood. There is limited evidence regarding the 

maturation of EF during adolescence and into early adulthood, despite the often-

postulated protracted course of development for the neural substrates thought to 

underlie these functions.  

9.1 DEVELOPMENT AND STRUCTURE OF EXECUTIVE FUNCTION  

 As detailed in Chapter Three, it is well established that most EF abilities are 

functionally mature by mid-adolescence (Anderson, Anderson, Northam, Jacobs, & 

Catroppa, 2001; Best & Miller, 2010; Davidson et al., 2006; Diamond, 2002, 2013; 

Huizinga et al., 2006; Lee et al., 2013; Luciana et al., 2005; Luna et al., 2004; Luna et 

al., 2010; Prencipe et al., 2011; Willoughby, Wirth, Blair, & Family Life Project, 2012). 

The greatest and most rapid developmental changes in EF are typically found to occur 

throughout childhood, and continue at a decreased and more gradual rate into 

adolescence and early adulthood (Anderson et al., 2001; Best & Miller, 2010; Brocki 

& Bohlin, 2004; Romine & Reynolds, 2005). Evidence also indicates that EF can be 

fractionated into component processes that follow distinct trajectories of development, 

with adult-level performance on different EF tasks reached at different rates and ages 

during childhood and adolescence. (Diamond, 2013; Luna et al., 2004; Romine & 

Reynolds, 2005). However, due to methodological differences across studies (e.g., 

tasks and samples used), currently it is not possible to unequivocally demark precise 

timings of typical development for specific EF component process. Inhibition appears 

to exhibit significant early developmental gains in development during childhood, 

while working memory and shifting exhibit more gradual linear improvements 

throughout childhood and adolescence (Best & Miller, 2010). Across studies 
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employing different methodologies, performance on some EF tasks has been found to 

extend into later adolescence and early adulthood. For example, both Luna et al. (2004) 

and Lee et al. (2013) found performance on some working memory tasks to continue 

improvement throughout mid-adolescence. Huizinga et al. (2006) found performance 

on tasks measuring shifting ability to improve up to about 15 years old and some aspects 

of inhibitory control until after 15 years. Huizinga et al. (2006) further found that 

performance on more complex EF tasks continued to improve into early adulthood. The 

current study sought to explore these possible developmental changes in EF task 

performance from adolescence and early adulthood.  

Despite adolescence being characterised as a period of imbalance between 

affective/approach and cognitive control systems, limited research has examined the 

developmental trajectories of hot EF abilities, or cognitive control under emotion-laden 

circumstances. Hot EF tasks involve stimuli, decisions and outcomes that have 

motivational and emotional salience. These tasks are believed to more closely represent 

the construct of EF in the context of everyday decision-making, which typically occurs 

under conditions of motivational and emotional significance (Zelazo & Carlson, 2012). 

Available evidence with adults indicates that performance on hot and cool EF tasks is 

dissociable, and that impairments in hot EF can occur independently of cool EF and 

vice versa (Bechara, Damasio, Tranel, & Anderson, 1998). However, there has been 

limited research examining developmental changes in hot EF task performance during 

adolescence and early adulthood. Zelazo et al. (2004) hypothesised that adolescents 

will exhibit marked difficulty in tasks requiring EF under conditions of emotional and 

motivational significance, with hot EF abilities continuing to develop into early 

adulthood. Prencipe et al. (2011) found evidence to support the hypothesis that 

developmental changes in hot EF occur later than changes in cool EF, suggesting that 

they follow different trajectories of development. However, to date, no studies have 

examined whether hot EF abilities continue to develop into early adulthood. Further, 

few studies examining the separability of EF processes have included measures of hot 

EF in assessment batteries. Strong evidence is yet to be produced regarding the potential 

separability of hot and cool EF during adolescence, and how such functions may follow 

separate developmental trajectories.  
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9.2 RESEARCH QUESTIONS AND HYPOTHESES  

As noted, the general aim of the study was to examine both the developmental 

progression and structure of EF during late adolescence and early adulthood in a 

typically developing late adolescent/young adult sample. The first research question 

related to whether developmental changes in EF were evident in later adolescence and 

the transition to early adulthood. Based on available evidence outlined above, two 

hypotheses were posed in relation to the first research question: 

 

1. Cool EF abilities will be functionally mature across the age-range studied, with 

only small linear improvements in EF task performance across age into early 

adulthood 

2. Developmental improvements in performance on hot EF tasks will occur later 

than changes in performance on comparatively cool EF tasks, with these 

changes being evident from late adolescence into early adulthood 

 

The second research question related to what structure EF would take during 

late adolescence and early adulthood, when including measures tapping hot EF. Based 

on available evidence outlined above, two hypotheses were posed: 

 

3. Participants’ performance on EF tasks will exhibit a structure of separate but 

related components similar to those distinguished by Miyake et al. (2000) and 

Huizinga et al. (2006), that is, working memory, shifting and inhibition 

4. An additional EF component beyond those identified by Miyake et al. (2000) 

will be evident and this component relates to performance on hot EF tasks (i.e., 

tasks involving cognitive control in contexts of emotionally and/or 

motivationally salient information). 

9.3 METHODS 

 The method for the current study relating to participant recruitment, study 

design, measures, and procedure has already been described in Chapter Eight. The 

methodology section of this chapter outlines specific data management procedures, 

analytical strategy, and further detail on measures used. 
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9.3.1 Measures of Executive Function 

 The CANTAB and D-KEFS tasks constituting the EF assessment battery were 

summarised in Chapter Eight. Provided in Table 9.1 is a detailed summary of the 

outcome measures for each EF task (i.e., 28 outcomes in total), including how each 

outcome relates to the Inhibition, Shifting and Updating EF component framework of 

Miyake et al. (2000). It is noted that some tasks and outcome measures may relate to 

multiple underlying EF components, and this is an illustration of the task impurity 

problem mentioned in Chapter Three. Raw scores for each outcome measure were used 

rather than age-scaled scores, given the purpose of analyses was to examine potential 

age-related changes in EF performance.  

  

Table 9.1  

Executive function task outcomes and descriptions 

Task Outcome Outcome description EF 
component(s)1 

CANTAB Stop 
Signal Task 

Proportion of 
successful stops 

Proportion of successful stops (i.e., the 
number of times the participant stopped 
successfully, divided by the total number 
of stop signals) 
 

Inhibition  

 Stop signal 
reaction time 

Estimate of the length of time between 
the go stimulus and the stop stimulus 
where the participant is able to 
successfully inhibit their response on 
50% of trials 
 

Inhibition  

 Direction errors Total number of times a participant 
pressed the wrong direction button (i.e., 
left button when the right arrow was 
shown, or vice versa) 
 

Inhibition  

 Median correct 
reaction time on 
go trials 
 

Median reaction time to go trials Inhibition  
 
 
 

CANTAB Spatial 
Working Memory 

Strategy score Estimate of the use of strategy is 
obtained by counting the number of 
times the participant begins a new search 
with a different box for 6- and 8-box 
problems. High score represents poor use 
of strategy  
 

Updating  

 Total errors Number of times a box is selected that is 
certain not to contain a blue token, and 
therefore should not be selected by the 
participant 
 

Updating  
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CANTAB 
Intra/extradimensio
nal Set Shift 

Stages completed Total number of stages the participant 
completed successfully 

Shifting  

 Total errors 
adjusted  

Measure of a participant’s efficiency in 
completing the test. Total number of 
errors made adjusted by the number of 
stages completed (25 errors added for 
each stage not attempted due to failure) 
 

Shifting  

CANTAB 
Cambridge 
Gambling Task 

Delay aversion Participants who are unable or unwilling 
to wait will bet larger amounts when the 
possible bet amounts are presented in 
descending order compared to when they 
are presented in ascending order. 
Calculated by subtracting risk taking in 
ascending trials from risk taking in 
descending trials 
 

Hot EF 
Inhibition 

 Overall 
proportion bet 

Mean proportion of current points total 
that the participant chose to risk on each 
gamble test trial, including trials where 
they bet on the less likely outcome, and 
trials on which both outcomes were 
equally likely 
 

Hot EF 
Inhibition 

 Quality of 
decision making 

Proportion of trials where the participant 
chose to gamble on the more likely 
outcome  
 

Hot EF 
Inhibition 

 Deliberation time Mean time from presentation of coloured 
boxes to participant’s choice of which 
colour to bet on 
 

Hot EF 
Inhibition 

 Risk adjustment Measures the tendency to bet a higher 
proportion of points on trials when the 
majority of boxes are the colour chosen 
 

Hot EF 
Inhibition 

 Risk taking Mean proportion of the current points 
total that the participant chose to risk on 
gamble test trials where they had chosen 
the more likely outcome 
 

Hot EF 
Inhibition 

D-KEFS Trail 
Making 

Sequencing time Time taken to switch between 
sequencing numbers and letters in order 
 

Shifting   

 Sequencing errors Total number of errors committed while 
switching between sequencing numbers 
and letters in order 
 

Shifting 

D-KEFS Verbal 
Fluency 

Letter total 
correct 

Total number of words said by 
participants that start with a specified 
letter over a 60 second period 
 

Inhibition 
shifting 
updating 

 Category total 
correct 

Total number of words said by 
participants that belong to a specified 
semantic category over a 60 second 
period 
 

Inhibition 
shifting 
updating 
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 Switching total 
correct 

Total number of words said by 
participants while alternating between 
saying words from two different 
semantic categories 
 

Inhibition 
shifting 
updating 

 Total repeat errors Total number of repetition errors made 
across letter, category and switching 
conditions  
 

Inhibition 
shifting 
updating 

 Total set-loss 
errors 

Total number of errors made across 
letter, category and switching conditions. 
Errors include word repetition or set-
losses (e.g., words outside a semantic 
category) 
 

Inhibition 
shifting 
updating  

D-KEFS Colour-
Word Interference 

Inhibition time Time taken for participants to name 
dissonant ink colours used to print 
conflicting words 
 

Inhibition 

 Switching time Time taken for participants to switch 
back and forth between naming dissonant 
ink colours and reading conflicting 
words 
 

Inhibition 
shifting  

 Inhibition errors Total corrected and uncorrected errors in 
naming ink colours dissonant to printed 
words 
 

Inhibition 

 Switching errors Total corrected and uncorrected errors in 
switching back and forth between 
naming dissonant ink colours and 
reading conflicting words 
 

Inhibition 
shifting 

D-KEFS Tower Correct towers Number of towers solved correctly by 
participants  

Inhibition 
shifting 
updating 
 

 Achievement 
score 

Score based on the number of moves 
taken to solve correct tower problems 

Inhibition 
shifting 
updating 
 

 Rule violations  Total number of rule violations Inhibition 
shifting 
updating 

1 EF component(s) according to the Miyake et al. (2000) framework, apart from the addition of hot EF. 

 

9.3.2 Data Management and Analytic Strategy  

Data were missing for one participant (male, 22 years) for the Stop Signal Task 

due to a computer malfunction. One participant (male, 22 years) had missing data for 

all D-KEFS tasks apart from verbal letter fluency, due to requesting assessment be 

discontinued because he perceived himself to be performing poorly. These missing data 

were estimated using the mice package for R (van Buuren & Groothuis-Oudshoorn, 
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2011), which imputes incomplete multivariate data by chained equations. Missing data 

was estimated to retain participant numbers for analyses.  

The 28 EF task outcome scores were examined for univariate and multivariate 

participant outliers. Univariate outlier handling is discussed throughout the results. 

There were three multivariate outlier cases, including two males aged 17 and 22 and 

one female aged 19 years. Data were analysed with and without outlier cases, and if the 

pattern of statistical significance did not vary, all cases were retained in the analyses to 

maintain the sample size. All multivariate outlier cases were retained across analyses 

due to no change in the pattern of significance with their exclusion.  

There were two stages to the analytical process. First, to examine potential age-

group and sex differences in EF, a series of two-way ANOVAs were conducted for 

each EF task outcome, with age and sex as between-subjects factors. Trend analyses 

are reported for each ANOVA with a significant main effect of age to explore the 

nature/shape of the trend. The ANOVA assumption of balanced groups was not met 

(i.e., equal numbers of participants in each age/sex combination), therefore type two 

sums of squares were used to estimate each ANOVA model. The assumption of 

normality (i.e., variables being normally distributed in the sample) was checked using 

both the Shapiro-Wilk normality test (Shapiro & Wilk, 1965) and visual inspection of 

quantile-quantile (Q-Q) plots for each EF outcome measure. The assumption of 

homogeneity of variance was checked for each two-way ANOVA using Levene’s test 

of the equality of variances. If Levene’s test was significant (i.e., indicating 

heterogeneity of variance across groups), Welch’s adjusted F ratio was utilised, and 

pairwise comparisons that do not assume equal variances (i.e., Games-Howells tests) 

were used. In the case where the pattern of results using transformed variables, adjusted 

tests and indicators did not differ from that of a standard ANOVA, the results of the 

unadjusted ANOVA are reported. Given the number of ANOVAs conducted (i.e., 28, 

one for each measure outcome), the alpha level for significance was set at p <.01 to 

control for possible inflated Type I error. In addition, for all post-hoc pairwise 

comparisons examining age differences, a Bonferroni adjustment was used to control 

for potential increased Type I error due to multiple comparisons. Effect sizes for age 

and gender group differences were reported as partial eta-squared (!"#), which can range 

in value from 0 to 1.0, with higher values representing a larger effect. As a general 

guide, values of .01, .06 and .14 represent small, medium and large effect sizes 

respectively (Cohen, 1988). 
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The second step of the analytical process was to examine the structure of EF as 

assessed by the EF battery. This included performing an exploratory factor analysis 

(EFA) on EF task outcomes for a data-driven approach to examining the structure of 

EF. Composite EF factor scores derived from the EFA results were used to examine 

potential developmental trajectories for separate EF latent factors across age and sex. 

Finally, a confirmatory factor analytic (CFA) approach was then used to construct and 

compare the fit of a range of EF structures/models to the data based on theoretical 

frameworks (i.e., Miyake et al., 2000) and conceptual distinctions (i.e., hot vs cool EF). 

The use of both EFA and CFA analytical methods allowed for the integration of “data-

driven”, and “theory-guided” approaches to examining the structure of EF. First, an 

EFA approach allowed for identification of a structure to best fit the EF performance 

data. This was important given the test battery included a measure of hot EF, where 

such measures have rarely been included in previous studies examining the structure of 

EF. Second, a CFA approach allowed for a model-guided examination of how existing 

models of EF may be used to structure the EF performance data. Using R (R Core Team, 

2017), the EFA was conducted using the fa function in the psych package (Revelle, 

2017), and the lavaan package (version 0.5-23.1097; Rosseel, 2012) was used to 

estimate the CFA models of EF.  

9.4 RESULTS 

9.4.1 Age- and Sex-Related Executive Function Task Differences 

 Means and standard deviations for EF task outcomes by age and sex are 

presented in Table 9.2 for the full sample including outliers and without variable 

transformations. Age and sex effects for EF task outcomes were examined using a series 

of two-way ANOVAs, which are summarised in subsequent paragraphs, and also 

documented in  Table 9.2.  

 Trail-Making. For switching time, there were three univariate outliers, albeit 

that their exclusion did not change the pattern of results and were retained in the 

analysis. The Shapiro-Wilk test was significant (p <.001), and the Q-Q plot suggested 

the distribution of data was positively skewed. The untransformed score was used for 

analysis, given a logarithmic transformation did not alter the pattern of results. There 

were no significant main effects of age, F(5, 117) = 1.44, p = ns, !"#   = .06, or sex, F(1, 

117) = 0.12, p = ns, !"#   = .06, and no significant interaction effect for age and sex, F(5, 

117) = 2.36, p = ns, !"#   = .09.  
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For trail-making errors, the Shapiro-Wilk test was significant (p < .001), and 

the Q-Q plot indicated that the distribution of data was discrete (i.e., limited range of 

values) and positively skewed with most participants making no errors. Logarithmic 

and inverse transformations were unable to achieve normality; therefore untransformed 

scores were used to assist interpretation. There was no significant main effect of age, 

F(5, 117) = 0.41, p = ns, !"#   = .02, or sex, F(1, 117) = 3.16, p = ns, !"#   = .03, and no 

significant interaction affect for age and sex, F(5, 117) = 2.45, p = ns, !"#   = .09.  
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Table 9.2  

Descriptive information for executive function task performance by age and sex 
 Age (years)     
 17 18 19 20 21 22 ANOVA1 

Task Male Female Male Female Male Female Male Female Male Female Male Female Interaction 
Sex x Age 

Sex Age Age 
Post-
Hoc 

 M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

F 
(df) 

F 
(df) 

F 
(df) 

 

Trial-making                 
Switching time 49.00 

(12.57) 
58.86 

(23.81) 
55.17 

(12.80) 
53.64 
(9.30) 

58.36 
(25.75) 

67.00 
(18.24) 

74.55 
(16.90) 

48.55 
(13.21) 

69.13 
(24.49) 

67.83 
(32.60) 

58.13 
(10.75) 

60.57 
(18.63) 

2.36† 
(5,117) 

0.12 
(1,117) 

1.44  
(5,117) 

ns 

Switching errors 0.44 
(0.73) 

1.07 
(1.33) 

1.42 
(1.51) 

0.36 
(0.67) 

0.64 
(0.63) 

0.83 
(0.94) 

1.45 
(1.44) 

0.36 
(0.67) 

1.38 
(1.19) 

0.75 
(1.22) 

0.63 
(0.74) 

0.57 
(0.79) 

2.45† 

(5,117) 
3.16 

(1,117) 
0.41 

(5,117) 
ns 

Verbal fluency                  
Total letter 33.33 

(11.50) 
41.93 
(7.52) 

40.75 
(8.23) 

43.18 
(11.67) 

42.07 
(10.81) 

39.17 
(10.50) 

35.55 
(9.53) 

45.73 
(15.32) 

47.63 
(13.32) 

38.25 
(11.43) 

40.50 
(11.19) 

47.00 
(10.42) 

2.41† 

(5,117) 
1.57 

(1,117) 
0.51 

(5,117) 
ns 

Total category 46.44 
(6.71) 

46.50 
(7.79) 

45.92 
(5.71) 

49.73 
(9.47) 

48.00 
(11.38) 

48.50 
(8.05) 

42.45 
(7.74) 

46.64 
(9.66) 

47.50 
(6.91) 

42.00 
(10.81) 

51.25 
(11.12) 

47.29 
(8.58) 

0.97 
(5,117) 

0.02 
(1,117) 

1.07 
(5,117) 

ns 

Total switching  14.11 
(3.72) 

15.07 
(1.98) 

15.00 
(2.70) 

16.55 
(2.02) 

14.29 
(2.70) 

14.83 
(2.59) 

13.27 
(1.95) 

16.64 
(3.26) 

16.00 
(2.51) 

14.67 
(3.73) 

14.13 
(1.55) 

16.14 
(2.97) 

2.04 
(5,116) 

4.74† 

(1,116) 
0.53 

(5,116) 
ns 

Total set loss errors 1.00 
(1.12) 

0.71 
(0.73) 

1.58 
(1.88) 

0.64 
(1.03) 

1.21 
(1.42) 

1.17 
(1.70) 

0.73 
(0.79) 

0.91 
(1.04) 

1.00 
(1.20) 

1.33 
(1.50) 

1.38 
(1.41) 

1.43 
(1.81) 

0.64 
(5,117) 

0.36 
(1,117) 

0.56 
(5,117) 

ns 

Total repeat errors 1.56 
(1.67) 

1.72 
(0.99) 

2.50 
(2.75) 

0.82 
(0.75) 

1.64 
(1.78) 

1.42 
(1.44) 

1.18 
(0.98) 

1.45 
(1.29) 

2.25 
(1.67) 

1.42 
(2.31) 

2.00 
(2.00) 

2.43 
(1.13) 

1.23 
(5,117) 

1.40 
(1,117) 

0.54 
(5,117) 

ns 

Colour-word 
inhibition 

                

Inhibition time  38.78 
(8.01) 

47.29 
(8.51) 

44.92 
(6.08) 

44.36 
(7.65) 

39.36 
(11.14) 

47.25 
(9.76) 

50.00 
(10.78) 

48.09 
(9.30) 

40.50 
(5.98) 

44.67 
(7.63) 

42.75 
(10.58) 

43.86 
(11.64) 

1.31 
(5,117) 

4.48† 
(1,117) 

1.48 
(5,117) 

ns 

Switching time 51.22 
(8.44) 

53.57 
(10.11) 

55.42 
(8.02) 

51.91 
(8.08) 

48.71 
(9.43) 

63.58 
(17.53) 

60.18 
(12.11) 

54.36 
(4.37) 

50.88 
(7.97) 

53.42 
(12.76) 

55.13 
(7.74) 

52.57 
(9.00) 

2.31† 
(5,116) 

0.33 
(5,116) 

0.76 
(5,116) 

ns 

Inhibition errors 3.56 
(2.74) 

2.36 
(2.44) 

2.17 
(1.34) 

2.36 
(1.29) 

1.79 
(1.72) 

2.33 
(1.76) 

3.00 
(1.84) 

1.91 
(0.94) 

1.13 
(1.36) 

1.17 
(1.27) 

1.50 
(1.31) 

1.14 
(2.19) 

0.94 
(5,117) 

0.83 
(1,117) 

2.76† 
(5,117) 

ns 

Switching errors 4.44 
(2.79) 

3.14 
(2.68) 

4.00 
(2.59) 

2.64 
(2.01) 

3.00 
(3.04) 

3.00 
(2.73) 

2.55 
(1.37) 

3.64 
(2.16) 

1.50 
(2.07) 

2.33 
(2.10) 

1.50 
(1.93) 

1.43 
(1.13) 

1.04 
(5,117) 

0.15 
(1,117) 

2.36† 
(5,117) 

ns 

Tower                 
Correct  8.78 

(0.44) 
8.50 

(1.09) 
8.33 

(0.78) 
8.36 

(0.81) 
8.29 

(0.73) 
8.33 

(0.98) 
8.27 

(1.10) 
8.73 

(0.65) 
8.75 

(0.46) 
8.08 

(1.44) 
8.25 

(1.75) 
8.29 

(0.76) 
0.75 

(5,117) 
0.08 

(1,117) 
0.39 

(5,117) 
ns 

 
Achievement score 17.78 

(1.64) 
17.14 
(2.54) 

15.92 
(2.61) 

17.55 
(2.73) 

18.14 
(2.28) 

18.67 
(3.45) 

17.27 
(2.97) 

18.73 
(3.55) 

19.25 
(2.43) 

16.17 
(3.10) 

19.38 
(5.90) 

18.14 
(3.44) 

1.70 
(5,117) 

0.02 
(1,117) 

1.22 
(5,117) 

ns 
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Violations  0.33 
(0.50) 

0.64 
(1.50) 

1.00 
(1.35) 

0.45 
(0.52) 

0.71 
(0.99) 

0.67 
(0.79) 

0.36 
(0.50) 

0.27 
(0.47) 

0.38 
(0.74) 

1.00 
(1.86) 

0.13 
(0.35) 

1.14 
(1.68) 

1.25 
(5,117) 

0.56 
(1,117) 

0.51 
(5,117) 

ns 

 
Cambridge Gambling  

                

Delay aversion  0.25 
(0.11) 

0.30 
(0.16) 

0.22 
(0.20) 

0.13 
(0.20) 

0.18 
(0.16) 

0.13 
(0.14) 

0.18 
(0.15) 

0.23 
(0.13) 

0.25 
(0.13) 

0.25 
(0.21) 

0.11 
(0.11) 

0.24 
(0.20) 

1.12 
(5,117) 

0.06 
(1,117) 

1.78 
(5,117) 

ns 

Deliberation time 
(milliseconds) 

1615.92 
(379.09) 

2001.97 
(610.36) 

1927.59 
(802.93) 

1719.22 
(407.27) 

1891.82 
(514.08) 

1869.09 
(519.30) 

1858.60 
(944.22) 

1872.23 
(536.59) 

1793.96 
(436.89) 

2145.04 
(774.57) 

1654.81 
(359.80) 

1809.91 
(407.26) 

0.79 
(5,117) 

0.83 
(1,117) 

0.36 
(5,117) 

ns 

Overall proportion 
bet 

0.49 
(0.12) 

0.51 
(0.11) 

0.57 
(0.10) 

0.54 
(0.08) 

0.62 
(0.15) 

0.48 
(0.16) 

0.54 
(0.09) 

0.53 
(0.08) 

0.59 
(0.14) 

0.53 
(0.12) 

0.47 
(0.09) 

0.56 
(0.09) 

2.22 
(5,117) 

2.11 
(1,117) 

0.55 
(5,117) 

ns 

Quality of decision-
making 

0.92 
(0.12) 

0.92 
(0.10) 

0.99 
(0.02) 

0.94 
(0.09) 

0.97 
(0.04) 

0.92 
(0.09) 

0.93 
(0.11) 

0.91 
(0.11) 

0.93 
(0.10) 

0.91 
(0.08) 

0.93 
(0.08) 

0.97 
(0.07) 

1.04 
(5,114) 

6.57† 
(1,114) 

0.47 
(5,114) 

ns 

Risk adjustment 1.18 
(0.59) 

1.07 
(0.65) 

1.77 
(1.08) 

1.49 
(0.91) 

0.89 
(0.46) 

1.50 
(0.80) 

1.64 
(0.69) 

1.34 
(1.50) 

1.24 
(1.05) 

1.22 
(1.01) 

2.03 
(1.30) 

1.50 
(1.32) 

0.94 
(5,117) 

0.15 
(1,117) 

1.58 
(5,117) 

ns 

Risk taking 0.53 
(0.15) 

0.54 
(0.12) 

0.61 
(0.10) 

0.57 
(0.08) 

0.65 
(0.15) 

0.51 
(0.16) 

0.59 
(0.08) 

0.56 
(0.08) 

0.64 
(0.14) 

0.56 
(0.12) 

0.52 
(0.09) 

0.61 
(0.09) 

2.08 
(5,116) 

5.46† 
(1,116) 

0.47 
(5,116) 

ns 

Intra/extradimensional 
set shift  

                

Stages completed  8.78 
(0.67) 

8.64 
(0.74) 

8.75 
(0.62) 

8.64 
(0.81) 

8.57 
(0.85) 

8.50 
(0.90) 

8.64 
(0.81) 

8.82 
(0.60) 

9.00 
(0.00) 

8.33 
(0.98) 

9.00 
(0.00) 

8.71 
(0.76) 

0.73 
(5,117) 

1.50 
(1,117) 

0.44 
(5,117) 

ns 

Total errors 
adjusted  

21.44 
(21.89) 

25.86 
(17.34) 

17.75 
(15.87) 

18.00 
(16.94) 

23.36 
(20.22) 

23.50 
(22.61) 

19.00 
(19.50) 

17.82 
(15.29) 

16.63 
(11.95) 

27.17 
(22.55) 

11.50 
(10.34) 

18.86 
(16.29) 

0.32 
(5,117) 

0.90 
(1,117) 

0.75 
(5,117) 

ns 

Stop signal task                 
Direction errors 5.22 

(7.73) 
4.14 

(4.11) 
5.08 

(5.14) 
4.82 

(4.49) 
2.14 

(1.92) 
3.00 

(3.88) 
6.36 

(5.41) 
5.18 

(3.49) 
2.75 

(4.27) 
2.58 

(2.91) 
2.75 

(4.62) 
2.29 

(2.43) 
0.17 

(5,117) 
0.20 

(1,117) 
3.33† 

(5,117) 
ns 

Proportion 
successful stops 

0.51 
(0.08) 

0.47 
(0.03) 

0.48 
(0.06) 

0.54 
(0.07) 

0.48 
(0.07) 

0.49 
(0.05) 

0.46 
(0.04) 

0.49 
(0.04) 

0.48 
(0.07) 

0.49 
(0.05) 

0.50 
(0.09) 

0.53 
(0.08) 

1.83 
(5,117) 

1.90 
(1,117) 

1.08 
(5,117) 

ns 

Median correct 
reaction time on go 
trials (milliseconds) 

382.17 
(146.27) 

360.75 
(61.80) 

337.71 
(72.35) 

354.64 
(73.53) 

343.75 
(46.14) 

371.25 
(57.91) 

351.09 
(83.08) 

352.86 
(57.04) 

397.00 
(80.91) 

366.54 
(57.17) 

375.69 
(96.36) 

381.57 
(67.40) 

0.47 
(5,117) 

0.01 
(1,117) 

0.68 
(5,117) 

ns 

Stop signal reaction 
time (milliseconds) 

184.38 
(34.03) 

173.40 
(44.64) 

171.65 
(53.20) 

165.13 
(44.05) 

141.44 
(43.13) 

173.79 
(42.18) 

166.01 
(40.71) 

176.07 
(29.28) 

159.39 
(38.67) 

146.06 
(30.34) 

172.46 
(58.14) 

128.03 
(25.20) 

1.88 
(5,117) 

0.07 
(1,117) 

1.49 
(5,117) 

ns 

Spatial working 
memory  

                

Strategy score 27.44 
(5.29) 

28.50 
(5.72) 

26.83 
(4.73) 

25.91 
(7.09) 

27.93 
(6.45) 

25.58 
(5.76) 

25.45 
(5.18) 

29.09 
(5.96) 

23.00 
(5.55) 

30.42 
(7.88) 

26.25 
(6.45) 

25.00 
(6.27) 

1.87 
(5,117) 

1.11 
(1,117) 

0.31 
(5,117) 

ns 

Total errors 14.57 
(11.03) 

11.22 
(9.69) 

11.91 
(14.11) 

9.83 
(8.68) 

8.83 
(11.38) 

6.93 
(7.67) 

14.64 
(12.12) 

12.91 
(14.16) 

19.50 
(15.84) 

7.38 
(7.15) 

11.43 
(11.47) 

7.50 
(6.21) 

0.62 
(5,117) 

3.84 
(1,117) 

1.09 
(5,117) 

ns 

† p < .05 (approaching significance), * p < .01, **p <.001 
1 Derived from two-way (age and sex) ANOVA
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Verbal Fluency. For D-KEFS verbal letter fluency, there were no significant 

main effects of age, F(5, 117) = 0.51, p = ns, !"#   = .02, or sex, F(1, 117) = 1.57, p = 

ns, !"#   = .01. The interaction effect for age and sex approached significance, F(5, 117) 

= 2.41, p < .05, !"#   = .09. For verbal category fluency, there were no significant main 

effects for age, F(5, 117) = 1.07, p = ns, !"#   = .04, or sex, F(1, 117) = 0.02, p = ns, !"#   

< .01, and no significant interaction effect for age and sex, F(5, 117) = 0.97, p = ns, !"#   

= .04.  

For verbal switching, there was one univariate outlier (17-year-old male) that 

was excluded from the analysis due to this case adversely impacting the normality of 

distribution for the variable. There were no significant main effects of age F(5, 116) = 

0.53, p = ns, !"#   = .02, or sex, F(1, 116) = 4.74, p = ns, !"#   = .04, and no significant 

interaction effect for age and sex, F(5, 116) = 2.04, p = ns, !"#   = .08.  

For verbal set loss errors, there was one univariate outlier, although exclusion 

did not change the pattern of results and the case was retained in the analysis. The 

Shapiro-Wilk test was significant (p < .001), and the Q-Q plot indicated that the 

distribution of data was discrete (i.e., limited range of values) and positively skewed 

with most participants reporting few errors. Logarithmic and inverse transformations 

were unable to achieve normality; therefore untransformed scores were used to assist 

interpretation. There were no significant main effects for age, F(5, 117) = 0.56, p = ns, 

!"#   = .02, or sex, F(1, 117) = 0.36, p = ns, !"#   < .01, and no significant interaction 

effect for age and sex, F(5, 117) = 0.64, p = ns, !"#   = .03.  

For verbal repeat errors, there were two univariate outliers, although their 

exclusion did not alter the pattern of results, and were retained in the analysis. The 

Shapiro-Wilk test was significant (p < .001), and the Q-Q plot indicated that the 

distribution of data was discrete (i.e., limited range of values) and positively skewed 

with most participants reporting few errors. Logarithmic and inverse transformations 

were unable to achieve normality; therefore untransformed scores were used to assist 

interpretation. There were no significant main effects for age, F(5, 117) = 0.54, p = ns, 

!"#   = .02, or sex, F(1, 117) = 1.40, p = ns, !"#   = .01, and no significant interaction 

effect for age and sex, F(5, 117) = 1.23, p = ns, !"#   = .05. 

 Colour-Word Inhibition. For D-KEFS colour-word inhibition time, there were 

no violations of assumptions and no outliers. There was no significant main effect for 
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age, F(5, 117) = 1.48, p = ns, !"#   = .06, or sex, F(1, 117) = 4.48, p = ns, !"#   = .04, and 

no significant interaction effect for age and sex, F(5, 117) = 1.31, p = ns, !"#   = .05.  

For switching time, there was one univariate outlier (19-year-old female) that 

was excluded from the analysis due to this case impacting the normality of the variable. 

There were no significant main effects for age, F(5, 116) = 0.76, p = ns, !"#   = .03, or 

sex, F(1, 116) = 0.33, p = ns, !"#   = .03, and no significant interaction effect for age and 

sex, F(5, 117) = 2.31, p = ns, !"#   = .09.  

For inhibition errors, the Shapiro-Wilk test was significant (p < .001), and the 

Q-Q plot indicated that the distribution of data was discrete (i.e., limited range of 

values) and positively skewed, with most participants making few errors. Logarithmic 

and inverse transformations were unable to achieve normality; therefore untransformed 

scores were used to assist interpretation. The main effect for age was not significant, 

F(5, 117) = 2.76, p = .02, !"#   = .11, but the effect size was moderate to large, suggesting 

a linear trend of decreasing errors with increasing age, F(1, 123) = 9.53, p < .01, which 

is illustrated in Figure 9.1. There was no significant main effect for sex, F(1, 117) = 

0.83, p = ns, !"#   = .01, and no significant interaction effect for age and sex, F(5, 117) 

= 0.94, p = ns, !"#   = .04.  

 
Figure 9.1. Marginal means with standard error bars for colour-word inhibition errors 

by age and sex. 
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For switching errors, there were two univariate outliers, although their 

exclusion did not change the pattern of results and were retained in the analysis. The 

Shapiro-Wilk test was significant (p <.001), and the Q-Q plot indicated that the 

distribution of data was discrete (i.e., limited range of values) and positively skewed 

with most participants making few errors. A logarithmic transformation did not alter 

the pattern of results; therefore untransformed scores were used to assist 

interpretability. The main effect of age was not significant, F(5, 117) = 2.36, p = .04, 

!"#   = .09, but the effect size was moderate to large, suggesting a linear trend of 

decreasing errors with increasing age, F(1, 123) = 10.89, p < .001, which is illustrated 

in Figure 9.2. There was no significant main effect for sex, F(1, 117) = 0.15, p = ns, !"#  

< .01, and no significant interaction effect for age and sex, F(5, 117) = 1.04, p = ns, !"#   

= .04. 

 

 

Figure 9.2. Marginal means for colour-word switching errors by age and sex. 
 

Tower Test. For D-KEFS number of correct towers, there were three univariate 
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indicated that the distribution of data was left-skewed and discrete (i.e., limited range 

of values), with the majority of participants correctly solving most tower problems. 

Logarithmic and inverse transformations were unable to achieve normality; therefore 

untransformed scores were used to assist interpretation. There were no significant main 

effects for age, F(5, 117) = 0.39, p = ns, !"#   = .02, or sex, F(1, 117) = 0.08, p = ns, !"#   

< .01, and no significant interaction effect for age and sex, F(5, 117) = 0.75, p = ns, !"#   

= .03.  

For the tower achievement score there was one outlier, although it was retained 

in the analysis due to its exclusion not altering the pattern of results. The Shapiro-Wilk 

test was significant (p <.001), and the Q-Q plot indicated that there was a slight positive 

skew to the distribution of scores. A logarithmic transformation did not alter the pattern 

of results; therefore untransformed scores were used to assist interpretability. There 

were no significant main effects of age, F(5, 117) = 1.22, p = ns, !"#   = .05, or sex, F(1, 

117) = 0.02, p = ns, !"#   < .01, and no significant interaction effect for age and sex, F(5, 

117) = 1.70, p = ns, !"#   = .07.  

For tower violations, there were four outliers that were retained in the analysis 

due to their exclusion not altering the pattern of results. The Shapiro-Wilk test was 

significant (p <.001), and the Q-Q plot indicated that the distribution of data was 

discrete (i.e., limited range of values) and positively skewed, with most participants 

making few violations. Logarithmic and inverse transformations were unable to achieve 

normality; therefore untransformed scores were used to assist interpretation. There 

were no significant main effects of age, F(5, 117) = 0.51, p = ns, !"#   = .02, or sex, F(1, 

117) = 0.56, p = ns, !"#   < .01, and no significant interaction effect for age and sex, F(5, 

117) = 1.25, p = ns, !"#   = .05. 

Cambridge Gambling Task. For delay aversion, there were no violations of 

assumptions and no outliers. There were no significant main effects of age, F(5, 117) = 

1.78, p = ns, !"#   = .07, or sex, F(1, 117) = 0.06, p = ns, !"#   < .001, and no significant 

interaction effect for age and sex, F(5, 117) = 1.12, p = ns, !"#   = .05. For deliberation 

time, there was one outlier that was retained in the analysis due to its exclusion not 

impacting the pattern of results. The Shapiro-Wilk test was significant (p <.001), and 

the Q-Q plot indicated that the distribution of data was positively skewed. A logarithmic 

transformation did not alter the pattern of results; therefore untransformed scores were 

used to assist interpretability. There were no significant main effects of age, F(5, 117) 
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= 0.36, p = ns, !"#   = .02, or sex, F(1, 117) = 0.83, p = ns, !"#   = .01, and no significant 

interaction effect for age and sex, F(5, 117) = 0.79, p = ns, !"#   = .03. For overall 

proportion bet, there were no violations of assumptions and no outliers. There were no 

significant main effects of age, F(5, 117) = 0.80, p = ns, !"#   = .03, or sex, F(1, 117) = 

2.11, p = ns, !"#   = .02, and no significant interaction effect of age and sex, F(5, 117) = 

1.12, p = ns, !"#   = .05.  

For quality of decision-making, the Shapiro-Wilk test was significant (p <.001), 

and the Q-Q plot indicated that the distribution of data was negatively skewed, with 

little variation in values, and most participants scoring at the maximum of the variable. 

Logarithmic and inverse transformations were unable to achieve normality; therefore 

untransformed scores were used to assist interpretation. Three univariate outliers were 

excluded (two females aged 17 and 21 years, one male aged 20 years), resulting in the 

main effect of sex approaching significance with a moderate effect size, F(1, 114) = 

6.57, p = .012, !"#   = .05. There was a trend for females on average to exhibit a better 

quality of decision-making compared to males (see Figure 9.3). There was no 

significant main effect of age, F(5, 114) = 0.47, p = ns, !"#   = .02, and no significant 

interaction effect of age and sex, F(5, 114) = 1.04, p = ns, !"#   = .04. 

 
Figure 9.3. Marginal means with standard error bars for Cambridge gambling quality 

of decision-making by age and sex. 
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For risk adjustment, there was one outlier that was retained in the analysis due 

to its exclusion not altering the pattern of results. There were no violations of 

assumptions. There were no significant main effects of age, F(5, 117) = 1.58, p = ns, 

!"#   = .06, or sex, F(1, 117) = 0.15, p = ns, !"#   < .01, and no significant interaction 

effect for age and sex, F(5, 117) = 0.94, p = ns, !"#   = .04. For risk-taking, one outlier 

(male aged 17 years) was excluded to achieve normality and the emergence of a main 

effect of sex that approached significance with a moderate effect size, F(1, 116) = 5.46, 

p = .02, !"#   < .04. On average, there was a trend for males to exhibit higher levels of 

risk-taking on the gambling task (see Figure 9.4). There was no significant main effect 

of age, F(5, 116) = 0.47, p = ns, !"#   = .02, and the interaction effect for age and sex 

was not significant, F(5, 116) = 2.08, p = ns, !"#   = .08.  

 

 
Figure 9.4. Marginal means with standard error bars for Cambridge gambling risk-

taking by age and sex. 
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participants completing all stages. Logarithmic and inverse transformations were 

unable to achieve normality; therefore untransformed scores were used to assist 

interpretation. There were no significant main effects of age, F(5, 117) = 0.44, p = ns, 

!"#   = .02, or sex, F(1, 117) = 1.50, p = ns, !"#  = .01, and no significant interaction effect 

for age and sex, F(5, 117) = 0.73, p = ns, !"#   = .03.  

For total adjusted errors, the Shapiro-Wilk test was significant (p <.001), and 

the Q-Q plot indicated that the distribution of data tended toward being bimodal with 

positive skew. A logarithmic transformation did not alter the pattern of results; 

therefore, untransformed scores were used to assist interpretability. There were no 

significant main effects of age, F(5, 117) = 0.75, p = ns, !"#   = .03, or sex, F(1, 117) = 

0.90, p = ns, !"#  = .01, and no significant interaction effect for age and sex, F(5, 117) 

= 0.32, p = ns, !"#   = .01. 

Stop Signal Task. For direction errors, there was one univariate outlier that was 

retained in the analysis due to its exclusion not altering the pattern of results. The 

Shapiro-Wilk test was significant (p <.001), and the Q-Q plot indicated that the 

distribution of data was positively skewed, with most participants making few direction 

errors. A logarithmic transformation did not alter the pattern of results; therefore 

untransformed scores were used to assist interpretability. There were no significant 

main effects of age, F(5, 117) = 2.33, p = ns, !"#   = .09, or sex, F(1, 117) = 0.20 p = ns, 

!"#  < .01, and no significant interaction effect for age and sex, F(5, 117) = 0.17, p = ns, 

!"#   = .01.  

For proportion of successful stops, there was one outlier that was retained in the 

analysis due to its exclusion not altering the pattern of results. The Shapiro-Wilk test 

was significant (p <.001), and the Q-Q plot indicated that the distribution of data was 

slightly negatively skewed. A square-root transformation did not alter the pattern of 

results; therefore, the untransformed scores were used to assist interpretability. There 

were no significant main effects of age, F(5, 117) = 1.08, p = ns, !"#   = .04, or sex, F(1, 

117) = 1.90, p = ns, !"#  = .02, and no significant interaction effect for age and sex, F(5, 

117) = 1.83, p = ns, !"#   = .07.  

For median correct reaction time to go trials, there was one univariate outlier 

that was retained in the analysis due to its exclusion not altering the pattern of results. 

The Shapiro-Wilk test was significant (p <.001), and the Q-Q plot indicated that the 

distribution of data was positively skewed. A logarithmic transformation did not alter 
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the pattern of results; therefore untransformed scores were used to assist 

interpretability. There were no significant main effects of age, F(5, 117) = 0.68, p = ns, 

!"#   = .03, or sex, F(1, 117) = 0.01, p = ns, !"#  < .01, and no significant interaction effect 

for age and sex, F(5, 117) = 0.47, p = ns, !"#   = .02. For stop signal reaction time, there 

were no violations of assumptions and no outliers. There were no significant main 

effects of age, F(5, 117) = 1.49, p = ns, !"#   = .06, or sex, F(1, 117) = 0.07, p = ns, !"#  

< .01, and no significant interaction effect for age and sex, F(5, 117) = 1.88, p = ns, !"#   

= .07. 

Spatial Working Memory Task. For strategy score, the Shapiro-Wilk test was 

significant (p <.001), and the Q-Q plot indicated that the data tended toward being 

bimodally distributed. Logarithmic and inverse transformations were unable to achieve 

normality; therefore untransformed scores were used to assist interpretation. There 

were no significant main effects of age, F(5, 117) = 0.31, p = ns, !"#   = .01, or sex, F(1, 

117) = 1.11, p = ns, !"#  = .01, and no significant interaction effect for age and sex, F(5, 

117) = 1.87, p = ns, !"#   = .07.  

For total errors, there were two outliers that were retained in the analysis due to 

their exclusion not altering the pattern of results. The Shapiro-Wilk test was significant 

(p <.001), and the Q-Q plot indicated that the distribution of data was positively 

skewed. Square-root and logarithmic transformations did not alter the pattern of results; 

therefore, untransformed scores were used to assist interpretability. There was no 

significant main effect of age, F(5, 117) = 1.09, p = ns, !"#   = .04, or sex, F(1, 117) = 

3.84, p = ns, !"#  = .03, and no significant interaction effect for age and sex, F(5, 117) 

= 0.62, p = ns, !"#   = .03.  

In summary, no significant age or sex effects on EF task performance emerged. 

This finding strongly supports the conclusion that EF abilities are largely mature or 

stable by the time of late adolescence and into early adulthood. For the current sample, 

this pattern held for hot EF abilities as well, with no age differences detected in 

Cambridge Gambling Task performance from late adolescence and into early 

adulthood. However, some age and gender main effects on EF task performance 

approached significance (i.e., p between .05 and .01) with moderate to large effect sizes 

that are worthy of note. Age effects approaching significance were found for colour-

word inhibition errors, including both inhibition and switching condition errors. For 

these task outcomes, it appeared that performance improved with age (i.e., fewer 
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errors), suggesting that some EF abilities associated with verbal response inhibition 

may continue to mature throughout later adolescence and early adulthood, although 

these improvements were small. Sex effects approaching significance on EF task 

performance included females exhibiting a better quality of decision-making on the 

gambling task; while males exhibited greater risk-taking on the gambling task. 

However, these trending gender differences were small.  

9.4.2 Exploratory Factor Analysis  

An EFA was first conducted as a data-driven approach to examine the structure 

of EF. The goal was to identify a set of latent EF constructs underlying the assessment 

battery of EF measures (i.e., 28 outcome variables) derived from the D-KEFS and 

CANTAB. All factor analyses were conducted using the principal axis factoring 

method of estimating factor loadings; given that a number of the EF outcome variables 

were significantly non-normal. Oblique rotations were applied to the factor solutions to 

allow for correlated factors (i.e., EF components), given that current evidence 

emphasises the interconnections among EF components (Miyake & Friedman, 2012). 

It is acknowledged that the current sample size of 129 at best sits at the lower 

end of what is acceptable for conducting an EFA (see Tabachnick and Fidell (2014), 

who recommend at least 300 cases to provide a good sample size for factor analysis). 

However, Fabrigar, Wegener, MacCallum, and Strahan (1999) suggest that when 

factors are overdetermined (i.e., at least three or four measures for each factor derived), 

and the communalities are high (i.e., an average of .70 or higher), accurate population 

parameter estimates can be derived from samples as small as 100. Due to the low 

sample size, multivariate outlier cases were retained in the analysis. This analytical 

decision was validated by their exclusion not impacting the pattern of results.  

Descriptive Information. As highlighted in the previous section of the results, 

a proportion of the EF outcome variables were not normally distributed, including both 

negative and positive skew across the variables. Tabachnick and Fidell (2014) indicate 

that while violations of normality can degrade a factor solution, the results can still be 

worthwhile. Tabachnick and Fidell (2014) further suggest that transformation of 

variables from well-validated, widely reported and published measures may hinder 

interpretation of results, with D-KEFS and CANTAB measures arguably falling into 

this category. Further, the principal axis factoring method of estimating factor loadings 
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is robust to some departures from normality. Given these justifications, the outcome 

variables were left untransformed.  

Bivariate correlations (i.e., Pearson’s correlation coefficient) among the EF 

outcome variables were calculated and are displayed in Figure 9.5 (significant 

correlations at p < .05 are shaded according to the magnitude of the correlation, while 

non-significant were left unshaded). Despite the non-normality of some EF variables, 

Spearman’s rank correlations were not used, given Pearson’s correlations are 

recommended to conduct factor analysis. Overall, correlations between different EF 

tasks were low (r ≤ .40), and this outcome was consistent with other studies of EF 

performance across age (e.g., Anderson et al., 2001; Lee et al., 2013; Lehto, Juujärvi, 

Kooistra, & Pulkkinen, 2003; Miyake et al., 2000). However, there remained some 

correlation patterns worthy of note. For all tasks, most outcome scores within tasks 

were significantly correlated with each other, which was expected and again consistent 

with previous findings (e.g., Lehto et al., 2003). This suggests that outcomes within a 

task tap the same construct (e.g., significant correlations among SST outcomes). There 

was a very high correlation between CGT overall proportion bet and CGT risk-taking 

(r = .98) due to these variables being calculated similarly. A decision was made to drop 

CGT risk-taking from further analyses, while CGT overall proportion bet was retained 

due to having more significant correlations with other EF outcome variables. This was 

done to avoid problems associated with strong multicollinearity, and resulted in 27 EF 

outcomes scores available for further analysis. There were also some significant 

correlations between outcome scores between different tasks, indicating there were 

associations across EF tasks, and highlighting the suitability of the data for further 

factor analysis. One task outcome (i.e., verbal fluency set loss errors) exhibited no 

significant correlation to any other task outcome, but was retained for factor analysis 

given it may have represented a unique latent EF ability. 
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Figure 9.5. Pearson’s correlation coefficient plot of executive function task outcomes. 
Note. Significance at p < .05 shaded according to the magnitude of correlation, non-significant correlations left unshaded. 
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Both Bartlett’s test of sphericity (Bartlett, 1951) and the Kaiser-Meyer-Olkin 

(KMO) measure of sampling adequacy (MSA; Kaiser & Rice, 1974) were used to 

assess the suitability of the data for factor analysis. Both of these tests were estimated 

using the Pearson’s correlation coefficient. The Bartlett test is a Chi-squared based test, 

while the KMO test produces values between 0 and 1, with values below 0.50 indicating 

that sampling is not adequate for factor analysis. Bartlett’s test was significant, χ2 (df = 

351) = 1158.72, p <.001, suggesting the data were suitable for factor analysis. However, 

the KMO overall MSA was .58, suggesting that the level of common variance in the 

data was in the mediocre range, but still acceptable for conducting factor analysis 

(Kaiser, 1974). There were six EF task outcome scores that exhibited individual MSA’s 

of .50 or lower (i.e., unacceptable), including trail-making errors (.40), verbal fluency 

set loss (.43) and repeat errors (.50), CGT overall proportion bet (.33), SST direction 

errors (.47), and SST proportion of successful stops (.42). These outcomes were initially 

retained in the EFA model estimation process described subsequently.  

Factor Determination. To determine the number of factors to best fit the EF 

battery data, a number of methods were considered, including the old and new Kaiser 

criteria (i.e., eigenvalues ≥ 1.00 and 0.70 respectively), Cattell’s scree test (Cattell, 

1966), Velicer’s minimum average partial (MAP) criterion (Velicer, 1976), the very 

simple structure (VSS) criterion (Revelle & Rocklin, 1979) and parallel analysis (Horn, 

1965). The old Kaiser criteria suggested four factors, while the new criteria suggested 

five factors. Examination of the scree plot of eigenvalues for the EF outcome measures 

(see Figure 9.6) did not provide a clear indication of an appropriate number of factors 

to fit the data, with no well-defined break in the data where eigenvalues flatten out. 

However, it could be argued that the steepest break in eigenvalues occurred after four 

factors. The MAP criterion suggested two factors, while the VSS criterion suggested 

seven factors at a complexity of one and eight factors at a complexity of two. Parallel 

analysis involves comparing eigenvalues obtained from the sample data to eigenvalues 

obtained from a completely random data set, with factors corresponding to actual 

eigenvalues greater than the parallel average random eigenvalues retained. Parallel 

analysis suggested eight factors to best fit the data, which is depicted in Figure 9.6, 

where eight factors are evident above the simulated random data set represented by the 

red trend line. Overall, there was no consensus across the various methods on the most 

appropriate number of factors to fit to the data, with suggestions of two, four (twice), 

five, seven and eight (twice) factors.  
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Figure 9.6. Scree plot of eigenvalues for actual and parallel analysis simulated data to 

determine the number of factors to fit. 

 

Model determination and comparison. Given the variation across factor 

selection methods in determining the number of factors to include, five separate models 

were examined, including two-, four-, five-, seven- and eight-factor models. To 
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goodness and residual fit indices. The goodness of fit indices included the Comparative 

Fit Index (CFI) and the Tucker Lewis Index (TLI), where values range from 0 to 1, 

(sometimes above 1 when fit is excellent) with values above .95 and .90 indicating 

excellent and acceptable fits, respectively (Hu & Bentler, 1999). The root mean squared 

error of approximation (RMSEA), and standardised root mean square of the residuals 

(SRMR) are indices of residual model fit, and were used as measures of absolute fit. 
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1996), and a value of 0.10 can be used as a cut-off for a poor fitting model. The 

Bayesian information criterion (BIC) was used as a comparative fit index between 

models, with lower values representing better fitting models.  

The five candidate factor models were initially estimated using the remaining 

27 EF outcome variables, and based on Pearson’s correlation coefficient. At this stage, 

all EF outcome variables were recoded so that higher values represented better 

performance to aid in the interpretation of results. In the first round of model estimation, 

examination of factor loadings across all models indicated that the four variables of 

verbal fluency set loss and repetition errors, CGT overall proportion bet and SST 

proportion of successful stops did not load significantly on any factor in any model (i.e., 

loadings ≥ .30). These variables were previously identified as exhibiting low individual 

MSA scores on the KMO test and were dropped. The five models were re-estimated a 

second time using the remaining 23 EF outcome variables. Poor loading variables were 

again detected in the second round of model estimation, including trail-making errors, 

colour-word inhibition and switching errors and tower violations, all of which only 

loaded adequately on two of the five models. These four variables were dropped, and 

the remaining 19 EF outcome variables were used in a third and final round of model 

estimation. Model fit indices are displayed in Table 9.3 for the five different models 

estimated. 

 

Table 9.3  

Model fit indices for exploratory factor analysis models 

Model BIC CFI TLI RMSEA SRMR Proportion 
Variance 

Two factor -113.02 0.44 0.27 .16 .12 .25 
Four factor -237.51 0.79 0.63 .12 .07 .43 
Five factor -285.80 0.94 0.87 .07 .05 .51 
Seven factor -218.61 0.99 0.96 .05 .03 .60 
Eight factor -185.25 1.01 1.02 .01 .02 .62 

BIC = Bayesian Information Criterion; CFI = Comparative Fit Index (incremental measure of fit); 
RMSEA = Root Mean Square Error of Approximation (absolute measure of residual fit); SRMR = 
Standardised Root Mean Square of the Residuals (absolute measure of residual fit); TLI = Tucker-Lewis 
Index (incremental measure of fit). 
 

To aid in selecting the best fitting EFA model, overall model fit indices were 

compared and contrasted for the five models. As evident in Table 9.3, the two-factor 

model exhibited poor fit across all indices. In this model, the stop signal outcomes failed 

to load adequately on any of the two factors. The four-factor model approached 
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adequate fit, although the factors were not easily interpretable in terms of the factor 

loading patterns. For example, Tower, CGT and SWM task outcomes all loaded on a 

single factor. The five- and seven-factor models exhibited adequate-to-good fit to the 

data. However, both of these models contained Heywood cases (Heywood, 1931)1, 

which are typically taken to be indicative of a misspecified model and/or data that 

violate assumptions of the common factor model (e.g, non-normality, small sample 

sizes; Fabrigar et al., 1999). Finally, the eight-factor model exhibited excellent fit to the 

data. On examination of the patterns of variable loadings across the five models, it was 

observed that as the number of factors increased across models, there was a tendency 

for EF outcome variables to load within the respective tasks they were derived from. 

For example, outcomes derived from the CGT would load on the same factor in the 

five-, seven- and eight-factor models. This may have reflected the possibility that each 

EF task measured a unique combination of EF abilities. For the eight-factor model, each 

factor essentially represented one of the eight tasks used to assess EF ability among 

participants, although cross-loading variables were evident for CGT outcomes.  

Despite the eight-factor model exhibiting the best absolute fit to the data, four 

of the factors only consisted of two adequately loading variables. As highlighted by 

Fabrigar et al. (1999), it is generally recommended that factors consist of at least three 

adequately loading variables. Given this, a more parsimonious approach in selecting an 

appropriate number of factors for the final model was taken to balance between the 

fewest number of factors and interpretability of the factors, thereby increasing the 

number of variables available to load on each factor. Using this approach, and while 

also considering the fit indices, the five-factor model appeared to provide the most 

appropriate fit to the data with a factor structure that was clearly interpretable (see Table 

9.4), and accounted for about 51% of the common variance in the data. It is noted that 

two Heywood cases were evident in the five-factor model (i.e., CGT decision-making 

and IED adjusted errors). As argued by Fabrigar et al. (1999), there are situations where 

the presence of Heywood cases may not represent a misspecified model and might not 

be problematic. For example, in situations where population parameters are close to 

boundaries (i.e., true population communalities close to 1), Heywood cases may emerge 

due to variability resulting from sampling error. Additionally, for the current results, 

                                                
1 Heywood cases occur when the communality for a measured variable (i.e., the proportion of variance 
in the measured variable accounted for by the common factors) is estimated to be at 1 or greater than 1. 
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Heywood cases might have emerged due to restricted ranges of variance in the EF task 

outcomes among the sample studied (e.g., ceiling and floor effects), resulting in 

violations of normality. Further, given the clear interpretability of the factor solution 

for the five-factor model, the presence of Heywood cases may not be a serious problem 

(Crites, Fabrigar, & Petty, 1994; Fabrigar et al., 1999). 

 

Table 9.4  

Factor loadings, communalities, errors, and proportions of variance for the final five-
factor exploratory factor analysis model for executive function measures 

 Factor†   
Outcome One Two Three Four Five h2 u2 
SWM total errors 0.88 -0.06 -0.04 0.03 0.04 0.75 0.25 
SWM strategy score 0.73 0.05 0.06 -0.01 -0.04 0.56 0.44 
Tower achievement score 0.43 0.07 0.01 -0.01 0.16 0.25 0.75 
Tower total correct 0.37 0.02 0.17 -0.07 0.07 0.22 0.78 
CGT decision-making -0.04 1.09 -0.01 0.02 0.02 1.17 -0.17 
CGT deliberation time -0.18 -0.5 0.08 0.15 -0.01 0.33 0.67 
CGT risk-adjustment -0.31 -0.45 -0.12 0.05 0.14 0.37 0.63 
CGT delay aversion 0.27 0.31 0.12 -0.02 -0.08 0.22 0.78 
IED adjusted errors 0.02 0.01 1.02 0.04 -0.02 1.04 -0.04 
IED stages completed -0.04 -0.04 0.88 -0.06 0.04 0.78 0.22 
SST direction errors 0.03 0.01 0.02 0.97 -0.01 0.93 0.07 
SST SSRT 0.04 -0.03 -0.09 0.63 0.03 0.4 0.60 
SST median correct RT -0.24 0.04 0.06 0.51 0.01 0.32 0.68 
Colour-word switching time -0.1 0.02 -0.02 -0.03 0.75 0.54 0.46 
Verbal fluency switching 0.04 0.02 0.02 -0.04 0.66 0.46 0.54 
Colour-word inhibition time -0.02 0.01 -0.05 0.05 0.61 0.37 0.63 
Verbal fluency category 0.13 0.02 0.06 0.05 0.56 0.38 0.63 
Verbal fluency letter 0.27 -0.07 0.11 0.06 0.43 0.33 0.67 
Trail-making time 0.1 0.06 0.08 -0.07 0.42 0.24 0.76 

        
Proportion variance .11 .09 .10 .09 .11   

Salient structure loadings for variables within factors are shaded to aid interpretation. 
h2 = Communality or common variance; u2 = error or unique variance. 
†Factor labels: 

One – Spatial working memory and planning 
Two – Risky decision-making 
Three – Rule acquisition and shifting  
Four – Motor inhibition  
Five – Verbal inhibition and flexibility  

 

SWM and tower task outcomes exhibited the highest loadings on the first factor, 

which was labelled as spatial working memory and planning, given these tasks arguably 

require participants to retain and manipulate spatial information, as well as solve 

problems in spatial space. CGT outcomes had the highest loadings on the second factor, 

which was labelled as risky decision-making. This second factor may best represent hot 

EF, given only CGT outcomes loaded adequately. The third factor consisted of the two 
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IED outcomes with the highest loadings, which was labelled as rule acquisition and 

shifting. It is acknowledged that only two variables loaded on this factor, however, there 

was an example of this occurring in all models estimated apart from the two-factor 

model. SST outcomes loaded most strongly on the fourth factor, which was labelled as 

motor inhibition, given the SST requires individuals to inhibit a motor response in 

response to an auditory signal. The fifth factor consisted of the most varied task 

outcomes, with the highest loadings including all verbal fluency, trail making, and 

colour-word inhibition outcomes, and was labelled as verbal inhibition and flexibility. 

Language abilities underpin performance on these task outcomes. Both the verbal 

fluency and trail-making tasks draw on the abilities to think flexibly, switch response 

sets, self-regulate and self-monitor (Lezak et al., 2012). The colour-word inhibition task 

assesses the ability to selectively inhibit or suppress a prepotent verbal response. 

Factor Scores. Factor scores for participants were estimated from the five-

factor model using the method proposed by ten Berge, Krijnen, Wansbeek, and Shapiro 

(1999) that calculates factors scores while preserving correlations between factors for 

oblique solutions. Bivariate correlations (i.e., Pearson’s correlation coefficient) among 

the five-factor model EF factor scores were calculated and are displayed in Figure 9.7 

(significant correlations at p < .05 are shaded according to the magnitude of the 

correlation, while non-significant were left unshaded). Spatial working memory factor 

scores were significantly positively correlated with the rule acquisition and switching 

(r = .24), and verbal inhibition and switching factor scores (r = .18). Overall, 

correlations between the EF factors were predominately low in magnitude. This may 

suggest that EF, as measured in the current study, is best represented by a set of 

separable components. 
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Figure 9.7. Pearson’s correlation coefficient plot of participant EF factor scores for 

the five-factor model. 
 
Note. Significance at p < .05 shaded according to the magnitude of correlation, non-significant 
correlations left unshaded. 
 

Displayed in Table 9.5 are the means and standard deviations for the EF 

component factor scores by age and sex. Only the verbal inhibition and flexibility factor 

scores were normally distributed, while the other factor scores exhibited significant 

negative skew in their distributions. A series of two-way ANOVAs (p <.05 set as alpha 

level for determining significance) were conducted to examine potential age (six levels) 

and sex (two levels) effects for each of the five latent EF factors derived from the 

exploratory factor analysis using the estimated factor scores of participants as the 

dependent variables. The results of these ANOVAs are also summarised in Table 9.5.  
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Table 9.5  

Descriptive information for the exploratory factor analysis five-factor model executive function factor scores by age and sex 

 Age (years)     
 17 18 19 20 21 22 ANOVA1 

EF factor Male Female Male Female Male Female Male Female Male Female Male Female Interaction 
Sex x Age 

Sex Age Age 
Post-Hoc 

 M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

F  
(df) 

F  
(df) 

F  
(df) 

Spatial working memory 
and planning  
 

-0.08 
(0.83) 

-0.29 
(0.79) 

0.08 
(0.63) 

0.05 
(1.04) 

0.18 
(0.75) 

0.27 
(0.99) 

0.00 
(1.17) 

-0.13 
(1.13) 

0.44 
(0.84) 

-0.74 
(1.51) 

0.42 
(0.99) 

0.13 
(0.95) 

1.06 
(5,117) 

2.10 
(1,117) 

0.87 
(5,117) 

ns 

Risky decision-making 
 
 

-0.16 
(1.24) 

-0.07 
(1.29) 

0.09 
(0.96) 

0.51 
(0.35) 

-0.35 
(0.92) 

0.51 
(0.56) 

-0.29 
(1.06) 

-0.10 
(1.18) 

-0.25 
(0.95) 

-0.05 
(1.24) 

0.31 
(0.79) 

-0.14 
(0.92) 

1.20 
(5,114) 

8.09** 
(1,114) 

0.46 
(5,114) 

ns 

Rule acquisition and 
shifting 
 

-0.05 
(1.22) 

-0.33 
(0.99) 

0.14 
(0.89) 

0.20 
(0.89) 

-0.17 
(1.10) 

-0.17 
(1.20) 

0.15 
(1.08) 

0.19 
(0.82) 

0.17 
(0.78) 

-0.35 
(1.25) 

0.49 
(0.63) 

0.10 
(0.90) 

0.30 
(5,117) 

0.75 
(1,117) 

0.92 
(5,117) 

ns 

Motor inhibition  
 
 

-0.41 
(1.62) 

-0.03 
(0.90) 

-0.31 
(1.16) 

-0.20 
(1.10) 

0.43 
(0.49) 

0.18 
(0.92) 

-0.54 
(1.25) 

-0.33 
(0.78) 

0.34 
(0.96) 

0.35 
(0.62) 

0.19 
(1.11) 

0.44 
(0.54) 

0.29 
(5,117) 

0.33 
(1,117) 

2.63* 
(5,117) 

ns 

Verbal inhibition and 
fluency  
 

0.14 
(1.01) 

.03 
(0.83) 

-0.09 
(0.70) 

0.37 
(0.66) 

0.34 
(1.09) 

-0.46 
(1.07) 

-0.85 
(1.00) 

0.25 
(0.91) 

0.40 
(0.95) 

-0.21 
(1.37) 

-0.00 
(0.85) 

0.27 
(0.96) 

3.00* 
(5,117) 

0.04 
(1,117) 

0.58 
(5,117) 

ns 

*p < .05, **p <.01 
1 Derived from two-way (age and sex) ANOVA 
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Figure 9.8. Mean factor scores with standard error bars for each executive function factor by age and sex.
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For the spatial working memory and planning factor scores, there was one 

univariate outlier, although exclusion did not change the pattern of results and the case 

was retained in the analysis. The Shapiro-Wilk test was significant (p < .001), and the 

Q-Q plot indicated that the distribution of data was negatively skewed. A logarithmic 

transformation did not alter the pattern of results; therefore, untransformed scores were 

used to assist interpretability. There were no significant main effects for age, F(5, 117) 

= 0.87, p = ns, !"#   = .04, or sex, F(1, 117) = 2.10, p = ns, !"#   = .02, and no significant 

interaction effect for age and sex, F(5, 117) = 1.06, p = ns, !"#   = .04. 

For the risky decision-making factor scores, the Shapiro-Wilk test was 

significant (p < .001), due to scores being negatively skewed. Logarithmic and inverse 

transformations did not alter the pattern of results; therefore, untransformed scores were 

used to assist interpretability. There were three univariate outliers that were excluded 

from the analysis due to the emergence of a significant main effect for sex, F(5, 114) = 

8.09, p < .01, !"#   = .07, with females performing better (i.e., less risky decision-making) 

than males on average. There was no significant main effect for age, F(5, 114) = 0.46, 

p = ns, !"#   = .02, and no significant interaction effect for age and sex, F(5, 114) = 1.20, 

p = ns, !"#   = .05. 

For the rule acquisition and shifting factor scores, the Shapiro-Wilk test was 

significant (p < .001), due to scores being negatively skewed. Logarithmic and inverse 

transformations did not alter the pattern of results; therefore, untransformed scores were 

used to assist interpretability. There were no significant main effects for age, F(5, 117) 

= 0.92, p = ns, !"#   = .04, or sex, F(1, 117) = 0.75, p = ns, !"#   = .01, and no significant 

interaction effect for age and sex, F(5, 117) = 0.30, p = ns, !"#   = .01. 

For the motor inhibition factor scores, the Shapiro-Wilk test was significant (p 

< .001), due to scores being negatively skewed. Logarithmic and inverse 

transformations did not alter the pattern of results; therefore, untransformed scores were 

used to assist interpretability. There was one univariate outlier, although exclusion did 

not change the pattern of results and the case was retained in the analysis. There was 

no significant main effect for sex, F(1, 117) = 0.33, p = ns, !"#   < .01, and no significant 

interaction effect for age and sex, F(5, 117) = 0.29, p = ns, !"#   = .01. There was a 

significant main effect of age, F(5, 117) = 2.63, p < .05, !"#   = .10, that appeared to be 

explained by a non-linear 5th-order trend, F(1, 123) = 9.80, p < .01. Post-hoc analyses 

of age differences using the Games-Howell test due to unequal variances across groups 
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indicated that there were no significant differences across age groups in motor 

inhibition factor scores. However, two contrasts approached significance (i.e., p <.10), 

including 19 > 20 and 20 < 21.  

For the verbal inhibition and flexibility factor scores, there was one univariate 

outlier, although exclusion did not change the pattern of results and the case was 

retained in the analysis. There were no significant main effects for age, F(5, 117) = 

0.58, p = ns, !"#   = .02, or sex, F(1, 117) = 0.04, p = ns, !"#   < .01. There was a 

significant interaction effect for age and sex, F(5, 117) = 3.00, p < .05, !"#   = .11. A 

simple main effect analysis was conducted to identify the source of the interaction 

effect for age and sex. First, sex differences within each level of age were examined. 

At age 19 years, there was a significant simple effect for sex, F(1, 117) = 4.40, p < .05, 

!"#   = .04, with males exhibiting greater factors scores. Reversing this effect at age 20 

years, there was a significant simple effect for sex, F(1, 117) = 7.09, p < .01, !"#   = .06, 

with females exhibiting greater factors scores. Second, age differences within the two 

levels of sex were examined. For females, there was a significant difference in factor 

scores when comparing ages 18 and 19 years, with 18-year-old females exhibiting 

greater factor scores. For males, 17-, 18- 19-, and 21-year-olds all had higher scores 

compared to 20-year-olds on average.  

To summarise, provided in Figure 9.8 is a visual illustration of age and gender 

trends for mean EF factor scores described above. The data-driven EFA approach to 

examining the structure of EF in late adolescence and early adulthood resulted in a five-

factor model. 

9.4.3 Confirmatory Factor Analysis  

The next step of the analysis was to conduct confirmatory factor analyses to 

evaluate and compare different models of EF structure as captured by participant 

performance on the study assessment battery2. Specifically, analyses were conducted 

to evaluate whether the prevailing EF model advanced by Miyake et al. (2000) could 

adequately fit EF performance data that included measures of “Hot” EF, and evaluate 

how this conceptual model compared to the data-driven model identified through the 

previously reported EFA. Miyake and Friedman (2012) identify three major 

components of EF, including updating (ongoing monitoring and rapid manipulation of 

                                                
2 The 19 EF task outcomes used in the final five-factor EFA model were used for estimating the CFAs. 
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working memory contents), shifting (switching flexibly between tasks or mental sets) 

and inhibition (deliberate overriding of dominant or prepotent responses). However, 

this model does not distinguish EF processes in the context of motivational or 

emotionally laden activities (i.e., Hot EF). To examine the suitability of the Miyake et 

al. (2000) model of EF, four CFA models were specified and compared: 1) unitary 

single-factor model (i.e., as a baseline model); 2) standard “Miyake” three-factor; 3) 

“Hot Miyake” four factor; and 4) five-factor EFA models. 

Model Specification. The single-factor baseline/parsimony model was 

estimated to examine the utility of considering EF as a unitary construct, with all 

indictor variables loading on a single latent EF factor. Specification of the measurement 

models for the standard and hot Miyake models was informed by reference to Table 

9.1, which outlines the EF component(s) each task outcome is hypothesised to measure. 

In specifying the standard and hot Miyake measurement models, indicator variables 

were allowed to load on multiple latent EF factors, given the EF tasks used in the 

assessment battery can tap into multiple EF abilities. The standard Miyake model 

consisted of the three latent EF factors of updating, shifting and inhibition. The 

updating factor included the seven indicators of SWM strategy score and total errors; 

verbal fluency letter, category and switching total correct; and tower task correct towers 

and achievement score. The shifting factor included the nine indictors of IED stages 

completed and total adjusted errors; trail-making sequencing time; verbal fluency letter, 

category and switching total correct; colour-word interference switching time; and 

tower task correct towers and achievement score. The inhibition factor included the 14 

indicators of stop signal direction errors, reaction time on go trials and stop signal 

reaction time; CGT delay aversion, deliberation time, quality of decision-making and 

risk adjustment; verbal fluency letter, category and switching total correct; colour-word 

interference inhibition and switching time; and tower task correct towers and 

achievement score. In expanding on the standard Miyake model, the hot Miyake model 

consisted of an additional fourth latent EF factor of hot EF. To construct this 

measurement model, the CGT task outcomes were removed from the inhibition factor 

to make their own factor of hot EF. Finally, the measurement model for the five-factor 

EFA model was directly drawn from the previously identified factor structure 

documented in Table 9.4, including the latent factors of spatial working memory and 

planning, risky decision-making (i.e., hot EF), rule acquisition and shifting, motor 
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inhibition and verbal inhibition and flexibility. Corresponding indicators for each factor 

are shaded in Table 9.4.  

The four models were initially specified by allowing for residual/error variances 

between outcomes of the same task to be correlated. All other residual/error variances 

between measured indicator variables within and across latent factors were specified as 

uncorrelated. This analytical decision was made due to the previously reported finding 

that outcomes within the same task were largely correlated with each other, which likely 

reflected shared method variance that may not be accounted for by the latent factors 

(Cole, Ciesla, & Steiger, 2007). All models included correlations between latent factors. 

Model Estimation. The CFA models were estimated using the cfa function in 

the lavaan library (version 0.5-23.1097; Rosseel, 2012) of R (R Core Team, 2017). The 

R code for the CFA analyses is provided in Appendix C. Based on reference to the 

tables of minimum samples sizes needed for tests of goodness of fit provided by 

MacCallum et al. (1996), the sample size of 129 participants was considered to be in 

the minimally adequate range to conduct CFA given around 100 degrees of freedom 

(i.e., all estimated models had df  > 100). The 19 EF outcome variables used for the 

final EFA model were used as indicator variables for the CFAs. Given the use of a 

covariance matrix in conducting CFA, all variables were standardised prior to entering 

the analyses, since they were scaled using a variety of different metrics. Additionally, 

the variables were recoded so that higher values represented better performance to aid 

in the interpretation of results.  

Using the Shapiro-Wilk Normality test and through visual inspection of 

distribution histograms, it was evident that univariate normality was violated for most 

of the indicator variables (i.e., evidence of both skewness and kurtosis). Attempts to 

transform the variables were largely unsuccessful in achieving normality. The lack of 

normality appeared to largely reflect floor and ceiling effects of performance on the EF 

tasks, as well as restricted ranges of responses. Rather than reflect an anomaly specific 

to the current sample, it is highly possible that scores on the EF tasks are not normally 

distributed in the population, with the current scores reflective of this. In addition, 

Mardia’s normalised coefficient was significant, χ2 = 106.24, p <.001, indicating the 

violation of multivariate normality. To control for the presence of univariate and 

multivariate non-normality, models were estimated with maximum likelihood 

estimation with robust standard errors and a Satorra-Bentler scaled chi-square test 
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statistic (Satorra & Bentler, 1988). Models were estimated from a variance – covariance 

matrix of the EF indicators. 

In calculating the models, the latent factors were standardised (i.e., constrained 

to have a mean of 0 and variance of 1), which results in covariances between latent 

variables becoming analogous to correlations to aid in the interpretation of results. The 

four CFA models were evaluated for the adequacy of fit by examining multiple fit 

indices, including: the TLI and CFI (incremental fit indices) and the SRMR and 

RMSEA (absolute fit indices); and the Akaike Information Criterion (AIC) and 

Bayesian Information Criterion (BIC). A model was considered to exhibit adequate fit 

with TLI and CFI values of .95 and above, while values of .08 and below for SRMR 

and .06 and below for RMSEA were considered indicative of adequate fit (Hu & 

Bentler, 1999). Smaller values for the AIC and BIC represent better fit, and were used 

to compare the models. 

A stable solution for the Miyake model was estimated without any additional 

modifications to the specified measurement model, with fit indices documented in 

Table 9.6. A stable solution for the Hot Miyake model could not be estimated from the 

initially specified measurement model. Alterations to the Hot Miyake measurement 

model were required to produce a stable solution to derive parameter estimates and fit 

indices. This involved first removing all residual/error variance correlations specified 

between indicator variables within EF tasks. Given that IED errors exhibited negative 

variance in estimated models (i.e., Heyward case), equality constraints were applied to 

IED errors and stages completed, such that they contributed equal factor loadings 

toward the shifting latent factor. Informed by reference to modification indices for the 

model, residual/error variances for the following indicator pairs within tasks were 

allowed to correlate: colour-word inhibition and switching times; CGT deliberation 

time and quality of decision-making; CGT delay aversion and deliberation time; stop 

signal reaction time on go trials and SSRT; stop signal reaction time and errors; stop 

signal SSRT and errors; verbal letter fluency correct and verbal switching fluency 

correct; SWM strategy score and errors; and tower achievement and correct towers. 

The resulting fit indices for the model are displayed in Table 9.6.  

A stable solution for the five-factor EFA model could not be estimated from the 

specified measurement model, which was expected, given the presence of Heyward 

cases in the original EFA final model. Alterations to the five-factor model were required 

and involved initially removing all residual/error variance correlations specified 
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between indicator variables within EF tasks. Given that IED errors exhibited negative 

variance in estimated models, equality constraints were applied to IED errors and stages 

completed, such that they contributed equal factor loadings toward the rule acquisition 

and switching latent factor. With reference to modification indices, residual/error 

variances for the following indictor pairs were allowed to correlate: CGT deliberation 

time and quality of decision-making; CGT quality of decision-making and delay 

aversion; CGT quality of decision-making and risk adjustment; colour-word inhibition 

and switching times; SWM strategy score and errors; and tower achievement and 

correct scores. The resulting fit indices for the model are displayed in Table 9.6. 

 

Table 9.6  

Fit indices for confirmatory factor analysis models 

Model df χ2a AIC BIC TLI CFI SRMR RMSEA 
(90% CI) 

Unitary single 
factor 
 

136 174.50 6313.76 6291.65 .93 .95 .08 .05 
(.02 - .07) 

Miyake three 
factors 
 

122 136.37 6302.28 6275.94 .97 .98 .07 .03 
(.00 - .06) 

Hot Miyake four 
factors 
 

127 162.48 6319.62 6294.79 .93 .95 .07 .05 
(.02 - .07) 

EFA five factors 137 148.29 6287.28 6265.48 .98 .98 .06 .03 
(.00 - .05) 

Model comparison Δχ2 Δdf p ΔAIC   
Single vs. three-factor 38.71 14 .001 11.48   
Single vs. four-factor 12.04 9 ns 5.86   
Single vs. five-factor 6.45 1 .050 26.48   
Three vs. four-factor 26.11 5 .001 17.34   
Three vs. five-factor 12.48 15 ns 15.00   
Four vs. five-factor 9.64 10 ns 32.34   

a Satorra-Bentler correction test statistic (chi square).  

AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; CFI = Comparative Fit 

Index (incremental measure of fit); RMSEA = Root Mean Square Error of Approximation (absolute 

measure of residual fit); SRMR = Standardised Root Mean Square of the Residuals (absolute measure of 

residual fit); TLI = Tucker-Lewis Index (incremental measure of fit). 

 

 Model Fit. As documented in Table 9.6, the three- (χ2 (122, N = 129) = 136.37, 

p = .18) and five-factor (χ2 (137, N = 129) = 148.29, p = .24) models demonstrated 

excellent fit across the four fit indices. Both of these models produced non-significant 

chi-square test statistics, indicating that the predicted values did not significantly 
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deviate from the observed data. In contrast, the unitary single factor model (χ2 (136, N 

= 129) = 174.50, p < .05) and the four-factor model (χ2 (127, N = 129) = 162.48, p <.05) 

only approached acceptable fit, and produced significant chi-square test statistics. 

Using a chi-square difference test statistic (Satorra & Bentler, 2010) the three-factor 

model exhibited a significantly better fit to the data compared to the single- (Δχ2 (14) 

= 38.71, p < .001) and four-factor (Δχ2 (5) = 26.11, p < .001) models. The five-factor 

model exhibited a significantly better fit to the data compared to the single-factor 

model, Δχ2 (1) = 6.45, p < .05, but not when compared to the four-factor model, Δχ2 

(10) = 9.64, p = ns. There was no significant difference in fit between the three- and 

five-factor models in terms of chi-square of absolute fit, Δχ2 (15) = 12.48, p = ns. 

Therefore, both the three- and five-factor models appeared to adequately fit the 

observed data, and provided support for the view that EF is best represented as a 

multidimensional construct.  

Estimated Model Parameters. Parameter estimates for the three-factor model 

are provided in Table 9.7, including standardised factor loadings and associated 

standard errors, and z scores. Further information for the three-factor model is 

illustrated in Figure 9.9, including standardised factor loadings, error terms, 

covariances between indicator variables and correlations between latent variables. 

Factor loadings for indicator variables on latent variables were not all significant, 

ranging in absolute values from .02 to .86. This suggests that some of the indicator 

variables did not adequately describe the latent EF factors specified, and be indicative 

of the data being better represented by a different structure of latent EF abilities. The 

magnitude of the correlations between the latent factors was indicative of a substantial 

degree of shared variance between EF components, which is consistent with the unified 

but diverse view of EF (Miyake et al., 2000). 
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Table 9.7  

Confirmatory factor analysis parameter estimates for the three-factor executive 

function model.  

Latent factor 
 

Indicator β1 SE z 

Inhibition  SST errors .02 .12 0.18 
Inhibition SST RT on go .27** .11 2.70 
Inhibition SST SSRT .05 .10 0.52 
Inhibition CGT delay aversion -.35*** .09 -3.73 
Inhibition CGT deliberation time .25* .12 2.16 
Inhibition CGT decision quality  -.06 .12 -0.47 
Inhibition CGT risk adjustment .39*** .10 4.08 
Inhibition Letter fluency .09 .30 0.28 
Inhibition Category fluency .65 .48 1.35 
Inhibition Switching fluency  .86 .44 1.92 
Inhibition CW inhibition time -.05 .11 -0.50 
Inhibition CW switching time .53* .23 2.18 
Inhibition Towers correct -.39 .51 -0.76 
Inhibition Tower achievement  .43 .44 0.97 
Updating SWM strategy .80*** .11 7.26 
Updating SWM errors .84*** .13 6.20 
Updating Letter fluency .11 .31 0.33 
Updating Category fluency .57 .51 1.13 
Updating Switching fluency  .52 .41 1.26 
Updating Towers correct -.26 .55 -0.47 
Updating Tower achievement  .61 .49 1.24 
Shifting IED stages .31** .12 2.64 
Shifting IED errors .36*** .11 3.21 
Shifting Trail making .45*** .12 3.81 
Shifting Letter fluency .48** .15 3.24 
Shifting Category fluency .42* .21 1.96 
Shifting Switching fluency  .61* .27 2.24 
Shifting CW switching time .69*** .20 3.26 
Shifting Towers correct .43* .22 1.97 
Shifting Tower achievement  .29 .18 1.61 

1 Standardised factor loading. 
* p <.05, ** p <.01, *** p <.001 
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Figure 9.9. Estimated three-factor Miyake confirmatory factor analysis model for executive functioning. 
 
Note. Ellipses represent latent executive function constructs, and rectangles represent measured indicator variables. Bidirectional arrows between latent variables represent 
correlations. Unidirectional arrows from latent to indicator variables and their values represent standardised factor loadings. Unidirectional arrows and values into indicator 
variables represent residuals/error. Curved connections between indicator variables and their values represent correlations between residual/error covariances. 
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Parameter estimates for the five-factor model are provided in Table 9.8, 

including standardised factor loadings and associated standard errors, and z scores. 

Further information for the five-factor model is illustrated in Figure 9.10, including 

standardised factor loadings, error terms for indicator variables, covariances between 

indicator variables and correlations between latent variables. All factor loadings for 

indicator variables on latent variables were significant apart from CGT quality of 

decision-making on the Risky decision latent factor. This suggests that the five latent 

factors better explained the variance in the indicator variables when compared to the 

three-factor model. In comparison to the three-factor model, correlations between the 

five latent factors (see Figure 9.10) exhibited greater variation in magnitude (absolute 

r values ranging from .02 to .57), lending support to the view that EF is best 

conceptualised as a set of related, but separable abilities.  

 

Table 9.8  

Confirmatory factor analysis parameter estimates for the five-factor executive 

function model.  

Latent factor 
 

Indicator β1 SE z 

Spatial WM and planning SWM errors .75*** .13 5.63 
Spatial WM and planning SWM strategy .76*** .09 8.25 
Spatial WM and planning Tower achievement .45*** .10 4.41 
Spatial WM and planning Towers correct .40*** .12 3.19 
Risky decision CGT decision quality -.09 .14 -0.68 
Risky decision CGT deliberation time .37*** .10 3.92 
Risky decision  CGT risk adjustment .74*** .12 6.44 
Risky decision CGT delay aversion -.52*** .09 -5.72 
Shifting and rule acquisition  IED errors .96*** .08 12.32 
Shifting and rule acquisition  IED stages .94*** .08 12.32 
Motor inhibition  SST SSRT .62*** .09 6.87 
Motor inhibition  SST errors .97*** .11 8.83 
Motor inhibition  SST RT on go .53*** .08 6.85 
Verbal inhibition and flexibility  CW switching time .55*** .10 5.61 
Verbal inhibition and flexibility Switching fluency .74*** .09 7.76 
Verbal inhibition and flexibility CW inhibition time .45*** .09 5.01 
Verbal inhibition and flexibility Category fluency .66*** .10 6.96 
Verbal inhibition and flexibility Letter fluency .60*** .11 5.58 
Verbal inhibition and flexibility Trail making .44*** .11 4.13 

1 Standardised factor loading. 
* p <.05, ** p <.01, *** p <.001 
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Figure 9.10. Estimated five-factor confirmatory factor analysis model for executive functioning. 
Note. Ellipses represent latent executive function constructs, and rectangles represent measured indicator variables. Bidirectional arrows between latent variables represent 
correlations. Unidirectional arrows from latent to indicator variables and their values represent standardised factor loadings. Unidirectional arrows and values into indicator 
variables represent residuals/error. Curved connections between indicator variables and their values represent correlations between residual/error covariances. 
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In the end, the five-factor model was selected as the preferred CFA model for 

three main reasons. First, the indicator variables exhibited stronger and more consistent 

loadings with the latent EF factors. Second, it is highly likely that the excellent fit of 

the three-factor model to the observed data was largely due to over-identification of 

parameters. Over-identification of parameters likely resulted from allowing indicators 

to cross-load on to latent factors, and by allowing for correlations between residual 

covariances for all pairs of indicators within EF tasks. Third, the five-factor structure 

of EF was clearly interpretable in relation to the how the task outcomes loaded on latent 

factors. Importantly, a hot EF latent factor (i.e., risky decision-making) appeared to be 

represented in the five-factor model that is not specified in the three-factor model. 

Overall, the five-factor structure of EF identified through EFA methods emerged as the 

best-fitting model through CFA methods when compared to the dominant three-factor 

conceptual model of EF focused on in the wider research literature. This was expected, 

given it was the structure that emerged from exploratory analyses of the data. 

9.5 DISCUSSION 

The aim of Study Three was to examine both the developmental progression of 

EF task performance and the structure of EF during late adolescence and early 

adulthood in a typically developing sample of individuals aged 17 to 22 years. Limited 

research has focused on examining potential developmental changes in EF that may 

continue into early adulthood, particularly in contexts that may pose additional 

regulatory challenges (i.e., “hot” contexts). A battery of EF tasks was used to allow for 

assessment of a wide range of EF abilities, including measures of both cool and hot EF, 

in a typically developing sample of individuals spanning later adolescence to early 

adulthood.  

9.5.1 Development of Executive Function 

Supporting the first hypothesis, it was evident that there were no significant age 

differences in EF task performance. This suggests that at a performance-based level, 

EF was largely mature between the ages of 17 and 22 years. This finding is consistent 

with a large body of evidence highlighting that most EFs are functionally mature by the 

time of early- to mid-adolescence (Huizinga et al., 2006; Lee et al., 2013). However, 

there were some possible exceptions to this general finding in relation to tasks 

purportedly measuring inhibitory control abilities. There was a trending linear effect 
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for verbal inhibition and switching errors that approached significance, with errors 

continuing to decrease with increasing age for the sample studied. The Colour-Word 

Inhibition Task assesses the ability to inhibit a prepotent and over-learned verbal 

response.  

In relation to the development of inhibitory control, the current results can be 

compared with findings from other studies. For example, using Stop Signal, Stroop and 

Eriksen Flankers Tasks, Huizinga et al. (2006) produced evidence suggesting that 

inhibitory control reached adult levels between 11- and 15-years-old. However, 

somewhat consistent with the current study, they found that performance on the Stroop 

task (i.e., interference time) continued to improve into early adulthood. Therefore, this 

may suggest that while inhibition may be functionally mature by the time of early- to 

mid-adolescence, slight improvements may continue into late adolescence and early 

adulthood. However, it cannot be discounted that the apparent improvements in 

inhibitory control could be accounted for by changes in processing speed across age 

(see, McAuley & White, 2011; Span, Ridderinkhof, & van der Molen, 2004), which 

were not controlled for in the current study.  

Inconsistent with the second hypothesis proposing that developmental changes 

in hot EF would occur later than changes in cool EF tasks, no age-specific changes in 

hot EF task performance as measured by the Cambridge Gambling Task were evident 

in the transition from late adolescence to early adulthood. Performance on the gambling 

task appeared to be equivalent across all ages, following the predominant 

developmental pattern of results for relatively cool EF tasks. On face value, this finding 

was not consistent with models of adolescent cognitive development hypothesising that 

hot EF development continues into adolescence and occurs later than the maturation of 

cool EF (Zelazo & Carlson, 2012).  

Prencipe et al. (2011) found that performance on Iowa Gambling and Delay 

Discounting Tasks improved (i.e., advantageous responses and less impulsivity in the 

presence of potential reward) improved up until age 15 years. Taken with the current 

results, it is possible that the ability to effectively exert cognitive control under 

conditions of motivational and affective salience develops throughout early- to mid-

adolescence to become functionally mature by late adolescence. In comparing the 

current results to those of Prencipe et al. (2011), who examined a younger sample group 

(i.e., 8-15 years), it is important to note that the current study examined an older sample 

group (i.e., 17-22 years). It is possible that the absence of a developmental effect for 
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hot EF may have resulted from the examination of an older group, where the sample 

may have already largely developed the skills to implement executive control in 

situations posing additional motivational/affective regulatory challenges. This would 

be consistent the dual systems model proposed by Shulman et al. (2016b), who argue 

that middle adolescents are most susceptible to their behaviour being impacted by 

motivational/affective challenges, while later adolescents are better able to regulate 

their behaviour. 

It is also possible that the failure to detect a developmental effect of hot EF may 

have been due to the nature of the task used to measure the construct. A previous study 

using a gambling task paradigm derived from the Cambridge Gambling Task (i.e., Cake 

Gambling Task; van Leijenhorst, Westenberg, & Crone, 2008) also failed to find any 

age-related effects in the pattern of risky decision-making for a sample of individuals 

aged 8 to 30 years. This is in contrast to the results of studies using the Iowa Gambling 

Task (IGT), which is widely used as a measure of affective decision-making. Results 

from studies using the IGT consistently highlight age-related changes in risky decision-

making throughout adolescence, including that children and adolescents are less likely 

to consider long-term outcomes compared to adults, and that adolescents can be 

characterised as more approach oriented to reward and less avoidant of punishment 

relative to adults (Cauffman et al., 2010; Crone & van der Molen, 2004; Crone et al., 

2016). It is possible that the lack of age-related differences for Cambridge gambling-

based measures compared to those found using the IGT is likely a function of differing 

task demands, with the IGT placing greater demands on working memory capacities 

(van Leijenhorst et al., 2008).  

A criticism commonly levelled against risk decision-making tasks administered 

in laboratory settings is that they typically lack ecological validity by being unable to 

realistically simulate conditions involving risky decision-making. It is possible that the 

gambling task did not effectively produce a strong-enough degree of 

motivational/affective significance in participants to elicit a hot EF effect within a 

controlled laboratory setting. The Cambridge gambling task does not provide any 

extrinsic reward to participants apart from accrual of “points” during the task, which 

may not have been sufficient to produce a context to meaningfully activate 

motivational/affective systems. Studies using gambling tasks have been found to 

produce inconsistent results in relation to whether adolescents are more susceptible to 

conditions involving risk-taking when compared to children and/or adults (e.g., Bjork 
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& Pardini, 2015; Defoe et al., 2015; Paulsen, Carter, Platt, Huettel, & Brannon, 2011; 

van Leijenhorst et al., 2010a). In conducting a meta-analysis of studies examining age 

differences in performance on risky decision-making tasks, Defoe et al. (2015) found 

that adolescents are not always the most susceptible age group to poor decision-making. 

Inconsistencies in study findings may suggest that the cognitive control system during 

adolescence is flexible and highly dependent on the motivational/affective salience of 

the context (Crone & Dahl, 2012; Defoe et al., 2015). It is possible that an effect of hot 

EF may be evident in older adolescent groups, but only where the context and/or task 

stimuli hold salience. For example, situations characterised by peer influence may be 

more effective in eliciting a salient motivational/affective context for the operation of 

hot EF processes (Albert et al., 2013; Chein, Albert, O'Brien, Uckert, & Steinberg, 

2011; Gardner & Steinberg, 2005). 

In relation to developmental effects, the current results are consistent with a 

growing body of evidence indicating that EFs are largely mature by the time of early- 

to mid-adolescence, with little evidence of maturational changes into early adulthood. 

As noted by Romine and Reynolds (2005), it is difficult to establish whether the 

apparent slowing of EF maturation during adolescence actually reflects a slowing of 

the development of neurocognitive functions, or whether it is partly a function of the 

psychometric properties of measures. Current measures of EF may be insensitive to 

subtle age-related changes that continue occur throughout adolescence and into 

adulthood. This may be reflected in the presence of ceiling and floor effects in task 

performance, which were evident for the current sample. The measures used for the 

current study may have been unable to detect changes in EF that continue into early 

adulthood due to lacking sensitivity. An area for future research will be to construct 

measures that are better able to detect (i.e., greater sensitivity) variation in EF ability 

among adolescents and adults. Such tools may be important in diagnostic settings to 

detect subclinical, but relevant variations in EF (e.g., emerging cognitive dysfunction 

in prodromal schizophrenia patients).   

It is possible that the issue of EF measure sensitivity may partly explain the 

discrepancy between anatomical/physical and functional/behavioural developmental 

neurocognitive findings. At an anatomical/physical level, the protracted development 

of the PFC, which is believed to largely subserve EF, is consistently noted to continue 

throughout adolescence and into early adulthood (see Chapter Three). However, 

behavioural findings derived from cognitive tests do not consistently align with these 
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physical changes, where EFs are typically “mature” by late childhood and early 

adolescence if examined solely from the perspective of test performance data. There is 

fMRI evidence to suggest that while adolescents can perform at mature/adult equivalent 

levels of functioning, this performance may require increased effortful attention, and 

stronger reliance on specific cortical regions such as the dorsolateral PFC (Luna et al., 

2010; Tamm, Menon, & Reiss, 2002). Such results may be indicative of immaturities 

in the structure and function of the PFC, where adolescents may need to engage in more 

intensive and/or prolonged processing effort to perform at the same level as adults, 

generating more intensive cortical activity compared to the adult system (Luna et al., 

2010). Luna et al. (2010) propose that in relation to neurocognitive development, the 

transition from adolescence to adulthood can be conceptualised as a change in the 

“mode of operation”, with initial reliance on more regionalised processing earlier in 

development, progressing toward a broader and more distributed network of regions 

that share processing in an efficient, flexible and coordinated manner. Further research 

integrating functional imaging and behavioural/cognitive measurement methodologies 

is needed to explore these hypotheses.  

Sex effects approaching significance were found for gambling task outcomes. 

First, females on average exhibited higher scores on quality of decision-making, which 

represented the proportion of trials where an individual chose to gamble on the most 

likely option. This indicated that females were more likely on average to choose 

outcomes with a greater probability of success. Second, males on average exhibited 

higher risk-taking scores compared to females, where they were more likely to bet a 

higher proportion of points on trials where they had chosen the more likely outcome. 

The finding of higher risk-taking for males is consistent with self-report evidence of 

males in general exhibiting higher levels of risk-taking in real life (Boyer & Byrnes, 

2009). The current findings were further consistent with evidence from studies using 

different gambling-task paradigms, where females on average are more risk-averse, and 

males make a higher proportion of risky choices (van Leijenhorst et al., 2010a; van 

Leijenhorst et al., 2008). However, there is contrasting evidence from a study reported 

by Deakin, Aitken, Robbins, and Sahakian (2004) that used a task equivalent to the 

Cambridge gambling task, with no sex effects found on risk-taking outcomes, apart 

from men exhibiting a more responsive betting style. It is possible that the lack of a sex 

effect was due to an older predominately adult sample of individuals being studied, 

where sex effects may be more likely in younger adolescent samples. 
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9.5.2 Structure of Executive Function 

The structure of EF has been extensively studied, with previous studies clearly 

and consistently highlighting that EF is best represented by a number of distinct but 

related latent factors by the time of adolescence (Brocki & Bohlin, 2004; Friedman et 

al., 2016; Huizinga et al., 2006; Lee et al., 2013; Lehto et al., 2003; McAuley & White, 

2011; Miyake et al., 2000). A latent variable approach using a battery of multiple 

indicators of EF was used in the current study, and results were both consistent with 

existing research and provided support to the third and fourth hypotheses of the study. 

EF was best represented as a set of five distinct but related latent factors (see Figure 

9.10) representing different aspects of EF, including 1) spatial working memory and 

planning; 2) risky decision-making; 3) rule acquisition and shifting; 4) motor inhibition; 

and 5) verbal inhibition and fluency. It could be argued that these identified factors are 

similar to the three-factor models of EF distinguished by Miyake et al. (2000) and 

Huizinga et al. (2006), encompassing the EF abilities of working memory/updating, 

shifting/flexibility and inhibitory control. However, expanding on these findings, the 

results of the current study suggest that these three EF domains can be further 

fractionated and additional domains of EF identified (i.e., hot EF).  

In comparing the three- to the five-factor model, it appeared that inhibition 

could be further fractionated into distinct verbal- and motor-based inhibition abilities. 

The separability of inhibition abilities is supported by evidence indicating that multiple 

indicators of inhibition can fail to converge on a unitary construct in latent variable 

analysis approaches (e.g., Huizinga et al., 2006). The motor inhibition factor consisted 

only of stop signal task outcomes, with this task requiring participants to execute a 

speeded motor response to a go stimulus, while inhibiting this response on intermittent 

stop trials. This may be contrasted to tasks constituting the verbal inhibition and fluency 

factor, such as the colour-word inhibition task, which required participants to respond 

quickly to a colour stimulus while inhibiting an incongruent automatic and overlearned 

verbal response. The separation of motor and verbal components of inhibition in the 

current study adds to the building body of evidence indicating that inhibition comes in 

many varieties depending on the measurement paradigm that is used (Huizinga et al., 

2006; Kipp, 2005; Nigg, 2000; van der Molen, 2000). 

The current results also suggest that different aspects of inhibitory control might 

follow different trajectories of development. In examining the age effects for latent 
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factor scores, it was evident that motor inhibition, as measured by a Stop Signal Task, 

underwent non-linear age-changes throughout late adolescence and early adulthood. 

However, no age-changes were evident for the verbal inhibition latent factor, 

suggesting verbal inhibition skills were mature by late adolescence. This suggests that 

motor inhibition may continue to develop at least up until early adulthood.  

Supporting the fourth hypothesis of the study, the best-fitting five-factor model 

included an additional and separate factor that appeared to represent hot EF that 

consisted of gambling task outcomes. This was borne out of both exploratory and 

confirmatory analytical approaches, with the five-factor model outperforming the 

incumbent three-factor model advanced by Miyake et al. (2000) in relation to fit indices 

and interpretability. The finding of a separable hot EF factor would suggest that the 

structure of EF in late adolescence and early adulthood is best represented by an 

additional factor that relates to the operation of EF under conditions of 

affective/motivational salience. The separation of a hot factor from other cooler aspects 

of EF at a behavioural performance level is consistent with brain imaging studies that 

have identified that hot and cool aspects of EF are dissociable at functional and 

structural levels within the brain (Bechara et al., 1998; Bjork et al., 2004; Eshel, Nelson, 

Blair, Pine, & Ernst, 2007; Galván et al., 2006). There is emerging evidence that 

patterns of functional activation across brain regions are different for adolescents 

compared to both children and adults when performing hot EF tasks, and that these 

patterns can sometimes coincide with behavioural performance differences (Bjork & 

Pardini, 2015; Eshel et al., 2007; Galván et al., 2006). Further research integrating both 

behavioural and brain imaging methodologies is required to examine how functional 

and structural brain development underlie the behavioural development of EF abilities.  

It is noted that there is significant variation across studies in the number and 

nature of factors that are typically identified in determining the structure of EF, and the 

current findings contribute to this variation. This situation is likely due in part to the 

use of exploratory analytical approaches and varied methodological study designs (e.g., 

differences in samples and tasks used) across studies. Miyake et al. (2000) have 

criticised the use of exploratory analytical approaches in the study of EF, highlighting 

that these approaches do not incorporate theoretical considerations when evaluating EF 

performance data. Miyake and Friedman (2012) advocate the use of confirmatory 

analytical approaches as a theory driven technique to specify the structure of EF and 

evaluate the fit of performance data. Both exploratory and confirmatory approaches 
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were adopted in the current study to explore the fit of various conceptual approaches to 

configuring the structure of EF. Importantly, using a battery of different (i.e., compared 

to the Huizinga et al. (2006) and Miyake et al. (2000) studies) and varied EF measures, 

the current study still identified latent EF factors that could be argued to coincide and 

extend on the EF abilities of updating, shifting and inhibition. This provides strong 

support for the view that these EFs represent basic/fundamental abilities in the system 

responsible for cognitive control.  

The selection of tasks to measure EF appears to have a significant influence on 

the nature and number of EFs identified through latent variable analysis approaches. 

Most available EF tasks are complex and multidimensional, which makes it difficult to 

identifying the specific abilities being assessed (i.e., the “task impurity” problem). In 

turn, this produces ambiguity in conceptualising the specific set of EFs complex tasks 

are believed to assess. An attempt was made in the current study to minimise the task 

impurity concern by using a battery of EF measures, with multiple task outcomes for 

each EF construct (Rabbitt, 1997b). The battery of tasks used for the current study 

differed from the assessment batteries of other latent variable studies (e.g., Huizinga et 

al., 2006; Lee et al., 2013; Miyake et al., 2000), consisting of measures from the 

CANTAB and D-KEFS. Despite the use of a different battery of measures, the latent 

variable approach identified a set of EFs that could be considered to be consistent with 

these previous studies (i.e., basic functions of updating, shifting and inhibition). 

Recent studies (e.g., Huizinga et al., 2006; Lee et al., 2013; Lehto et al., 2003) 

typically approach the examination of EF structure adopting the three-factor model 

advanced by Miyake and Friedman (2012) as a basis for design and measurement, with 

an a-priori approach of utilising measures commonly believed to measure the three EF 

components of updating, shifting and inhibition. Not surprisingly, results typically 

conform to the three-factor model. This methodological approach appears to represent 

a form of circular logic, where measures are selected based on their ability to assess 

one of the three postulated basic EF components, and performance on these measures 

is best explained by a three-factor structure. Rather than represent a specific theoretical 

model of EF, the three-factor model appears to be best characterised as a 

descriptive/taxonomic framework that consists of those EF abilities that have most 

commonly been studied in the research literature. This is acknowledged by Miyake et 

al. (2000), who describe selecting the EF domains of updating, shifting and inhibition 

due to these functions representing the most frequently postulated and basic forms of 
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EFs in literature. Further work is needed in constructing and testing theoretical models 

that progress beyond taxonomic description and are able to generate testable hypotheses 

regarding EF.  

Overall, the results of the current study were consistent with existing research 

highlighting that EF is largely mature by the time of mid-adolescence, with only minor 

age-related changes continuing into later adolescence and early adulthood. Further, 

using a latent variable analytic approach, EF was best represented as a multifaceted 

construct of separable but related processes. Importantly, a novel finding emerged with 

the identification of a separate factor that appeared to relate to the operation of EF under 

conditions of motivational/affective salience. Follow-up studies are warranted to 

confirm and further examine the nature and development of this hot EF factor 

throughout childhood, adolescence and into adulthood. 
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Chapter 10: Executive Function, Risk-
Taking and Self-Reported 
Antisocial Behaviour in Late 
Adolescence and Early 
Adulthood 

The fourth and final study explored the links between EF, risk taking and self-reported 

engagement in ASB during late adolescence and early adulthood. This study 

represented a multidisciplinary and multi-method approach to the examination and 

integration of two broad fields of enquiry, being neuropsychological development and 

the aetiology of risk taking and ASB. Adopting a developmental perspective, the aim 

of the study was to examine how neuropsychological factors may shape the course of 

engagement in risk taking and ASB across late adolescence and early adulthood. This 

research focus was motivated by observations that the developmental progression 

through adolescence to early adulthood is typically characterised by increasing 

engagement in risk-taking and ASB followed by a steady decline, and that this 

coincides with significant neuropsychological changes in self-regulatory capacities 

(Galván et al., 2007; Monahan, Steinberg, Cauffman, & Mulvey, 2013; Shulman et al., 

2016b; Steinberg, 2008). Informed by this research, the current study sought to examine 

whether a range of neurodevelopmental factors (e.g., cognitive functioning, personality 

traits) could assist in understanding the peak in risk-taking and ASB that occurs in later 

adolescence and early adulthood within a typically developing sample of youth.  

In the past decade there has been an increasing emphasis on 

neurodevelopmental explanations for adolescent behaviour (Casey et al., 2008; Ernst, 

2014; Steinberg, 2008). Adolescence is popularly characterised as representing a 

developmental paradox, whereby elevated rates of morbidity and mortality occur in the 

context of increasing physical and cognitive maturity (Steinberg, 2010b). This 

discrepancy has been largely attributed to a sharp and transitory rise in risky and ASB 

that occurs throughout adolescence and declines as individuals enter adulthood (Arnett, 

1996; Moffitt, 1993; Spear, 2010). Prominent models of adolescent brain development 

(i.e., dual-system and triadic models described in Chapter Two) explain increased levels 
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of risky, impulsive and potentially hazardous behaviours in adolescence as resulting 

from normative imbalances in trajectories of neural development for different 

functional systems (e.g., Casey et al., 2008; Ernst, 2014; Spear, 2010; Steinberg, 2008). 

Specifically, the developmental imbalance is typically hypothesised to include delayed 

maturation of prefrontal functions related to cognitive control, relative to the rapid and 

earlier maturation of subcortical functions subserving a reactive motivational system 

(i.e., reward and punishment sensitivity), resulting in a “maturational gap”. The 

maturational gap is hypothesised to result in an amplification of adolescents’ attraction 

towards novel, exciting and pleasurable activities, which occurs at a time when the 

capacity for cognitive control is not yet mature enough to consistently restrain 

potentially hazardous impulses (Shulman et al., 2016b).  

The current study represented an effort to test the efficacy of developmental 

imbalance models in explaining late adolescent to early adult engagement in risk-taking 

and ASB at self-report and behavioural performance levels of analysis. As described 

by Shulman et al. (2016b), three main propositions can be drawn from dual-system 

developmental imbalance models: 1) reward sensitivity increases to peak in 

adolescence, followed by a decline into adulthood; 2) cognitive control increases 

linearly across adolescence; and 3) increased risk-taking during adolescence results 

from heightened reward-seeking and relatively weaker cognitive control. Examination 

of these propositions formed the basis for the formulation of the hypotheses and 

analyses of the current study.  

10.1 REWARD AND PUNISHMENT SENSITIVITY 

There is relatively consistent evidence to indicate that various aspects of reward 

sensitivity peak in mid- to late adolescence, and decline into early adulthood (Shulman 

et al., 2016b). For example, Uroševic and Colleagues (2012) found that aspects of 

reward sensitivity, as conceptualised by the behavioural approach system (BAS; Gray, 

1990) and measured by self-report (i.e., BIS/BAS scales; Carver & White, 1994) 

increased from mid- to late adolescence, and declined in early adulthood. In addition, 

there is a consistent body of evidence indicating that self-reported sensation seeking, 

which is considered a psychological aspect of reward sensitivity, peaks during early 

adolescence and gradually plateaus or decreases over time (Collado et al., 2014; Harden 

& Tucker-Drob, 2011; Pedersen, Molina, Belendiuk, & Donovan, 2012; Romer & 

Hennessy, 2007; Shulman, Harden, Chein, & Steinberg, 2016a; Steinberg et al., 2008). 
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In turn, sensation seeking has been found to be predictive of self-reported engagement 

in risk taking behaviours (Kong et al., 2013; MacPherson et al., 2010). Some gender 

effects have also been noted in relation to sensation seeking, with females exhibiting 

an earlier peak in sensation seeking compared to males (Romer & Hennessy, 2007). 

Furthermore, there is also evidence to suggest that across age, males exhibit higher 

levels of sensation seeking compared to females (Lejuez et al., 2002; Pedersen et al., 

2012).  

Extending on dual system models of functional neurodevelopment, it has been 

proposed in triadic models that it is also important to consider punishment sensitivity 

in explaining adolescent behaviour (Ernst, 2014). Similar to reward sensitivity, 

punishment sensitivity is hypothesised to undergo developmental changes across 

adolescence. Specifically, adolescents are believed to be less sensitive to potential 

punishment or aversive stimuli/outcomes in the presence of reward when compared to 

adults (Ernst, 2014). However, there is only tentative support for this hypothesis at 

present (e.g., Morgan et al., 2014; van Leijenhorst et al., 2010b), given most studies 

focus on examination of reward sensitivity. 

Based on the predictions made by developmental imbalance models relating to 

adolescent behaviour and available evidence in relation to the development of reward 

and punishment sensitivity across adolescence, two hypotheses were proposed: 

 

1. Psychological traits related to reward sensitivity will decline as individuals 

enter early adulthood 

2. Punishment sensitivity will increase as individuals enter early adulthood 

10.2 COGNITIVE CONTROL  

A major proposition of developmental imbalance models is that cognitive 

control increases linearly across adolescence and into early adulthood, and does not 

reach full maturity until several years after the peak of reward sensitivity in mid- to late 

adolescence (Casey et al., 2008; Steinberg, 2010b). Cognitive control was examined 

from a neuropsychological level (i.e., EF) of analysis using behavioural performance 

data in Study Three as described in Chapter Nine. Results of the study provided only 

minimal support for ongoing linear improvements in cognitive control across later 

adolescence and early adulthood. This was evident from age-related effects that 

approached significance on outcomes from verbal inhibition tasks (i.e., colour-word 
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inhibition). However, the more prominent finding that emerged from the study was that 

most EFs (i.e., cognitive control capacities) were functionally mature at a behavioural 

performance level by the time of late adolescence (i.e., a plateau in performance level 

was reached). In explaining such findings, proponents of dual system models argue that 

while adolescents demonstrate adult like self-regulation capacity under ideal 

circumstances by mid-adolescence, this capacity remains tenuous and inconsistent 

across more demanding conditions (Shulman et al., 2016b). In this regard, Shulman et 

al. (2016b) argued that maturation of self-regulation would best be assessed by the 

consistency with which an individual is able to demonstrate cognitive control across 

different circumstances and contextual demands.  

Building on Study Three, for the current study cognitive control was examined 

from a personality trait level of analysis using self-report data. The psychological 

construct of impulse control and its inverse, impulsivity, has been extensively studied 

as a form of cognitive control or self-regulation. Both cross-sectional (e.g., Duell et al., 

2016; Galván et al., 2007; Steinberg et al., 2008; Vaidya, Latzman, Markon, & Watson, 

2010) and longitudinal (e.g., Collado et al., 2014; Harden & Tucker-Drob, 2011; Quinn 

& Harden, 2012) evidence suggests that impulse control and self-regulatory capacities 

continue to develop into early adulthood. For example, using a range of self-report 

instruments (e.g., Barratt Impulsiveness Scale) to measure different components of 

impulsivity, Vaidya et al. (2010) found that many psychological aspects of impulsivity 

continued to decline from adolescence and into early adulthood. It is also consistently 

established that a higher level of impulsivity predicts greater engagement in risk taking 

(Bjork & Pardini, 2015; Nigg, 2017; Romer, 2010). 

Based on the predictions made by developmental imbalance models relating to 

adolescent behaviour and available evidence in relation to the development of cognitive 

control across adolescence, one hypothesis was proposed: 

 

3. Psychological traits related to cognitive control (i.e., impulsivity) will improve 

from late adolescence to early adulthood, as evidenced by declines in self-

reported impulsivity 
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10.3 RISK TAKING, REWARD SENSITIVITY AND COGNITIVE 
CONTROL 

It is noted that although there are a large number of studies that have established 

the independent contributions of cognitive control (e.g., impulsivity) and reward 

sensitivity (e.g., sensation seeking) to the prediction of risk taking, very few studies 

have examined the connections between these three constructs concurrently. Fewer still 

studies have examined these connections in the transition from adolescence to early 

adulthood, which would represent a critical test of some of the main propositions of 

imbalance models. That is, reduced risk taking behaviour should coincide with 

increasing cognitive control and decreasing reward sensitivity on the transition to early 

adulthood. Preliminary support for imbalance models has been found in available 

studies that have simultaneously examined constructs related to reward sensitivity and 

cognitive control in predicting risk taking (e.g., Cyders, Flory, Rainer, & Smith, 2009; 

Duell et al., 2016; Quinn & Harden, 2012). However, these studies have mainly relied 

on self-report measures of risk taking, with only one study (i.e., Duell et al., 2016) 

examining how reward sensitivity and cognitive control may relate to behavioural 

measures of risk taking. Duell et al. (2016) found evidence to suggest that reward 

sensitivity and cognitive control have largely independent associations with risk taking, 

and that the association between these constructs and risk taking were not unique to 

adolescence. Despite the preliminary evidence provided by Duell et al. (2016) of 

independent contributions, it is yet to be definitively established whether reward 

sensitivity and cognitive control make independent, additive or interactive 

contributions to risk taking. 

Based on the predictions made by developmental imbalance models relating to 

the role of reward sensitivity and cognitive control in predicting risk taking, three 

hypotheses were proposed: 

 

4. Higher levels of sensation seeking will predict greater risk taking propensity 

5. Lower levels of cognitive control will predict greater risk taking propensity 

6. Risk-taking will decline from late adolescence to early adulthood, and this 

decline will coincide with reducing reward sensitivity and improving cognitive 

control 
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10.4 ANTISOCIAL BEHAVIOUR, REWARD SENSITIVITY AND 
COGNITIVE CONTROL 

To date, there have been no studies that have explicitly applied a developmental 

imbalance perspective to examine ASB during adolescence and early adulthood. In 

explaining adolescent ASB, it is argued that imbalance models can complement 

Moffitt’s (1993) conceptualisation of adolescent-limited offenders, where the 

temporary increase of participation in ASB during adolescence can be partly explained 

by heightened reward sensitivity combined with immature cognitive control capacities. 

It is argued that imbalance models can be extended to apply to ASB during adolescence, 

as conceptualised as a form of risk taking behaviour. Supporting this stance, and similar 

to risk taking behaviour, ASB has been strongly associated with both reward sensitivity 

(e.g., sensation seeking) and impulsivity (Cauffman et al., 2005; Mann et al., 2017a; 

Mann, Kretsch, Tackett, Harden, & Tucker-Drob, 2015; Mann, Paul, Tackett, Tucker-

Drob, & Harden, 2017b). Guided by this information and theory, it was hypothesised 

that: 

 

7. A higher propensity for ASB with be associated with higher levels of sensation 

seeking 

8. A higher propensity for ASB with be associated with lower levels of cognitive 

control 

 

Finally, in an effort to integrate the analytical approaches and findings from 

Studies Two (i.e., self-report of ASB) and Three (i.e., development and structure of EF), 

the current study adopted an exploratory approach to examine the links between ASB 

and cognitive control from late adolescence to early adulthood. As identified in Study 

One (i.e., meta-analysis of ASB and EF) there is a clear and consistent association 

between engagement in ASB and EF. However, findings also highlighted that there was 

significant variation across studies in the magnitude of the association between ASB 

and EF. Given this heterogeneity, there is a clear need for examining specificity in the 

association among different forms of ASB and EF. Taking an exploratory approach, the 

study examined how different EF factors (i.e., derived from Study Three) may 

differentially associate with facets of ASB (i.e., derived from Study Two). 

No hypotheses regarding potential sex differences in sensation seeking, 

cognitive control, risk taking propensity and ASB were made, given that imbalance 
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models do not make explicit predictions regarding potential sex differences. While 

imbalance models do emphasise that females may develop cognitive control capacities 

earlier than males, this difference does not appear to extend to the late-

adolescence/early adult age-range studied for the current study (Shulman et al., 2016b). 

Further, in regards to typically developing adolescents, it has been argued that sex 

differences in ASB participation are minimal (Moffitt, 1993), and this was largely 

consistent with the results of the second study examining self-reported participation in 

ASB described in Chapter Seven. 

10.5 METHODS 

 The method for the current study relating to participant recruitment, study 

design, measures, and procedure has previously been described in Chapter Eight. The 

current methodology outlines operationalization of constructs, specific data 

management procedures, and analytical strategy. 

10.5.1 Measures 

 Psychometric information regarding the measures used to operationalize the 

study constructs has been detailed in Chapter Eight. Provided in the current section is 

an overview of how each measure related to the study constructs. 

 Reward and Punishment Sensitivity. Reward and punishment sensitivity were 

assessed using two self-report measures. First, the behavioural activation and inhibition 

scales (BIS/BAS scales; Carver & White, 1994) were used to assess individual 

differences in sensitivities to reward and punishment. For the BIS/BAS scales, reward 

sensitivity is separated into three subscales: BAS drive, BAS fun seeking and BAS 

reward responsiveness. Punishment sensitivity was measured using the BIS subscale. 

Second, a modified 6-item version of Zuckerman’s sensation seeking scale (Steinberg 

et al., 2008; Zuckerman et al., 1978) was used to assess reward sensitivity as 

operationalized as a self-reported sensation seeking trait.  

 Cognitive Control. Cognitive control was assessed as a personality trait related 

to impulsivity using the Barratt Impulsiveness Scale, version 11 (Barratt-11; Patton et 

al., 1995). The three second-order subscales of the Barratt-11 were used to 

operationalize impulsivity, including the attentional, motor and non-planning 

impulsivity subscales. Cognitive control was also assessed as a neuropsychological 

construct related to EF, which was operationalized using the five-factor model derived 
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from the exploratory factor analysis (EFA) described in Chapter Nine. The five-factor 

model consisted of the EF factors of spatial working memory and planning; rule 

acquisition and shifting; verbal inhibition and flexibility; risky decision-making; and 

motor inhibition. The EFA model was selected, given this model was derived directly 

from participant performance data and provided the best fit to the data. 

 Risk Taking. Risk taking was assessed using the Balloon Analogue Risk Task 

(BART), which is a behavioural performance task. Although the BART produces a 

number of outcome measures, the outcome used to assess risk-taking propensity for the 

current study was the adjusted average number of pumps per balloon across the entire 

task, with the average number of pumps calculated from trials where a balloon did not 

explode. This was consistent with prior studies (e.g., Collado et al., 2014; Qu et al., 

2015) and guidance provided by the developers of the task (Lejuez et al., 2003; Lejuez 

et al., 2002).  

 Antisocial Behaviour. ASB was operationalized using the composite scores for 

the eight ASB categories. These composite scores were estimated by the IRT modelling 

process of the ASB self-report questionnaire data described in Chapter Seven. The eight 

ASB categories included: general rule breaking; aggressive; vehicle; substance; theft; 

property; technology; and sexual forms of ASB. The aim was to operationalize ASB as 

a multidimensional construct (Tremblay, 2010), where different forms of ASB may 

vary in their relation to the constructs examined. Composite scale scores for the ASB 

categories were left untransformed, given it was expected that these variables would be 

skewed, and transformation may obscure key correlations (Osgood et al., 2002).  

 Covariates. Two covariates that are known to be associated with EF and ASB 

were assessed, including general intellectual functioning, attention-

deficit/hyperactivity disorder (ADHD) traits. General intellectual functioning was 

measured using the estimated full scale intelligence quotient (FSIQ) score from the 

Wechsler Abbreviated Scale of Intelligence (WASI) First Edition (Psychological 

Corporation, 1999). ADHD traits were measured using the Connors 3 Self-Report Short 

(Conners, 2009), which includes the five subscales of inattention; 

hyperactivity/impulsivity; learning problems; defiance/aggression; and peer/family 

relations.  
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10.5.2 Data Management and Analytical Strategy  

For the BART, data were missing for 10 participants, including two 17-year-

old females, one 18-year-old female, one 18-year-old male, two 19-year-old females, 

two 19-year-old males, one 21-year-old female, and one 22-year-old male. These 

missing data resulted from a software program malfunction, where performance data 

failed to be recorded. One participant (19-year-old female) had missing data across all 

self-report measures (i.e., Barratt-11, sensation seeking scale, BIS/BAS scales, and 

Connors Self-Report) except the ASB scale. This was due to the participant failing to 

complete these measures after completing the ASB scale. These missing data were 

estimated using the mice package for R (van Buuren & Groothuis-Oudshoorn, 2011), 

which imputes incomplete multivariate data by chained equations. Missing data was 

estimated to retain participant numbers for analyses. 

The reward and punishment sensitivity, cognitive control, risk taking and ASB 

scale scores were examined for univariate and multivariate participant outliers. 

Univariate and multivariate outlier handling is discussed throughout the results. Data 

were analysed with and without outlier cases, and if the pattern of statistical 

significance did not vary, all cases were retained in the analyses to maintain the sample 

size.  

Each outcome score was checked for normality of distribution, and is described 

throughout the results. Preference was placed on using untransformed scores where 

possible to aid interpretation of results. In the case of a significant deviation from 

normality, data were analysed using transformed and untransformed scores, and if the 

pattern of statistical significance did not vary, untransformed scores were used. 

To test the proposed hypotheses, there were three stages to the analytical 

process. First, age and sex-related differences in reward sensitivity and cognitive 

control traits, and risk taking propensity were examined using a series of two-way 

ANOVAs for each trait outcome. Trend analyses are reported with each ANOVA with 

a significant main effect of age to explore possible developmental trends in reward 

sensitivity and cognitive control traits across age. The ANOVA assumption of balanced 

groups was not met (i.e., equal numbers of participants in each age/sex combination), 

therefore type two sums of squares were used to estimate each ANOVA model. The 

assumption of normality (i.e., variables being normally distributed in the sample) was 

checked using both the Shapiro-Wilk normality test (Shapiro & Wilk, 1965) and visual 
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inspection of quantile-quantile (Q-Q) plots for each trait outcome measure. The 

assumption of homogeneity of variance was checked for each two-way ANOVA using 

Levene’s test of the equality of variances. If Levene’s test was significant (i.e., 

indicating heterogeneity of variance across groups), Welch’s adjusted F ratio was 

utilised, and pairwise comparisons that do not assume equal variances (i.e., Games-

Howells tests) were used. In the case where the pattern of results using transformed 

variables, adjusted tests and indicators did not differ from that of a standard ANOVA, 

the results of the unadjusted ANOVA are reported. To maintain consistency with the 

analytical approach described in Chapter Nine and due to the number of ANOVAs 

conducted (i.e., nine, one for each measure outcome), the alpha level for significance 

was set at p <.01 to control for possible inflated Type I error. In addition, for all post-

hoc pairwise comparisons examining age differences, a Bonferroni adjustment was 

used to control for potential increased Type I error due to multiple comparisons. 

 Second, collapsing across age (i.e., combining all ages into a single group), a 

hierarchical linear multiple regression analysis was conducted to examine the 

explanatory capacity of reward seeking and cognitive control traits in predicting 

behaviourally indexed risk-taking propensity. Risk taking, reward seeking and 

cognitive control measures were then examined using graphical visualisations of mean 

z-scores by age. This analytical step represented an effort to explore the concurrent 

associations of reward sensitivity and cognitive control to risk taking in later 

adolescence and early adulthood. 

Third, collapsing across age, for each of the eight ASB categories a hierarchical 

linear multiple regression analysis was performed, with demographic, covariate, reward 

sensitivity and cognitive control variables entered as predictors in successive stages. 

This was to examine whether there was variation across different forms of ASB in how 

they were predicted by the study variables. This analytical step represented an effort to 

examine how imbalance model constructs may be applied to explain various forms of 

ASB during the transition from adolescence to adulthood.  

For the regression analyses, the ratio of cases to predictors was considered to 

avoid potential issues associated with overfitting of statistical models. It is 

acknowledged that there are a large number of “rules-of-thumb” for determining the 

appropriate sample size for linear regression analyses (Austin & Steyerberg, 2015). 

Tabachnick and Fidell (2014) suggest a guideline of five participants per variable plus 

20, which would be 125 for the proposed analyses given the use of 21 variables in the 
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final regression models. Therefore, the total sample of 129 could be considered 

minimally adequate for the analyses proposed.  

10.6 RESULTS 

10.6.1 Descriptive Information  

 Means and standard deviations for measures by age and sex are displayed in 

Table 10.1 for the full sample including outliers and without variable transformations. 

None of the measures exhibited significant skewness, although significant kurtosis was 

evident for some of the measure outcomes (i.e., z-score > ± 3). Normality of 

distributions is examined in greater detail in the next section on age-related changes. 

Bivariate correlations (i.e., Pearson’s correlation coefficient) among the 

measures, risk-taking score, EF and ASB composite scores, covariates and age were 

calculated and displayed in Figure 10.1. There were significant correlations between 

age and a number of variables. This included a negative association between age and 

the BIS punishment sensitivity measure (i.e., increasing age was associated increasing 

sensitivity to punishment). Further, age was positively correlated with BART adjusted 

average pumps, and the substance and sexual ASB composite scores. At a bivariate 

level, age was not significantly correlated with any reward sensitivity or cognitive 

control (including EF composite scores) outcome measures.  

General intellectual functioning, as measured by estimated FSIQ, was 

significantly and negatively correlated with the Connors self-report learning problems 

subscale. Further, estimated FSIQ was significantly and positively correlated with the 

EF composites of spatial working memory and planning, rule acquisition and shifting, 

and verbal inhibition and flexibility. This was consistent with previous findings that 

general intellectual functioning, as measured by IQ, is significantly associated with EFs 

(Alvarez & Emory, 2006; Ardila et al., 2000). 

Examination of the pattern of significant correlations among reward and 

punishment sensitivity, cognitive control and ADHD-trait measure outcomes suggested 

that there was significant overlap between the measures and the constructs they are 

purported to measure. For example, the total sensation seeking score was significantly 

and moderately correlated with most reward sensitivity and cognitive control measures, 

with this being consistent with past studies (e.g., Steinberg et al., 2008). Of note, there 

was a moderate to strong correlation of r = .65 between the Barratt-11 attentional 
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impulsivity subscale and the Connors inattention subscale, suggesting these two 

measures may have been tapping aspects of the same construct.  

Risk taking, as indexed by BART adjusted average pumps, was significantly 

and negatively correlated with the BIS and Connors peer/family relation subscales, and 

positively correlated with age and the spatial working memory and planning EF 

composite. No other significant correlations were evident for risk taking at a bivariate 

level of analysis. The ASB composite scores exhibited a pattern of significant 

correlations with the reward and punishment sensitivity and cognitive control measures. 

However, the EF composite scores exhibited a sparser pattern of correlations with the 

measures. 
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Figure 10.1. Pearson’s correlation coefficient plot for measures, EF and ASB composite scores, covariates and age. 
 
Note. Significance at p < .05 shaded according to the magnitude of correlation, non-significant correlations left unshaded. B-11 = Barratt impulsiveness scale, version 11; 

BART = balloon analogue risk task; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; FSIQ = full scale IQ. 
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Table 10.1  

Descriptive information for reward and punishment sensitivity, cognitive control, risk taking and covariate measures 

 Age (years)     
 17 18 19 20 21 22 ANOVA1 

Measure Male Female Male Female Male Female Male Female Male Female Male Female Interaction 
Sex x Age 

Sex Age Age 
Post-
Hoc 

 M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

M 
(SD) 

F 
(df) 

F 
(df) 

F 
(df) 

 

Reward sensitivity  
 

                

Sensation seeking 3.44 
(2.19) 

3.50 
(1.87) 

3.83 
(1.34) 

3.82 
(1.60) 

3.43 
(1.91) 

3.25 
(2.09) 

3.18 
(1.89) 

3.09 
(2.02) 

3.17 
(2.29) 

4.00 
(2.00) 

3.88 
(1.25) 

3.43 
(1.51) 

0.16 
(5,117) 

0.45 
(1,117) 

0.36 
(5,117) 

ns 

BAS drive 9.67 
(2.24) 

11.36 
(2.17) 

11.25 
(2.26) 

10.45 
(1.44) 

10.79 
(2.61) 

11.50 
(2.02) 

9.64 
(3.11) 

11.91 
(2.07) 

10.63 
(2.62) 

10.92 
(2.02) 

10.63 
(2.45) 

10.43 
(3.21) 

1.29 
(5,117) 

2.88 
(1,117) 

0.18 
(5,117) 

ns 

BAS fun 11.11 
(2.32) 

11.57 
(2.28) 

11.58 
(1.98) 

11.55 
(1.63) 

11.71 
(2.23) 

12.00 
(1.81) 

11.36 
(2.58) 

12.36 
(2.69) 

12.25 
(2.76) 

12.33 
(2.10) 

10.88 
(2.90) 

11.00 
(2.77) 

0.14 
(5,117) 

0.65 
(1,117) 

0.72 
(5,117) 

ns 

BAS reward 16.44 
(2.19) 

17.43 
(2.06) 

16.50 
(2.47) 

16.45 
(2.42) 

16.43 
(2.41) 

17.17 
(2.79) 

16.45 
(3.33) 

18.09 
(1.51) 

15.88 
(1.55) 

17.08 
(1.62) 

15.38 
(2.07) 

18.14 
(1.86) 

0.79 
(5,117) 

7.42* 
(1,117) 

0.36 
(5,117) 

ns 

Punishment 
sensitivity 

                

BIS 22.55 
(1.67) 

23.14 
(3.44) 

20.17 
(2.37) 

21.91 
(3.42) 

18.93 
(3.97) 

22.58 
(3.12) 

20.64 
(2.20) 

21.64 
(3.14) 

17.75 
(3.88) 

22.17 
(3.27) 

17.38 
(3.58) 

24.43 
(2.44) 

2.25 
(5,115) 

23.08** 
(1,115) 

1.63 
(5,115) 

ns 

Cognitive control 
 

                

B-11 attentional 18.44 
(1.94) 

19.57 
(4.33) 

16.42 
(1.51) 

17.27 
(3.95) 

17.36 
(4.48) 

17.42 
(4.03) 

18.64 
(2.62) 

17.09 
(4.06) 

17.75 
(3.88) 

18.42 
(4.19) 

15.88 
(4.39) 

18.00 
(3.21) 

0.53 
(5,117) 

0.45 
(1,117) 

1.10 
(5,117) 

ns 

B-11 motor 22.78 
(3.80) 

23.43 
(4.15) 

23.25 
2.83 

24.09 
(2.84) 

25.36 
(5.46) 

25.00 
(4.67) 

23.82 
(4.53) 

23.64 
(3.70) 

26.63 
(4.47) 

25.33 
(3.47) 

22.00 
(5.01) 

24.14 
(3.80) 

0.36 
(5,117) 

0.09 
(1,117) 

1.59 
(5,117) 

ns 

B-11 non-planning 25.78 
(3.56) 

23.64 
(4.36) 

24.25 
(4.37) 

26.73 
(4.13) 

23.21 
(6.30) 

24.17 
(4.26) 

22.09 
(3.45) 

21.18 
(4.79) 

25.88 
(5.99) 

25.08 
(6.83) 

22.88 
(4.94) 

22.43 
(3.87) 

1.25 
(5,115) 

0.00 
(1,115) 

2.33† 
(5,115) 

ns 

Risk taking 
 

                

BART adjusted 
average pumps 
 

28.31 
(15.22) 

30.82 
(11.34) 

32.70 
(13.12) 

39.12 
(13.92) 

41.98 
(13.50) 

40.82 
(11.39) 

36.14 
(15.39) 

36.46 
(9.72) 

40.05 
(9.82) 

32.79 
(8.10) 

46.20 
(10.52) 

33.54 
(12.50) 

1.45 
(5,117) 

0.29 
(1,117) 

2.43† 
(5,117) 

17 < 19 
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Covariates 
 

FSIQ 110.89 
(11.79) 

107.21 
(10.76) 

107.50 
(10.98) 

108.09 
(6.39) 

108.79 
(12.07) 

106.83 
(9.91) 

106.55 
(7.20) 

106.82 
(12.49) 

109.63 
(7.01) 

104.00 
(12.95) 

113.25 
(9.38) 

113.43 
(11.27) 

-- -- -- -- 

CSR inattention 
 

7.22 
(2.82) 

8.36 
(3.27) 

5.25 
(1.29) 

7.64 
(3.44) 

7.43 
(4.05) 

8.08 
(5.60) 

6.64 
(3.38) 

7.45 
(4.87) 

5.75 
(4.40) 

6.67 
(4.58) 

4.75 
(3.37) 

6.86 
(3.53) 

-- -- -- -- 

CSR hyp/imp 5.78 
(2.11) 

6.93 
(2.53) 

4.58 
(2.35) 

6.27 
(2.69) 

6.29 
(3.34) 

6.75 
(4.18) 

4.36 
(2.29) 

6.18 
(1.78) 

5.25 
(3.06) 

5.58 
(3.55) 

3.88 
(1.73) 

5.57 
(3.82) 

-- -- -- -- 

CSR learning  3.33 
(1.87) 

2.71 
(1.33) 

3.50 
(1.93) 

3.55 
(2.16) 

2.79 
(3.04) 

5.17 
(4.04) 

3.82 
(1.54) 

3.91 
(2.12) 

2.38 
(2.33) 

3.92 
(2.50) 

1.25 
(1.49) 

2.71 
(1.60) 

-- -- -- -- 

CSR aggression 1.11 
(1.05) 

1.79 
(1.89) 

1.92 
(2.02) 

1.82 
(1.99) 

2.21 
(2.83) 

3.75 
(4.56) 

1.82 
(2.23) 

1.27 
(1.19) 

1.38 
(1.41) 

2.00 
(2.00) 

0.75 
(0.71) 

1.86 
(1.07) 

-- -- -- -- 

CSR family 3.78 
(3.31) 

4.50 
(5.10) 

1.75 
(1.36) 

3.09 
(2.39) 

1.79 
(2.12) 

3.58 
(4.54) 

3.09 
(3.56) 

2.73 
(2.94) 

1.13 
(1.81) 

3.33 
(3.63) 

0.88 
(1.25) 

3.14 
(5.01) 

-- -- -- -- 

† p < .05 (approaching significance), * p < .01, **p <.001 
1 Derived from two-way (age and sex) ANOVA 
Note. B-11 = Barratt Impulsiveness Scale, version 11; BART = balloon analogue risk task; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; 
CSR = Connors self report; FSIQ = full scale IQ.   
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10.6.2 Age and Sex Differences  

Age and sex effects for the measures were examined using a series of two-way 

ANOVAs, which are summarised in subsequent paragraphs, and also documented in 

Table 10.1. One-way ANOVA trend analyses for age were conducted for outcomes 

with a significant main effect of age to explore the nature of age-change trends in EF 

performance. 

Reward Sensitivity. For sensation seeking, the Shapiro-Wilk test was significant 

(p <.001), which appeared to be a result of a limited/discrete range of values for the 

scale. Untransformed scores were used, as transformations did not achieve normality 

and did not alter the pattern of significance. There were no significant main effects for 

age, F(5, 117) = 0.36, p = ns, !"#   = .02, or sex, F(1, 117) = 0.45, p = ns, !"#   < .01, and 

no significant interaction effect for age and sex, F(5, 117) = 0.16, p = ns, !"#   = .01. 

For BAS drive, the Shapiro-Wilk test was significant (p <.01), which appeared 

to be a result of a limited/discrete range of values for the scale. Untransformed scores 

were used, as transformations did not achieve normality and did not alter the pattern of 

significance. There was no significant main effect for age, F(5, 117) = 0.18, p = ns, !"#   

= .01, or sex, F(1, 117) = 2.88, p =ns, !"#  = .02, and no significant interaction effect for 

age and sex, F(5, 117) = 1.29, p = ns, !"#   = .05.  

For BAS fun seeking, the Shapiro-Wilk test was significant (p <.01), which 

appeared to be a result of a limited/discrete range of values for the scale. Untransformed 

scores were used, as transformations did not achieve normality and did not alter the 

pattern of significance. There were no significant main effects for age, F(5, 117) = 0.72, 

p = ns, !"#   = .03, or sex, F(1, 117) = 0.65, p = ns, !"#  = .01, and no significant 

interaction effect for age and sex, F(5, 117) = 0.14, p = ns, !"#   = .01. 

For BAS reward seeking, there was one univariate outlier that was retained in 

the analysis due to exclusion not altering the pattern of results. The Shapiro-Wilk test 

was significant (p <.001), which appeared to be a result of a limited/discrete range of 

values for the scale. Untransformed scores were used, as transformations did not 

achieve normality and did not alter the pattern of significance. There was no significant 

main effect for age, F(5, 117) = 0.36, p = ns, !"#   = .02, and no significant interaction 

effect for age and sex, F(5, 117) = 0.79, p = ns, !"#   = .03. There was a significant main 

effect for sex, F(1, 117) = 7.42, p < .01, !"#  = .06, with females on average self-

reporting higher reward seeking compared to males, which is illustrated in Figure 10.2.  
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Figure 10.2. Marginal means with standard error bars for BAS reward seeking by sex 

and age. 

 

Punishment Sensitivity. For BIS, there were two univariate outliers that were 

removed, resulting in a normal distribution of scores and the emergence of significant 

effects. There was no significant main effect of age, F(5, 115) = 1.63, p = ns, !"#   = .07, 

but a significant main effect for sex, F(1, 115) = 23.08, p < .001, !"#  = .17, with females 

on average self-reporting higher behavioural inhibition sensitivity compared to males 

(see Figure 10.3). The interaction effect for age and sex was not significant, F(5, 115) 

= 2.25, p = ns, !"#   = .09. 
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Figure 10.3. Marginal means with standard error bars for BIS by sex and age. 

 

Cognitive Control. For Barratt-11 attentional impulsivity, there was one 

univariate outlier that was retained in the analysis due to exclusion not altering the 

pattern of results. There were no significant main effects for age, F(5, 117) = 1.10 p = 

ns, !"#   = .04, or sex, F(1, 117) = 0.45, p = ns, !"#   < .01, and no significant interaction 

effect for age and sex, F(5, 117) = 0.53, p = ns, !"#   = .02. For Barratt-11 motor 

impulsivity, there were no significant main effects for age, F(5, 117) = 1.59 p = ns, !"#   

= .06, or sex, F(1, 117) = 0.09, p = ns, !"#   < .001, and no significant interaction effect 

for age and sex, F(5, 117) = 0.36, p = ns, !"#   = .02. 

For Barratt-11 non-planning impulsivity, there were two univariate outliers that 

were removed from the analysis, resulting in a normal distribution of scores There was 

no significant main effect for sex, F(1, 115) = 0.00, p = ns, !"#  < .001, and no significant 

interaction effect of age and sex, F(5, 115) = 1.25, p = ns, !"#   = .05. The main effect 

for age was not significant, although this effect approached significance with a 

moderate to large effect size, F(5, 115) = 2.33, p = .05, η%#   = .09 (see Figure 10.4). A 

post-hoc analysis of age using a Bonferroni adjustment for multiple comparisons 

indicated that there were no significant differences (i.e., p <.05) between age groups. A 
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trend analysis suggested the main effect of age was best characterised as a non-linear 

4th-order trend, F(1, 121) = 7.78, p < .01. 

 

 
Figure 10.4. Marginal means with standard error bars for Barratt-11 non-planning 

impulsivity.  

 

Risk Taking. For BART adjusted average pumps, there was one univariate 

outlier that was retained in the analysis due to exclusion not altering the pattern of 

results. There was no significant main effect for sex, F(1, 117) = 0.29, p = ns, !"#  < .01, 

and no significant interaction effect for age and sex, F(5, 117) = 1.45, p = ns, !"#   = .06. 

There was no significant main effect for age, although this effect approached 

significance with a moderate to large effect size, F(5, 117) = 2.43, p = .04, η%#   = .09 

(see Figure 10.5). A post-hoc analysis of age using a Bonferroni adjustment indicated 

that 17-year-olds performed significantly fewer adjusted average pumps compared to 

19-year-olds on average. Given these results, a trend analysis for age was performed, 

with both linear, F(1, 123) = 3.93, p < .05, and cubic, F(1, 123) = 4.08, p < .05, trends 

emerging as significant models to explain the main effect for age.  
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Figure 10.5. Marginal means with standard error bars for BART adjusted average 

pumps by sex and age. 

 

In summary, main effects for gender were evident for BAS reward seeking and 

BIS scores, with females on average exhibiting higher scores on both measures. 

However, there were no significant main effects for age across the measures, suggesting 

that the traits examined were mainly stable across the age groups examined. This 

finding is illustrated in Figure 10.6, which displays mean z-scores with standard error 

bars for each measure by age. Inspection of Figure 10.6 indicated that there was no 

clear or consistent trend toward cognitive control traits improving with age, reward 

sensitivity declining with age, or punishment sensitivity increasing with age in the 

sample examined. Taking into account effects that approached significance, age effects 

with moderate to large effect sizes for Barratt-11 non-planning impulsivity and BART 

adjusted average pumps approached significance, but were not explained by simple 

linear trends. Finally, the significant negative bivariate correlation between BIS and 

BART scores appears evident in Figure 10.6, where lower behavioural inhibition 

sensitivity was associated with higher risk taking. 
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Figure 10.6. Mean z-scores with standard error bars for study measures across age. 

 

10.6.3 Risk-Taking, Reward and Punishment Sensitivity and Cognitive Control 

The next step of the analysis was to examine the capacity of reward and 

punishment sensitivity, and cognitive control traits (including the EF components) in 

predicting risk-taking through the use of hierarchical regression. The data were checked 

for the presence of multivariate outliers by calculating Mahalanobis and Cook’s 

distances, and leverage statistics. Two cases exhibited significant values on all 

measures, and were excluded from the analysis, leaving a total sample of N = 127. 

Through visual inspection of the distribution of standardised residuals, and Q-Q and 

fitted/residual scatter plots, the assumptions of normality, linearity and 

homoscedasticity appeared satisfied. The alpha level for statistical significance was set 

at p < .05. 
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BART adjusted average pumps was the dependent variable representing risk 

taking. Variables entered the hierarchical regression model in three successive steps: 

demographics (i.e., age and sex); covariates (i.e., FSIQ and ADHD-traits); and 

predictors (i.e., reward/punishment sensitivity and cognitive control measures). The 

purpose of this approach was to examine whether the predictors were able to account 

for variation in risk taking beyond variation accounted for by demographics and 

covariates. Results of the regression are presented in Table 10.2.  
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Table 10.2  

Hierarchical regression results for variables predicting risk taking as measured by the Balloon Analogue Risk Task (N = 127). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  1.77 2.17 .07 .01 0.82 0.81 2.25 .03 >.01 0.36 -2.02 2.60 -.08 .01 -0.78 
Age 1.18 0.67 .16 .02 1.79† 0.96 0.67 .13 .02 1.42 0.85 0.71 .11 .01 1.19 
FSIQ      0.05 0.11 .04 >.01 0.47 0.07 0.14 .06 >.01 0.53 
CSR inattention       -0.15 0.42 -.05 >.01 -0.36 -0.12 0.52 -.04 >.01 -0.22 
CSR hyp/imp      0.49 0.51 .12 .01 0.96 0.51 0.57 .12 .01 0.91 
CSR learning      0.05 0.59 .01 >.01 0.09 -0.13 0.67 -.02 >.01 -0.19 
CSR aggression      -0.09 0.55 -.02 >.01 -0.16 -0.10 0.58 -.02 >.01 -0.18 
CSR peer/family      -0.95 0.34 -.26 .06 -2.75** -0.85 0.38 -.24 .05 -2.24* 
Sensation seeking           0.82 0.92 .12 .01 0.89 
BAS drive           -0.56 0.57 -.11 >.01 -0.98 
BAS fun           0.39 0.80 .07 >.01 0.48 
BAS reward           -0.42 0.60 -.08 >.01 -0.70 
BIS           -0.43 0.41 -.12 .01 -1.06 
B-11 attentional           -0.10 0.44 -.03 >.01 -0.22 
B-11 motor           -0.09 0.36 -.03 >.01 -0.26 
B-11 non-planning            0.02 0.30 .01 >.01 0.06 
Spatial WM and planning           1.14 1.31 .09 .01 0.87 
Risky decision making           0.08 1.24 .01 >.01 0.06 
Rule acquisition/shifting           0.54 1.29 .04 >.01 0.42 
Motor inhibition           -1.25 1.29 -.09 .01 -0.97 
Verbal inhibition/fluency           -2.17 1.29 -.18 .03 -1.69† 
                
R2     .03     .10     .18 
ΔR2     --     .07     .08 
F model  
(df) 

    1.98  
(2, 124) 

    1.65 
(8, 118) 

    1.08 
(21, 105) 

F ΔR2 

(df) 
    --     1.52 

(6, 118) 
    0.76 

(13, 105) 
† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory. 
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 At the first step, demographic variables were entered in the regression, and age 

approached significance as a predictor of risk taking, t = 1.78, p <.10, with increasing 

age appearing to be associated with increasing risk taking. However, the overall 

demographic step model including sex and age was not significant, F(2, 124) = 1.98, p 

= ns, only accounting for about 3.0% of the variance in risk taking behaviour.  

At the second step, demographic and covariate variables were entered in the 

regression. Age no longer approached significance as a predictor, t = 1.42, p = ns. The 

covariate of CSR peer and family relation difficulties emerged as a significant 

predictor, t = -2.75, p < .01, with increasing self-reported peer and family relationship 

difficulties associated with decreasing risk taking behaviour. However, the addition of 

the covariates of FSIQ and ADHD-traits did not significantly add to the level of 

variance in risk taking behaviour accounted for by the model above that accounted for 

by demographic variables only, F ΔR2 (6, 118) = 1.52, p = ns. The overall demographic 

and covariate model for step two was not significant, F(8, 118) = 1.65, p = ns, and 

accounted for about 10.1% of the variance in risk taking behaviour.  

At the third step, demographic, covariate and predictor (reward/punishment 

sensitivity and cognitive control) variables entered the regression. The only variable to 

emerge as a significant predictor of risk taking behaviour was CSR peer and family 

relation difficulties, t = -2.24, p <.05, with increasing self-reported peer and family 

relationship difficulties associated with decreasing risk taking behaviour. Age was no 

longer a significant predictor of risk taking behaviour, t = 1.19, p = ns. The EF 

composite of verbal inhibition and fluency approached significance as a predictor, t = 

-1.69, p <.10, where there was a trend for greater risk taking to be associated with poorer 

verbal inhibition and fluency functioning. The addition of the predictor variables did 

not significantly add to the level of variance in risk taking above that accounted for by 

demographic and covariate variables, F ΔR2 (13, 105) = 0.76, p = ns. The overall final 

model including demographic, covariate and predictor variables was not significant, 

F(21, 105) = 1.08, p = ns, accounting for about 17.8% of the variance in risk taking 

behaviour. Overall, reward and punishment sensitivity and cognitive control traits 

failed to significantly predict variation in risk taking behaviour among the sample of 

late adolescent/early adult individuals. 
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10.6.4 Antisocial Behaviour, Reward and Punishment Sensitivity and Cognitive 
Control 

 The next stage of the analysis was to explore the predictive capacity of reward 

and punishment sensitivity, and cognitive control variables in explaining different types 

of ASB. A hierarchical regression analysis was performed for each of the eight ASB 

composites, as measured by the ASB self-report instrument described in Chapter Seven. 

The data were checked for the presence of multivariate outliers by calculating 

Mahalanobis and Cook’s distances, and leverage statistics. Additionally, the 

assumptions of normality, linearity and homoscedasticity were examined through 

visual inspection of the distribution of standardised residuals, and Q-Q and 

fitted/residual scatter plots. The presence and handling of outliers, and the assessment 

of normality, linearity and homoscedasticity are discussed separately for each 

regression. The alpha level for statistical significance was set at p < .05 for each 

regression. For each regression, variables entered the model in three successive steps: 

demographics (i.e., age and sex); covariates (i.e., estimated FSIQ and ADHD-traits); 

and predictors (i.e., reward/punishment sensitivity and cognitive control measures). 

The purpose of this approach was to examine whether the predictors were able to 

account for variation in ASB beyond variation accounted for by demographics and 

covariates. 

 General Rule Breaking. For general rule breaking ASB, inspection of the 

distribution of standardised residuals, and Q-Q and fitted/residual scatter plots indicated 

that assumptions of normality, linearity and homoscedasticity appeared satisfied. There 

were two cases that exhibited significant values on all outlier measures that were 

excluded from the analysis, leaving a total sample of N = 127. The results of the 

regression are displayed in Table 10.3. At the first step, the demographic variables of 

age and sex were not significant predictors of general ASB, with the model being non-

significant, F(2, 124) = 0.17, p = ns, accounting for less than 1.0% of the variance in 

general ASB. At the second step, demographic and covariate variables entered the 

regression, with the model being significant, F(8, 118) = 4.49, p < .001, and accounting 

for about 23.3% of the variance in general ASB. The CSR aggression subscale emerged 

as a significant predictor, t = 2.73, p <.01, with the CSR inattention, t = 1.79, p < .10, 

and hyperactive/impulsive, t = 1.70, p < .10, subscales approaching significance as 

predictors.   
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Table 10.3  

Hierarchical regression results for variables predicting general rule breaking antisocial behaviour (N = 127). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  -0.07 0.15 -.04 >.01 -0.49 0.06 0.14 .04 >.01 0.47 0.01 0.14 >.01 >.01 0.05 
Age -0.01 0.05 -.03 >.01 -0.30 0.02 0.04 .04 >.01 0.46 0.01 0.04 .02 >.01 0.27 
FSIQ      >0.01 0.01 .06 >.01 0.64 -0.01 0.01 -.09 .01 -0.93 
CSR inattention       0.05 0.03 .21 .03 1.79† >0.00 0.03 >.01 >.01 0.02 
CSR hyp/imp      0.05 0.03 .19 .02 1.71† 0.04 0.03 .12 .01 1.14 
CSR learning      0.01 0.04 .02 >.01 0.20 0.05 0.04 .13 .01 1.22 
CSR aggression      0.10 0.04 .24 .06 2.73** 0.07 0.03 .16 .03 1.89† 
CSR peer/family      -0.01 0.02 -.02 >.01 -0.24 -0.02 0.02 -.09 .01 -1.05 
Sensation seeking           0.06 0.05 .13 .01 1.20 
BAS drive           0.07 0.03 .20 .04 2.22* 
BAS fun           >-0.00 0.04 -.01 >.01 -0.06 
BAS reward           -0.02 0.03 -.06 >.01 -0.60 
BIS           0.01 0.02 .03 >.01 0.37 
B-11 attentional           0.03 0.02 .15 .02 1.33 
B-11 motor           0.02 0.02 .11 .01 1.10 
B-11 non-planning            >0.00 0.02 .02 >.01 0.25 
Spatial WM and planning           0.06 0.07 .07 .01 0.81 
Risky decision making           -0.01 0.07 -.02 >.01 -0.22 
Rule acquisition/shifting           0.15 0.07 .18 .04 2.10* 
Motor inhibition           -0.08 0.07 -.10 .01 -1.23 
Verbal inhibition/fluency           0.22 0.07 .26 .08 3.07** 
                
R2     >.01     .23     .44 
ΔR2     --     .23     .21 
F model 
(df) 

    0.17 
(2, 124) 

    4.49*** 
(8, 118) 

    3.93*** 
(21, 105) 

F ΔR2 
(df) 

    --     5.91*** 
(6, 118) 

    2.99*** 
(13, 105) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory. 
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 At the third step, demographic, covariate and predictor variables entered the 

regression, with the overall model being significant, F(21, 105) = 3.93, p <.001, and 

accounting for about 44.0% of the variance in general ASB. The addition of the 

predictors to the model significantly added to the variance explained in general ASB 

above that accounted for by the demographic and covariate variables, F ΔR2 (13, 105) 

= 2.99, p <.001. The covariate of CSR aggression was no longer significant in the 

model, t = 1.89, p <.10. Significant predictors in the final model included BAS drive, t 

= 2.22, p < .05, rule acquisition and shifting EF, t = 2.10, p < .05, and verbal inhibition 

and fluency EF, t = 3.07, p < .01. These findings suggested that a greater propensity to 

engage in general rule breaking ASB was associated with higher self-reported BAS 

drive, and also better verbal inhibition/fluency and rule acquisition/shifting EF abilities. 

Aggression. For aggressive ASB, three cases exhibited significant values on all 

outlier measures and were excluded from the analysis, leaving a total sample of N = 

126. The assumptions of linearity and normality appeared to be met. Examination of 

the fitted/residual scatter plot for the final regression model suggested that a degree of 

heteroscedasticity was evident in the data (i.e., residuals of prediction not equal across 

predicted aggression composite scores). This appeared to be a result of the aggression 

composite score being positively skewed, with the majority of individuals scoring at 

the floor of the scale. The model experienced difficulty fitting predicted values for 

individuals scoring at the floor of the scale, which was evident in a wide variation of 

fitted values at low values of the dependent variable. Transformations of the aggression 

composite and the predictor variables did not significantly remedy heteroscedasticity, 

and were therefore left untransformed.  

The results of the regression are displayed in Table 10.4. At the first step of the 

model, the demographic variables of age and sex were poor predictors of aggression 

scores, with the model being non-significant, F(2, 123) = 0.46, p = ns, accounting for 

less than 1.0% of the variance in aggressive ASB. At the second step, demographic and 

covariate variables entered the regression, with the model being significant, F(8, 117) 

= 2.85, p < .01, and accounting for about 16.3% of the variance in aggressive ASB. The 

CSR learning problems, t = -2.11, p <.05, and aggression, t = 3.24, p <.01, subscales 

were significant predictors, with the CSR inattention subscale approaching significance 

as a predictor, t = 1.70, p < .10.  
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Table 10.4  

Hierarchical regression results for variables predicting aggressive antisocial behaviour (N = 126). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  0.06 0.14 .04 >.01 0.42 0.14 0.13 .09 .01 1.06 0.09 0.15 .06 >.01 0.62 
Age -0.04 0.04 -.04 .01 -0.87 -0.01 0.04 -.03 >.01 -0.37 -0.03 0.04 -.06 >.01 -0.72 
FSIQ      -0.01 0.01 -.10 .01 -1.09 -0.01 0.01 -.19 .03 -1.66† 
CSR inattention       0.04 0.02 .20 .02 1.70† 0.02 0.03 .10 >.01 0.66 
CSR hyp/imp      >-0.01 0.03 -.01 >.01 -0.10 -0.01 0.03 -.03 >.01 -0.22 
CSR learning      -0.08 0.04 -.22 .03 -2.11* -0.05 0.04 -.14 .01 -1.26 
CSR aggression      0.12 0.04 .29 .08 3.24** 0.10 0.04 .25 .06 2.59* 
CSR peer/family      0.03 0.02 .14 .02 1.51 0.02 0.02 .07 >.01 0.71 
Sensation seeking           0.02 0.05 .04 >.01 0.30 
BAS drive           0.04 0.03 .11 .01 1.10 
BAS fun           -0.01 0.05 -.02 >.01 -0.14 
BAS reward           0.03 0.04 .09 .01 0.83 
BIS           -0.01 0.02 -.04 >.01 -0.40 
B-11 attentional           0.01 0.03 .04 >.01 0.29 
B-11 motor           0.02 0.02 .08 .01 0.74 
B-11 non-planning            0.01 0.02 .05 >.01 0.49 
Spatial WM and planning           0.06 0.08 .08 .01 0.78 
Risky decision making           -0.08 0.07 -.11 .01 -1.15 
Rule acquisition/shifting           0.15 0.07 .20 .04 2.03* 
Motor inhibition           -0.04 0.07 -.05 >.01 -0.60 
Verbal inhibition/fluency           0.11 0.07 .15 .02 1.53 
                
R2     .01     .16     .29 
ΔR2     --     .15     .13 
F model 
(df) 

    0.46 
(2, 123) 

    2.85** 
(8, 117) 

    2.01* 
(21, 104) 

F ΔR2 
(df) 

    --     3.63** 
(6, 117) 

    1.42 
(13, 104) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory. 
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 At the third step, demographic, covariate and predictor variables entered the 

regression, with the overall model being significant, F(21, 104) = 2.01, p <.05, and 

accounting for about 28.9% of the variance in aggressive ASB. However, the addition 

of the predictors to the model did not significantly add to the variance explained in 

aggressive ASB above that accounted for by demographic and covariate variables 

alone, F ΔR2 (13, 104) = 1.42, p = ns. For the final model, the CSR aggression subscale, 

t = 2.59, p < .05, and rule acquisition and shifting EF, t = 2.03, p <.05, were significant 

predictors of aggressive ASB, while estimated FSIQ approached significance as a 

predictor, t = -1.66, p < .10. 

Vehicle. For vehicle-related ASB, one case exhibited significant values on all 

outlier measures, and was excluded from the analysis, leaving a total sample of N = 

128. The assumptions of linearity and normality appeared to be met. Examination of 

the fitted/residual scatter plot for the final regression model suggested that a degree of 

heteroscedasticity was evident in the data. This appeared to be a result of the vehicle 

ASB composite score being positively skewed, with the majority of individuals 

exhibiting low scores. The model experienced difficulty fitting predicted values for 

individuals scoring at lower values of the scale, which was evident in a wide variation 

of fitted values at low values of the dependent variable. Transformations of the vehicle 

composite and the predictor variables did not significantly remedy heteroscedasticity, 

and were therefore left untransformed.  

The results of the regression are displayed in Table 10.5. At the first step, the 

total model only approached significance, F(2, 125) = 2.72, p < .10, accounting for 

about 4.2% of the variance in vehicle ASB. In this model, the variable of sex was a 

significant predictor, t = 2.16, p < .05, with males being more likely to exhibit a higher 

score on the vehicle ASB composite. For the second step, demographic and covariate 

variables entered the regression, with the model being significant, F(8, 119) = 2.63, p 

< .05, and accounting for about 15.0% of the variance in vehicle-related ASB. For this 

model, sex remained a significant predictor, t = 2.68, p < .01, and the CSR subscales of 

inattention, t = 1.92, p < .10, and aggression, t = 1.88, p < .10, approaching significance 

as predictors.  
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Table 10.5  

Hierarchical regression results for variables predicting vehicle-related antisocial behaviour (N = 128). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  0.29 0.13 .19 .04 2.16* 0.36 0.13 .24 .06 2.68** 0.21 0.14 .14 .02 1.52 
Age 0.03 0.04 .07 .01 0.83 0.04 0.04 .09 .01 1.07 0.01 0.04 .03 >.01 0.36 
FSIQ      >-0.00 0.01 -.04 >.01 -0.45 -0.01 0.01 -.21 .04 -1.99* 
CSR inattention       0.05 0.03 .24 .03 1.92† 0.02 0.03 .08 >.01 0.59 
CSR hyp/imp      -0.01 0.03 -.05 >.01 -0.45 -0.03 0.03 -.10 .01 -0.83 
CSR learning      0.02 0.04 .07 >.01 0.62 0.03 0.04 .08 >.01 0.72 
CSR aggression      0.06 0.03 .18 .03 1.88† 0.06 0.03 .16 .03 1.79† 
CSR peer/family      -0.03 0.02 -.13 .02 -1.37 -0.03 0.02 -.15 .02 -1.63 
Sensation seeking           0.09 0.05 .21 .03 1.78† 
BAS drive           0.05 0.03 .15 .02 1.64 
BAS fun           -0.07 0.04 -.20 .02 -1.60 
BAS reward           0.02 0.03 .06 >.01 0.59 
BIS           -0.05 0.02 -.21 .04 -2.14* 
B-11 attentional           0.03 0.02 .13 .01 1.13 
B-11 motor           0.02 0.02 .09 .01 0.90 
B-11 non-planning            0.01 0.02 .09 .01 0.89 
Spatial WM and planning           0.04 0.07 .05 >.01 0.57 
Risky decision making           0.06 0.06 .07 .01 0.86 
Rule acquisition/shifting           0.21 0.07 .28 .08 3.05** 
Motor inhibition           0.03 0.06 .04 >.01 0.53 
Verbal inhibition/fluency           0.12 0.07 .16 .03 1.74† 
                
R2     .04     .15     .37 
ΔR2     --     .11     .22 
F model 
(df) 

    2.72 
(2, 125) 

    2.63* 
(8, 119) 

    2.98*** 
(21, 106) 

F ΔR2 
(df) 

    --     2.53* 
(6, 119) 

    2.87** 
(13, 106) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory.  
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At the third step, demographic, covariate and predictor variables entered the 

regression, with the overall model being significant, F(21, 106) = 2.98, p <.001, and 

accounting for about 37.1% of the variance in vehicle-related ASB. The addition of the 

predictors to the model significantly added to the variance explained in vehicle-related 

ASB above that accounted for by demographic and covariate variables alone, F ΔR2 (13, 

106) = 2.87, p < .01. For the final model, the covariate of estimated FSIQ emerged as 

a significant predictor, t = -1.99, p <.05, with a higher score on the vehicle ASB 

composite associated with lower overall intelligence. Greater BIS was significantly 

associated with a lower score on the vehicle composite, t = -2.14, p <.05, while a higher 

score on the rule acquisition and switching EF composite was significantly associated 

with a higher vehicle ASB score, t = 3.05, p < .01. 

Substance. Three cases exhibited significant values on all outlier measures and 

were excluded from the analysis, leaving a total sample of N = 126. Through visual 

inspection of the distribution of standardised residuals, and Q-Q and fitted/residual 

scatter plots, the assumptions of normality, linearity and homoscedasticity appeared 

satisfied. The results of the regression are displayed in Table 10.6. At the first 

demographic step, the model was significant, F(2, 123) = 4.28, p <.05, accounting for 

about 6.5% of the variance in substance-related ASB. Older age was significantly 

associated with a higher substance-related ASB composite score, t = 2.68, p <.01. At 

the second step, demographic and covariate variables entered the regression, with the 

model being significant, F(8, 117) = 3.16, p < .01, and accounting for about 17.8% of 

the variance in substance-related ASB. Age remained a significant predictor, t = 2.99, 

p < .01, and a higher score on the CSR aggression subscale emerged as a significant 

predictor of a higher substance ASB score, t = 2.27, p <.05. At the third step, 

demographic, covariate and predictor variables entered the regression, with the overall 

model being significant, F(21, 104) = 2.68, p <.001, and accounting for about 35.1% 

of the variance in substance-related ASB. The addition of the predictors to the model 

significantly added to the variance explained in vehicle-related ASB above that 

accounted for by demographic and covariate variables alone, F ΔR2 (13, 104) = 2.14, p 

< .05. In the final model, an older age, t = 3.28, p < .01, higher CSR aggression subscale 

score, t = 2.01, p < .05, and higher sensation seeking, t = 3.05, p < .01 all significantly 

predicted a higher substance-related ASB score. 
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Table 10.6  

Hierarchical regression results for variables predicting substance-related antisocial behaviour (N = 126). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  -0.18 0.15 -.11 .01 -1.26 -0.14 0.15 -.08 .01 -0.93 -0.19 0.16 -.11 .01 -1.21 
Age 0.12 0.04 .23 .06 2.68** 0.13 0.04 .26 .07 2.99** 0.14 0.04 .28 .09 3.28** 
FSIQ      >0.01 0.01 .05 >.01 0.59 >-0.01 0.01 -.03 >.01 -0.27 
CSR inattention       0.04 0.03 .16 .02 1.34 0.01 0.03 .03 >.01 0.21 
CSR hyp/imp      0.03 0.03 .09 .01 0.83 0.02 0.03 .08 >.01 0.72 
CSR learning      -0.01 0.04 -.02 >.01 -0.23 >-0.01 0.04 -.01 >.01 -0.05 
CSR aggression      0.09 0.04 .21 .04 2.27* 0.08 0.04 .18 .04 2.01* 
CSR peer/family      -0.03 0.02 -.13 .02 -1.40 -0.02 0.02 -.06 >.01 -0.68 
Sensation seeking           0.17 0.06 .37 .08 3.05** 
BAS drive           -0.04 0.03 -.12 .02 -1.28 
BAS fun           -0.03 0.05 -.09 >.01 -0.71 
BAS reward           >0.01 0.04 .01 >.01 0.13 
BIS           0.02 0.02 .07 .01 0.75 
B-11 attentional           -0.02 0.03 -.07 >.01 -0.59 
B-11 motor           >0.01 0.02 .02 >.01 0.22 
B-11 non-planning            0.03 0.02 .16 .02 1.53 
Spatial WM and planning           0.14 0.08 .16 .03 1.70† 
Risky decision making           0.12 0.08 .14 .02 1.55 
Rule acquisition/shifting           0.04 0.08 .04 >.01 0.45 
Motor inhibition           0.01 0.08 .02 >.01 0.18 
Verbal inhibition/fluency           0.06 0.08 .08 .01 0.80 
                
R2     .07     .17     .35 
ΔR2     --     .10     .18 
F model 
(df) 

    4.28* 
(2, 123) 

    3.16** 
(8, 117) 

    2.68*** 
(21, 104) 

F ΔR2 
(df) 

    --     2.67* 
(6, 117) 

    2.14* 
(13, 104) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory. 
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Theft. There was one case that exhibited significant values on all outlier 

measures and was excluded from the analysis, leaving a total sample of N = 128. 

Examination of the distribution of standardised residuals, and Q-Q and fitted/residual 

scatter plots, it appeared that the data violated the assumptions of normality, linearity 

and homoscedasticity. This appeared primarily due to the theft ASB composite being 

highly positively skewed, with the majority of participants (i.e., about 78.9%) scoring 

at the minimum of the scale. This resulted in a restricted variance range in the dependent 

variable, and difficulties in the model fitting predicted values. Transformations of the 

theft ASB composite were unable to remedy the violations, and it was therefore left 

untransformed. 

Results of the regression are displayed in Table 10.7. At the first demographic 

step, the model was not significant, F(2, 125) = 0.08, p = ns, with sex and age 

accounting for less than 1.0% of the variance in theft-related ASB. At the second 

demographic and covariates step, the model was not significant, F(8, 119) = 1.53, p = 

ns, accounting for about 9.3% of the variance in theft ASB scores. The CSR aggression 

subscale was the only significant predictor of theft ASB scores, t = 2.58, p < .05. At the 

third step, demographic, covariate and predictor variables entered the regression, with 

the overall model non-significant, F(21, 106) = 1.42 p = ns, and accounting for about 

22.0% of the variance in theft-related ASB. The addition of the predictors did not 

significantly add to the variance explained in theft-related ASB above that accounted 

for by demographics and covariates alone, F ΔR2 (13, 106) = 1.33, p = ns. Higher scores 

on the CSR aggression, t = 2.06, p < .05, and B-11 attentional, t = 2.32, p < .05, 

subscales were significantly associated with higher theft-related ASB scores.  
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Table 10.7  

Hierarchical regression results for variables predicting theft-related antisocial behaviour (N = 128). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  0.02 0.09 .02 >.01 0.21 0.05 0.09 .05 >.01 0.54 -0.03 0.11 -.03 >.01 -0.31 
Age -0.01 0.03 -.03 >.01 -0.36 -0.01 0.03 -.02 >.01 -0.25 -0.02 0.03 -.06 >.01 -0.68 
FSIQ      >-0.01 >0.01 -.07 .01 -0.78 >-0.01 0.01 -.06 >.01 -0.48 
CSR inattention       >0.01 0.02 .03 >.01 0.20 -0.02 0.02 -.17 .01 -1.06 
CSR hyp/imp      >0.00 0.02 .02 >.01 0.13 -0.01 0.02 -.05 >.01 -0.36 
CSR learning      0.01 0.02 .06 >.01 0.55 0.03 0.03 .12 .01 0.94 
CSR aggression      0.06 0.02 .26 .05 2.58* 0.05 0.02 .21 .04 2.06* 
CSR peer/family      -0.02 0.02 -.11 .01 -1.12 -0.02 0.02 -.14 .02 -1.32 
Sensation seeking           -0.01 0.04 -.04 >.01 -0.31 
BAS drive           >0.01 0.02 .01 >.01 0.13 
BAS fun           0.03 0.03 .12 .01 0.86 
BAS reward           0.02 0.02 .09 .01 0.80 
BIS           -0.03 0.02 -.19 .03 -1.80† 
B-11 attentional           0.04 0.02 .30 .05 2.32* 
B-11 motor           -0.02 0.01 -.16 .02 -1.38 
B-11 non-planning            0.02 0.01 .17 .02 1.46 
Spatial WM and planning           -0.02 0.05 -.04 >.01 -0.35 
Risky decision making           -0.05 0.05 -.10 .01 -1.10 
Rule acquisition/shifting           0.06 0.05 .11 .01 1.10 
Motor inhibition           0.04 0.05 .07 .01 0.76 
Verbal inhibition/fluency           0.02 0.05 .03 >.01 0.32 
                
R2     >.01     .09     .22 
ΔR2     --     .09     .13 
F model 
(df) 

    .08 
(2, 125) 

    1.53 
(8, 119) 

    1.42 
(21, 106) 

F ΔR2 
(df) 

    --     2.01† 

(6, 119) 
    1.33 

(13, 106) 
† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory.  
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Property. Two cases exhibited significant values on all outlier measures and 

were excluded from the analysis, leaving a total sample of N = 127. Examination of Q-

Q and fitted/residual scatter plots, it appeared that the data violated the assumptions of 

linearity and homoscedasticity. This appeared primarily due to the property ASB 

composite being highly positively skewed, with the majority of participants (i.e., about 

70.9%) scoring at the minimum of the scale. This resulted in a restricted variance range 

in the dependent variable, and difficulties in the model fitting predicted values. 

Transformations of the theft ASB composite were unable to remedy the violations, and 

it was therefore left untransformed. 

Results of the regression are displayed in Table 10.8. At the first demographics 

step, the model was not significant, F(2, 124) = 2.72, p = .07, with sex and age 

accounting for about 4.2% of the variance in property-related ASB. However, at this 

step sex was a significant predictor, t = 2.29, p < .05, with males more likely to exhibit 

higher property-related ASB scores. At the second demographic and covariates step, 

the model was significant, F(8, 118) = 3.42, p < .01, accounting for about 18.8% of the 

variance in property-related ASB scores. Significant predictors in the model included 

sex, t = 3.12, p < .01, and the CSR subscales of hyperactivity/impulsivity, t = 2.24, p < 

.05, and aggression, t = 2.42, p < .05. At the third step, demographic, covariate and 

predictor variables entered the regression, with the overall model being significant, 

F(21, 105) = 2.64 p < .001, and accounting for about 34.5% of the variance in property-

related ASB. The addition of the predictors significantly contributed to the variance 

explained in property-related ASB above that accounted for by demographics and 

covariates alone, F ΔR2 (13, 105) = 1.94, p < .05. Higher scores on the CSR aggression 

subscale, t = 2.39, p < .05, and B-11 motor impulsivity subscale, t = 2.31, p < .05, 

significantly predicted higher property-related ASB scores. Sex and the CSR 

hyperactivity/impulsivity subscale were no longer a significant predictors at the final 

step.  
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Table 10.8  

Hierarchical regression results for variables predicting property-related antisocial behaviour (N = 127). 
 Step One 

Demographics  
Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  0.24 0.10 .20 .04 2.29* 0.32 0.10 .27 .08 3.11** 0.20 0.11 .17 .03 1.84† 
Age 0.01 0.03 .03 >.01 0.35 0.02 0.03 .07 .01 0.77 -0.01 0.03 -.02 >.01 -0.19 
FSIQ      >0.01 0.01 .05 >.01 0.52 -0.01 0.01 -.09 .01 -0.86 
CSR inattention       >0.01 0.02 .02 >.01 0.20 >-0.01 0.02 -.03 >.01 -0.22 
CSR hyp/imp      0.05 0.02 .26 .04 2.24* 0.03 0.02 .16 .02 1.34 
CSR learning      >-0.01 0.03 >-.01 >.01 -0.04 >-0.01 0.03 >-.01 >.01 -0.02 
CSR aggression      0.06 0.02 .23 .05 2.42* 0.06 0.02 .22 .05 2.39* 
CSR peer/family      -0.01 0.02 -.08 .01 -0.91 -0.02 0.02 -.13 .02 -1.40 
Sensation seeking           -0.02 0.04 -.06 >.01 -0.49 
BAS drive           0.01 0.02 .06 >.01 0.61 
BAS fun           0.02 0.03 .09 >.01 0.67 
BAS reward           -0.05 0.03 -.18 .03 -1.79† 
BIS           -0.03 0.02 -.18 .03 -1.81† 
B-11 attentional           0.02 0.02 .13 .01 1.06 
B-11 motor           0.04 0.02 .24 .05 2.31* 
B-11 non-planning            >-0.01 0.01 -.04 >.01 -0.35 
Spatial WM and planning           0.02 0.06 .04 >.01 0.43 
Risky decision making           0.04 0.05 .07 .01 0.84 
Rule acquisition/shifting           0.07 0.06 .11 .01 1.20 
Motor inhibition           -0.01 0.06 -.01 >.01 -0.11 
Verbal inhibition/fluency           0.10 0.05 .16 .03 1.77† 
                
R2     .04     .19     .35 
ΔR2     --     .15     .16 
F model 
(df) 

    2.72† 

(2, 124) 
    3.42** 

(8, 118) 
    2.64*** 

(21, 105) 
F ΔR2 
(df) 

    --     3.54** 
(6, 118) 

    1.94* 
(13, 105) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory.  
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Technology. Two cases exhibited significant values on all outlier measures and 

were excluded from the analysis, leaving a total sample of N = 127. Examination of the 

distribution of standardised residuals, and Q-Q and fitted/residual scatter plots, it 

appeared that the data violated the assumptions of normality, linearity and 

homoscedasticity. This appeared due to technology-related ASB scores being 

significantly positively skewed. This resulted in a restricted variance range in the 

dependent variable, and difficulties in the model fitting predicted values. 

Transformations of the theft ASB composite were unable to remedy the violations, and 

it was therefore left untransformed. 

Results of the regression are displayed in Table 10.9. At the first demographics 

step, the model was not significant, F(2, 124) = 1.14, p = ns, with sex and age 

accounting for about 1.8% of the variance in technology-related ASB. At the second 

demographic and covariates step, the model was not significant, F(8, 118) = 1.44, p = 

ns, accounting for about 8.9% of the variance in technology-related ASB scores. No 

variables emerged as significant predictors. At the third step, demographic, covariate 

and predictor variables entered the regression, with the overall model not significant, 

F(21, 105) = 0.94 p = ns, and accounting for about 15.9% of the variance in technology-

related ASB. The addition of the predictors did not significantly contribute to the 

variance explained in technology-related ASB above that accounted for by 

demographics and covariates alone, F ΔR2 (13, 105) = 0.67, p = ns. Overall, none of the 

variables entered into the final model significantly predicted technology-related ASB 

scores. 
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Table 10.9  

Hierarchical regression results for variables predicting technology-related antisocial behaviour (N = 127). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  0.15 0.10 .13 .02 1.47 0.18 0.10 .16 .02 1.73† 0.17 0.12 .15 .02 1.36 
Age -0.01 0.03 -.03 >.01 -0.38 >-0.01 0.03 -.01 >.01 -0.11 -0.01 0.03 -.03 >.01 -0.27 
FSIQ      >0.01 0.01 .04 >.01 0.47 >-0.01 0.01 >-.01 >.01 >-0.01 
CSR inattention       0.03 0.02 .21 .02 1.63 0.03 0.02 .20 .01 1.25 
CSR hyp/imp      -0.03 0.02 -.15 .01 -1.26 -0.04 0.03 -.19 .02 -1.43 
CSR learning      0.01 0.03 .03 >.01 0.27 0.01 0.03 .02 >.01 0.17 
CSR aggression      0.04 0.03 .15 .02 1.51 0.05 0.03 .17 .02 1.62 
CSR peer/family      0.02 0.02 .09 .01 0.91 0.01 0.02 .03 >.01 0.28 
Sensation seeking           0.02 0.04 .07 >.01 0.49 
BAS drive           >-0.01 0.03 >-.01 >.01 -0.01 
BAS fun           -0.07 0.04 -.28 .03 -1.86† 
BAS reward           0.04 0.03 .15 .02 1.28 
BIS           -0.01 0.02 -.08 .01 -0.75 
B-11 attentional           0.02 0.02 .11 .01 0.80 
B-11 motor           0.02 0.02 .18 .02 1.48 
B-11 non-planning            -0.01 0.01 -.08 >.01 -0.72 
Spatial WM and planning           -0.02 0.06 -.03 >.01 -0.26 
Risky decision making           >0.01 0.06 >.01 >.01 0.04 
Rule acquisition/shifting           -0.02 0.06 -.04 >.01 -0.36 
Motor inhibition           -0.02 0.06 -.04 >.01 -0.40 
Verbal inhibition/fluency           0.07 0.06 .12 .01 1.13 
                
R2     .02     .09     .16 
ΔR2     --     .07     .07 
F model 
(df) 

    1.14 
(2, 124) 

    1.44 
(8, 118) 

    0.94 
(21, 105) 

F ΔR2 
(df) 

    --     1.53 
(6, 118) 

    0.67 
(13, 105) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory.  
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Sexual. One case exhibited significant values on all outlier measures and was 

excluded from the analysis, leaving a total sample of N = 128. Visual inspection of the 

distribution of standardised residuals, and Q-Q and fitted/residual scatter plots indicated 

that the assumptions of normality, linearity and homoscedasticity were satisfied.  

Results of the regression are displayed in Table 10.10. At the first demographics 

step, the model was significant, F(2, 125) = 4.22, p < .05, accounting for about 6.3% of 

the variance in sexual-related ASB scores. Older age significantly predicted higher 

sexual-related ASB scores, t = 2.10, p < .05. At the second demographics and covariates 

step, the model was significant F(8, 119) = 5.12, p < .001, accounting for about 25.6% 

of the variance in sexual-related ASB. Being a male, t = 2.57, p < .005, and an older 

age, t = 2.70, p < .01, significantly predicted higher sexual-related ASB scores. 

Additionally, higher scores on the CSR inattention, t = 2.57, p < .05, and aggression, t 

= 3.05, p < .01, subscales significantly predicted higher sexual-related ASB scores. At 

the third step, demographic, covariate and predictor variables entered the regression, 

with the overall model being significant, F(21, 106) = 2.25 p < .01, and accounting for 

about 30.8% of the variance in sexual-related ASB. The addition of the predictors did 

not significantly contribute to the variance explained in sexual-related ASB above that 

accounted for by demographics and covariates alone, F ΔR2 (13, 106) = 0.62, p = ns. 

Significant predictors of higher sexual-related ASB scores in the final model included 

male sex, t = 2.14, p < .05, older age, t = 2.83, p < .01, and a higher score on the CSR 

aggression subscale, t = 2.83, p < .01.  
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Table 10.10  

Hierarchical regression results for variables predicting sexual-related antisocial behaviour (N = 128). 

 Step One 
Demographics  

Step Two 
Covariates 

Step Three 
Predictors 

Variable  B SE B β sr2 t B SE B β sr2 t B SE B β sr2 t 
Sex  .24 .12 .17 .03 1.95† 0.30 0.12 .21 .05 2.57* 0.29 0.14 .21 .04 2.14* 
Age .08 .04 .18 .03 2.10* 0.09 0.04 .22 .06 2.70** 0.11 0.04 .25 .07 2.83** 
FSIQ      0.01 0.01 .17 .03 1.97† 0.01 0.01 .08 >.01 0.71 
CSR inattention       0.06 0.02 .30 .05 2.57* 0.05 0.03 .28 .03 1.92† 
CSR hyp/imp      -0.04 0.03 -.15 .02 -1.40 -0.04 0.03 -.17 .02 -1.41 
CSR learning      >0.01 0.03 .01 >.01 0.13 0.02 0.04 .05 >.01 0.48 
CSR aggression      0.09 0.03 .26 .07 3.05** 0.09 0.03 .26 .07 2.83** 
CSR peer/family      0.02 0.02 .10 .01 1.17 0.02 0.02 .12 .01 1.25 
Sensation seeking           0.08 0.05 .19 .02 1.58 
BAS drive           >0.01 0.03 .01 >.01 0.12 
BAS fun           -0.03 0.04 -.10 >.01 -0.71 
BAS reward           -0.01 0.03 -.03 >.01 -0.27 
BIS           0.01 0.02 .07 >.01 0.64 
B-11 attentional           -0.01 0.02 -.04 >.01 -0.35 
B-11 motor           >0.01 0.02 .03 >.01 0.25 
B-11 non-planning            -0.01 0.02 -.04 >.01 -0.39 
Spatial WM and planning           0.08 0.07 .11 .01 1.14 
Risky decision making           0.04 0.06 .06 >.01 0.69 
Rule acquisition/shifting           -0.01 0.07 -.01 >.01 -0.13 
Motor inhibition           -0.07 0.06 -.09 .01 -1.03 
Verbal inhibition/fluency           0.08 0.07 .12 .01 1.22 
                
R2     .06     .26     .31 
ΔR2     --     .20     .05 
F model 
(df) 

    4.22* 
(2, 125) 

    5.12*** 
(8, 119) 

    2.25** 
(21, 106) 

F ΔR2 
(df) 

    --     5.14*** 
(6, 119) 

    0.62 
(13, 106) 

† p < .10, * p < .05, ** p <.01, *** p < .001 
Notes: B-11 = Barratt impulsivity scale; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors self report; sr2 = squared semi-partial 
correlation; WM = working memory.  
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 In summary, variation was evident across the categories of ASB in the pattern 

of variables that significantly predicted scores, and this is summarised in Table 10.11. 

This finding highlights the importance of examining ASB as a multifaceted construct, 

with different behaviours explained by different types and combinations of factors.  

 

Table 10.11  

Summary of significant predictors from the final hierarchical regression models for 
each antisocial behaviour category  

 Antisocial Behaviour Category  
Predictor  GEN AGG VEH SUB THF PRO TEC SEX 
Sex         ✓ 
Age    ✓    ✓ 
FSIQ   ✓      

CSR inattention          
CSR hyp/imp         
CSR learning         
CSR aggression  ✓  ✓ ✓ ✓  ✓ 
CSR peer/family         
Sensation seeking    ✓     

BAS drive ✓        

BAS fun         
BAS reward         
BIS   ✓      

B-11 attentional     ✓    

B-11 motor      ✓   

B-11 non-planning          
Spatial WM and planning         
Risky decision making         
Rule acquisition/shifting ✓ ✓ ✓      

Motor inhibition         
Verbal inhibition/fluency ✓        

Notes: ✓ = significant predictor at p < .05; AGG = aggression; B-11 = Barratt impulsivity scale, version 
11; BAS = behavioural approach sensitivity; BIS = behavioural inhibition sensitivity; CSR = Connors 
self report; GEN = general rule breaking; PRO = property; SEX = sexual; SUB = substance; TEC = 
technology; THF = theft; FSIQ = full scale IQ; VEH = vehicle; WM = working memory.  

 

Across the eight ASB categories, the most consistent predictor to emerge was 

the ADHD covariate of the Connors self-report aggression/defiance subscale. A higher 

score on the subscale was associated with higher aggressive, substance, theft, property 

and sexual-related ASB scores. Therefore, self-reported involvement in defiant and 

aggressive actions appears a consistent and significant predictor of involvement in a 

range of ASBs. 

It is noteworthy that the addition of variables measuring aspects of reward and 

punishment sensitivity, and cognitive control failed to significantly add to the predictive 
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power of the statistical models for certain types of ASB, including aggression, theft, 

technology and sexual categories of ASB. This finding suggests there are other factors 

that may better explain engagement in these behaviours for the age groups studied. The 

EF composites of rule acquisition and shifting, and verbal inhibition and fluency were 

the only neuropsychological measures of cognitive control to emerge as significant 

predictors across the eight ASB categories. Unexpectedly, better performance on rule 

acquisition and shifting EF was associated with higher general rule breaking, 

aggression and vehicle-related ASB scores. Similarly, better performance on verbal 

inhibition and flexibility EF was associated with higher general rule breaking ASB 

scores. Apart from these significant effects, the EF composites were not significantly 

associated with variation in ASB scores, which did not support the hypothesis that 

lower cognitive control capacities are associated with greater engagement in ASB 

during late adolescence and early adulthood.  

10.7 DISCUSSION 

The fourth study represented an effort to integrate the examination of 

neuropsychological development and the aetiology of risk taking and ASB. 

Specifically, the aim was to explore the links between EF, risk taking and self-reported 

engagement in ASB among a typically developing sample of individuals spanning late 

adolescence and early adulthood. Few studies have sought to examine how normative 

developmental processes may shape the often-observed increase in risk-taking and 

ASB that occurs during adolescence among a typically developing sample. In this 

context, key propositions derived from developmental imbalance models of adolescent 

development (see: Ernst, 2014; Shulman et al., 2016b) were used to guide the study 

hypotheses and analyses in the examination of EF, risk-taking and ASB. 

10.7.1 Reward and Punishment Sensitivity  

 Developmental imbalance models (e.g., Shulman et al., 2016b) propose that 

reward sensitivity peaks in adolescence, followed by a decline into adulthood. 

However, and not supporting the first hypothesis, no evidence for the theorised decline 

in reward sensitivity from late adolescence to early adulthood was found in the current 

data using a sample of young people aged between 17 and 22 years. Using a variety of 

measures assessing different aspects of reward sensitivity (i.e., sensation seeking, and 

BAS drive, fun and reward seeking), there were no differences across age groups in 
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reward sensitivity traits. Indeed, reward sensitivity traits appeared to be stable in the 

age range examined (see Figure 10.6 for illustration). This finding may suggest that 

reward sensitivity remains elevated across late adolescence to early adulthood, or that 

declines in reward sensitivity are slow and protracted across an extended age-range into 

adulthood. Alternatively, it is possible that reward sensitivity may have already peaked 

in early- to mid-adolescence, and declined by the time of late adolescence.  

At face value, the failure to find a significant decline of reward sensitivity into 

early adulthood appeared in contrast to findings from previous studies, where aspects 

of reward sensitivity have been found to decline from late adolescence and into early 

adulthood (e.g., Harden & Tucker-Drob, 2011; Steinberg et al., 2008; Uroševic et al., 

2012). For example, Uroševic et al. (2012) conducted a cross-sectional and longitudinal 

analysis of changes in reward sensitivity in a healthy community-based sample of youth 

aged 9- to 23-years-old. Using Carver and White’s (1994) BIS/BAS scales to assess 

reward sensitivity, longitudinal findings from this study suggested that a specific aspect 

of reward sensitivity (i.e., BAS reward responsiveness) appeared to peak in mid- to late 

adolescence, and then decline into adulthood (i.e., into the mid 20’s). However, this 

longitudinal decline into early adulthood was not evident for other aspects of reward 

sensitivity measured by the BIS/BAS scales. Cross-sectional results of the study 

suggested that there were no significant differences between late adolescents (13-17 

years) and young adults (18-23 years) on BAS drive and BAS total measures of reward 

responsiveness. This led the authors to conclude that some elements of reward 

sensitivity may remain elevated during the transition from late adolescence to early 

adulthood, which would be consistent with the current study findings.  

Both Harden and Tucker-Drob (2011) and Steinberg et al. (2008) found that 

declines in sensation seeking, which was considered an aspect of reward sensitivity in 

the current study, occurred gradually from about age 16-years onwards. It is possible 

that the limited age range examined in the current study restricted or masked the 

capacity to detect a small effect size for possible ongoing declines in sensation seeking. 

It is possible that declines in reward sensitivity occur over a more prolonged period that 

extends well into adulthood.  

The second hypothesis, proposing that males would exhibit higher levels of 

reward sensitivity regardless of age, was not supported by the current data. This 

hypothesis was based on findings from previous studies suggesting that males exhibit 

higher levels of sensation seeking across the lifespan (Lejuez et al., 2002; Pedersen et 
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al., 2012). However, an opposite effect was observed in the current data, whereby 

females exhibited higher scores on the BAS reward scale. It is interesting to note that 

females also exhibited higher scores on the BIS scale as well, suggesting as a group 

they experienced greater sensitivity to both reward and punishment. Both of these 

findings were consistent with the results of Uroševic et al. (2012), where females 

exhibited greater sensitivity to both reward and punishment as well. Uroševic et al. 

(2012) argued that heightened sensitivity for females comparative to males for 

punishment and reward sensitivity was reflective of greater emotional reactivity in 

general for females during adolescence. In explaining the current results, it is possible 

that the age range studied coincided with a peak in emotional reactivity for females 

compared to males. However, further study is required to examine whether this 

comparatively heightened emotional reactivity persists into adulthood for females, or 

whether parity is reached with age.  

The third hypothesis, proposing that punishment sensitivity would increase as 

individuals enter adulthood as predicted by developmental imbalance models (e.g., 

Ernst, 2014), was not supported by the current data. There was no significant increase 

in BIS scale scores over the age range studied. This was consistent with the findings of 

Uroševic et al. (2012), where no differences across early adolescent, late adolescent and 

young adults were found on the BIS measure. Similar to reward sensitivity, the failure 

to observe an age effect may be due to changes in punishment sensitivity occurring 

gradually over a prolonged period of time. Further, the restricted study age range may 

have limited the capacity to detect a small age effect. 

10.7.2 Cognitive Control 

Consistent with the results of Chapter Nine that highlighted stability of EF 

abilities during late adolescence and early adulthood, self-reported traits associated 

with cognitive control appeared largely stable over the study age range. However, this 

finding was not consistent with the fourth hypothesis of the study that was informed by 

developmental imbalance models, proposing that traits related to cognitive control 

improve linearly from adolescence into early adulthood. Most previous studies have 

focused on impulsivity as a trait linked to cognitive control, where a decline in 

impulsivity is considered to be indicative of improving cognitive control. For the 

current study, self-reported impulsivity, as measured by the Barratt impulsivity scale, 

did not decline linearly with age into early adulthood. Rather, levels of impulsivity 
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appeared largely stable, as illustrated in Figure 10.6. The only exception was a non-

linear age effect for the Barratt subscale of non-planning impulsivity that approached 

significance, suggesting that some potential age changes in cognitive control may not 

be explained by simple linear trends as hypothesised by developmental imbalance 

models. 

The current findings appear largely consistent with the results of other studies 

using self-report measures of impulsivity to assess developmental trajectories of 

cognitive control traits. For example, Harden and Tucker-Drob (2011) found that 

impulsivity declined most rapidly through early to mid-adolescence, with this trend 

levelling-off as individuals enter early adulthood. Similarly, Steinberg et al. (2008) 

found self-reported impulsivity to decline linearly across ages 10- to 30-years, but to 

remain relatively stable between the ages of 16- to 25-years. Therefore, it appears that 

the most significant improvements in cognitive control occur across early to mid-

adolescence, with only gradual and small changes occurring from late adolescence to 

early adulthood. The failure to observe any improvements in cognitive control for the 

current study was likely due to these changes occurring earlier in development and over 

a longer period of time that was not detectible in the restricted and older age range 

examined. Overall, cognitive control appeared largely stable by the time of early 

adolescence. However, this finding may only apply to individuals from middle to high 

socio-economic backgrounds given the composition of the sample, and may not hold 

for individuals from lower socio-economic backgrounds. 

10.7.3 Risk Taking, Reward Sensitivity and Cognitive Control 

The key proposition of developmental imbalance models is that increased 

engagement in risk-taking behaviours during adolescence results from an imbalance 

between increased sensitivity to reward and immature cognitive control capacities. 

Independently, both reward sensitivity (e.g., sensation seeking) and cognitive control 

(e.g., impulsivity) have consistently been moderately to strongly associated with risk-

taking behaviours in past studies (Collado et al., 2014; Crone et al., 2016; Duell et al., 

2016; Harden & Tucker-Drob, 2011; Mann et al., 2017a; Pedersen et al., 2012; Quinn 

& Harden, 2012; Shulman et al., 2016a; Steinberg et al., 2008). However, in contrast 

to these findings, reward sensitivity and cognitive control traits failed to be significantly 

associated (i.e., bivariate correlations) with risk-taking behaviour as measured by the 

BART in the present study. This result remained consistent in multivariate analyses, 
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where reward sensitivity and cognitive control traits failed to predict variation in BART 

risk-taking behaviour. Therefore, the hypotheses proposing that higher levels of reward 

sensitivity (hypothesis five) and lower levels of cognitive control (hypothesis six) would 

predict greater risk-taking propensity were not supported. For the current study, reward 

sensitivity and cognitive control failed to predict risk-taking for late adolescents and 

early adults. 

The failure to observe significant effects for reward sensitivity and cognitive 

control predicting risk-taking behaviour was unexpected, given the strength and 

consistency of the connections among these variables in previous studies. It is most 

likely that this outcome was a result of sample characteristics. Specifically, the age-

range of 17- to 22-years-old may have represented a narrow period of development 

where the traits examined were relatively stable, and/or there was limited variation in 

the traits across individuals, resulting in difficulties in detecting effects. In addition, it 

is possible the sample represented a group of individuals with advanced cognitive 

control capacities (i.e., due to recruitment from a university setting) that functioned as 

a protective factor for managing engagement in risky activities, and this will be 

expanded on in the following paragraphs.  

The seventh hypothesis, that risk taking would decline from late adolescence to 

early adulthood and would be accompanied by increases in cognitive control and 

decreases in reward sensitivity, was not supported. Risk-taking appeared stable over 

the age range examined, with males exhibiting a greater propensity for engaging in risk-

taking as measured by the BART compared to females. It is possible that the age range 

of the sample may have represented a developmental period where engagement in risk-

taking was relatively elevated and widespread (i.e., a “normative” peak), effectively 

masking longer-standing individual differences in risk-taking that may persist into 

adulthood. This interpretation is supported by the findings of Collado et al. (2014) in 

their examination of longitudinal trajectories of risk taking propensity measured by the 

BART across five waves of assessment from early (ages 9 to 13 years) to middle (ages 

13 to 18 years) adolescence. Results of this study indicated that risk-taking propensity 

accelerated during early adolescence to reach a level of stability by the final waves of 

assessment. It is possible that the current results represent a continuation of this pattern, 

where risk-taking propensity remains stable during late adolescence and into early 

adulthood. Further longitudinal analyses of risk taking from childhood to adulthood are 

warranted to examine trajectories of risk-taking into and out of adolescence. 
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It is possible that the failure to observe a decline in risk-taking into early 

adulthood was partially linked to reward sensitivity traits remaining stable throughout 

the age period, where declines in reward sensitivity may partly drive reductions in risk-

taking. Going further, it is possible that the failure to find links among risk-taking, 

reward sensitivity and cognitive control was a result of these all constructs remaining 

stable across the age range with limited variability within the sample. From a statistical 

perspective, the capacity to detect significant effects is diminished when there is a 

limited range of variance in the variables being examined (Tabachnick & Fidell, 2014).  

It appeared that the current sample engaged in a high level of risk-taking as 

measured by the BART in comparison to the findings of Lejuez et al. (2002), who 

administered the task to a North American community-based sample of 86 males and 

females between the ages of 18- and 25-years. Using an independent samples t-test, the 

current sample exhibited a significantly higher overall mean level of risk-taking (M = 

36.46, SD = 12.69) than the comparative sample (M = 29.40, SD = 13.00), t (213) = 

7.06, p < .001. However, despite the similarity in age range, this comparison should be 

viewed with caution, given the potential of systematic differences between the two 

samples (e.g., nationality, socio-economic status). The current finding of heightened 

levels of risk-taking for a sample comprised of late adolescent and early adult 

individuals is consistent with evidence suggesting that risk-taking behaviours mostly 

peak during young adulthood (Willoughby et al., 2013). 

10.7.4 Antisocial Behaviour, Reward Sensitivity and Cognitive Control 

 The current study represented an initial, exploratory effort to apply a 

developmental imbalance perspective to predict self-reported engagement in various 

forms of ASB across late adolescence to early adulthood. Overall, reward sensitivity 

and cognitive control failed to consistently predict higher propensity across different 

types of ASB. Only minimal support was found for hypotheses eight and nine, 

proposing that higher ASB propensity would be associated with higher levels of reward 

sensitivity and lower levels of cognitive control, respectively. In relation to reward 

sensitivity measures, higher sensation seeking predicted a higher propensity for 

substance-related ASB; higher BAS drive predicted a higher propensity for general rule 

breaking ASB; and a lower BIS score predicted a higher propensity for vehicle-related 

ASB. In relation to cognitive control measures, higher scores (i.e., greater impulsivity) 
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on the Barratt attentional and motor impulsivity subscales predicted a higher propensity 

for theft- and property-related ASB respectively.  

Contrary to hypothesis nine, higher scores (i.e., better performance) on the rule 

acquisition and shifting EF composite predicted higher propensities for the general rule 

breaking, aggression and vehicle related ASB facets; and a higher score on the verbal 

inhibition and fluency EF composite predicted a higher propensity for general rule 

breaking ASB. The findings that better performance on some EF tasks predicted higher 

levels some forms of ASB appeared at odds with a large body of evidence 

demonstrating a link between poorer EF abilities and engagement in ASB (Ogilvie et 

al., 2011). However, the majority of this research is derived from samples exhibiting 

clinically significant ASB (e.g., historical disruptive behaviour problems, criminal 

behaviour, psychopathic traits). In contrast, there is limited research examining the role 

of EF abilities in the ASB engaged in by typically developing individuals, where it is 

possible that neurocognitive factors play a different and/or diminished role in 

explaining such behaviour compared to clinical populations. The ASB behaviour of 

typically developing youth may be fundamentally different to the ASB of youth who 

do not follow typical trajectories of development and exhibit histories of clinically 

significant behavioural disinhibition. It is possible that the current finding of better EF 

predicting some types of ASB is representative of individual differences in EF in a 

sample of youth with mature and well-developed cognitive control systems.  

The sample was characterised by well-developed and stable EF abilities, as 

would be expected in a sample drawn from a university setting. However, despite these 

well-developed and stable cognitive control abilities, the sample still self-reported 

engagement in a wide range of risk-taking and antisocial behaviours. This highlights 

that the presence of mature cognitive control abilities does not necessarily preclude 

engagement in some forms of risk-taking and ASB. Rather, mature cognitive control 

abilities may function as a protective factor against some of the negative outcomes 

linked to engagement in risk-taking and ASB. For example, mature cognitive control 

abilities may allow adolescents to employ more refined and sophisticated decision-

making processes to plan and selectively engage in more considered risk-taking and 

ASB, and avoid more serious consequences attached to these behaviours (Baskin-

Sommers et al., 2015). It is possible that the well-developed cognitive control abilities 

of the current sample facilitated their engagement in a range of risk-taking and 

antisocial behaviours while largely avoiding significant problems (e.g., contact with the 
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justice system, substance use disorders). Indeed, the risk-taking and ASB of older 

adolescents and early adults may become more regulated and less impulsive with 

maturing cognitive control abilities (Willoughby et al., 2013). 

An exploratory approach was adopted to examine how various aspects of 

reward sensitivity and cognitive control may differentially associate with different 

facets of ASB. The results appeared to support the view that ASB is a multifaceted 

construct, with different forms of ASB being predicted by varying types and patterns 

of variables. There was no consistent pattern in the measures that predicted various 

forms of ASB (see Table 10.11), and this highlights the importance of future studies 

specifying the form of ASB being examined. Across the eight categories of ASB, 

measures of cognitive control and reward sensitivity only appeared to account for a 

small to modest amount of variance in ASB scores. Indeed, reward sensitivity and 

cognitive control measures were insufficient to account for a significant amount of 

variance in predicting aggression, theft, technology and sexual categories of ASB. It is 

possible that self-report measures may not accurately reflect participants’ actual 

cognitive control abilities and reward sensitivity traits. 

The finding that cognitive control and reward sensitivity only accounted for a 

small amount of variance in ASB scores suggests that other factors not examined in the 

study may better account for the ASB of typically developing youth entering adulthood. 

For example, there is an emerging focus on examining social contextual (e.g., peers) 

and environmental (e.g., opportunity and access) factors in explaining the risk-taking 

and ASB of youth (Blakemore & Mills, 2014; Crone et al., 2016; Defoe et al., 2015; 

Mann et al., 2015; Peake et al., 2013; Pfeifer & Allen, 2012; Pfeifer et al., 2011; 

Willoughby et al., 2013).  

In summary, reward sensitivity and cognitive control traits appeared largely 

stable during the age range examined. Results strongly suggested that developmental 

models emphasising the imbalance between reward sensitivity and cognitive control 

systems during adolescence were poor at explaining risk-taking and ASB during late 

adolescence and early adulthood in a typically developing sample. It is possible that 

developmental imbalance models are only specific to explaining risk-taking and ASB 

that occurs in early to mid-adolescence. Additionally, it is also possible that 

developmental imbalance models may be more specific to youth with disruptive 

behaviour disorders or other clinically significant ASB problems, and are not especially 

effective in explaining the behaviour of typically developing youth (Bjork & Pardini, 
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2015). It appeared clear that late adolescence and early adulthood remains a period of 

heightened engagement in risk-taking and ASB for typically developing youth, where 

such behaviour may be better explained by social contextual and environmental factors. 
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Chapter 11: General Discussion 

The overarching aim of this thesis was to examine the links between EF and ASB. A 

developmental perspective was adopted while focusing on the transition from late 

adolescence to early adulthood, which is a period marked by increased engagement in 

risk-taking and ASB. The thesis was an effort to examine the aetiology of risk-taking 

and ASB by integrating the fields of developmental neuropsychology and criminology. 

Models of adolescent development that emphasise the timing of maturation for different 

functional systems (i.e., reward sensitivity and cognitive control) to understand 

adolescent behaviour were used to guide study hypotheses and analyses (Casey et al., 

2008; Ernst, 2014; Shulman et al., 2016b).  

Four studies were conducted to address the aim of the thesis, building toward 

an examination of how EF may be associated with specific forms of ASB during late 

adolescence to early adulthood. Presented in this final chapter is a summary and 

synthesis of the findings across these four studies. Findings will be summarised for 

each study in turn. Limitations of the thesis will then be noted, and directions for future 

research are proposed.  

11.1 STUDY ONE: META-ANALYSIS OF NEUROPSYCHOLOGICAL 
MEASURES OF EXECUTIVE FUNCTION AND ANTISOCIAL 
BEHAVIOUR 

The primary aim of the meta-analysis was to summarise the state of the current 

research literature through quantifying the association between ASB and EF. The study 

expanded on and followed up the meta-analysis conducted by Morgan and Lilienfeld 

(2000), confirming that there is a robust and moderate association between EF and ASB 

that holds across varying study methodologies, including different antisocial groups 

and EF measures. There was significant variation across studies in the magnitude of 

effect sizes due to method variance (e.g., differences in EF measures and ASB 

operationalisations), and this was argued to reflect specificity in the association 

between EF and ASB. Several suggestions were proposed for future research, 

emphasising the importance of using theoretical frameworks to guide investigations 

aimed at identifying specificity in the associations between ASB and EF. In relation to 
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informing the remaining studies, it was noted that few studies have sought to explicitly 

examine how age may moderate the association between ASB and EF. 

More recent studies are moving toward identifying specificity in the links 

between ASB and EF. For example, Woltering, Lishak, Hodgson, Granic, and Zelazo 

(2015) examined how different types of EF tasks may differentiate between children 

with and without disruptive behaviour problems. Their results indicated that differences 

in EF performance between these two groups were only evident for hot EF tasks, or 

those tasks requiring a degree of emotion regulation. Given this finding, the authors 

argued that disruptive behaviour problems in middle childhood are specifically linked 

to difficulties in hot EF. This study highlights the relative importance of hot EF abilities 

in explaining individual differences in ASB compared to cool EF abilities.  

As a further example of identifying specificity, Waller, Hyde, Baskin-Sommers, 

and Olson (2017) examined how EF and callous unemotional traits interact in early 

childhood to predict different dimensions of aggression in late childhood. Results 

indicated that callous unemotional traits measured at age three were robust predictors 

of teacher-rated proactive, reactive and relational aggression at age ten. Results further 

indicated that a combination of high callous unemotional and low EF predicted the 

highest levels of teacher-rated reactive and proactive aggression. In contrast, higher 

levels of EF were found to be protective, minimising the effects of early callous 

unemotional traits on later aggression. Waller et al. argued that the risk for aggression 

in childhood is increased by traits making children less likely to feel empathy or guilt 

(i.e., callous unemotional traits) combined with EF deficits (e.g., impulsivity, poor 

planning, poor behavioural control). This highlights that EF impairments may be useful 

in understanding reactive or impulsive forms of ASB, compared to instrumental or 

planned forms of ASB. Further, the study highlights the importance of examining how 

EF impairments may interact with other individual characteristics to increase the 

likelihood of engaging in specific forms of ASB. 

11.2 STUDY TWO: DEVELOPMENT OF A SELF-REPORT MEASURE TO 
ESTIMATE ENGAGEMENT IN ANTISOCIAL BEHAVIOUR DURING 

LATE ADOLESCENCE 

 The aim of the second study was to develop a psychometrically sound self-

report measure of ASB, and examine the prevalence and frequency of participation in 

ASB in typically developing late adolescents. An important feature of the instrument 
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was the ability to assess ASB as a multifaceted construct, measuring youth involvement 

in a wide range of antisocial behaviours, varying along a continuum of seriousness. In 

regards to the broader aims of the thesis, development of the multidimensional 

instrument would provide a basis for identifying specificity in the association between 

EF and ASB. Specifically, it would allow for analyses exploring how different EF 

processes may be differentially associated with distinct subtypes of ASB.  

An IRT methodological approach was adopted and was confirmed as an 

effective means of constructing a multidimensional measure of ASB. Confirming the 

first hypothesis of the study, findings indicated that ASB was best represented as a 

multidimensional construct of distinct but correlated subtypes of ASB. In addition, 

there was significant variation in response distributions across items, and this was 

argued to reflect variation in the seriousness of the behaviours that items represented. 

It was evident that even within a sample of university students, there were some 

participants who self-reported engagement in serious forms of ASB. However, it was 

more common for participants to report involvement in less serious forms of ASB. 

Further research with antisocial samples is warranted to examine whether the 

instrument is capable of distinguishing between normative and antisocial samples, 

particularly in regards to the seriousness of ASB they engage in as groups on average. 

 Confirming the second hypothesis, results unambiguously highlighted that 

engagement ASB was widespread (i.e., in terms of the range of behaviours) and 

common for the sample of youth studied, with all participants reporting at least some 

involvement in ASB across their lifetimes. It appeared that the age range of 17 to 22 

years represented a period of stability in terms of the level and extent of engagement in 

ASB. This finding of stability was consistent with findings across all studies in the 

thesis (i.e., stability in EF, reward sensitivity and risk taking also observed). Further 

supporting the second hypothesis, minimal sex differences were observed. This is 

consistent with Moffitt’s (2006a) argument that for typically developing youth, 

engagement in ASB will be effectively equivalent across sex.  

It is possible that amongst typically developing individuals, well-developed EF 

abilities in part facilitate engagement in ASB without experiencing some of the negative 

effects associated with these behaviours (e.g., detection). For example, better EF 

abilities may allow individuals to engage in ASB in a more planned and flexible manner 

while avoiding detection. As a further example, it is possible that individuals with better 

developed EF abilities may engage in less impulsive forms of ASB, which are in turn 



 316 

less likely to come to the attention of authorities. Further research is required to test the 

hypothesis that better EF is associated with engagement in less impulsive forms of ASB 

in typically developing youth.  

11.3 STUDY THREE: DEVELOPMENT AND STRUCTURE OF 
EXECUTIVE FUNCTION IN LATE ADOLESCENCE 

 The aim of the third study was to examine the development and structure of EF 

processes during late adolescence and early adulthood in a typically developing sample 

of youth. Confirming the first hypothesis and consistent with previous findings (e.g., 

Huizinga et al., 2006; Lee et al., 2013), EF abilities were largely functionally 

mature/stable across the age range examined. No support was found for the second 

hypothesis that EF abilities related to cognitive control under conditions of 

motivational/affective salience (i.e., hot EF) would continue to develop after the 

maturation of cool EF abilities in the transition from late adolescence to early 

adulthood. Further research is required using different and more ecologically valid 

measures of hot EF to examine the possibility of protracted development of EF abilities 

in late adolescence and early adulthood.  

A significant issue for the developmental neuroscience field to resolve relates 

to the discrepancy between anatomical/physical and functional/behavioural findings in 

the transition from adolescence to adulthood. Although brain-imaging studies 

consistently highlight the protracted development of structures and circuits associated 

with EF (e.g., prefrontal cortex) across adolescence and into adulthood, this does not 

always align with functional cognitive and behavioural findings. As highlighted in 

Chapter Three, most EF abilities reach functionally mature levels by the time of mid-

adolescence. Studies integrating brain-imaging and behavioural levels of analysis are 

required to explore how structural neurological changes shape functional outcomes 

across adolescence. There is building evidence to suggest that while adolescents can 

perform at adult levels on cognitive tasks, they may recruit neural systems in different 

ways compared to adults (Casey et al., 2000; Casey, Tottenham, Liston, & Durston, 

2005; Geier & Luna, 2009; Giedd, 2008; Luna et al., 2010).  

In relation to the structure of EF and confirming the third hypothesis, results 

clearly indicated that EF is best represented as a set of separate but related abilities, and 

this is consistent with a considerable body of evidence (Miyake & Friedman, 2012). It 

could be argued that the results confirmed and extended the unity/diversity framework 
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developed by Miyake and Friedman (2012). The five-factor model of EF identified in 

the study contained the three commonly identified EF factors of updating, shifting and 

inhibition, while also identifying an additional hot EF factor (i.e., confirming the fourth 

hypothesis), and fractionating inhibition into motor and verbal components. Replication 

of this finding using other additional measures of hot EF is warranted to confirm the 

presence of an affective/motivational component in the structure of EF. The reason why 

previous seminal studies of EF structure (e.g., Huizinga et al., 2006; Miyake et al., 

2000) have not identified an affective/motivational component is simply due to these 

studies not including measures of hot EF in assessment batteries. This highlights the 

importance of including measures of EF tapping into affective/motivational systems 

when examining the structure of EF, particularly in adolescence.  

It is acknowledged that there is significant variation in the components of EF 

that are identified across studies using exploratory analytical methods to examine the 

structure of EF. Supporting the view of Miyake et al. (2000), it will be important for 

future studies to use theory and frameworks to guide examination of the structure of 

EF. In this regard, results of the study highlight the possibility of expanding the 

framework of Miyake et al. (2000) to include a fourth component of hot EF. Further 

studies are warranted to examine the trajectory of development for this hot EF 

component.  

Based on a narrative review of fMRI studies examining cognitive control across 

adolescence, Crone and Dahl (2012) highlighted that there is a high degree of variability 

across studies in regards to how changes in PFC functioning across adolescence 

contribute to improving cognitive control abilities. They argue that a simple model of 

increasing activation in the PFC is not sufficient to understand the developmental 

changes in cognitive control that occur during adolescence. They further argue that the 

variation in findings across studies is likely to reflect a less automatic (i.e., more 

effortful) and more flexible cognitive control system during adolescence. During 

adolescence, the degree to which cognitive control processes are activated or engaged 

is likely to be strongly shaped by contextual factors, including the motivational salience 

of social stimuli (e.g., presence of peers). Ongoing developmental studies should focus 

on how contextual demands may impact the operation of EF during adolescence. This 

will necessarily require the use of tasks and/or contexts that effectively stimulate 

motivational systems.  
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11.4 STUDY FOUR: EXECUTIVE FUNCTION, RISK TAKING AND SELF-
REPORTED ANTISOCIAL BEHAVIOUR IN LATE ADOLESCENCE 

AND EARLY ADULTHOOD 

 Examined in the fourth and final study was how neuropsychological factors may 

shape engagement in risk taking and ASB across late adolescence and early adulthood 

for a typically developing sample. Informed by developmental imbalance models, the 

study represented an initial effort to simultaneously examine how cognitive control and 

reward sensitivity may shape engagement in risk taking and ASB for typically 

developing youth across late adolescence and early adulthood. To date and to the 

author’s best knowledge, the study represented the first effort to simultaneously 

examine these factors by integrating neuropsychological development and 

criminological perspectives. 

 Results of the study indicated that a developmental imbalance model was not 

an effective framework for understanding variation in risk taking and ASB for typically 

developing older adolescents and early adults. No support was found for the main 

propositions of imbalance models (i.e., hypotheses were not confirmed), specifically 

that greater engagement in risk-taking would be associated with higher reward 

sensitivity, lower punishment sensitivity, and lower cognitive control capacities 

collectively. Following on from this, no support was found for imbalance model 

hypotheses that in the transition from late adolescence to early adulthood, sensitivity to 

reward would decrease, sensitivity to punishment would increase, and cognitive control 

capacities would improve. Indeed, across the 17 to 22 years age-range studied, the traits 

and behaviours measured were largely stable, with risk-taking propensity appearing 

elevated. Given these findings, it was argued that the 17 to 22 years age range might 

represent a period of stability and/or peak in risk-taking behaviour and associated traits. 

Furthermore, without inclusion of a clinical sample of youth with a history of 

externalising behaviour problems, individual differences in reward sensitivity and 

cognitive control may fail to account for variation in risk-taking behaviours in typically 

developing individuals. This strongly suggests that for typically developing individuals, 

other contextual factors are more important to consider in examining risk-taking 

behaviour, including the presence of peers and the availability of risk-taking 

opportunities in situations/environments.  

 In extending an imbalance model to the examination of separate categories of 

ASB, there was only minimal support for the hypotheses that higher levels of reward 
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sensitivity and lower levels of cognitive control would be associated with ASB. 

Variables measuring aspects of reward sensitivity and cognitive control typically only 

accounted for a small proportion of variance in ASB scores. Further, there was marked 

variation across categories of ASB in the pattern of variables that emerged as significant 

predictors, which supported the view that ASB is best conceptualised as a 

multidimensional construct. This highlights that there are meaningful distinctions in the 

correlates of different types of ASB (Burt, 2012). 

Unexpectedly, better performance on some EF composites was associated with 

higher scores on some ASB categories (i.e., greater ASB propensity), which was in 

contrast with a large body of research linking low EF to greater levels of engagement 

in ASB (Ogilvie et al., 2011). It was argued that the finding of better EF performance 

predicting higher ASB composite scores largely reflected individual differences in EF 

performance among a typically developing sample with well-developed EF abilities. 

Further, the finding could be considered compatible with Moffitt’s (1993) original 

proposition that EF impairments would not associated with engagement in ASB among 

“adolescent-limited offenders”, or individuals whose ASB is largely limited to the 

adolescent period. For typically developing or “adolescent-limited” youth, higher EF 

abilities (e.g., better planning and implementation of strategies) may enable youth to 

successfully engage in ASB while minimising the chances of their behaviour resulting 

in harmful outcomes or being detected by authorities (Baskin-Sommers et al., 2015).  

11.5 INTEGRATION OF THESIS FINDINGS AND CONTRIBUTIONS TO 
THEORY 

Although there is a robust association between EF and ASB, the collection of 

findings derived from the current thesis clearly highlight that there is specificity in how 

these variables are related. Most significantly, findings indicated that it is important to 

consider how the association between EF and ASB differs across distinct types of 

individuals, behaviours and age. The current thesis represented an initial effort to 

examine the associations between EF and ASB for typically developing individuals 

during the developmental period of late adolescence and early adulthood.  

Importantly, and at least among typically developing youth, the hypothesis that 

immaturity in cognitive function is a primary factor underlying increased engagement 

in risk-taking and ASB during adolescence (e.g., Crone & Dahl, 2012; Steinberg, 2008) 

has clearly not been supported in this research. It is clear that this hypothesis is too 



 320 

simplistic to account for the raft of developmental and contextual changes that occur 

during the adolescent transition that may contribute to behavioural changes in risk-

taking and ASB. Findings from the current thesis indicated that notable levels of 

engagement in risk-taking and ASB occur even among a sample characterised by well-

developed cognitive control abilities. Furthermore, better performance on some forms 

of cognitive control was associated with greater propensity to engage in some forms of 

ASB. For typically developing youth, it is possible that maturing cognitive control 

abilities facilitate their engagement in risk-taking and ASB while buffering against the 

probability of experiencing potential negative outcomes associated with those 

behaviours. Extending on this idea, it is possible that improving EF abilities are 

associated with transient participation in risk-taking and ASB for the majority of youth, 

while impaired EF abilities are associated with the more persistent and pathological 

forms of risk-taking and ASB for a small proportion of the population.  

The results of the current thesis suggest that a dual-system/imbalance 

perspective may also be an oversimplified heuristic for understanding adolescent 

involvement in risk-taking and ASB, and this is consistent with an small but building 

body of evidence (Bjork, Lynne-Landsman, Sirocco, & Boyce, 2012; Pfeifer & Allen, 

2012; Willoughby et al., 2013). This is in contrast to the dominant literature 

characterising dual-system/imbalance models as an effective and more sophisticated 

attempt to better model the changes that occur during adolescence, with there being 

some evidence to support the major tenants of these models (Casey et al., 2008; 

Shulman et al., 2016b; Somerville et al., 2010). For example, structural MRI evidence 

confirms the protracted development of brain regions mediating implicated in cognitive 

control functions throughout adolescence, and functional MRI evidence typically 

confirms that adolescents exhibit greater activity in motivational neurocircuitry in 

response to rewards when compared to adults (Bjork et al., 2012; Casey et al., 2011). 

However, there are a lack of studies specifically designed to examine how these 

structural and functional changes connect to behaviour, despite dual-system/imbalance 

models making explicit hypotheses about these connections.  

Dual-system/imbalance models have dominated the study of normative 

adolescent brain development, particularly in an attempt to explain motivated 

behaviour, risk-taking, ASB, increased peer orientation and affect (Pfeifer & Allen, 

2012). However, there has been increasing criticism of these models in relation to their 

utility in explaining real-world adolescent behaviours (Bjork & Pardini, 2015; Crone & 
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Dahl, 2012; Willoughby et al., 2013), with the findings of the current study also not 

coinciding with model predictions. It is worth noting that there is considerable evidence 

from structural and functional brain imaging studies supporting the distinction between 

an early maturing motivational/affective system and the more protracted, later 

maturation of a prefrontal cognitive control system (Shulman et al., 2016b). However, 

as noted, there are a lack of studies designed to examine how these structural and 

functional changes are connected to behavioural changes during adolescence. 

This thesis has made an attempt to link this neurodevelopmental pattern to 

observed real-world behaviour and sought to examine how interactions in the 

functioning of motivational/affective vs. cognitive control systems may be associated 

with real-world behaviours.  This gap in research has been highlighted by Pfeifer and 

Allen (2012), who argue that the links between neurodevelopment and observed 

behaviour is often inferred or implied. In particular, there is a lack of studies 

demonstrating that brain changes across adolescence co-vary with hypothesised 

behavioural changes over time.  

Self-report and behavioural findings from the current thesis suggested that the 

age range of 17 to 22-years-old appeared to represent a stable and peak period of 

engagement in risk-taking and ASB, with the sample self-reporting engagement in a 

varied range of risk-taking and ASB.  There is a considerable body of epidemiological 

and self-report evidence highlighting that rates of engagement in risk-taking and ASB 

(e.g., alcohol misuse, drug use, dangerous driving, as described in Chapter Four) are 

most pronounced in late adolescence and early adulthood, including among university 

students (ABS, 2008; AIC, 2016; Willoughby et al., 2013). The current findings align 

with the arguments of Willoughby et al. (2013), who highlight that according to dual-

system/imbalance models of adolescent brain development (e.g., Steinberg, 2008), the 

peak propensity for engagement in risk-taking and ASB should be in middle 

adolescence (i.e., around 15-years-old), when the discrepancy between an early 

maturing motivational/affective system and the later maturing cognitive control system 

is most pronounced (the discrepancy between the two systems in middle adolescence 

is illustrated in the findings of Harden & Tucker-Drob, 2011). However, this peak 

propensity during middle adolescence does not appear to translate to actual behaviour, 

where the greatest levels of participation in risk-taking and ASB are typically observed 

in late adolescence and early adulthood (Willoughby et al., 2013). 
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The results of the thesis provide support to the view that dual-system/imbalance 

models fail to adequately explain ASB among typically developing youth. This is 

consistent with the view of Bjork and Pardini (2015), who suggest that dual-

system/imbalance models are better suited to describe youth with clinically significant 

forms of ASB, rather than typically developing youth. For youth with clinically 

significant ASB, it is hypothesised that excessive/heightened risk-taking and sensation 

seeking results from individual differences in an imbalance between the delayed and/or 

permanently stunted maturation of frontocortical circuitry associated with cognitive 

control, and hyper-responsivity of reward-related circuitry (Bjork & Pardini, 2015). 

This is argued to be present before adolescence and persist into adulthood (Bjork & 

Pardini, 2015). For typically developing youth, the imbalance between the two systems 

during adolescence is hypothesised to be modest and have little contribution to 

increases in risk-taking during late adolescence, which are likely to be better explained 

by socio-contextual factors (Bjork & Pardini, 2015). 

In explaining the observation that the peak period for engaging in risk-taking 

and ASB occurs during late adolescence and early adulthood rather than middle 

adolescence, proponents of dual-system models highlight the importance of the 

environment and social context in shaping risk-taking and ASB. They further highlight 

the importance of distinguishing between risk-taking propensity and the expression of 

propensity, when comparing middle adolescents to older individuals. For example, 

Shulman et al. (2016b) maintain that the propensity to engage in risk-taking remains 

highest in middle adolescence, but that environmental conditions and social contexts 

play a significant role in translating the propensity to the expression of actual risky 

behaviours. Specifically, Shulman et al. (2016b) argue that late adolescents and early 

adults are less biologically predisposed toward risk-taking compared to middle 

adolescents, but exhibit rates of participation in many forms of risk-taking due to 

greater access to opportunity. For example, older adolescents and early adults often 

experience less supervision from adults, have access to greater financial resources, and 

are afforded legal access to some forms of risk-taking such as alcohol and gambling 

(Shulman et al., 2016b). Put simply, older adolescents and early adults have greater 

opportunities to engage in risk-taking and ASB when compared to middle adolescents, 

and this accounts for the former group exhibiting higher rates of engagement. Dual-

system/imbalance models may be improved through incorporating this risk-opportunity 

perspective. 
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An increasing number of studies have examined risk-taking behaviour in 

laboratory settings, where contextual factors can be controlled, and age differences can 

be examined without the confound factor of variation in access to opportunity. These 

studies used artificial risk-taking tasks (i.e., typically gambling or driving simulations) 

to assess behaviour in controlled and safe environments, which necessarily raises 

concerns about the ecological validity of tasks. Interestingly, there are inconsistencies 

in findings across studies, with some studies finding greater risk-taking in adolescence 

compared to adulthood (e.g., Mitchell, Schoel, & Stevens, 2008; van Leijenhorst et al., 

2010a; van Leijenhorst et al., 2008), some that find no age effects (e.g., Bjork et al., 

2004; Bjork, Smith, Danube, & Hommer, 2007), and others finding that adolescents 

engage in less risk-taking that children (Paulsen et al., 2011). These inconsistencies 

across studies are most likely indicative of more complex relations between age and 

risk-taking than those predicted by dual-system/imbalance models. Specifically, it is 

possible that increased risk-taking during adolescence only emerges under certain 

situational and social contextual conditions (Defoe et al., 2015). An example of the 

impact of contextual factors on risk-taking is demonstrated in studies that find 

adolescents are more induced by the presence of peers to take risks compared to adults 

(Chein et al., 2011; Gardner & Steinberg, 2005).  

Shulman et al. (2016b, p. 112) highlighted that “very few [studies] have 

examined the concurrent contributions to risk taking of psychological manifestations 

of socioemotional activation and cognitive control”. In this regard, the current study 

represented a test of dual-system/imbalance model predictions by simultaneously 

examining how reward sensitivity and cognitive control systems may explanation 

engagement in risk-taking and ASB across late adolescence and early adulthood. 

Specifically, according to model predictions, it was expected that this age-range would 

be characterised by decreasing levels of reward sensitivity and increasing levels of 

cognitive control, which would coincide with reduced risk-taking and ASB. However, 

these predictions were not supported in the findings, with no age-related changes in 

risk-taking detected, and the measures of reward sensitivity and cognitive control 

remaining stabile during the age period. As previously noted, the late adolescent and 

early adulthood age period is typically characterised by the greatest rates of engagement 

in many forms of risk-taking and ASB, and this appeared to be true for the study sample. 

This does not coincide with the peak of risk-taking propensity hypothesised by dual-
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system/imbalance models, and alludes to other socio-contextual factors being more 

important in explaining engagement in risk-taking and ASB during this period. 

11.6 LIMITATIONS  

 The most significant limitations of the thesis studies relate to the sample 

characteristics. The sample for Studies two through four was recruited from a single 

university in an urban/metropolitan region, and presented as predominantly middle- to 

upper-middle socioeconomic class and well educated. While this may have resulted in 

a relatively uniform sample in terms of socioeconomic and educational backgrounds, it 

was likely to have restricted the external validity of the results. Although the sample 

has been described throughout the thesis as a “typically-developing” group of youth, it 

is important to consider this within the context of the recruitment source. Given 

participants were recruited from a tertiary education institution, they may better 

represent a sample of individuals with more developmentally advanced cognitive skills 

and high levels of educational attainment. However, it is important to consider that 

based on data derived from the 2011 Australian census, 36.6% of 20-year-olds in 

Australia attend university or other tertiary education institutions, and this proportion 

is increasing (ABS, 2011; Parr, 2015). Given the high proportion of youth who attend 

university in Australia, it could be argued that the current sample may have been 

reasonably diverse, and this is reflected in the diverse demographic characteristics of 

the sample. 

It is acknowledged that for the third and fourth studies, the sample size was 

small and at the lower end of what would be considered appropriate for the types of 

analyses conducted (e.g., hierarchical regression, CFA). Given this small sample size, 

the findings may not accurately reflect the population of typically developing youth 

sought. 

The most appropriate design for developmental research in examining changes 

across age is longitudinal. In this regard, it is important to note that age-group 

comparisons were made in the context of a cross-sectional design, and therefore cannot 

be considered a developmental analysis. As with all cross-sectional designs, it is 

possible that systematic differences existed between the age groups that impacted task 

performance, therefore making comparisons across age difficult to interpret. Only 

longitudinal data is able to accurately characterise changes associated with maturation 
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and development. There is a clear need for future studies to utilise longitudinal designs 

to more accurately characterise developmental changes in neuropsychological systems, 

and how these are linked to behaviour. Although a strength of the current study was the 

focus on a narrow age period where significant changes are often hypothesised to occur 

(i.e., 17 to 22 years), a wider age range and longitudinal cohort starting in childhood 

and extending into adulthood would be necessary to examine the major predictions 

made by dual-system/imbalance models.  

11.7 FUTURE RESEARCH DIRECTIONS 

Results of the meta-analysis clearly highlight a need for future research to move 

toward identifying specificity in the association between EF and ASB (e.g., specific EF 

impairments associated with forms of ASB, or specific to particular antisocial groups). 

The failure to take specificity into account has likely contributed to inconsistencies in 

findings across studies. One promising direction in this regard would be to examine 

specificity in EF impairments across behaviorual subtypes of ASB, such as the 

distinction between physical aggression and non-aggressive rule breaking (Burt, 2012). 

The current thesis represented a rare attempt to examine ASB in a sample of 

typically developing youth. Based on the current results, it is clear that participation in 

some level of ASB is widespread for typically developing individuals. However, 

additional research is needed to explore the nature of ASB engagement (e.g., most 

prominent forms of ASB) for typically developing individuals, and how this compares 

to the ASB of clinical populations. Further, relatively little is known about the 

trajectories of participation in ASB across age for typically developing individuals, and 

this should be a focus of future studies. Such research may assist in understanding how 

participation in ASB may become problematic for individuals.  

For studies two through four, only healthy individuals were included in the 

current sample, due to the focus on normative development. However, future studies 

could focus on clinical populations (e.g., individuals with histories of disruptive 

behaviour disorders) to compare potential developmental differences with regards to 

the development of reward sensitivity and cognitive control systems and their links to 

engagement in risk-taking and ASB. The inclusion of a clinical sample would also 

allow for examination of whether dual-system/imbalance models are better suited to 

explaining pathological ASB.  
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In relation to the recruitment of the sample from a university setting, it might 

be beneficial for future studies to examine whether the pattern of findings could be 

replicated in samples recruited from more diverse community settings (i.e., a wide 

range of socioeconomic and educational backgrounds). It is possible that there may be 

differences in ASB participation across separate communities of individuals, which 

may be partly a function of access to opportunities, for example. 

Future research is needed to examine the operation of EF in more ecologically 

valid contexts, and this may include the development of more appropriate tools to 

measure EF abilities as they relate to motivational demands. At present, the majority of 

EF measurement tools are highly decontextualized and abstracted. 

In advancing the broader adolescent developmental neuroscience field, Pfeifer 

and Allen (2016) advocate a move toward being more specific and precise in 

formulating predictions and experimental designs (e.g., more targeted samples, precise 

ages where changes may occur). Throughout the literature, there is an emerging 

acknowledgement of the need to examine the role of social contextual (e.g., peers) and 

environmental (e.g., opportunity access) factors in understanding the expression of risk-

taking and ASB during adolescence. It is clear that social contexts strongly influence 

how neural systems develop and how adolescents make decisions (Albert et al., 2013; 

Chein et al., 2011; Defoe et al., 2015; Shulman et al., 2016b; Smith, Chein, & Steinberg, 

2013). Furthermore, the degree to which cognitive control processes are engaged or 

activated in adolescence is strongly influenced by the motivational salience of the 

situational context (Shulman et al., 2016b). Flexibility in the degree of cognitive control 

engagement across changing contexts may be a crucial aspect of the ability of young 

people to learn about and adapt to rapidly changing social contexts. In this regard, future 

research is needed to explore how cognitive control operates across various contexts, 

and how this changes across age. 

11.8 CONCLUSION 

 In summary, this thesis represented a multi-study examination of the links 

between EF and ASB, with a focus on the transition from adolescence to early 

adulthood. A primary strength of the project was the integration of multiple 

perspectives (i.e., neuropsychological functioning, criminology, personality traits) 

within a developmental framework to examine the links between EF and ASB during 
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adolescence. Further, there was a focus on behavioural measurement, which is often 

neglected in neuropsychological research. 

Each of the studies have provided some contribution to knowledge of the links 

between EF and ASB, and highlighted continued gaps in knowledge that may serve to 

guide potential directions for ongoing research. First, although there is a robust 

association between EF and ASB as demonstrated by the findings of the meta-analysis, 

there is a clear need for research to move toward identifying specificity in the links 

between EF and ASB. This may be facilitated by the development and use of theoretical 

models to better conceptualise the links between EF and ASB. Findings from the second 

study indicated that ASB is best represented as a multi-dimensional construct, but 

ongoing research is required to explore how to best operationalise these dimensions. 

Furthermore, it is evident that engagement in ASB is widespread for typically 

developing late adolescents and young adults, highlighting the importance of studying 

the nature of ASB during this period. Results of the third study examining the 

development of EF highlighted that it is important to consider the operation of EF under 

conditions of motivational salience. Ongoing research is required to explore both the 

development of hot EF and the operation of EF in ecologically valid contexts.  

The final study represented one of the first efforts to simultaneously examine 

cognitive control and reward sensitivity systems and how they may explain the 

behavioural and self-report changes in risk-taking and ASB often observed during 

adolescence and young adulthood. This examination was informed by hypotheses 

proposed by dual-system/imbalance models of adolescent neuropsychological 

development. Importantly, findings indicated that these models might not be suitable 

for explaining risk-taking and ASB during late adolescence and early adulthood in a 

typically developing sample. It was suggested that socio-contextual factors may better 

explain engagement in risk-taking and ASB during late adolescence and early 

adulthood, and this should be the focus of future studies. In terms of a contribution to 

the research field, findings of the thesis relating to normative development of EF from 

adolescence to adulthood provides a foundation for understanding the neurobehavioural 

basis of risk-taking and ASB. 
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Appendices  

Appendix A: Information Sheets and Consent Forms 

All information sheets and consent forms displayed with Griffith University branding  

Development of a Self-Report Measure of 
Deviance for Australian Youth 

(PSY/20/11/HREC) 
 
Who is conducting the research?  
 
Mr James Ogilvie     
PhD Candidate (Clinical Psychology)    
School of Psychology     
Griffith University, Mt Gravatt Campus  
Ph: 07 3735 5791       
j.ogilvie@griffith.edu.au 
 
Prof David Shum 
School of Psychology 
Griffith University, Mt Gravatt Campus 
Ph: 07 3735 3370 
d.shum@griffith.edu.au    
 
Prof Anna Stewart 
School of Criminology and Criminal Justice 
Griffith University, Mt Gravatt Campus 
Ph: 07 3735 5784 
a.stewart@griffith.edu.au 
  
Why is the research being conducted?  
You are being approached to take part in a research study being conducted by a Doctor 
of Philosophy in Clinical Psychology candidate from Griffith University in Brisbane. 
The research is being conducted as a requirement of the primary researcher’s degree.  
 
The aim of the study is to pilot test a self-report measure of deviance for Australian 
youth. Results from the research will be used to refine the construction of the self-report 
measure of deviance that will be used as part of a larger assessment battery in the 
primary researchers’ research project. The study is part of a larger research project 
examining how cognitive development shapes adolescent behaviour in both normally 
developing and antisocial youth. 
 
What you will be asked to do  
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If you decide to participate, you will be asked to complete an online self-report measure 
of involvement in a range of deviant behaviours. The completion of the self-report 
measure will be completed individually online. It is estimated that the self-report 
measure will take approximately 15 minutes to complete. Completion of the self-report 
measure will be completely anonymous, with no identifying information collected. 
 
None of the information you provide will be used by anyone outside the research team. 
This is an independent project – no identifying information will be published or given 
to anyone outside the research team. By completing and submitting the self-report 
measure, you will be consenting to participate in the research. 
 
 
The basis by which participants will be selected or screened  
Participation in the research is restricted to individuals aged between 18 and 25 years. 
This criterion is in place because this is the population of interest for the research 
project. 
 
The expected benefits of the research 
There are few modern self-report instruments that have been developed for use with 
Australian youth to measure engagement in deviant behaviour. The types of deviant 
behaviour that Australian youth engage in change with each new generation, and up-
to-date instruments are needed to accurately measure the types of deviant behaviours 
that youth may engage in. Participation in the research project will assist in the 
development of a modern self-report instrument of deviance that more accurately 
reflects the types of deviance Australian youth may engage in.  
 
The potential risks associated with participation 
It is possible that answering questions concerning your involvement in deviant 
behaviour may be emotionally distressing. If this happens to you, Griffith University 
Student Counselling Services should be contacted using the following contact 
information:  
 
 Mount Gravatt  Ph: (07) 3735 5669 
    Ground Floor, Auditorium (M23) 
 
 Nathan  Ph: (07) 3735 7470 
    Level 1 Sewell (N12) 
 
 Gold Coast  Ph: (07) 5552 8734 
    Student Centre (G33) 
 
 Logan  Ph: (07) 3382 1159 
    Community Place (L04) 
 
Confidentiality of records and reporting of results 
The data collected for this research project will not contain any information that might 
potentially identify you as a participant in this study nor will any resulting publications 
or reports. None of the information you provide will be used by anyone outside the 
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research team. Your name will not be recorded on any information that you provide to 
the researchers.  
 
All information that you provide to us is confidential and will not be discussed outside 
the research team. The results of this study may be published in academic journals and 
presented at conferences. All data will be kept on a password protected computer at 
Griffith University for a period of 5 years before being destroyed. The password for the 
computer will only known by the research team.  
 
Voluntary participation 
Participation in the study is completely voluntary; there will be no penalty if you choose 
not to participate in the study. All information will be stored in a de-identified format, 
thus the researchers will not be able to identify your name or the information that you 
provide to us. It will not be possible to withdraw once you have completed and 
submitted the survey since all data collected is anonymous and un-identifiable. 
 
Further questions 
If you have any further questions or require more information regarding this research 
please contact the Principal Researcher, Mr James Ogilvie, whose contact details you 
can find at the top of this information sheet.  
 
 
Concerns about ethical conduct 
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans. If you have any concerns or 
complaints about the ethical conduct of this research project you should contact the 
Manager, research Ethics on (07) 3735 5585 or research-ethics@griffith.edu.au 
 
 
Feedback to participants 
Because we won’t know who filled out any of the questionnaires, we will not be able 
to give you feedback about the information you provide. However, if you want to find 
out about the results of our study, again please feel free to contact the Principal 
Researcher at the number given below. Please note that because this project runs for 
approximately seven months, we will not be able to report any results to you until early 
2012. 
 

Mr James Ogilvie     
PhD Candidate (Clinical Psychology)   
School of Psychology     
Griffith University, Mt Gravatt Campus  
Ph: 07 3735 5791     

 j.ogilvie@griffith.edu.au 
 

Griffith University thanks you for your consent and participation in this 
research. 
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Cognitive Development and Antisocial Behaviour 
(PSY/23/11/HREC) 

 
Information for Participants 

 
 
Who is conducting the research?  
 
Mr James Ogilvie    Prof David Shum 
PhD Candidate (Clinical Psychology)  School of Applied Psychology 
School of Applied Psychology   Griffith University, Mt Gravatt Campus 
Griffith University, Mt Gravatt Campus  Ph: 07 3735 3370 
Ph: 07 3735 5791    d.shum@griffith.edu.au  
j.ogilvie@griffith.edu.au      
    
 
Prof Anna Stewart 
School of Criminology and Criminal Justice 
Griffith University, Mt Gravatt Campus 
Ph: 07 3735 5784 
a.stewart@griffith.edu.au 
  
Why is the research being conducted?  
We are looking for young people aged between 17 and 22 years to participate in a Griffith University 
research project looking at cognitive functioning and antisocial behaviour. The research is being 
conducted as a requirement of the primary researcher’s (Mr Ogilvie) degree in clinical psychology. Mr 
Ogilvie is a fully registered psychologist (Australian Health Practitioner Regulation Agency registration 
number: PSY0001673891). 
 
The research aims to look at how cognitive development unfolds in adolescence, and how these changes 
relate to risk-taking and antisocial behaviour during adolescence. Very little is known about how 
cognitive development relates to these ‘real-world’ adolescent behaviours. The research is being 
conducted to help us better understand how cognitive development may differ between youth who are 
involved in high versus low levels of criminal activities. The results of the research will help us 
understand the needs of young offenders and help the criminal justice system better respond to youth 
offending. 
 
The study is part of a larger research project examining how cognitive development shapes adolescent 
behaviour in both normally developing and antisocial youth. 
 

What you will be asked to do  
Participation will involve you undergoing an assessment with a Griffith University researcher involving 
computerised and paper-and-pencil cognitive tasks, self-report questionnaires of risk-taking and 
antisocial behaviour, and a brief assessment of intelligence. The cognitive assessment tasks will involve 
you completing a number of activities to measure a wide range of mental abilities, including tasks to test 
your memory and planning skills. The self-report questionnaires will ask you to tell us about risky or 
antisocial activities you may have done over the past year.  
 
Participation in the research is broken into two separate components. First, participants will be required 
to complete the self-report questionnaires of risk-taking and antisocial behaviour through an online 
survey. This will be done individually and in private to ensure anonymity. The researchers will not be 
able to link responses to these questionnaires to individual participants. It is estimated that the 
questionnaires will take 15 to 20 minutes to complete. 
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The second component will involve participants undergoing an individual face-to-face assessment 
session that will involve completion of cognitive assessment tasks, including a brief intelligence test, 
computerised tasks, and paper-and-pencil tasks. The assessment session will take 70 minutes to 
complete, and a 15 minute break will be offered half-way through if needed. All assessment will be 
completed individually with the researcher, who has experience conducting cognitive assessments. 
 
Each participant who agrees to participate will be rewarded with a movie pass to compensate for the 
time completing assessment. 
 
It is important to note that participation in the research will involve you disclosing information about 
illegal activities you may have been involved in. Because this information is collected through 
anonymous self-report questionnaires, the research team will not be able to connect the information to 
you. 
 
Participation is voluntary and anonymous. We will not be able to know what your responses to 
assessment tasks are. None of the information you provide will be used by anyone outside the research 
team. This is an independent project – no identifying information will be published or given to anyone 
outside the research team.  If you agree to take part in the assessment with the researcher, you can indicate 
this by signing the consent form. 
 
The basis by which participants will be selected or screened  
Participation in the research is dependent on a number of criteria. Individuals will be excluded from 
participation if they have: an estimated IQ below 70, past head injury requiring hospitalisation, present 
psychotic symptomology, current medical illness, a prior criminal history, or a current mental disorder 
diagnosis. These criteria are used to ensure that the participants recruited are representative of normally 
developing youth. 
 
The expected benefits of the research 
Very little is known about how the development of cognitive abilities across adolescence is related to 
changes in real-world adolescent behaviour, particularly risk-taking and antisocial behaviour. There will 
be no direct benefits associated with participation in the research. However, participation in the research 
will provide an important contribution to our understanding of what shapes adolescent behaviour, and 
has the potential to inform the development of preventative interventions aimed at reducing engagement 
in antisocial behaviour and reducing the negative consequences associated with participation in such 
behaviour. 
 
The potential risks associated with participation 
It is possible that answering questions concerning your involvement in risk taking and antisocial 
behaviour may be emotionally distressing. Additionally, involvement in the research may alert 
participants to potential personal issues through the questions asked, such as drug use. If this happens to 
you, counselling services should be contacted as soon as possible. Counselling services that you may 
contact include: 
 
Griffith University Student Counselling Services (for Griffith Students): 
 
 Mount Gravatt  Ph: (07) 3735 5669 
    Ground Floor, Auditorium (M23) 
 
 Nathan  Ph: (07) 3735 7470 
    Level 1 Sewell (N12) 
 
 Gold Coast  Ph: (07) 5552 8734 
    Student Centre (G33) 
 
 Logan  Ph: (07) 3382 1159 
    Community Place (L04) 
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Lifeline 
24-hour crisis support: 13 11 14 
http://www.lifeline.org.au/ 
 
Kids Help Line (for individuals under 18 years) 
24-hour support: 1800 55 1800 
http://www.kidshelp.com.au  
 
Other support services 
SANE Helpline: 1800 18 7263 
SANE online: http://www.sane.org/  
Beyond Blue Info Line: 1300 22 4636 
Beyond Blue online: http://www.beyondblue.org.au/  
Drug ARM online: http://www.drugarm.com.au/  
 
 
Confidentiality of records and reporting of results 
The data collected for this research project will not contain any information that might potentially 
identify you as a participant in this study nor will any resulting publications or reports. None of the 
information you provide will be used by anyone outside the research team. Your name will not be 
recorded on any information that you provide to the researchers. All information obtained will only be 
coded using a unique identification code. This will be done so the researchers are able to link all data 
derived from assessment for each individual participant. The Griffith University researchers will not be 
able to match your identification code with your name. 
 
All information that you provide to us is confidential and will not be discussed outside the research team. 
The results of this study may be published in academic journals and presented at conferences. All data 
will be kept in a locked filing cabinet at Griffith University for a period of 5 years before being destroyed. 
Electronic data obtained from cognitive assessment will be kept in an encrypted and password-protected 
computer file, with the password only known by the research team, and data.  
 
Voluntary participation 
Participation in the study is completely voluntary; there will be no penalty if you choose not to participate 
in the study. Even if you decide to participate, you can choose to withdraw at any time during the 
assessment process, again without penalty. All information will be stored in a de-identified format, thus 
the researchers will not be able to identify your name or the information that you provide to us in order 
to remove it. 
 
Participants are free to withdraw from the research at any time during the assessment process without 
consequences or penalty. However, it will not be possible to withdraw from participation in the research 
once data has been collected since all data will be deidentified. It will not be possible to link a participants 
unique identifier with their name. 
 
Further questions 
If you have any further questions or require more information regarding this research please contact the 
Principal Researcher, Mr James Ogilvie, whose contact details you can find at the top of this information 
sheet.  
 
 
Concerns about ethical conduct 
Griffith University conducts research in accordance with the National Statement on Ethical Conduct in 
Human Research. If potential participants have any concerns or complaints about the ethical conduct of 
the research project they should contact the Senior Manager, Research Ethics and Integrity on 3735 5585 
or research-ethics@griffith.edu.au. 
 
Feedback to participants 
Because we won’t know who filled out any of the questionnaires, we will not be able to give you feedback 
about the information you provide. However, if you want to find out about the results of our study, again 
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please feel free to contact the Principal Researcher at the number given below. Please note that because 
this project runs for approximately 12 months, we will not be able to report any results to you until about 
early 2015. 
 

Mr James Ogilvie     
PhD Candidate (Clinical Psychology)   
School of Applied Psychology     
Griffith University, Mt Gravatt Campus  
Ph: 07 3735 5791     

 j.ogilvie@griffith.edu.au 
 
As a further option to receive feedback on research results, each participant will be given the opportunity 
to anonymously provide the researcher with their contact details (email address) after assessment is 
completed. Participants can choose not to provide this information. The research team will then use the 
contact information to distribute a summary of research findings once results are available.  
 

Debriefing 
Participants will be provided an opportunity to debrief with the researcher after assessment, given that 
participation involves reporting behaviour that has the potential to be associated with personal 
significance or concern. 
 
Legal privacy statement  
The conduct of this research involves the collection, access and / or use of your identified personal 
information. The information collected is confidential and will not be disclosed to third parties without 
your consent, except to meet government, legal or other regulatory authority requirements.  A de-
identified copy of this data may be used for other research purposes.  However, your anonymity will at 
all times be safeguarded.  For further information consult the University’s Privacy Plan at 
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan or 
telephone (07) 3735 5585. 
 
 
Griffith University thanks you for your consent and participation in 

this research. 
 

  



 378 

Expression of Consent 
 
Consent to what? 
By signing this document, you are voluntarily consenting to participate in the research project described 
in the information package. By consenting to participate, you agree to: 
 
 

• Complete an assessment battery that will take approximately 2 hours to complete. 
 
• Provide non-identifiable demographic information including age, gender, ethnicity, current 

educational level, and parental/caregiver’s occupation; 
 
• Undergo cognitive assessment involving computerised tests designed to measure cognitive 

skills related to self-regulation abilities; 
 

• Complete self-report measures asking you to report on your engagement in risk-taking and 
antisocial behaviour, and measures to assess personality characteristics. 

 
Statement of consent 
By signing below, I confirm that I have read and understood the information package and in 
particular that: 

 
• I understand that my involvement in this research will include cognitive 

assessment and completion of self-report instruments; 
• I have had any questions answered to my satisfaction; 
• I understand the risks involved; 
• I understand that there will be no direct benefit to me from my participation in 

this research; 
• I understand that my participation in this research is voluntary, and that my 

participation will in no way impact on academic grades;  
• I understand that if I have any additional questions I can contact the research 

team; 
• I understand that I am free to withdraw at any time, without comment or penalty; 
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and 

• I agree to participate in the project. 
 
 
         
Participants’ Signature 
 
Date (dd/mm/yyyy)      
 
 
           
Primary Caregiver/Legal Guardian’s Signature  
(If participant is below 18 years of age) 
 
Date (dd/mm/yyyy)      
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Cognitive Development and Antisocial Behaviour 
(PSY/07/12/HREC) 

 
Information for Participants 

 
Who is conducting the research?  
 
Mr James Ogilvie (Primary Researcher)  Prof David Shum 
PhD Candidate (Clinical Psychology)  School of Applied Psychology  
  
School of Applied Psychology   Griffith University, Mt Gravatt Campus 
Griffith University, Mt Gravatt Campus  Ph: 07 3735 3370 
Ph: 07 3735 5791    d.shum@griffith.edu.au   
j.ogilvie@griffith.edu.au    
 
Prof Anna Stewart 
School of Criminology and Criminal Justice 
Griffith University, Mt Gravatt Campus 
Ph: 07 3735 5784 
a.stewart@griffith.edu.au 
  
 
What we are doing and why it is important  
We are looking for young people aged between 17 to 22 years who have offending histories to participate 
in a Griffith University research project looking at cognitive functioning and antisocial behaviour. The 
research is being conducted as a requirement of the primary researcher’s (Mr Ogilvie) degree in clinical 
psychology.  
 
The research aims to look at how cognitive development unfolds in adolescence, and how these changes 
relate to risk-taking and antisocial behaviour during adolescence. Very little is known about how 
cognitive development relates to these ‘real-world’ adolescent behaviours. The research is being 
conducted to help us better understand how cognitive development may differ between youth who are 
involved in high versus low levels of criminal activities. The results of the research have the potential to 
identify the unique needs of young offenders to help the criminal justice system better respond to 
offending by young people. The study is part of a larger research project examining how cognitive 
development shapes adolescent behaviour in both normally developing and antisocial youth. 
 

What participation will involve 
Participation will involve you undergoing an assessment session with a Griffith University researcher 
involving computerised and paper-and-pencil cognitive tasks, self-report questionnaires of risk-taking 
and antisocial behaviour, and a brief assessment of intelligence. The cognitive assessment tasks will 
involve you completing a number of activities to measure a wide range of mental abilities, including 
tasks to test your memory and planning skills. The self-report questionnaires will ask you to tell us about 
risky or antisocial activities you may have done over the past year. The assessment session will take 
approximately 2 hours to complete, and a 15 minute break will be offered half-way through if needed. 
All assessment will be completed individually with the researcher. 
 
Each participant who agrees to participate will be rewarded $40 to compensate for the time completing 
assessment. 
 
It is important to note that participation in the research will involve you disclosing information about 
illegal activities you may have been involved in. Because this information is collected through 
anonymous self-report questionnaires, the research team will not be able to connect the information to 
you. 
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Participation is voluntary and anonymous. We will not be able to know what your responses to 
assessment tasks are. None of the information you provide will be used by anyone outside the research 
team. This is an independent project – no identifying information will be published or given to anyone 
outside the research team.  If you agree to take part in the assessment with the researcher, you can indicate 
this by signing the consent form. 
 
The basis by which participants will be selected or screened  
Participation in the research is dependent on a number of criteria. Individuals will be excluded from 
participation if they have: an estimated IQ below 70, past head injury requiring hospitalisation, present 
psychotic symptomology, current medical illness, or a current mental disorder diagnosis. These criteria 
are used to ensure that the participants recruited are representative of typically developing youth. 
 
The expected benefits of the research 
Very little is known about how the development of cognitive abilities across adolescence is related to 
changes in real-world adolescent behaviour, particularly risk-taking and antisocial behaviour. There will 
be no direct benefits of participating in the research. However, participation in the research will provide 
an important contribution to our understanding of what shapes adolescent behaviour, and has the 
potential to inform the development of preventative interventions aimed at reducing engagement in 
antisocial behaviour and reducing the negative consequences associated with participation in such 
behaviour. 
 
The potential risks associated with participation 
It is possible that answering questions about your involvement in risk taking and antisocial behaviour 
may be emotionally distressing. Additionally, involvement in the research may alert participants to 
potential personal issues through the questions asked, such as drug use. If this happens to you, 
counselling services should be contacted as soon as possible. Counselling services that you may contact 
include: 
 

Lifeline 24-hour crisis support: 13 11 14 
http://www.lifeline.org.au/  
SANE Helpline: 1800 18 7263 
SANE online: http://www.sane.org/ 

Beyond Blue online: 
http://www.beyondblue.org.au/  
Beyond Blue Info Line: 1300 22 4636 
Drug ARM online: http://www.drugarm.com.au/  

 
Confidentiality of records and reporting of results 
The data collected for this research project will not contain any information that might potentially 
identify you as a participant in this study nor will any resulting publications or reports. None of the 
information you provide will be used by anyone outside the research team. Your name will not be 
recorded on any information that you provide to the researchers. All information obtained will only be 
coded using a unique identification code. This will be done so the researchers are able to link all data 
derived from assessment for each individual participant. The Griffith University researchers will not be 
able to match your identification code with your name. 
 
All information that you provide to us is confidential and will not be discussed outside the research team. 
The results of this study may be published in academic journals and presented at conferences. All data 
will be kept in a locked filing cabinet at Griffith University for a period of 5 years before being destroyed. 
Electronic data obtained from cognitive assessment will be kept in an encrypted and password-protected 
computer file, with the password only known by the research team, and data.  
 
Voluntary participation 
Participation in the study is completely voluntary; there will be no penalty if you choose not to participate 
in the study. Even if you decide to participate, you can choose to withdraw at any time during the 
assessment process, again without penalty. All information will be stored in a de-identified format, thus 
the researchers will not be able to identify your name or the information that you provide to us in order 
to remove it. 
 
Participants are free to withdraw from the research at any time during the assessment process without 
consequences or penalty. However, it will not be possible to withdraw from participation in the research 
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once data has been collected since all data will be deidentified. It will not be possible to link a participants 
unique identifier with their name. 
 
Further questions 
If you have any further questions or require more information regarding this research please contact the 
Principal Researcher, Mr James Ogilvie, whose contact details you can find at the top of this information 
sheet.  
 
Concerns about ethical conduct 
Griffith University conducts research in accordance with the National Statement on Ethical Conduct in 
Human Research. If potential participants have any concerns or complaints about the ethical conduct of 
the research project they should contact the Senior Manager, Research Ethics and Integrity on 3735 5585 
or research-ethics@griffith.edu.au. 
 
 
Feedback to participants 
Because we won’t know who filled out any of the questionnaires, we will not be able to give you 
individual feedback about the information you provide. However, if you want to find out about the results 
of our study, again please feel free to contact the Principal Researcher at the number given below. Please 
note that because this project runs for approximately 12 months, we will not be able to report any results 
to you until early 2013. 

Mr James Ogilvie     
PhD Candidate (Clinical Psychology)   
School of Applied Psychology     
Griffith University, Mt Gravatt Campus  
Ph: 07 3735 5791     

 j.ogilvie@griffith.edu.au 
 
As a further option to receive feedback on research results, each participant will be given the opportunity 
to anonymously provide the researcher with their contact details (email address) after assessment is 
completed. Participants can choose not to provide this information. The research team will then use the 
contact information to distribute a summary of research findings once results are available. Additionally, 
posters/fliers will be made available to Probation and Parole offices to distribute to individuals who 
express interest in the research outcomes.  
 

Debriefing 
Participants will be provided an opportunity to debrief with the researcher after assessment, given that 
participation involves reporting behaviour that has the potential to be associated with personal 
significance or concern. 
 
Legal privacy statement  
The conduct of this research involves the collection, access and / or use of your identified personal 
information. The information collected is confidential and will not be disclosed to third parties without 
your consent, except to meet government, legal or other regulatory authority requirements.  A de-
identified copy of this data may be used for other research purposes.  However, your anonymity will at 
all times be safeguarded.  For further information consult the University’s Privacy Plan at 
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan or 
telephone (07) 3735 5585. 
 
 
Griffith University thanks you for your consent and participation in 

this research. 
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Expression of Consent 
 
Consent to what? 
By signing this document, you are voluntarily consenting to participate in the research project described 
in the information package. By consenting to participate, you agree to: 
 
 

• Complete an assessment battery that will take approximately 2 hours to complete. 
 
• Provide non-identifiable demographic information including age, gender, ethnicity, current 

educational level, and parental/caregiver’s occupation; 
 
• Undergo cognitive assessment involving computerised tests designed to measure cognitive 

skills related to self-regulation abilities; 
 

• Complete self-report measures asking you to report on your engagement in risk-taking and 
antisocial behaviour, and measures to assess personality characteristics. 

 
Statement of consent 
By signing below, I confirm that I have read and understood the information package and in 
particular that: 

 
• I understand that my involvement in this research will include cognitive 

assessment and completion of self-report instruments; 
• I have had any questions answered to my satisfaction; 
• I understand the risks involved; 
• I understand that there will be no direct benefit to me from my participation in 

this research; 
• I understand that my participation in this research is voluntary, and that my 

participation will in no way impact on academic grades;  
• I understand that if I have any additional questions I can contact the research 

team; 
• I understand that I am free to withdraw at any time, without comment or penalty; 
• I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 3875 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and 

• I agree to participate in the project. 
 
 
         
Participants’ Signature 
 
Date (dd/mm/yyyy)      
 
 
           
Witness 
 
Date (dd/mm/yyyy)      
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Appendix B: Self-Report Measures 

DEMOGRAPHIC INFORMATION 
In this section we would like you to provide information concerning your demographic 
background. All information provided will be kept anonymous. Please answer as 
truthfully and accurately as possible. 
 
1. Gender (Please tick):     Male     Female  
 
 
2. Date of Birth (dd/mm/yyyy):                         
 
                  
3. Ethnicity (Please tick) 
 
    Indigenous/Torres Straight Islander    
    Caucasian/Anglo-European     
    Asian        
    Maori         
    Other:          
 
 
 
4. Current grade level          
 
 
5. Highest achieved level of education       
  
(e.g., Grade 12, Undergraduate degree)       
 
 
    
6. Father’s Occupation 
(Please indicate the occupational category which best describes your Father’s 
occupation; Please tick) 
 

Manager or administrator     
Professional        
Associate professional      
Trades person or related worker    
Advanced clerical or service worker     
Intermediate clerical, sales and service worker 
Intermediate production or transport worker   
Elementary clerical, sales and service worker   
Labourer or related worker        
Not Applicable        
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7. Mother’s Occupation  
(Please indicate the occupational category which best describes your Mother’s 
occupation; Please tick) 
 

Manager or administrator     
Professional        
Associate professional      
Trades person or related worker    
Advanced clerical or service worker     
Intermediate clerical, sales and service worker 
Intermediate production or transport worker   
Elementary clerical, sales and service worker    
Labourer or related worker        
Not Applicable       
  

 
8. Have you ever been diagnosed with a mental illness?  Yes  No  
 
If yes, please indicate diagnosis and approximate year of diagnosis 
 
  Diagnosis:          
 
 
  Year of Diagnosis:         
 
 
9. Have you ever sustained a head injury requiring hospitalisation? Yes  No  
 
If yes, please provide date and details of injury       
 
            
 
            
 
            
 
 
10. Have you ever received an official caution from police, been arrested by police, 

appeared in court, or been convicted in court in relation to a criminal act? 
 
If yes, please provide details and date of contact       
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Barratt Impulsivity Scale, Version 11 
DIRECTIONS: People differ in the ways they act and think in different situations.  This is a test to 
measure some of the ways in which you act and think.  Read each statement and circle the most 
appropriate response on the right side of the page.  Do not spend too much time on any statement.  
Answer quickly and honestly. Choose from the following four response options: 
 

1 2 3 4 
Rarely/Never Occasionally Often Almost 

Always/Always 
 

1    I plan tasks carefully. 1 2 3 4 
2    I do things without thinking. 1 2 3 4 
3    I make-up my mind quickly. 1 2 3 4 
4    I am happy-go-lucky. 1 2 3 4 
5    I don’t “pay attention.” 1 2 3 4 
6    I have “racing” thoughts. 1 2 3 4 
7    I plan trips well ahead of time. 1 2 3 4 
8    I am self controlled. 1 2 3 4 
9    I concentrate easily. 1 2 3 4 
10  I save regularly. 1 2 3 4 
11  I “squirm” in class or lectures. 1 2 3 4 
12  I am a careful thinker. 1 2 3 4 
13  I plan for job security. 1 2 3 4 
14  I say things without thinking. 1 2 3 4 
15  I like to think about complex problems. 1 2 3 4 
16  I change jobs. 1 2 3 4 
17  I act “on impulse.” 1 2 3 4 
18  I get easily bored when solving thought 

problems. 
1 2 3 4 

19  I act on the spur of the moment. 1 2 3 4 
20  I am a steady thinker. 1 2 3 4 
21  I change residences. 1 2 3 4 
22  I buy things on impulse. 1 2 3 4 
23  I can only think about one thing at a time. 1 2 3 4 
24  I change hobbies. 1 2 3 4 
25  I spend or charge more than I earn. 1 2 3 4 
26  I often have extraneous thoughts when 

thinking. 
1 2 3 4 

27  I am more interested in the present than the 
future. 

1 2 3 4 

28  I am restless at the theatre or class. 1 2 3 4 
29  I like puzzles. 1 2 3 4 
30  I am future oriented. 1 2 3 4 
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 Modified Zuckerman Sensation Seeking Questionnaire  
DIRECTIONS: This is another test to measure some of the ways in which you act and think.  Read 
each statement and circle ‘True’ if it sounds like you or ‘False’ if it does not sound like you.  
Answer quickly and honestly. 
 
1   I like to have new and exciting experiences and                                        
sensations even if they are a little frightening. 

True False 

2   I like doing things just for the thrill of it  True False 
3   I sometimes like to do things that are a little frightening True False 
4   I’ll try anything once True False 
5   I sometimes do ‘crazy’ things just for fun True False 
6   I like wild and uninhibited parties  True False 
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 Behavioural Inhibition and Activation Scales (BIS/BAS) 
DIRECTIONS: Each item of this questionnaire is a statement that a person may either agree with or 
disagree with.  For each item, indicate how much you agree or disagree with what the item says.  
Please respond to all the items; do not leave any blank.  Choose only one response to each 
statement.  Please be as accurate and honest as you can be.  Respond to each item as if it were the 
only item.  That is, don't worry about being "consistent" in your responses.  Choose from the 
following four response options: 
 

1 2 3 4 
Very true for me Somewhat true for me Somewhat false for me Very false for me 

 
 

1   A person's family is the most important thing in life. 1 2 3 4 
2   Even if something bad is about to happen to me, I rarely 

experience fear or nervousness. 
1 2 3 4 

3   I go out of my way to get things I want. 1 2 3 4 
4   When I'm doing well at something I love to keep at it. 1 2 3 4 
5   I'm always willing to try something new if I think it will be 

fun. 
1 2 3 4 

6   How I dress is important to me. 1 2 3 4 
7   When I get something I want, I feel excited and energized. 1 2 3 4 
8   Criticism or scolding hurts me quite a bit. 1 2 3 4 
9   When I want something I usually go all-out to get it. 1 2 3 4 
10  I will often do things for no other reason than that they might 

be fun. 
1 2 3 4 

11  It's hard for me to find the time to do things such as get a 
haircut. 

 

1 2 3 4 

12  If I see a chance to get something I want I move on it right 
away. 

1 2 3 4 

13  I feel pretty worried or upset when I think or know 
somebody is angry at me. 

1 2 3 4 

14  When I see an opportunity for something I like I get excited 
right away. 

1 2 3 4 

15  I often act on the spur of the moment. 1 2 3 4 
16  If I think something unpleasant is going to happen I usually 

get pretty "worked up." 
1 2 3 4 

17  I often wonder why people act the way they do. 1 2 3 4 
18  When good things happen to me, it affects me strongly. 1 2 3 4 
19  I feel worried when I think I have done poorly at something 

important. 
1 2 3 4 

20  I crave excitement and new sensations. 1 2 3 4 
21  When I go after something I use a "no holds barred" 

approach. 
1 2 3 4 

22  I have very few fears compared to my friends. 1 2 3 4 
23  It would excite me to win a contest. 1 2 3 4 
24  I worry about making mistakes. 1 2 3 4 
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Connors Self-Report 
DIRECTIONS: Here are some things that young people might say. Tell us, in your opinion, how true you 
think these things are about you. Think about yourself in the past month. Read each item carefully, then mark 
how true it is, or how often it happened to you in the past month. 
 

1 2 3 4 
Not true at all 

(Seldom/never) 
Just a little true 
(Occasionally) 

Pretty much true 
(Often/quite a bit) 

Very much true 
(Very often/frequently) 

 
1  I blurt out the first thing I think of 1 2 3 4 
2  I struggle to complete hard tasks  1 2 3 4 
3  It is hard for me to pay attention to details 1 2 3 4 
4  It is hard for me to sit still 1 2 3 4 
5  I can’t pay attention for long 1 2 3 4 
6  I am good at some things 1 2 3 4 
7  I make mistakes 1 2 3 4 
8  I do things to hurt people 1 2 3 4 
9  I have trouble understanding what I read 1 2 3 4 
10  I start fights with other people 1 2 3 4 
11  I like it when people say good things about me 1 2 3 4 
12  I tell the truth; I do not even tell “little white lies” 1 2 3 4 
13 I have trouble spelling 1 2 3 4 
14  I lose track of what I am supposed to do 1 2 3 4 
15  I have trouble playing or doing things quietly  1 2 3 4 
16  I get distracted by things that are going on around me 1 2 3 4 
17  I break things when I am angry or upset 1 2 3 4 
18  I have trouble finishing things 1 2 3 4 
19  Punishment in my house is not fair 1 2 3 4 
20  I am happy, even when I am waiting in a long line 1 2 3 4 
21  People like being around me  1 2 3 4 
22  My parents expect too much from me 1 2 3 4 
23  I enjoy myself when I do my favourite activities 1 2 3 4 
24  I act like an angel 1 2 3 4 
25  I am happy and cheerful 1 2 3 4 
26  My parents are too harsh when they punish me 1 2 3 4 
27  I have trouble concentrating 1 2 3 4 
28  I am perfect in every way 1 2 3 4 
29  I am restless 1 2 3 4 
30  When I get mad at someone, I get even with them 1 2 3 4 
31  I talk too much 1 2 3 4 
32  I destroy stuff that belongs to other people 1 2 3 4 
33  I have trouble reading  1 2 3 4 
34  My parents are too critical of me 1 2 3 4 
35  I can’t do things right 1 2 3 4 
36  I learn more slowly that other kids my age 1 2 3 4 
37  My parents are too strict with me 1 2 3 4 
38  I have trouble with math 1 2 3 4 
39  I bully or threaten other people 1 2 3 4 
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Self-Report of Antisocial Behaviour 
 
Below is a list of things that people might do. Young people do lots of different 
activities and might break some rules from time to time. Some of the most famous 
people in the world admitted that they had broken quite a few rules when they were 
growing up.  
 
We want to get an idea of the things that young people do in Australia. The way you 
can help is by reading these questions carefully and thinking about: 
 

1. Whether you have EVER done the thing in the question; and 
2. If you have, HOW OFTEN you have done the thing in THE PAST 12 

MONTHS. 
 
Please be as open and honest as possible so we can get an accurate picture of things Australian 
youth may do. Remember that all responses to the survey are anonymous and we are not able 
to identify anyone who participates. Please answer all questions, and approach each question 
as if it were the only question in the survey. 

 
1. Purposely disrupted other people’s games or 

activities? 
 

EVER? YES  NO   
 

IN THE PAST 12 MONTHS? 
 

Never 
 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

2. Done anything that has permanently changed 
the way you look (e.g., ear pierced, tattoo, 
etc)? 

     

EVER? YES  NO     
 

IN THE PAST 12 MONTHS? 
 

Never 
 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

3. Sniffed something on purpose (e.g., glue, 
paint, petrol)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

4. Purposely disrupted your classroom (e.g., 
calling out or by being out or your seat)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

5. Been kicked out of school (e.g., suspension, 
expulsion)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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6. Talked back impolitely to one of your 
teachers? 

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

7. Sworn at others or called them names?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

8. Not completed your classwork or 
homework? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 
9. Teased or made fun of someone else?        

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

10. Hit, pushed, punched or slapped someone 
else? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

11. Watched an R rated film?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

12. Deliberately damaged or destroyed things 
that didn’t belong to you? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

13. Drunk beer, wine, spirits, or other kinds of 
alcohol? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

14. Drunk alcohol in an unlicensed public space 
(i.e., somewhere you shouldn’t drink)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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15. Smoked cigarettes?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

16. Got into a bus or train, into a cinema or 
swimming pool etc., without paying the 
proper fee? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

17. Shoplifted from supermarkets, department 
stores, or shops? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

18. Stolen money of $50 or more in one go?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

19. Stolen money of less than $50 in one go?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

20. Been late for school, a meeting, an 
appointment, etc? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

21. Skipped class or wagged school?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

22. Broken into a house or a building with the 
intention of stealing something (e.g., money, 
iPod, or other things)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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23. Cheated on games machines or stolen food, 
drinks, or other goods from vending 
machines (e.g., by tilting or banging 
machines, or using the “wrong” coins)? 

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

24. Deliberately messed up other people’s 
property (e.g., turning on water taps in 
people’s gardens, setting fire to mail boxes, 
over-turning rubbish bins, etc)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

25. Bought, used or sold something you knew 
was stolen? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

26. Deliberately damaged property by starting a 
fire? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

27. Deliberately damaged things in public 
spaces (e.g., telephone boxes, street signs, 
road lamps, etc)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

28. Deliberately damaged school property (e.g., 
kicking holes in the wall, damaging sporting 
equipment, musical instruments etc.)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

29. Stolen objects worth $10 and more that 
belonged to school? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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30. Deliberately hurt or beat up someone? 
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

31. Put graffiti on walls, toilet doors, bus panels, 
or other public places? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

32. Done something that your parents/carers did 
not want you to do? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 
33. Taken part in a fist fight in which a group of 

people was against another group of people? 
       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

34. Used a weapon of some sort (e.g., knife, 
stick, chains, or a bottle, etc) in a fight?  

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

35. Used or threatened to use force to get money 
or things from another person? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

36. Used marijuana (also called grass, dope, 
hash, pot, weed, mull)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

37. Used amphetamines (such as speed, ecstasy, 
uppers), LSD (also called acid), or other 
hallucinogens? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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38. Used other hard drugs such as heroin? 
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

39. Tricked or “pranked” someone on the 
telephone (e.g., false restaurant booking, 
giving false reports or fire alarms, bombs, 
etc)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

40. Made abusive phone calls (e.g., saying nasty 
or obscene things)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

41. Been warned by the police (but not been 
charged) for something that you did? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

42. Appeared in Court for something that you 
did? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

43. Told a lie to someone?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

44. Taken part in a robbery involving the use of 
a weapon and/or physical force? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

45. Pushed, and/or sold drugs of any kind?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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46. Driven a car or a motorbike on the road 
without a driver’s licence or a learner’s 
permit? 

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

47. Driven a car or motorbike when drunk or 
over the legal alcohol limit? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

48. Taken and driven a car or a motorbike that 
belonged to someone else without the 
owner’s permission? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

49. Gone for a ride in a stolen car with someone 
else driving? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

50. Driven a car at high speeds (e.g., over the 
speed limit)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

51. Raced other cars or motorbikes?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

52. Stolen a bicycle or parts from a bicycle?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

53. Stolen things or parts from a car or 
motorbike? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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54. Driven in an unregistered car or motorbike? 
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

55. Had unprotected sex?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

56. Viewed pornography in a magazine or on the 
internet? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

57. Deliberately spread hurtful rumours about 
someone else? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

58. Lied about being sick to get a day off school 
(i.e., have a “sickie”)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

59. Ride or drive a car without wearing a 
seatbelt? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

60. Ride a bicycle/skateboard/scooter etc 
without wearing a helmet 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

61. Carry a weapon such as a knife or club?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

62. Have sexual relations with someone for 
money, drugs or other things? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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63. Deliberately force someone to do sexual 
things that they didn’t agree to do (e.g., 
getting undressed, touching, sex)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

64. Hit, slap or physically hurt your 
boyfriend/girlfriend or partner? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

65. Beat someone up who did nothing to you?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

66. Entered a place where you had no right to be 
(e.g., empty house, shed, train tracks, 
construction site)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

67. Thrown rocks, bottles or other objects at 
people? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

68. Stolen a car to sell it?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

69. Attempted to commit suicide?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

70. Go without eating for 24 hours or more to 
lose weight? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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71. Engaged in binge drinking (i.e., more than 3-
5 drinks in a sitting) 

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

72. Engaged in legalised gambling (e.g., horse 
racing, casino games, pokie machines) 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

73. Cheated on an exam or assignment?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 
74. Downloaded copyrighted material from the 

internet? 
       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

75. Engaged in self-harming (e.g., burning or 
cutting self) 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

76. Deliberately discriminated against someone 
based on their ethnicity, appearance, religion 
etc.,? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

77. Accept gifts from or go somewhere with a 
stranger? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

78. Run away from home for more than 24 hours 
without telling your parents/carer? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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79. Stay out after your parent/carer’s  curfew?  
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

80. Engaged in “cyber-bullying” activities (e.g., 
sent abusive emails or posted abusive 
messages on social networking web sites)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

81. Encourage someone else to do something 
that would break rules? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

82. Lied to your parents/carers about your 
whereabouts/activities? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

83. Deliberately damaged property in your home 
(e.g., punching/kicking holes in walls)? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

84. Sent sexual messages/images (“sexting”) to 
others using mobile phones or the internet? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

85. Deliberately hurt an animal        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

86. Impersonating someone else online (e.g., 
using another person’s Facebook account) 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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87. Found out and/or used someone else’s 
passwords (“hacking”) for personal accounts 
(e.g., email, bank account, Facebook)? 

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

88. Deliberately hit one of your parents or 
caregivers? 

       

EVER? YES 
 

NO 
 

     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

89. Deliberately hit one of your siblings?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

90. Verbally or physically threaten someone?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

91. Used physical force to dominate someone?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 

 

92. Encouraged others to hurt someone?        
EVER? YES 

 
NO 

 
     

 
IN THE PAST 12 MONTHS? 

 
Never 

 

1  
time 

 

2 
times 

 

3 
times 

 

4 
times 

 

5 
times 

 

6 + 
times 
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Appendix C: R Code for Confirmatory Factor Analyses 

The lavaan package (version 0.5-23.1097; Rosseel, 2012) for R (R Core Team, 2017) 

was used to estimate the CFA models of EF. Documented in this Appendix is the lavaan 

model specification and estimation code for each estimated CFA model. Summarised 

in Table 11.1 are the variable names used in the R code for each EF task outcome. 

 

Table 11.1 R code variable names for task outcomes 

Task Outcome R variable name 
 

SWM total errors SWM_errors 
SWM strategy score SWM_strategy 
Tower achievement score TA 
Tower total correct TC 
CGT decision-making CGT_decision 
CGT deliberation time CGT_time 
CGT risk-adjustment CGT_adjust 
CGT delay aversion CGT_delay 
IED adjusted errors IED_errors 
IED stages completed IED_stages 
SST direction errors SST_errors 
SST SSRT SST_SSRT 
SST median correct RT SST_RT 
Colour-word switching time CWS 
Colour-word inhibition time CWT 
Verbal fluency switching VSF 
Verbal fluency category VCF 
Verbal fluency letter VLF 
Trail-making time TMT 

 
Model Specification Code 
 
Single factor unitary model 
 
Single.model = ' 
              # Latent definitions 

EF =~ SST_errors + SST_RT + SST_SSRT + CGT_delay + 
CGT_time + CGT_decision + CGT_adjust + VLF + VCF + 
VSF + CWI + CWS + TC + TA + SWM_strategy + 
SWM_errors + VLF + VCF + VSF + TC + TA + 
IED_stages + IED_errors + TMT + VLF + VCF + VSF + 
CWS + TC + TA  

 
                # Coraviances 
                  SST_errors ~~ SST_SSRT 
                  SST_errors ~~ SST_RT 
                  SST_SSRT ~~ SST_RT 
                  CGT_time ~~ CGT_decision 
                  CGT_time ~~ CGT_adjust 
                  CGT_time ~~ CGT_delay 
                  CGT_decision ~~ CGT_adjust 
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                  CGT_delay ~~ CGT_adjust 
                  CGT_delay ~~ CGT_decision 
                  CWI ~~ CWS 
                  TC ~~ TA 
                  SWM_strategy ~~ SWM_errors 
                  VLF ~~ VSF 
                  VLF ~~ VCF 
                  VSF ~~ VCF 
                  IED_stages ~~ IED_errors ' 
 
Three-factor Miyake model 
 
Miyake.model = '  
                # Latent definitions  

Inhibition =~ SST_errors + SST_RT + SST_SSRT + 
CGT_delay + CGT_time + CGT_decision + CGT_adjust + 
VLF + VCF + VSF + CWI + CWS + TC + TA 
Updating =~ SWM_strategy + SWM_errors + VLF + VCF 
+ VSF + TC + TA 
Shifting =~ IED_stages + IED_errors + TMT + VLF + 
VCF + VSF + CWS + TC + TA  

 
                # Coraviances 
                  SST_errors ~~ SST_SSRT 
                  SST_errors ~~ SST_RT 
                  SST_SSRT ~~ SST_RT 
                  CGT_time ~~ CGT_decision 
                  CGT_time ~~ CGT_adjust 
                  CGT_time ~~ CGT_delay 
                  CGT_decision ~~ CGT_adjust 
                  CGT_delay ~~ CGT_adjust 
                  CGT_delay ~~ CGT_decision 
                  CWI ~~ CWS 
                  TC ~~ TA 
                  SWM_strategy ~~ SWM_errors 
                  VLF ~~ VSF 
                  VLF ~~ VCF 
                  VSF ~~ VCF 
                  IED_stages ~~ IED_errors ' 
 
Four Factor Hot Miyake model 
 
MiyakeHot.model = '  
                    # Latent definitions 

Inhibition =~ SST_RT + SST_SSRT + SST_errors + 
VLF + VCF + VSF + CWS + CWI + TC + TA  
Updating =~ SWM_strategy + SWM_errors + VLF + 
VCF + VSF + TC + TA 
Shifting =~ v2*IED_stages + v2*IED_errors + 
TMT + VLF + VCF + VSF + CWS + TC + TA 
HotEF =~ CGT_delay + CGT_time + CGT_adjust + 
CGT_decision  

 
                    # Covariances 
                      CWS ~~ CWI 
                      CGT_time ~~ CGT_decision 
                      TC ~~ TA 
                      CGT_delay ~~ CGT_time 
                      SST_RT ~~ SST_SSRT  
                      SWM_strategy ~~ SWM_errors 
                      VLF ~~ VSF   
                      SST_RT ~~ SST_errors 
                      SST_SSRT ~~ SST_errors ' 
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Five-factor EFA model  
 
EFA.model = '  
              # Latent definitions 
                Spatial =~ SWM_errors + SWM_strategy + TA + TC 
                Risky =~ CGT_decision + CGT_time + CGT_adjust + 
CGT_delay  
                Switch =~ v1*IED_errors + v1*IED_stages 
                MotorInh =~  SST_SSRT + SST_errors + SST_RT 
                Verbal =~ CWS + VSF + CWI + VCF + VLF + TMT  
 
              # Covariances 
                CGT_time ~~ CGT_decision 
                CWI ~~ CWS 
                SWM_strategy ~~ SWM_errors  
                CGT_decision ~~ CGT_delay  
                TC ~~ TA  
                CGT_decision ~~ CGT_adjust ' 
 
Model Estimation Code 
 
Single factor unitary model 
 
Single.fit = cfa(model = Single.model, 
                 data = CFA.data, 
                 std.lv = T,  
                 std.ov = T,  
                 orthogonal = F, 
                 estimator = "ML", 
                 test = "Satorra-Bentler", 
                 se = "robust.sem")  
 
Three-factor Miyake model 
 
Miyake.fit = cfa(model = Miyake.model, 
              data = CFA.data, 
              std.lv = T,  
              std.ov = T,  
              orthogonal = F, 
              estimator = "ML", 
              test = "Satorra-Bentler", 
              se = "robust.sem")  
 
Four-factor Hot Miyake model 
 
MiyakeHot.fit = cfa(model = MiyakeHot.model, 
              data = CFA.data, 
              std.lv = T,  
              std.ov = T,  
              orthogonal = F, 
              estimator = "ML", 
              test = "Satorra-Bentler", 
              se = "robust.sem")  
 
Five-factor EFA model 
 
EFA.fit = cfa(model = EFA.model, 
              data = CFA.data, 
              std.lv = T,  
              std.ov = T,  
              orthogonal = F, 
              estimator = "ML", 
              test = "Satorra-Bentler", 
              se = "robust.sem") 




